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MALARIACONTROLPESTICIDESVERSUSTHECOMPREHENSIVEAPPROACH

EdgarASmith

AgencyforInternationalDevelopment
DepartmentofStateWashingtonDC20523

Althoughitis21yearssinceIlivedinCaliforniaIstill
considermyselfaCalifornianandIamalwayshappyto
haveanexcusetocomebackWhenIstoodbeforethis

grouptogivemypresidentialaddressin1952Icouldputa
nameto90ofthefacesbeforemeThatratiohasreversed

itselfnowbutIdorecognizequiteafewofmyoldfriends
eventhoughaswithmetheymaybealittlerounderand
alittlegreyer

Incastingaboutforanappropriatekeynotesubjectfor
this1977AMCAconferenceIhavechosenMalariaCon
trolPesticidesversustheComprehensiveApproach Ifeel

thisisappropriatebecausethoseofusworkingininter
nationalmalariacontrolprogramsnowfindourselvesinthe
samedilemmaasthoseofyoutryingtocontrolmosquitoes
inCaliforniainthatinsecticidesnolongerdoanadequate
jobandwefindthatwemustutilizeallavailablemethods
inacomprehensiveprogram

Havingworkedinmosquitoandmalariacontrolfornear
ly33yearsnowIhopethatIwillbeforgivenfortheauto
biographicalovertonesofsomeofmycomments

Ihavebeenaninterestedspectatorandparticipantinthe
sagaoftheriseandthefallofDDTasamajorfactorinthe
controlofmosquitoesandmalariasince1944whenItook
aweeklongcourseontheuseofDDTatOrlandoFlorida
SinceDDTwasstillamilitarysecretthenthatwasnotthe
titlebutthatiswhatitwasneverthelessInstructorsin
cludedsuchnamesasKniplingLindquistandHeraldIre
callthatthelateDrEarlHeraldshowedmeanewspaper
clippingthatwentsomethinglikethisTheUSArmyis
closelyguardingthenameofanewmiracleinsecticidethat
issoeffectivethatitwillrevolutionizethewholeapproach
tomosquitocontrolSimplybysprayingthismaterialon
themarshesinCanadathemosquitoesintheUnitedStates
canbewipedoutbecausetheducksgeeseandothermigra
torywaterfowlwillpickitupontheirfeathersandspread
ittopondsmarshesandstreamsastheymigratesouth
andinsodoingkilloffthemosquitolarvaeAsweall
knowthisenterprisingandimaginativereporterspredic
tioncametrueinsofarasrevolutionizingtheapproachto
mosquitocontrolbutnotinthemannerenvisaged

IwillcomebacktothesubjectofDDTbutfirstabrief
historicalperspectiveonmalariacontrolBeforetheDDT
Eracontrolofmalariawaslargelyamatteroffillingor
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drainageditchcleaninglarvicidingwithoilorparisgreen
useoflarvivorousormosquitoeatingfishspacespray
adulticidingwithpyrethrumspraysinflitgunsanddrug
treatmentfirstwithquinineandbythe1930swith
atabrinThesuccessofcomprehensiveprogramsutilizinga
combinationofthesemethodsishistoryandiswellknown
toallthroughtheworkintheearly1900sofGorgasLe
PrinceWatsonandothersinCubaPanamaandMalaya
Howevertheseprogramswereexpensiveandbeyondthe
reachofmostdevelopingcountriesinthehighlymalarious
regionsoftheworld

ItwasonlywiththedemonstrationofthevalueofDDT
asaresidualwallspraythatitbecameapparentthathere
wasasafecheapandeffectivemethodofbreakingthe
cycleoftransmissionofmalariathatwaswithinthefinan
cialreachofthemalariouscountriesThemilitaryuseof
DDTduringWorldWarIIwaslargelyasalarvicideora
spacesprayadulticideorbothImmediatelyfollowingthe
Warin19451946whenDDTbecamemoregenerallyavail
abledemonstrationsofitsefficacyasaresidualwallspray
inoperationalprogramswerecarriedoutbyRockefeller
FoundationinSardiniabytheUSPublicHealthService
inthe13malariousstatesoftheSouthernUnitedStates
andinCyprusGreeceItalyIndiaandSriLankaCeylon
AllweresuccessfulIntheearly1950snationalmalariacon
trolprojectsutilizingDDTasaresidualwallspraywere
launchedinmanycountriesoftheworldsuchasIndonesia
IndiaCeylonSriLankaThailandBurmaPhilippines
VietnamTaiwanIranIraqLebanonGuyanaVenezuela
BrazilEcuadorBoliviaColombiaChileArgentinaand
MexicoManyofthesecountriesobtainedtechnicaland
commodityassistancefromWHOUNICEFandorthe
UnitedStatesForeignAssistanceProgramBy195529
countrieshadnationalmalariacontrolprojectsandwere
obtainingtechnicalassistancefromWHOandsuppliesfrom
UNICEFNineteencountrieswerealsoobtainingstrong
technicalandcommodityassistancefromtheUnitedStates
InternationalCooperationAdministrationICA

In1955atthe8thWorldHealthAssemblyinMexico
Citytherecommendationwasmadethatmalariacontrol
programsshouldbeconvertedtoeradicationprogramsThis
veryimportantdecisionwasmadeonthepremisethatthe
meansoferadicationofmalariawereathandandcouldbe



achievedbyatwoprongedprogramThisprogramwasen
visagedtoincluderesidualwallsprayingofallthesprayable
surfacesofallthehousesinthemalariousareaofacountry
forthreetofouryearsandthenasurveillanceprogramfor
anadditional3yearsvisitingeveryhouseonaregularcycle
biweeklyormonthlytodetectandtreatallremaining
casesofmalariaThisisasimplifiedversionofaverycom
plexprograminvolvingmanydisciplinesbutthesubject
hasbeentreatedexhaustivelyintheliteratureparticularly
innumerousWHOpublicationssoIwillnotgointogreater
detailatthistime

TheWorldwideMalariaEradicationProgrampromulgat
edbyWHOandassistedinlargepartbyUNICEF
UNDPandtheUnitedStatesForeignAssistanceProgram
ECAMSATCAFOAICAandAIDandother
donorsreacheditspeakinthemid1960satwhichtime
nearly90countrieshadembarkedonmalariaeradicationor
controlprogramsAIDprovidedtechnicalandcommodity
assistancefor26ofthesecountriesandcommodityassist
anceonlyforanadditional10countries

Intheearlyyearsandthroughthemid1960smostof
theseprogramswerehighlysuccessfulindrasticallyreduc
ingdeathsfrommalariaandinreducingmalariafromthe
number1healthproblemtonumber3or6or12oreven
completelyoffthelistinsomecases

Hastheworldwidemalariaeradicationprogrambeen
successfulYesandnoSome37countrieshavebeencerti

fiedbyWHOashavingachievederadicationofmalaria
Howeverthisleavesnearly50othercountrieswhich
attemptederadicationanddidnotsucceedNeverthelessin
thecourseoftheattemptmalariawasreducedworldwide
fromanannualincidenceofabout300millioncasesto
about120millioncasestodayofwhich80aretobe
foundinAfricawhereverylittleprogresshasbeenmade

Perhapsitwouldbeeasiertovisualizewhathappenedin
asinglecountryLetustakeasanexamplethelargest
malariaprogramtheworldhaseverknown IndiaIn

Indiainthelate1940sandearly1950smalariacaseswere
recordedas75millionperyearinatotalpopulationof368
millionFiveyearsofamalariacontrolprogramstartingin
1953usingDDTasaresidualsprayandcoveringabouthalf
thepopulationreducedmalariafrom75millioncasesto
25millioncasesayearandfrom750000deathsto
250000deathsFiveyearsofamalariaeradicationprogram
coveringthetotalpopulationinmalariousareasof383mil
lionpopulationreducedthenumberofmalariacases
furtherfrom25millionto150000caseswithnorecorded
deathsThisisa998reductionofmalariainatenyear
period

Unfortunatelythenumberofmalariacaseshasincreased
everyyearsincethenandreachedanestimated5million
lastyearoutofthetotalpopulationof620million

Duringthissameperiodofthelate1960sandtheearly
1970sresurgenceofmalariaalsotookplaceinIndonesia
ThailandNepalSriLankaandPakistantonameonlyafew
ofthemajorproblemsResurgenceofmalariaalsotook
placeinsomeofthecountriesoftheAmericanRegionin
EthiopiaandtoalesserextentintheNearEastWhatare
thereasonsforthisresurgenceofmalariaThereisnosingle
simpleanswerIneachcountryaseparatecombinationof
circumstancesmayberesponsibleThesefactorsmayin
cludeinsecurityinadequatefmancesdelayeddeliveryof
insecticidesoperationalfailuresinsecticideresistanceout
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doorsleepinghabitsofthepeopledrugresistanceandnon
cooperationofthevillagersIngeneralfollowingtheinitial
successesinprogramsprogresswassloweddownstopped
orevenreversedforavarietyofreasonsincludingcompla
cencylossofpriorityduetosuccessandtheadministra
tivemanagementreasonsjustlistedTheseproblemsinter
feredwiththeachievementoftheeradicationobjective
longenoughforthetechnicalproblemslistedtotriggera
resurgenceofmalariainmanycountriesThemostsignifi
cantoftheseisinsecticideresistance15speciesofanophe
linemosquitoeshavebeenreportedtoberesistanttoDDT
37toDieldrinandsomeanophelinesarealsoresistantto
BHCMalathionandPropoxurMoreimportanthowever
istheimpactofthisresistanceonmalariaprogramsIn80
ofPakistaninseveralstatesofIndiaandinmostofSri
LankathemosquitovectorisresistanttoDDTandmala
thionmustbeusedat312to5timesthecostofusingDDT
InsomeCentralAmericancountrieslargescaleagricultural
usagehasresultedinmosquitoresistancetobothchlorin
atedhydrocarbonsandorganicphosphatessothatonlyPro
poxurcanbeusedatroughlytentimesthecostofDDT
Afteronlyafewyearsofuseresistancehasalreadybeen
reportedtoPropoxurinatleastoneCentralAmerican
country

Whatdoesallofthismeanforthemalariaprogramsto
dayUnfortunatelyitmeansthatthegoaloferadicationis
fadingfartherintothefutureeveryyearIrecallthewords
ofSamKeeneyrecentlyretiredfromthePopulationCoun
cilbuttheRegionalDirectorforUNICEFinAsiain1956
whenhepresentedapaperentitledOrganizingforthe
LastBattleAgainstMalaria Hispaperwasanadmirable
statementofallofthemanagementproblemsinherentin
conductingasuccessfulmalariaeradicationprogramI
particularlyrememberhisclosingremarksIbelievecom
pletelythatthisisthegoldenmomentforanalloutattack
onmalariaandthatifitisnotseizeditmaynevercome
againButjustbecauseitisthegoldenmomentwemust
notbotchthejobbyoverconfidenceandcarelessplanning
andexecution Thatwaswritten21yearsagoInretro
spectwewillhavetoadmitthatinsomecasesthejobwas
botchedOntheotherhandinmanycountrieswhenthe
jobwascarriedoutonscheduleaccordingtoplansdevelop
edinconformitytotherecommendationsoftheWHOEx
pertCommitteesonMalariatheprogramswerefantastic
allysuccessfulataridiculouslylowcostpercapitaAsthe
directoroftheIndiaMalariaEradicationProgramusedto
sayatthecostofacupofcoffeeperpersonperyear
Therangeincostwasfrom5centsto350perpersonper
yearwithanaverageof15to25centsperpersonperyear
Inspiteofnotreachingtheultimategoaloferadicationthe
degreeofcontrolwhichsavedhundredsofthousandsof
livesandrelievedthesufferingofmillionsofpeoplewas
wortheverycentthatwasspentintheattempttoeradicate
malariaSomuchhasbeensaidofthefailuretoeradicate
malariathatwetendtoforgetthetremendousbenefits
derivingfromtheprogramIamremindedofthetimea
fewyearsagowhenIwasonhomeleaveinKingCityCali
forniaandwasaskedtogiveatalktothelocalLionsClub
IshowedamoviewhichIhadmadeontheMalariaEradica

tionProgramofThailandSomeofyoumayhaveseeniton
theScienceinActionTVshowAftertheprogrammy
familydoctorcameuptomeandsaidIamreally
amazedYourmalariaprograminThailandsavesmorelives



inoneyearthanIasadoctorcanexpecttosaveinmy
entirelifeIthinkIshouldhavegoneintopreventivemedi
cineHearingthiskindofappreciationcompensatesin
greatmeasurefortheheadachesandfrustrationsinvolvedin
overcomingthebureaucraticroadblocksstandinginthe
wayofsuccess

Indefenseofthoseprogramswhichfellshortofthegoal
oferadicationIthinkitshouldberememberedthat
successfulachievementoferadicationdependedonnear
perfectioninplanningtimingandimplementationofa
multidisciplinaryprograminasustainedeffortofnotless
thansevenoreightyearsPerhapstherealmistakelayin
theoverlyambitiousplanningandtheoveroptimismasto
theprospectsforsuccessofthesinglemethodofresidual
housesprayingandtheneglectofalloftheotheravailable
weaponssuchassourcereductionlarvicidingetc

LestIbeaccusedofexercisinghindsightIwouldliketo
quotefromamemorandumwritteninDecember1956in
IndonesiaIquotetwoshortsectionsfromthesummary
andconclusionofalengthymemoTherewouldappear
tobeampleevidencetocastaseriousdoubtontheability
oftheonemethodofresidualsprayingtocontrolmalaria
adequatelyinIndonesiaunderexistingconditionsandina
reasonableperiodoftimeItisimperativetobegininvesti
gationsandestablishpilotprojectstodeterminetheeffec
tivenessandproperplaceofsupplementaryoralternative
methodsofcontrolEverypossiblesupplementaryoralter
nativemethodofmalariacontrolshouldbeconsideredand

investigatedtodetermineitsproperplaceintheMalaria
ControlProgramofIndonesiawhenandifresidualinsecti
cidesfailPilotprojectsshouldbeestablishedtodetermine
theefficiencyandcostofeachofthevariousalternative
andorsupplementarymethodsaslistedbelow Thelist

includedlarvicidingspacesprayingculturalcontrolrefer
ringprincipallytomanagementofricefieldsandfish
pondssourcereductionandnaturalisticcontrolreferring
touseoflarvivorousfishIwrotethatmemorandumwhen
IhadbeeninIndonesiaforabout6monthsThememoran

dumwentonitswaythroughthebureaucraticmazeandI
neverheardanotherwordonitofficiallyYearslaterI
heardunofficiallythatithadbeenreviewedatvariouslevels
withthedecisionthatsincetheDDTresidualspraypro
gramwassohighlysuccessfulnoneofthesethingswere
necessaryThisunfortunatelywasthepartylineofWHO
andtheUSAIDfromtheearly1950suntil1969when
twoverysignificantresolutionswereadoptedbythe22nd
WorldHealthAssemblyThefirstonewasinconnection
withtheDirectorGeneralsReportonReexaminationof
theGlobalStrategyforMalariaEradication Theresolu

tionurgedthateradicationbecompletedwherefeasible
butforthefirsttimerecognizedmalariacontrolasavalid
interimmeasurewiththeultimategoalstillbeingeradica
tionTheresolutionalsourgedeachcountrytoreexamine
itsownprogramanddevelopastrategysuitedtoitsneeds
andresourcesAnimportantbutoverlookedpartofthis
resolutionrecommendedthenecessarydiversificationof
meansoferadicationinaccordancewiththeparticularre
quirementsofeachcountryThesecondresolutionwason
VectorBiologyandControlandurgedanintensification
ofresearchanddevelopmentofalternativemethodsof
vectorcontrol

Itisnineyearslaternowandalthoughmanyofthe
countrymalariaprogramshavechangedtheirobjective
fromeradicationtocontrolonlyafewareusingverymany
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ofthesupplementaryoralternativemethodsavailableto
themWhyisthisAgainIamsurethatthereisnosimple
answerbutIwouldhazardaguessthatoneoftheprincipal
reasonsliesinthelackofpersonneladequatelytrainedin
thetechniquesofmosquitocontrolAwholegeneration
ofmalariologistshasgrownupthoroughlyindoctrinatedin
thetechniquesofmalariaeradicationbutwithnoback
groundorexperienceinlarvicidingspacesprayingor
sourcereductionAtthepresenttimetrainingfacilitiesto
providethisknowledgearevirtuallynonexistentoratbest
woefullyinadequateTheWHOseveralyearsagostarted
conducting2to3weekseminarsonantilarvalmethodsand
laterexpandedthemtogeneralvectorcontrolTheseminar
hasbeengiventhreetimesinfiveyears

Aseminarwasgivenoncomprehensivemosquitocontrol
inCaliforniaandElSalvadorlastsummerfundedbyAID
organizedandconductedbyPAHOandTommyMulhern
withableassistancefrommanyCaliforniaMosquitoAbate
mentDistrictstheUniversityofCaliforniaandtheCalifor
niaStateDepartmentofPublicHealthThisseminarwas
veryvaluablefortheengineersfromtheLatinAmerican
countrieswhoattendedIhavemetsomeofthemsinceand

findthattheyaretryingtoputintopracticewhatthey
learnedhereinCaliforniaIwanttothankallofyouwho
contributedtothesuccessoftheseminarandassureyou
thatitwasappreciatedbytheparticipantsThatseminar
wasastepintherightdirectionbutitwasonlyabegin
ningSimilarcoursesshouldbesetupfortheentomologists
andalsoforthecountrydirectorsofmalariacontrolpro
gramsIhopethatyouwillbewillingtoassistagaininthe
futureasIfeelthatCaliforniahasmuchtoofferinits

variedapproachestocomprehensivemosquitocontrol
LetustakestockWheredowestandintheworldwide

malariaprogramInAsiaandinCentralAmericamalaria
programshavehadserioussetbacksInSouthAmericaand
theNearEastthereareindicationsofrisingmalariaratesIn
SubSaharanAfricaverylittleprogresshasbeenmadein
controllingmalariaandAfricahasmorecasesandmore
deathsfrommalariathanalloftherestoftheworldputto
getherThetechnicalproblemsofdrugresistanceandinsec
ticideresistancecastseriousdoubtsonthepossibilityof
successthroughtheuseofthestandardtechniquesof
malariaeradicationWhatthenarethealternatives

IpersonallyfeelthattherecommendationsoftheDirec
torGeneralsReportoftheReexaminationoftheGlobal
StrategyofMalariaEradicationpresentedattheWorld
HealthAssemblyin1969arestillvalidbuthaveneverbeen
givenafairchanceIthinkthateachcountryshould
developitsownstrategyofmalariacontrolusinganappro
priatecombinationofsupplementaryandalternativemeth
ods

Whatthenisavailablebywayofalternatives
Firstitmustberecognizedthatinspiteoftheresistance

problemresidualinsecticidesarestillthemostcosteffec
tivesinglemethodofmalariacontrolwherethemosquitoes
arestillsusceptibleAfter20plusyearsandthetestingof
1400compoundsWHOhasonlyrecommended6insecti
cidesforuseasresidualspraysinmalariaprogramsThey
areDDTMalathionBHCDieldrinPropoxurandFeni
trothionResistancetooneormoreofthemosquito
vectorshasbeenreportedforthefirstfiveandthesixthis
notyetinregularlargescaleuseinanymalariaprogram
Thereisnonewpanaceainsightintheforeseeablefuture
soothermethodswilleventuallyhavetobeused



Larvicidinghasbeenutilizedasaregularpartofsome
malariacontrolprogramsparticularlyforurbanmalariaIn
tropicalcountriesduringthemonsoonseasonlarvicidingis
tooexpensiveandineffectiveHowevertheremaybea
placeforthemodernlarvicidessuchasabateordursbanin
slowreleaseformulationsinmanymalariacontrolpro
gramsLarvicidingcannotbeconsideredanalternativebut
asasupplementarymethodwhenappropriate

Sourcereductionhadnoparticularapplicationin
malariaeradicationsincetheobjectivewasinterruptionof
transmissionofmalariaHoweverinamalariacontrolpro
gramsourcereductioncansubstantiallyreducethenumber
ofanophelinemosquitoesandconsequentlyreducethe
amountofmalariaSpeakingofsourcereductionreminds
methatthisisthe25thanniversaryofthefirstuseofthe
termSomeoftheoldtimerswillrememberthestorybut
forthebenefitoftherestIwilltellyouhowthetermorigi
natedBobPetersandIweregoingtoparticipateinapanel
discussionoftheworkweweredoinginourrespectivedis
trictsWemetinMercedtodiscusstheprogramandwere
tryingtoagreeonatitleforourpaneldiscussionWereject
edHaroldGraystermofpermanentcontrolbecausewe
feltthatinagriculturalareasitjustwasntpermanent
Sourceeliminationandsourceminimizationweresuggested
andrejectedIfinallysaidWecantexpecttogetridof
allthemosquitosourcesbutwecancertainlyreducethem
ThatswhatwearetryingtodoanywayWhydontwecall
itSourceReduction WebothagreedandIusedtheterm
forthefirsttimeonFebruary141952atthe20thAnnual
CMCAConferenceinFresnoCaliforniaThetermhasbeen
adoptedandisnowusedthroughouttheworld

Sourcereductiondoesnothaveuniversalapplicationin
malariacontrolprogramsbuttherearecasesinwhichit
canwellbethemethodofchoiceInurbanandperiurban
situationssourcereductioncombinedwithlarvicidingcan
substantiallyreducethemalariarateIrecallthatinBenku
luacityinwesternSumatraacombinationofditching
ditchcleaningandinstallationofatidegatereduced
malariafrom80to15 Inmostdevelopingcountries
themalariaprogramsandministriesofhealthdonothave
theheavyequipmentorthebudgettodolargesourcere
ductionprojectsbuttheydohavethemanpowerandthey
canenlistthesupportandassistanceoftheirMinistriesof
PublicWorksAgricultureTransportandothershavinga
mutualinterestinwaterproblemsManymalariaprograms
withproblemsamenabletosourcereductionaredoing
nothinginsourcereductionbecausetheyhavenopersonnel
trainedinthemethodsItmustbe7or8yearsagothatone
ofyourownsourcereductionspecialistsGeorgeWhitten
wasaskedtogodowntoElSalvadortoadviseonestablish
ingasourcereductionprogramHedevotedagreatdealof
timeandefforttoestablishingrelationswitheveryagency
andorganizationinthecountrythathadanyinterestin
waterHisreportwasanexcellentbasisfordevelopingaco
operativesourcereductionprogramHowevertherewasno
oneinthegovernmentorontheMalariaResearchTeam
whounderstoodwhatwasinvolvedwellenoughtodoany
thingaboutitIhopethatlastsummersseminaronCom
prehensiveMosquitoControlwillhelptoremedythat

Sourcereductioncannotbeconsideredanalternativeto

residualsprayinganddrugtreatmentbutasasupple
mentarymethoditcaninthelongrangereducerelianceon
insecticides

Theintroductionofmosquitofishtocontrolmosquito
larvaehasbeenutilizedonaregularoperationalbasisin
malariaeradicationprogramswithconsiderablesuccessin
somecountriesagainstcertainspeciesofmosquitoesasfor
exampleinIranandIndiaagainstAnophelesstephensithe
principalvectorofurbanmalariaHoweverthepotential
forusinglarvivorousfishinanintegratedmalariacontrol
programismuchgreaterAgainthisisasupplementary
methodwhichcanreducerelianceonpesticides

TheuseofspacesprayadulticidingsuchasULVbyair
planeorbackpackhasbeenusedexperimentallyinseveral
malariaprogramsandhasbeeneffectiveinsomecases
Furtherfieldtrialswillbenecessarytodeterminethecost
effectivenessofthemethodonaregularoperationalbasis
butitappearstohaveconsiderablevalueinepidemicsitua
tions

Fromthisdiscussionwearriveattheinevitableconclu

sionthatatthepresenttimetherearenoreallyviablealter
nativesintheconductofalargescalenationalprogramof
malariacontroltotheuseofthemosteffectiveresidual

wallsprayavailablecombinedwithdrugtreatmentHow
evertheothermethodswehavediscussedielarviciding
spacesprayadultucidinglarvivorousfishandsourcereduc
tionareavailableforuseassupplementarymethodsin
nationalmalariacontrolprograms

Whatisneededisacomprehensiveapproachtomalaria
controlutilizingallavailablemethodsofmalariacontrolas
appropriatefortheindividualcountryinanintegratedpro
gramaimedatreducingtheincidenceofmalariatoalevel
wheremalariaisnolongeraseriouspublichealthproblem

Planningandcarryingoutsuchaprogramrequiresa
welltrainedteamofaphysiciananengineerandanento
mologistworkinginclosecooperation

Whatarethefuturepossibilities
Antimalariadrugsarealreadyavitalpartofmalariacon

trolprogramsbuttherehasbeenagreatamountofre
searchtodeveloplonglastingandmoreeffectivedrugs
Afteratabrinewebeganusingchloroquinebutnowwe
haveresistancetothisdruginfalciparummalariainmuch
ofAsiaAIDhasnotbeenputtingresearchmoneyonthis
problemIargelybecausetheUSArmyhasbeenspending
about10millionperyearforaperiodof10yearstesting
allpromisingcompoundsThatprogramisnowdownto
perhaps2or3millionperyearAfterhavingspentabout
100milliontheArmyhas4or5candidatedrugswhich
showgreatpromisebutarenotyetreadyforoperational
use

Malariavaccineswereonceconsideredimpossibleby
immunologistsandparasitologistsAIDin1966proposed
aprojectfordevelopmentofavaccinerecognizingthat
prospectsofsuccesswereslightDuringthefirst6yearsof
thatprojectthebiologicalfeasibilityofdevelopingavac
cinewasdemonstratedhowevertherewasnoevidencethat
itcouldbecomepracticalFirstitwasnecessarytodevelop
methodsofinvitrocultivationofmalariaparasitesWithin
6monthsafterstartingaprojecttodothisonescientist
achievedinvitrocultivationoftheerythrocyticstagesof
PlasmodiumfalciparumThereforewenowbelievewemay
eventuallybeabletoproduceamalariavaccineTwopro
jectshavesuccessfullyimmunizedmonkeysagainstPlasmo
diumknowlsiwhichisnormally100fataltomonkeys
andnowsomemonkeyshaveretainedimmunityfor3years
aftervaccination
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Predatorsandpathogens nematodesbacteriaviruses
arebeingtriedformosquitocontrolTheyarenotlikely

tobealternativesandtheycannotbeappliedthroughout
anentirecountryunderallecologicalconditionsOurpre
sentknowledgeindicatestheyareconfinedeithertoa
singlespeciesorasinglehabitat

Insectgrowthregulatorshavenotbeenusedoperational
lyinmalariacontrolprogramsbuttheymaybeusedin
thefuture
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Geneticcontrolwithsterilemalesorgeneticallyincom
patiblestrainshavebeentestedbutpracticaluseappearsto
beyearsaway

Wemustconsidernewmethodsofcontrolbutwealso
havetogobacktomethodswhichwereusedinthepre
DDTerabasicsanitationsourcereductionlarvicidingina
comprehensiveapproachwhichwillmakeuseofallavail
ablemethodsappliedtotheproblemsofeachspecific
country



WESTERNEQUINEANDSTLOUISENCEPHALITISVIRUSESINTHEFINNEYLAKE

HABITATOFREPETITIVECULEXTARSALISACTIVITY

TelfordHWorkMartineJozanGaryGClarkOGeorgeBerlinandDarioParra

UniversityofCalifornia
MosquitoResearchProgramoftheSchoolofPublicHealthDivisionofEpidemiology

41295SchoolofPublicHealthBuildingLosAngelesCalifornia90024

Followingdemonstrationoftheyeararoundactivityof
CulextarsalismosquitoesinaqueoushabitatsinImperial
Valleyandtheelucidationofseasonaltransmissionof
WesternequineWEEandorStLouisencephalitisSLE
virusesbythisvectorquantitativestudiesofCxtarsalis
virusvectordynamicswereinitiatedattheFinneyLake
WildlifeRefugeinJanuary1973Work1975Progress
inthebiologicalstudiesofCtarsalisinthisaridzone
aqueoushabitatillustratedinFigure1hasbeenreported
previouslyClarketal1974Clarketal1976Berlinetal
1976

VirologicalstudieshaverecoveredSLEvirusfromCx
tarsaliseveryyearsince1968withintermittentexplosions
ofWEEvirusBowenandWork1973insomebutnotall
yearsAreviewofalmosttenyearsdatashowsthatSLE
virushasbeenrecoveredfromCxtarsalisearlyinApriland
aslateastheendofNovemberbutinspiteofcontinuous
yeararoundcollectionofCxtarsalisnoSLEorWEEviruses
havebeenrecoveredinthemonthsofDecemberJanuary
FebruaryorMarchacoolweatherperiodwhenCalifornia
virushasbeenrecoveredfromCulisetainornataasanindi
cationthatwintertransmissionofanarbovirushasbeende

tectedinourfieldlaboratorysystemThepatencyofthis

Table11976SLEvirusisolationsfromCxtarsalismosquitoescollectedbyCDClighttrapsintheFinneyGridImperial
ValleyCalifornia

January29Feb14
February26March4
March1925

April2329
May2127
June25July1
July915
July2329

August1319
August2026
August27Sept2
September39
October814

October1521

October2228

October29Nov4

TOTAL 9224

Culextarsalis

1FromtheUniversityofCaliforniaMosquitoResearchProgram
oftheSchoolofPublicHealthLosAngelesCalifornia90024Par
tiallysupportedbyUSPublicHealthServiceTrainingGrantAI
1321114

46 7 0

239 10 0

190 7 0

286 9 0

868 19 0

2734 55 15 272

706 24 0

1028 24 0

77

1463
431

69

535

209

145

198
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systemisalsodemonstratedbytheoccasionalbuiconsist
entisolationofTurlockvirusfromCxtarsalisinalmost

everymonthoftheyear
CollectionandexaminationoffouryearsdataonWEE

andSLEvirusisolationsfromCxtarsalismosquitoescol
lectedbyCDClighttrapsClarketal1974intheFinney
FocusdefinesnotonlyastablehabitatforCxtarsalisBer
linetal1976butareliablefocuswhereWEEandorSLE
virusappearseachyearFigure2presentsthepercentageof
CxtarsalismosquitopoolspositiveforWEEandSLEvirus
Poolsaveragedabout50mosquitoesalthoughsomewere
substantiallysmallerThisisthereforeaminimuminfection
trendwhichbylargenumbersofmosquitopoolsinocu
latedforeachyearprovidesconsistentinformationontype
ofvirusesthatappearedtimeofappearanceprevalence
anddurationofactivityNotindicatedarethethreestrains
ofWEEvirusthatappearedlateinAugust1974another
wiseintenselyactiveyearforSLEvirus

In1975atransectFigure3paralleltothegridtraps
closesttotheshoreandextendingoutintothetulesand
overwaterwasaddedtotheninetrapgridAninverserela
tionshipofCulextarsalisrecoveryrelativetodistancefrom
thegridhasbeenobservedwithCulexerythrothoraxbe

NoPools

3

38

9

2

12

5

4

5

Positive Positive

0

5

3

0

0

0

0

0

131

333

233 23 98



Figure1FinneyLakeandadjacentareasofImperialValleyCalifornia

comingthemoreprevalentspeciesintheCDClighttraps
overwater

HowevertheWEEvirusinfectionratesinpoolsofCx
tarsalistakenfarfromshorein1975werenotsignificantly
lowerthaninthegridThismayreflectdilutionoftheCx
tarsalispopulationinthegridbynewlyemergedmosqui
toesandindicateswidedispersalofinfectedCxtarsalisin
theaqueoushabitatwherewaterbirdssuchascootsare
abundant
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StructuresofEIijahY
BrothersFeedIot

In1976theprojectedavianhoststudiesintheFinney
Lakehabitatwereabruptlyblockedastheresultofafire
whichsweptthroughmuchofthegridandlaketransecton
20JulyasshowninFigures3and4Althoughallthecol
lectionsarenotyetidentifieditisevidentthattheCxtar
salispopulationdrasticallydeclinedWithinamonthhow
evercatchesonceagainparalleledpreviousyearsTable1
particularlyinthelaketransectSincehighSLEinfection
ratesalsoresumedFigure2itisdifficulttodetermine
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Figure2CulextarsalismosquitopoolspositiveforSLEandorWEEarbovirusesinFinneyLakegrid1973thru1976



Figure3Burnedtamariskhabitatencompassingright
toleftFG4FG5FG7andFG8inFinneyFocusone
monthfollowingfireon20July1976

whethertheseCtarsaliscamefromelsewhereorwhethera
newbreedingcycleproducedanewpopulationwhichbe
cameinfectedduringthefourweeksfollowingthefireIt
doesimphasizethereliablefocalnatureofSLEtransmis
sionintheFinneyLakeGridhabitatasaplacetosearch
vertebratesourcesofvirusWEEvirusdidnotappearinthe
FinneyFocusin1976
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Acceptingmosquitoinfectionasasensitiveindicatorfor
thepresenceofvirusbytypetimeofappearancepreva
lenceanddistributionitisconcludedthat
1RepeatableannualpatternsforCulextarsalisonlytem

porarilyalteredin1976byadevastatingfirereflects
asstablebreedingandvertebratefeedinghabitat

2AbsenceofisolationsDecemberthroughMarchand
varyingpatternsforSLEandWEEvirusesindifferent
yearsindicatesthatthesevirusesarenotmaintainedin
theFinneyFocusthroughouttheyear

3Consistentreappearancereflectsasusceptiblevertebrate
faunaprovidingamplificationwithinthehabitatwhich
shouldbeanenvironmentwheretheessentialelements
ofthewildcyclecanbeelucidated

4Theannualreappearanceorvirusmayinplythatthe
overwinteringhabitatisnottoofaraway
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PREVALENCEOFANTIBODIESTOWESTERNEQUINESTLOUISANDCALIFORNIA

ENCEPHALITISVIRUSESINRESIDENTSOFIMPERIALVALLEYCALIFORNIA

MartineJozan

UniversityofCalifornia
SchoolofPublicHealthDivisionofEpidemiology

41295SchoolofPublicHealthBuildingLosAngelesCalifornia90024

ZoonotictransmissionofWesternequineStLouisand
CaliforniaencephalitisvirusesinImperialValleyCalifornia
hasbeendemonstratedforthepasttenyearsWorketal
1977yetthepotentialhumanimpactofsuchtransmission
remainedtobeascertainedApreliminaryantibodystudy
wasundertakenforthispurposeamongaselectedgroupat
particularriskofinfectionnamelytheMexicanAmericans
whoconstitutethemajorlaborforceintheValleyinsome
areastheyrepresent50to60ofthepopulation

SerumspecimenswereobtainedfromtheClinicade
SalubridaddeDampesinosinBrawleyTheclinicspon
soredbytheUSDepartmentofHealthEducationand
Welfareservesbothresidentandtransientfarmlaborers
Among577seramadeavailable452werefromMexican
Americanstheremaining125comprised103Whitesother
thanMexicanAmerican11Blacks1Orientaland6ofrace
notstatedTables1and2Theagecategory014years
waspoorlyrepresentedinbothsexesandinallethnic
groupsAmongmalesthehighestnumberofspecimenswas
obtainedfrommenage40yearsandoveramongfemales
mostspecimenswereintheagebracket15yearsandover
Table3

AllbutninespecimenscamefromresidentsofImperial
ValleyThemajoritywerelivingintheBrawleyareaMap
1

Table1Agedistributionof204malesImperialValleyCaliforniaaccordingtoethnicgroup

Age Black

04 0

59 0

1014 0

1519 0

2024 0

2529 0

3034 0

3539 0

4044 0

4549 0

5054 0

55 1

AllAges 1

IncludesMexicanAmerican

White Oriental AmerIndian

0

1

5

7

4

6

5

9

13

15

17

113

0

0

0

0

0

0

0

0

0

0

0

3

195 3

1Thisstudy wassupportedbytheUnitedStatesPublicHealth
ServiceTraininggrants5T0IAI00132and5T0IGM1141bythe
ChCarpenterMemorialFundUCLASchoolofPublicHealth
andbytheUniversityofCaliforniaMosquitoControlResearchPro
gram

0

0

0

0

0

0

0

0

0

0

0

1

1
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Allspecimensweresujectedtothestandardhemag
glutinationinhibitiontestagainstImperialValleystrainsof
WesternequineG3132andStLouisG342encephalitis
virusesOnlyafewserawerefoundpositivebythis
methodFinalinterpretationofthestudywasbasedupon
theresultsoftheneutralizationtestwhichwasperformed
inweanlingmiceforSLEandinBHK21cellsforWEEand
CEVvirus

AsshowninTable4sevenof462specimenstested
15hadantibodiestoWEEvirusandfiveof4561
toCEvirusIncontrasttothislowprevalence69among
566specimense2hhibitedSLEantibodies

Asmighthavebeenexpectedtherewasanincreasing
prevalenceofSLEantibodieswithageandtherewasa
similaragesexdistributionamongMexicanAmericansand
nonMexicanAmericansalthoughantibodieswerefoundat
alaterageinthislastgroupafter54yearsformalesand
after34yearsforfemales

Thedistributionofpositivespecimensaccordingtooc
cupationandinrelationtofarmlabordidnotshowany
significantdifferencesamongmalesAmongfemaleshow
ever2of6337regularand7of3818 occasional

farmlaborerswerepositiveascomparedto23of251
91 notinvolvedinagriculturalactivitiesTable5

Other Unknown Total Percent

0

0

0

0

1

1

0

0

0

0

0

1

3

O 0

0 1 05

O 5 24

0 7 34

O 5 24

O 7 34

O 5 24

O 9 44

0 13 64

O 15 73

0 17 83

1 120 588

1 204
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TheprevalenceofantibodiestoSLEamongboth
MexicanAmericans and nonMexicanAmericansraises

specificquestionsinregardtotheplaceofinfectionItwas
notsurprisingtofindmanypositivesamongthoseMexican
AmericanswhowereborninMexicoandhadlivedthere

manyyearspriortotheirentryintotheUnitedStatesYet
ofmoreinterestwerethepositivefindingsamongMexican
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Map1GeographicdistributionofhumanseraobtainedfromImperialValleyCalifornia
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AmericansbornintheUSthemajorityinCaliforniaand
othersinTexasandArizonaAmongthosewithSLEvirus
antibodiesfromwhominformationcouldbeobtainedthe
durationofresidenceinImperialValleywasnolessthan12
yearsandupto49yearsformalesand1to50yearsfor
femalesasshownmTable6Theyoungestpositiveindi
vidualwasa17yearoldMexicanAmericanfemalefrom



Table2Agedistributionof373femalesImperialValleyCaliforniaaccordingtoethnicgroup

Age Black

04 0

59 0

1014 0

1019 0

2024 0

2529 1

3034 0

3539 0

4044 0

4549 2

5054 2

55 5

AllAges 10

IncludesMexicanAmerican

Age Males

04 0

59 1

1014 5

1519 7

2024 4

2529 6

3034 5

3539 8

4044 10

4549 12

5054 12

55 66

White Oriental

1

4

4

27

68

41

23

28

28

24

35

77

360 0

Table3Distributionbyageandsexof577residentsofImperialValleyCalifornia

0

0

0

0

0

0

0

0

0

0

0

0

MexicanAmerican

Females Total

4

3

23

60

40

23

27

26

20

30

59

1 1

5

8

30

64

46

28

35

36

32

42

125

AllAges 136 316 452

BrawleywhereshehadlivedsincebirthDurationofresi
denceforfournonMexicanAmericanswithSLEantibodies

wasbetween25and50yearsOneorientalwhohadlived
35yearsintheValleyhadantibodiestobothWEEand
SLEFinallyitisnoteworthythat2of9MexicanAmeri
canmalesworkingasirrigatorshadSLEantibodies

TheconstantinterchangewithMexicaliwhichcharac
terizesthelifestyleoftheImperialValleyresidentsmakes
itdifficulttopinpointtheplaceofsomeofthoseSLEin
fectionsYetthereisevidenceofoccupationalexposureto
SLEinfectionsresponsibleforthepositivefindingsamong
theresidentsandalsosometimesnativesofImperialValley
Becauseofanticomplementaryreactionsdetectionofare
centinfectionbycomplementfixationtestcouldnotbe
accomplishedOnlyaprospectivefollowupwouldprovide
thisinformation

AmerIndian Other Unknown Total Percent

0

0

0

0

1

0

0

0

0

0

0

0

1

Percent

02

11

17

66

141

101

61

77

79

70

92

276

13

NonMexicanAmerican

Males Females

0

0

0

0

0

1

1

1

3

3

5

54

68

0

0

0

0

0

0

0

0

0

0

0

0

0

IncludesBlacksWhiteotherthanMexicanAmericanOrientalOtherandUnknown

0

0

1

6

9

2

0

1

2

6

7

23

0 1 03

0 4 10

0 4 10

2 29 78

0 69 185

0 42 112

0 23 62

0 28 75

0 28 75

0 26 69

0 37 99

0 82 219

2 373

0

0

1

6

9

3

1

2

5

9

12

77

57 125

Thisprevalencestudydelineatesthedemographicand
serologicattributesofapopulationgroupwhichexcept
fortheveryyoungtypicallyrepresentsthefarmlaborpop
ulationofImperialValleyThepresenceofSLEantibodies
amongsuchagroupindicatestheneedforfurtherevalua
tionofthediseaseimpactofSLEinfectionsandforcon
tinuedsurveillanceofthezoonotictransmissionofthe

virus
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Total Percent

08

48

72

24

08

16

40

72

96

616

WorkTHMJozanGGClark0GWBerlinandDParra
1976WesternEquineandStLouisEncephalitisvirusesinthe
FinneyLakehabitatofrepetitiveCulextarsalisactivityProc
CalifMosqandVectorControlAssoc45610



Table4PrevalenceofantibodiestoWEESLECEencephalitisvirusesamongresidentsofImperialValleyCalifornia

Inconc

Age NoTested Negative Percent Positive Percent NonSpec Percent

WesternEquineEncephalitis

019 35 34 971 1 28 0

2034 116 116 1000 0 0

3554 146 145 993 1 06 0

55 165 160 969 5 30 0

AllAges 462 455 984 7 15 0

SaintLouisEncephalitis

019 49 43 877 1 20 5 102

2034 147 122 829 13 90 13 90

3554 171 120 700 22 128 28 163

55 199 132 663 33 165 34 170

AllAges 566 417 736 69 121 80 141

CaliforniaEncephalitis

019 39 39 1000 0 0

2034 117 116 9991 1 08 0

3554 142 141 985 1 07 0

55 158 155 981 3 189 0

AllAges 456 451 989 5 10 0

Table5PrevalenceofSLEneutralizingantibodiesamongMexicanAmericanImperialValleyCaliforniaaccordingto
occupation

Agricultural Occasional NonAgricultural Unknown

Age Total Pos Pos Total Pos Pos Total Pos Pos Total Pos Pos

MALES

019 0 0 0 0 0 0 13 0 0 0 0 0

2034 6 0 0 2 1 500 2 0 0 5 0 0

3554 17 2 117 3 2 666 10 2 200 12 0 0

55 30 5 166 5 3 600 19 6 315 12 2 166

AllAges53 7 132 10 6 600 44 8 171 29 2 68

FEMALES

019 0 0 0 0 0 0 28 1 35 3 0 0

2034 2 1 500 14 2 142 102 8 77 5 1 100

3554 3 1 666 17 4 235 75 8 106 8 0 0

55 1 0 0 7 1 142 46 6 130 5 0 0

AllAges 6 2 333 38 7 184 251 23 91 21 1 47

Includeshousewivesretireddisabledandunemployedpersonswhoareatcertaintimesinvolvedinfaunrelatedactivities
Includesallotheroccupationswhichdonotinvolvefarmlabororfarmrelatedactivity
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Table6PlaceofbirthanddurationofresidenceforMexicanAmericanexhibitingSLEantibodiesImperialValley
California

Age

019 0

2034 0

3554 3

55 7

AllAges 10

019 0

2034 4

3554 8

55 4

AllAges 16

Months

Number

Positive

BORNINMEXICO

YearsofResi

dencein

Birthplace
Range Mean

0

1

1734 213 1216 136 3

730 170 749 276 1

430 165

2m20

527

225

135

148

190

2m27 140

YearsofResi

dencein

ImperialValley
Range Mean

749 207 5

FEMALES

17 45

720 137

450 252

150

MALES

143 8

15

Number

Positive

3

1

3

BORNINUSA

YearsofResi

sidencein

Birthplace
Range Mean

110

3042 376

210

1142 290

170

unk unk

340

1335 273

unk unk

YearsofResi

sidencein

ImperialValley
Range Mean

120

2242 326

380

1242 276

170

2023 183

340

3550 396

1750 266



APRELIMINARYCOMPARATIVESTUDYOFCULEXTARSALISAND

CULEXPIPIENSQUINQUEFASCIATUSFROMTHENEWRIVERIMPERIALVALLEY
CALIFORNIA

JamesPWebbJrTelfordHWorkThomasPMcAndrewsandDeanJacobson

UniversityofCalifornia
SchoolofPublicHealthDivisionofEpidemiology

41295SchoolofPublicHealthBuildingLosAngelesCalifornia90024

InvestigationsofmosquitotransmissionofStLouisen
cephalitisSLEWesternencephalitisWEEandotherar
bovirusesintheImperialValleyofSouthernCalifornia
BownandWork1973Clarketal1974Worketal1974
Berlinetal1976Clarketal1976Magyetal1976have
elucidatedapotentialhealthhazardtothehumanand
equineresidentsandvisitorsOfparticularsignificancewere
thefociofvirusactivityinmosquitoesalongtheAlamo
RiverandattheconstantandpredictableFinneyLake
focusWorketal1977

PreviousstudiesdemonstratedvirusrecoveryfromCx
pipienscollectedfromseveralsitesintheValleyBownand
Work1973Magyetal1976On4April1973surveil
lancebytheCaliforniaStateHealthDepartmentBureauof
VectorControlisolatedSLEvirusfromCulextarsalison
thewesternsideoftheImperialValleyalongtheNewRiver
Work1975Thesecumulativeobservationsprompteda
moreintensiveevaluationofmosquitoandvirusincidence
alongtheNewRivernorthoftheMexicanborderthepre
liminaryresultsandinterpretationsofwhicharepresented
here

CulextarsalisandCulexpipiensquinquefasciatusoccur
separatelyandtogetherinagriculturalandurbanenviron
mentsMagyetal1976InImperialValleyperidomestic
Cxpipiensquinquefasciatusisoftenassociatedwithhuman
habitationBothspeciesproducelarvaethatareadaptable
toaquaticenvironscontainingrelativelyhighconcentra
tionsoforganicdecayproductsfromsourcessuchasirriga
tionandfeedlotrunoffMagyetal1976andhuman
sewageSjogren1968

BecauseofMexicalisfastgrowthsince1960sewage
treatmentfacilitiesprovideinadequateprocessingofhuman
wastefrommorethan370000MexicanhomesAnother
130000domicilesdischargeuntreatedsewageintothesur
roundingsEffluentfrombothsourcesareemptiedintothe
NewRiverThesmallerpopulation75000ofpeoplead
jacenttotheriverinImperialValleyproducessomeinade
quatelytreatedsewagethatalsoaddstotheproblemIn
additionpondingofcattlefeedlotdrainagebesidetheNew
Riveraddstothestandinguntreatedwateravailablefor
mosquitobreedingCaliforniaRegionalWaterQualityCon
trolBoard1975

Toascertainthemosquitoandassociatedviralactivity
alongtheNewRiveratransectof16trapsitesonemile
apartwaslaidoutalongthenaturalcourseoftheriver

FromtheUniversityofCaliforniaMosquitoResearchProgram
oftheSchoolofPublicHealthLosAngelesCalifornia90024Par
tiallysupportedbyUSPublicHealthServiceTrainingGrantAI
1321114
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fromCalexicoNR1toapointjustsouthofSeeleyNR
16InMarch1976monthlycollectionsofmosquitoes
werecommencedatsomesitesusingCDClighttrapseach
augmentedwithatwopoundblockofdryiceLardcan
trapsBellamyandReeves1952baitedwithpigeons
wereusedinMarchandAprilandthenagainfromAugust
throughOctoberUnderoptimalconditionscollectingwas
doneduringthedarkerphasesofthemoonandforatleast
threeconsecutivenightsfromduskuntilsunriseMosquito
catchingbagswereretrievedandplacedondryiceimmedi
atelytoquickfreezethelivemosquitoesforviruspreserva
tionSpecimenswerelatertransferredtoplasticvialsand
keptondryiceorat70Cinafreezeruntilidentifiedand
pooledforviralisolationBecauseofvaryingtemperatures
humiditiesandwindconditionsanalysisofthecatchesare
presentedastheaveragenumberofmosquitoesobtained
pertrapnight

Thelighttrapdatademonstrateabimodaloccurrenceof
CxtarsalisandCxpquinquefasciatuswithpeaksbyboth
speciesduringlatespringandagaininearlyfallTable1
TheseareinagreementwiththeresultsofClarketal
1974andMagyetal1976exceptforamuchmore
pronouncedbimodalitywithCxpquinquefasciatusThe
SeptemberOctoberpeakcurvereflectstheexcessrainfall
fromHurricaneKathleenwhichstruckon10September
Magyetal1977Thomasetal1977Asimilarincrease
althoughofagreatermagnitudealsooccurredwithCx
tarsalisNumbersofbothspeciesdiminishedinthelight
trapsonetothreedaysfollowingthestorm

ReluctanceofCxpquinquefasciatustoenterlight
trapshasbeenreportedrepeatedlyTheobservationsof
Magy1955andMagyetal1976suggestthesamebias
operatesinImperialValleyWhilethepigeonbaitedlard
cantrapsaugmentedtotalnumbersofCxpquinquefas
ciatuscollectedforvirusisolationsWorketal1977the
smallernumberspertrapnightincomparisontoCxtar
salistabulatedinTables2and3indicatethatbaitedtraps
arealsorefractorytoCxpquinquefasciatusFigure1illu
stratesthesimilarityofCDClighttrapsandpigeonbaited
lardcantrapsinattractingCxpquinquefasciatusindicat
ingthatappreciableincreasesinnumberswillrequirediffer
entmethodsincludinghandaspiration
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Table1CulextarsalisandCxpipiensquinquefasciatus
collectedfromNewRiverCDCLightTrapsitesImperial
ValleyCalifornia19761977

Period Cxtarsalis Cxpquinq R

329331 179 54 5 02 96

425428 1518 330 150 33 91

528529 48391861 1035398 82

625626 2104 806 551212 79

7778 1712 611 329118 84

720721 1185 474 92 37 93

8485 1059 963 25 23 98

817826 2493 367 187 28 93

912913 285 204 0 00 100

921924 1057 961 228207 83

101103 3917 979 264 69 93

1081010 2204 612 280 82 88

10211023 2613 556 205 44 79

1031111 130 68 42 22 76

11261128 123 33 357 96 26

12291231 160 59 15 06 91

129131 103 41 1 04 99

101103 3605784 592129 86

108109 446186 147 61 75

10221023 225150 112 75 67

1031111 58 32 97 54 37

PercentageofCxtarsalispertraprelativetoCxpquin
quefasciatus
Numbersinparentheses indicatethemeannumberof

mosquitoespertrapnight
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Table3ConcurrentcollectionofCulextarsalisCt
andCxpipiensquinquefasciatusCpqfromCDCLight
andpigeonbaitedLardCantrapsfromtheNewRiverIm
perialValleyCalifornia1976

LightTraps LardCans

Period Ct Cpq Ct Cpq

329331 54

425428 330

817826 367

912913 204

921924961
101103 979

1081010612
10211023 556

1031111 68

25

02

33

28

00

207

69

82

44

22

12

265

153

183

152

784

186

150

32

04

28

25

44

160

129

61

75

54

Valuesindicatethemeannumberofmosquitoespertrap
night

PercentageofCxtarsalispertraprelativetoCxpquin t

quefasciatus m
M

Numbersinparentheses indicatethemeannumberof
CDCLightTraps

mosquitoespertrapnight
15

A BaitedLardCan

1

Table2CulextarsalisandCxpipiensquinquefascia i A
tuscollectedfromNewRiverbaitedLardCantrapsites
ImperialValleyCalifornia1976 10

Period Cxtarsalis Cxpquinq R a s
A

329331 11 12 4 04 75

427428 212265 22 28 90
819825 505153 22 25 86 0

912913 201183 48 44 81 1 Aug 311 Sept 301 Oct 311 Nov

921924 273152 256160 49

Figure1AcomparisonofCulexpipiensquinquefascia
tuscollectedinCDClighttrapsandpigeonbaitedlardcan
trapsfromtheNewRiverImperialValleyCalifornia
AugNov1976



BownDandTHWork1973Mosquitotransmissionofarbo
virusesattheMexicanBorderinImperialValleyCalifornia
1972MosqNews33381385

CaliforniaRegionalWaterQualityControlBoardColoradoRiver
BasinRegion1975PollutionofNewRiverinImperialValley
CaliforniaresultingfromwastedischargesbytheCityofMexi
caliMexicoSeptember197514ppMimeographed

ClarkGGTHWorkandOGWBerlin1976Environmental
influencesonCDClighttrapcollectionsofCulextarsalisina
focusofWEEandSLEtransmissionProcCalifMosqControl
Assoc443340

ClarkGGTHWorkandJLMoss1974Monthlycompari
sonsof1973lighttrapcollectionsofCulextarsalismosquitoes
inafocusofWesternEquineandStLouisEncephalitisvirus
transmissionProcCalifMosqControlAssoc422830

MagyHI1955AmosquitosurveyofImperialValleyImperial
CountyDecember1953 January1955CalifDeptofPublic
HealthBureauofVectorControl9ppMultilithed

MagyHITHWorkandCVThomas1976AReassessmentof
CulexpipiensasaPotentialStLouisEncephalitisvectorinIm
perialCountyProcCalifMosqControlAssoc444145

MagyHIDLRoheTASmithRBeboutCVThomasM
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MisrahiandRMiller1977Evaluationofmosquitovectordis
persionfollowingtropicalstormKathleeninImperialCounty
ProcCalifMosqandVectorControlAssoc45197201
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sewageCalifVectorViews154243

ThomasCV1977DevelopmentsinImperialCountyfollowing
tropicalstormKathleeninSeptember1976ProcCalifMosq
andVectorControlAssoc45203204

WorkTH1973TheimpendingthreatofVEEtoCaliforniabased
ontheMexicanexperienceof1972ProcCalifMosqControl
Assoc4136

WorkTH1975MosquitoresearchattheUniversityofCalifornia
LosAngelestropicalandsubtropicalmosquitoesofimportance
toCaliforniaProcCalifMosqControlAssoc432831

WorkTHMJozanGGClarkOGWBerlinandDParra
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STLOUISENCEPHALITISVIRUSTRANSMISSIONIN1976INTHEBORDER

TRANSECTOFTHENEWRIVEROFIMPERIALCOUNTY

TelfordHWorkMartineJozanJamesPWebbThomasPMcAndrewsandHowardOriba

Studiescommencedin1967haveobtainedasignificant
sampleofCulextarsalismosquitopopulationsinvirtually
everymonthforthepastdecadeThesehaveshownthat
CxtarsalisisinfectedwithWesternequineencephalitis
virusWEEinsomeyearsandStLouisencephalitisSLE
everyyearNoWEEandSLEviruseshavebeenisolated
fromDecemberthroughMarchVirusisrecoveredforvary
ingperiodsoftimebetweenearlyAprilandlateNovember
virusactivitybyweeksdifferingfromyeartoyearPoolin
fectionratesuptofiftypercenthavebeendemonstrated
withbothWEEandSLEvirusesindicatingintensive
periodsoftransmissionHostpreferencestudiesBerlinet
al1976indicatethatCxtarsalisfeedsprimarilyonbirds
intheFinneyLakehabitatofWEEandSLEWorketal
1977withonlylimitedattractiontoman

Arecentlycompletedserologicalstudyof577residents
athighriskofexposurehasshown8to15prevalenceof
antibodiestoSLEvirusrisingwithageindicatinglocalex
posuretoinfectionJozan1977Butthereisvirtuallyno
evidenceofWEEvirusinfectionthatwouldbeexpectedif
CxtarsaliswereacommonvectortomanThereforeitis
concludedthatsomeothervectorhastransmittedSLEto

thehumanpopulation
The 197172 surveillance forVenezuelanequine

encephalitisvirusWork1973systematicallyexamined
CDClighttrapcollectionsfromaonemilesegmentofthe
AlamoRiverasitentersImperialValleyfromMexico
BownandWork1973Itwasremarkablethatsomany
Culexpipiensquinquefasciatusmosquitoeswerecollected
inthisruralriverinehabitatandthatpoolsofthesemosqui
toesyieldedsomanyisolationsofSLEvirusCxpipiens
quinquefasciatusarewellrecognizedascommonvectorsof
SLEvirusinstateseastofCaliforniaparticularlyinase
quenceofepidemicsinTexastheMississippiandOhio
RivervalleysandinNewJerseyandPennsylvaniainthe
pasttwentyyearsWork1971Monathpersonalcommun
icationPreviousstudiesinnorthernCaliforniaindicated
thatCxpquinquefasciatuswasnotanimportantvector
ReevesandHammon1962Howeverasurveyin1955
Magyandafollowupin1975Magyetal1976showed
thatCxpquinquefasciatuswasandisacommonmosqui
toinImperialValleyprevalentinbothruralandurbanen
vironments

Althoughthisspeciesoccasionallyturnedupinlighttrap
collectionsattheWisterandFinneyLakestudysitesthey
weresofewinnumberthattheydidnotsiginificantly
affectthecumulativedataonvirusinfectedpoolsofCx
tarsalis

FromtheUniversityofCaliforniaMosquitoResearchProgram
oftheSchoolofPublicHealthLosAngelesCalifornia90024Par
tiallysupportedbyUSPublicHealthServiceTrainingGrantAI
1321114

UniversityofCalifornia
SchoolofPublicHealthDivisionofEpidemiology

41295SchoolofPublicHealthBuildingLosAngelesCalifornia90024
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RecognitionoftheSLEvirusisolationsfromCxp
quinquefasciatusattheMexicanborderandobservations
oftheproximitytoCalexicooftheNewRiverentryinto
Californiafocussedattentiononthishabitatasmorelikely
toprovideameasureofCxpquinquefasciatusactivity
andtransmissionofSLEvirusinImperialCounty

Webbetal1977describedinitiationofsystematiccol
lectionsaimedatincreasingtheyieldofCxpquinquefas
ciatusbypigeonandotheranimalbaitedtrapsWhileCx
tarsalisisstillthepredominantspeciesinCDClighttrap
collectionsthisnewefforthasincreasedtotalnumbersof

Cxpquinquefasciatusmosquitoesforvirologicalexamina
tion

MATERIALANDMETHODSRepresentedinFigure1
arethesixteentrapsiteslocatedapproximatelyonemile
apartfromtheborderentryoftheNewRivertojustsouth
ofSeeleyCDClighttrapswereoperatedaminimumof
threenightsperperiodmonthlybeginninginAprilandat
leasttwiceamonthfromJulythroughOctoberThefre
quencyinSeptemberandOctoberresultedfromtheim
portanceofmeasuringtheeffectofSeptember12thhurri
caneKathleenandsubsequentrainstormsonmosquito
activityandvirustransmission

InlateAugustpigeonbaitedlardcantrapsBellamyand
Reeves1952wereplacedinproximityofeachlighttrap
specificallytoaugmentcollectionofCxpquinquefascia
tusPilottrialswithnewbornmicewerealsocommencedat

thistimeWiremeshtesttubecontainersholdingamother
andlitterofnewbornmiceweresuspendedfrombranches
nearselectedlighttrapsforonenightonlytotestforactual
transmissionbybiteofmosquitovectorsTheselitterswere
thenobservedinthelaboratoryfor14daysforsignsofill
nessanddeath

Aboratesalinesuspensionofsickmousebrainwaspre
paredeitherfromthosemiceinoculatedwithmaterialfrom
mosquitopoolsorfromsentinelmicewhichshowedsigns
ofillnessComplementfixationtestswithspecifichyperim
muneseradeterminedtheidentityoftheinfectingvirus

RESULTSBecausenoisolationsofWEEviruswere

madefromanypoolofmosquitoescollectedinImperial
Valleyin1976allisolationdatareferstoSLEvirusexcept
whereTurlockvirusisidentified

Table1presentsdataonisolationsofSLEvirusfrom
CxtarsalisandCxpquinquefasciatusmosquitoesbyper
iodofcollectionintheNewRiverBorderTransect

VirusfirstappearedfromapoolofCxtarsaliscollected
atsiteNR13attheendofMayItwasidentifiedasSLE
BytheendofJuneandearlyJulythepercentageofpools
positiveforSLEvirusreached40percentOfthe58SLE
virusisolationsfrom757poolscontainingatotalof26542
CxtarsalismosquitoesallhavebeenidentifiedasSLE
ThreestrainsofTurlockviruswerealsorecoveredbutno
evidenceofWEEvirusturnedupintheNewRiveroratthe



Table11976virusisolationsfromCulextarsalisandCulexpipiensquinquefasciatusmosquitoescollectedbyCDCLight
TrapsintheNewRiverbordertransectofImperialValleyCalifornia

Week Cxtarsalis Pools Positives Pos Cxpipiens Pools Positives Pos

April2329 1693 54 0 0 154 13 0 0

May28June3 4772 104 1 08 1055 34 0 0

June25July1 2034 53 14 264 335 18 2 111

July29 1731 49 20 408 312 20 3 150

July1622 1239 36 3 83 90 20 1 5

July2329 119 14 0 0 6 3 0 0

July30Aug5 1342 25 5 200 32 10 0 0

Aug1319 1735 43 1 23 22 6 0 0

Aug2026 832 36 12 33 129 13 3 23
1 27

Sept1016 401 21 0 0 5 1 0 0

Sept1723 1369 44 0 0 422 25 0 0

Sept2430 345 13 0 0 149 9 0 0
Oct17 4089 103 0 0 240 18 1 55
Oct814 2281 62 2 32 287 28 0 0

1 16

Oct1521 634 19 0 0 60 11 0 0
Oct2228 1484 41 0 0 247 21 0 0
Oct29Nov4 155 13 1 76 28 28 0 0
Nov1925 16 2 0 0 30 1 0 0
Nov26Dec2 260 21 0 0 322 21 0 0
Dec2430 18 4 0 0 1 1 0 0

Total 26542 757 58 76 3926 302 10 03

3 04

TurlockVirus

Table21976trapsiteyieldofStLouisencephalitisvirusisolationsfromCDClighttrappedCulextarsalisandCulex
pipiensquinquefasciatusmosquitoescollectedinthenewriverbordertransectofImperialValleyCalifornia

TrapSite Cxtarsalis Pools Positives Cxpipiens Pools Positives

N 1 658 34 0 0 398 23 0 0
N 2 836 33 0 0 315 21 0 0
N 3 678 33 2 66 168 18 0 0
N 4 1069 36 4 11 423 26 2 26
N 5 526 28 1 34 290 22 0 0

1 34

N 6 228 17 0 0 189 20 0 0

N 7 1318 46 2 43 303 23 0 0
N 8 1418 43 2 46 268 22 0 0
N 9 2623 62 5 83 542 26 6 238
N10 3191 78 10 128 331 18 2 111
N11 2294 56 6 107 106 18 0 0
N12 851 35 3 91 38 6 0 0

N13 1303 45 5 111 53 14 0 0
N14 4069 83 3 36 376 18 0 0

2 24

N15 1844 49 6 143 34 14 0 0
N16 3643 80 8 100 92 13 0 0

TOTAL 26549 757 57 75 3926 302 10 0
3 02

TurlockVirus
20



Week

Table3SLEVirusinfectionofmosquitoesfrompigeonbaitedlardcantraps

April1622
April2329
August1319
August2026
September1016
September1723

September2430 282 14 0

October17 3942

October814

October2228

TOTAL

Figure1

9

590

Cxtarsalis Pools Positives

233

35

47

259

209

34

449

342

5832 203 6

1

ELCENTRO

6 0

1 0

2

24

12

5

3

1

0

0

102 3

1

20 0

17 0

NNI

N83

MEXICO

Finneyfocusin1976againillustratingthephenomenonof
intermittentappearanceofWEEintheImperialValley

Duringthesameperiod3926Cxpquinquefasciatus
wererecoveredfromthesamelighttrapsPooledbytrap
siteastabulatedinTable2theactualnumbersperpool
weresignificantlysmalleraverageabout20perpooland
thereforelesslikelytoyieldvirusRecoveriesofSLEvirus
fromCxpquinquefasciatuscorrespondtotheperiodsof
infection

TheisolationinthefirstweekofOctoberisnoteworthy
becauseitoccurredthreeweeksafterhurricaneKathleen

Magyetal1977whichtriggeredmosquitobreedingall
overImperialValleyThomasetal1977Thecontinued
presenceofSLEinmosquitoesintheNewRiverTransect
inthefirstweekofNovembersuggeststhattheheroicmos

21

Cxpipiens Pools Positives

0 19 3 0 0

0 22 2 0 0

100 1 1 0 0

42 44 9 1 11

0 31 5 0 0

0 117 8 0 0

0 126 9 0 0

29

09

0

0

544 32 1 3

143 15 0 0

126 15 0 0

29 1173 99 2 2

05

quitocontrolmeasuresintheurbanareasunderaegisofthe
ImperialCountyHealthDepartmentmayhaveprevented
epidemiccases

TransmissionsofSLEviruswasdemonstratedbyisola
tionofonestrainfromamouselitterexposedatNR4on
thenightof2122Augustandanotherfromamouseofa
litterexposedatNR5on1112September

Successinaugmentingthemosquitocatchbypigeon
baitedlardcantrapsisshowninTable3Additionalstrains
ofSLEwereisolatedfromCxtarsalisandCxpquinque
fasciatusrecoveredbythismethodThatstrainswereiso
latedinthefirstweekofOctoberemphasizesthatinspite
ofthedilutionofbothspeciespopulationsbynewlyemerg
edimagoesfollowingtherainsofmiddleandlateSeptem
berasignificantnumberofinfectedvectorswereseeking
bloodmeals

AnalysisofTable2showsthatinfectedmosquitoesoc
cupiedthelengthofthebordertransectatsometimebe
tweenMayandNovemberWhynoviruswasrecoveredat
thetwositesclosesttoCalexicoandMexicalicannotbeex

plainedatthisstageofthestudyItisclearthatthehabi
tatsbetweenNR8toNR10andNR13toNR15were

productiveofbothvectorspeciesandSLEvirusMorein
tensivesearchforvertebratesourcesofvirusandthelink

betweenCxtarsalisandCxpquinquefasciatuswillbe
focussedatthesesites
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SURVEILLANCEFORARTHROPODBORNEVIRUSESANDDISEASEBYTHE

CALIFORNIASTATEDEPARTMENTOFHEALTH1976

RichardWEmmonsGailGrodhausandEdmondVBayer
CaliforniaStateDepartmentofHealth

2151BerkeleyWayBerkeleyCalifornia94704

ThelargeepidemicofStLouisencephalitisintheeast
ern23oftheUSduring19751941confirmedorpre
sumptivecases95deathsresultedinconcernaboutapos
sibleepidemicduring1976Howeveralthoughover150
casesweredetectednationwidenolargeoutbreaksoccur
redSurveillanceinCaliforniaagainshowedtherelatively
lowlevelofarbovirusactivitycharacteristicofthepast15
yearsAttentionwasparticularlyfocussedontheImperial
Valleywherelateseasonalrainfallandfloodingthreatened
toincreasethemosquitopopulationTheresultsofcolla
borativeeffortsbythemanystateandlocalagenciesand
personsinterestedinarbovirussurveillanceinCaliforniaare
summarizedhereThisistheseventhformalannualreport
preparedsince1969onthisaspectoftheCaliforniaDepart
mentofHealthseffortsinpreventivemedicine

Therewere455patientsTable1whohadsignificant
febrileillnessasepticmeningitisorencephalitisandwere
testedserologicallyforwesternequineencephalomyelitis
WEEandStLouisencephalitisSLEaswellasother
diseasesThiswasthelowestnumberinthelast5years
peakyearwas1973with1037casestestedThemajor
ityofthesecaseswerefoundtobecausedbyenteroviruses
mumpsherpesothervirusesorleptospirosisorthecause
couldnotbedeterminedPhysicianscaringforpatientswho
liveinorhavevisitedendemicareasshouldbeencouraged
toimprovethisaspectofsurveillanceFurthertestson102
casesofundeterminedetiologywillbemadeinDrWC
Reeveslaboratorythe12thyearforthisspecialstudyto
seeifothermosquitobornevirusesbesidesWEEandSLE
causehumandiseaseinCaliforniaTherewere13human

brainsamplestestedinsucklingmicebutnoneyielded
arboviruses

ThreecasesofSLEweredetectedduring1976A34
yearoldwomanfromCathedralCityRiversideCounty
wasfroghuntingnearMeccaRiversideCountyonJune
20andhadmanymosquitobitesOnJune30shedevel
opedsevereheadachethendisorientationandseizuresand
wasadmittedtoaPalmSpringshospitalPairedserashowed
risingSLEantibodytitersasfollowscomplementfixation
CF18to116indirectfluorescentantibodyIFA
1256to12048plaquereductionneutralizationPRNT
11024to14096andhemagglutinationinhibitionHAI
180to1160ShewasdischargedJuly20butcontinued
tohavememorydeficitandhandtremorsThiswasthefirst
caseofSLEacquiredinCaliforniasince1973whenthere
were5casesHerprobableplaceofexposurewasjust1
milesfromwhereSLEpositiveCulextarsaliswerecollected
onJune9Oneflockof7chickenswasbledonJuly16in

IViralandRickettsialDiseaseLaboratoryandInfectiousDisease
Section

2VectorControlSection
3VeterinaryPublicHealthUnitInfectiousDiseaseSection
4HAItitersdoneatSchoolofPublicHealthUCBerkeley
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RiversideCountyandshowedSLEantibodyin1Turlock
antibodyinall7butWEEantibodyinnonetestedinDr
Reeveslaboratory

A48yearoldwomanfromSanDiegobecameill
August6withmalaiseandfeverthenprogressiveconfusion
andmemorylossrequiringhospitalizationAbnormalcere
brospinalfluidandencephalogramtracingsindicated
meningoencephalitisTheSLEantibodytiterswereCF
116to116IFA1256to11024PRNT11024to
116384andHAI140to1320Sherecoveredsatis

factorilySheandherhusbandmayhavebeenexposedon
theweekendofJuly24orJuly2324whilefishingnear
SeeleyImperialCountySLEpositivemosquitoeswerede
tectedfromthisareaduringtheyearHerhusbandwasnot
illbutasingleserumsampleshowedSLEantibodytiters
ofCF18IFA11024PRNT1512andHAI180pro
vidingevidenceofpastorcurrentinfection

Thethirdcasewasa29yearoldwomanfromMadera
whobecameillSeptember26withstiffneckfeverand
cellsinthecerebrospinalfluidTheSLEantibodytiters
wereCF14to18IFA1256to1512PRNT11024
to14096andHAIpendingExposurewaspresumably
nearherhomebutshehasbeenonanextendedvisitto
Mexicosincerecoveringanddetailedinformationhasnot
beenavailable

NohumancasesofWEEweredetectedin1976There

were35suspectcasesofencephalitisinequinesreportedto
theDepartmentfrom25countiesfrom25ofthesecases
serumsamplesweresubmittedbutnonehadsignificant
WEEantibodytitersconfirmingitasacaseTherewere15
equinebrainsamplestestedinsucklingmicenoneyielding
arbovirusesHowever4equinebrainswerepositivefor
rabiesbytheFRAtest

Atotalof1273mosquitopoolswerecollectedand
testedinsucklingmiceduringtheyearTables2and3
withthegreatesteffortexpendedinImperialRiverside
andSanBernardinoCountiesThegeographicdistribution
ofthemosquitosurveillanceefforthasvariedfromyearto
yeardependingonmanpowerepidemicpotentialand
economicfactorsIncreasedbubonicplagueactivityinthe
stateduring1976divertedStateVectorControlSection
personnelfromarbovirussurveillanceparticularlyincen
tralandnorthernCaliforniaArbovirusisolatesfrommos

quitoesareshowninTable410SLE11Turlockand1
HartParkvirusstrainsallfromCtarsalisReportsbyDr
ReevesandcoworkersandbyDrTWorkandcoworkers
ontheirmoredetailedecologicandsurveillancestudieswill
begivenseparatelyandincludemanymoreviralisolates
Thestatemosquitotestingprogramwasreinitiatedin1969
incollaborationwiththeCenterforDiseaseControlthat
yearFewtestsweredonein1970butmanyweredone
annuallysincethenFrom19628vectorpoolsover
743132specimenstestedtodate650virusstrainshave
beenisolatedincluding159WEE193SLE199Turlock
and99strainsofothervirusesHartParkCaliforniaen



Table1HumanstestedserologicallyforarbovirusencephalitisbytheViralandRickettsialDiseaseLaboratoryCalifornia
StateDepartmentofHealthandbycountyhealthdepartmentlaboratoriesbycountyofresidenceandmonthofillness
onset1976

County Total Jan

California
Total

Alameda

BerkeleyCity
Butte

Inyo
Kern

Kings
Lassen

LosAngeles
Madera

Marin

Mendocino
Merced

Modoc

Monterey
Napa
Nevada

Orange
Placer

Riverside
Sacramento
SanBernardino

SanDiego
SanFrancisco

SanJoaquin

SanLuisObispo
SanMateo
SantaBarbara

SantaClara
SantaCruz
Shasta

Sierra

Siskiyou
Solano

Sonoma

Stanislaus
SutterYuba

Tehama
Tulare

Tuolumne

Ventura
Yolo

455 1 2 4 7

6
17

8

ContraCosta 22

ElDorado 15
Fresno 20

Glenn 1

Humboldt
DelNorte 4

Imperial 0

0
22

1

15
4
1

0
8
4

3
5
9

14
15

3

82
45
10

2
9

14

5

6
4

0
3
6

11

10
2

5
2

3

10
5

Feb Mar Apr

1 2 1

1
23 1 1

0

1

3 2 8

Someorallseratestedbycountyhealthdepartmentlaboratory

May Jun Jul Aug Sept Oct Nov Dec Unk

36 78 68 66 58 49 36 2 48

1 3
3 3 4 3 2 1
I 2 1 1 1

1 2 4 2 5 4 4
5 2 2 1 4
1 3 6 5 3 1 1

3 1 1 2
1 2

2
1

1

1

cephalitisgroupBunyamweragroupandafewnotyet
identifiedSomeerrorsinthe1973summaryofviraliso
latesProceedingsandPapersoftheFortySecondAnnual
ConferenceoftheCMCAIncshouldbepointedout3
viruseslistedasCaliforniaencephalitisvirusCEVshould
havebeenlistedasCEVgroupvirusessincetheirexact
placinginthiscomplexofcloselyrelatedviruseshasnotyet
beendeterminedandtheMainDrainandBunyamwera
groupvirusesshouldhaveallbeendesignatedasBunyam
weragroupvirusesEffortstoidentifyadditionalunknown
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1
6 1 4 5 1 2 2

8 5 5

1

5
1

1 1
1 6 1
2 2 4

1

1
1

4 1
1

1 1 1
3 1 1

3 2 2 1

2 3
4 1
1

13 13 12 9 13 7
6 4 8 9 5 4
4 1 1 1

1

3 2
1 1

1 1 1

3 1 2 3
1 2 1 3 1

1 1

1
1

3 1 4
1

1 1 1

1 1 1

3
1

1

1 3
1

1

2
6
2

1
2 3 1

3

2
2

1

1

3 3 1 3
1 1 1 1 1

virusesfromvectorsandfromseveralvertebratehostsare

beingmadeincollaborationwiththeSchoolofPublic
HealthUCBerkeley

Therewere12casesofColoradotickfeverconfirmed

during19763acquiredinColoradoandtherestin
endemicareasofCaliforniaFieldinvestigationscontinue
astimeandfundspermitontheabovementioneddiseases
andonotherarbovirusesofknownorsuspectedpatho
genicityThesurveillanceprogramfor1977isanticipated
tobeaboutasin1976
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Table
3Number
of
mosquitoes
pools
tested
by
county
and
species
by
the
Viral
and
Rickettsial
Disease
Laboratory
California
State
Department
of
Health
1976



Table4Viralisolatesfrommosquitopoolsduring1976bytheViralandRickettsialDiseaseLaboratoryCalifornia
StateDepartmentofHealth

Mosquito
poolno County Place

Date

collected Species

RV0072A Riverside Mecca May11 Culextarsalis 50 Turlock
RV1024A Riverside Mecca June9 Culextarsalis 50 Turlock

RV1026A Riverside Mecca June9 Culextarsalis 50 SLE

RV1029A Riverside Mecca June9 Culextarsalis 50 Turlock

RV1031A Riverside Mecca June9 Culextarsalis 50 Turlock
V5IV0096 Imperial Brawley June22 Culextarsalis 56 SLE
V5IV0097 Imperial Westmoreland June22 Culextarsalis 50 SLE
V5IV0102 Imperial Calexico June22 Culextarsalis 46 SLE

SB0336 MohaveAriz BermudaCity June25 Culextarsalis 15 Turlock

RV1043A Riverside Mecca July1213 Culextarsalis 11 Turlock
SB0345 MohaveAriz BermudaCity July27 Culextarsalis 35 SLE
V22699 Placer Roseville September3 Culextarsalis 38 Turlock

RV1049 Riverside Thermal August11 Culextarsalis 41 SLE
RV1163 Riverside Corona August16 Culextarsalis 50 HartPark
V5IV0173 Imperial Calexico August25 Culextarsalis 50 SLE

SB0350 SanBernardino Needles August27 Culextarsalis 19 SLE

SB0351 SanBernardino Needles August27 Culextcpsalis 48 SLE

SB0356 SanBernardino Neeldes August27 Culextarsalis 50 Turlock
IV0337 Imperial Seeley October23 Culextarsalis 50 Turlock
V5IV0353 Imperial Seeley October56 Culextarsalis 50 SLE

RV1136 Riverside Mecca October20 Culextarsalis 50 Turlock
SB0417 MohaveAriz BermudaCity October26 Culextarsalis 16 Turlock

ACKNOWLEDGMENTTheassistanceandcooperation
ofmanystaffmembersoftheViralandRickettsialDisease
LaboratorytheVectorControlSectionandothersinthe
CaliforniaStateDepartmentofHealthaswellasoflocal
mosquitoabatementdistrictstheCaliforniaStateDepart
mentofFoodandAgricultureandotherlocalcountyand
stateorfederalagenciesincarryingoutthesurveillancepro
gramaregratefullyacknowledged
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UNIVERSITYOFCALIFORNIASPROGRAMONMOSQUITORESEARCH

RussellEFontaine

UniversityofCalifornia
CooperativeExtension322BriggsHallDavisCalifornia95616

Itwillcomeasnosurprisetothisaudiencethatthe
UniversityofCaliforniahasfiguredprominentlyinthe
developmentofmosquitocontrolthroughresearchinvesti
gationandtrainingstartingalmostfromthetimeofdis
coveryofmosquitotransmissionofmalariabySirRonald
Rossin1898Attheturnofthecenturymalariawasa
seriousprobleminthegreatcentralvalleyofCaliforniaand
thenewsthatmalariacouldbecontrolledbyanattack
againstthemosquitowasgreetedwithwildenthusiasmBut
oddlyenoughthefirstmosquitocontrolcampaignswere
organizedin1904and1905tocontrolhordesofsaltmarsh
mosquitoesinMarinCountyandatBurlingameSanMateo
CountyunderthedirectionofHJQuayleInthiscase
themotivationforcontrolwasnotmalariabutprotection
fromsaltmarshmosquitoeswhichweretormentingthepeo
pleoftheareaanddepressingpropertyvalues

TheUniversityofCaliforniaprovidedtechnicalassist
ancetothecampaignAfewyearslaterattentionwas
focusedonthemalariaprobleminthegreatcentralvalley
whichwasretardingthedevelopmentofirrigationschemes
AgaintheUniversityparticipatedbyprovidingtechnical
assistancedemonstrationandtrainingundertheleadership
ofsuchUCmosquitocontrolpioneersasWBHerms
HaroldGrayandSBFreebornTheseearlymosquito
controlcampaignsledtothepassageoftheCaliforniaMos
quitoAbatementActof1915By1930seventeendistricts
hadbeenformedinCaliforniaprimarilyforthecontrolof
malaria

Eventuallyastheendemicfociofmalariawerewiped
outandthemosquitoborneencephalitidesweresuppressed
toalowincidencethepublicviewedtheprotectionfrom
mosquitoannoyanceassufficientjustificationinitselfto
supporttheenormousexpansioninmosquitocontrolthat
tookplaceiriCaliforniainrecentyearsTodaywehavein
California64localmosquitocontrolagenciesprotecting
15000000peopleatanannualexpenditureofabout15
milliondollars

Neverthelessmosquitobornediseasesarestillaviable
threatinCaliforniaandthepossibilityofsevereoutbreaks
shouldnotbedismissedNotinfrequentlyCaliforniaisthe
siteforlocallytransmittedcasesofmalariaandvirusen
cephalitisdespitethepresenceofanextensivenetworkof
mosquitocontrolthroughoutmuchofthepopulatedareas
Unquestionablymosquitocontrolislargelyresponsiblefor
thelowlevelofmosquitotransmittedinfectionsreported
butthedegreeofprotectionisdifficulttoassessandcould
belessthanwemightliketobelieveRecentandcurrent
experienceinothercountrieshasshownthatfollowingthe
deteriorationorabandonmentofmosquitocontrolthat
malariaandothermosquitotransmittedinfectionshave
quicklyresurgedfromminortomajordiseaseproblems

ThequestioniscouldCaliforniaescapethediseasere
surgenceexperiencedelsewhereintheeventofadeterior
ationofmosquitocontrolThiswasarguedinthelate
sixtieswhenthefutureofmosquitocontrolappearedvery
bleakindeedbecauseofthelongperiodofoverdepend
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enceoninsecticideswhichresultedinmosquitoresistance
toinsecticidesandtherestrictionsplacedontheregistra
tionsanduseofnewpesticidesThecrisiswastheinevitable
outcomeofnoninsecticidalmosquitocontroltechnology
laggingfarbehindthetremendousexpansionofmosquito
controlfollowingWorldWarII

Facedwiththepossibilityofdeterioratingcontroland
diseaseresurgencethestatelegislaturein1972appropriat
ed300000exclusivelyformosquitocontrolresearch
withintheUniversityofCaliforniasystemThisspecial
fundhasbeenapprovedannuallyAdditionstotheoriginal
sumhaveincreasedthetotaltoabout350000anticipated
forfiscalyear197778

AdministrationofthefundlieswiththeOfficeofthe
VicePresidentUniversityofCaliforniaDivisionofAgri
culturalSciencesTodateresearchprojectshavebeen
supportedfromtheUniversityofCaliforniasSchoolsof
PublicHealthatBerkeleyandLosAngelestheUniversity
ofCaliforniaAgriculturalExperimentStationDepartment
ofBiologyUniversityofCaliforniaSanDiegoandthe
UniversityofCaliforniaCooperativeExtensionService

TheallocationoffundstotheUniversityofCalifornia
scientistsisbasedonsubmissionofresearchproposals
reviewedannuallybytwocommitteestheUniversityof
CaliforniaEntomologyResearchCoordinatingCommittee
andtheUniversityWideAdvisoryCommitteeonMosquito
ResearchTheERCCwithintheAgriculturalExperiment
StationreviewsAgriculturalExperimentStationproposals
andrecommendsprioritiestotheUniversityWideAdvisory
CommitteeCommitteesfor1977areEntomologyRe
searchCoordinatingCommitteeDonaldLMcLeanUCD
MartinCBirchUCDEvertISchlingerUCBRobert
vandenBoschUCBFrancisGuntherUCRHaroldT
ReynoldsUCRUniversityWideAdvisoryCommitteeon
MosquitoResearchJamesBKendrickJrChairmanA
RalphBarrPublicHealthUCLARichardWEmmons
CalifDeptHealthBerkeleyWilliamCHazeleurCMCA
ResearchCommitteeRichardFPetersCalifDept
HealthSacramentoWilliamCReevesSchoolofPublic
HealthUCBWilliamMRogoffUSDAFresnoDonald
LMcLeanUCDandRussellEFontaineSecretary

Anoteofspecialinterestinthefundingofmosquitore
searchisthatthespecialStateappropriationrepresents
about22ofthetotalofallmosquitoresearchfunds ex

pendedbytheUniversityIn1976theresearchgrantsand
fundsfromStateFederalandothersourcesamountedto

approximately1406000Thisincidentallyis9percent
ofapproximately15000000expendedformosquitocon
trolinCaliforniaAbreakdownofthefundingbysourcein
FY197677follows



SourceofFunds

StateSpecialFund
StateWaterFund
OtherState

Federal

MosquitoControlAgenciesCalif
IndustryandotherSources

Amount

Thousands

336

100
510

442

13

5

TOTAL 1406

Theprimaryobjectiveofthecoordinatingcommitteeis
toachieveabalancedprogramofresearchresponsivetothe
presentandfutureneedsofmosquitocontrolinCalifornia
Itreviewsprogressandaccomplishmentsandadvisesonre
searchprioritiesandfundingObtainingabalancedprogram
betweenbasicandappliedresearchisnotaneasyobjective
asprioritiesmaychangewithtimeandopinionsmaydiffer
amongcommitteemembersastowhatconstitutesa
balance

TheMosquitoSpecialistCooperativeExtensionservesas
aprogramcoordinatoradvisingonprogramdevelopment
strategiesandprioritiesprovidingliaisonbetweentheUni
versityandmosquitocontrolagenciesonresearchandpar
ticipatinginplanningprogramevaluationandreportson
programprogress

Sincetotalrelianceonpesticidesisnolongeradvisable
thetrendistowardintegratedcontrolutilizingavarietyof
methods biologicalchemicalgeneticculturalengineer
ingandregulatoryTheresearchreflectstheneedforinte

gratedcontrolevidencedbythefollowinggeneralcate
goriesofresearchareasreceivingsupportin1976

1PublicHealthreceivedapproximately22ofthespecial
allocation60000InnorthernCaliforniathere
searchconsistedofarbovirussurveillancestudieson
vectorcompetenceandpreparatoryworkongenetic
controlofmosquitovectorsofpublichealthandveteri
naryimportance
InsouthernCaliforniasurveillanceiscontinuingonar
bovirusactivityandthemechanismofvirustransmis
sionintheImperialValleyisbeingstudied

2ChemicalControlreceivedabout31ofthefundsin

supportingthreeprojectsinvolvingbasicandpractical
studiesofmosquitoresistanceandmethodsofcounter
actingtheproblemdevelopmentofnovelchemicalcon
trolstrategiesandfieldtrialsofnewinsecticides

3BiologicalControlreceivedabout32ofthefundssup
portinglaboratoryandfieldstudiesofmosquitopreda
torspathogensandparasitesFivebiologicalagentsare
beinginvestigatedincludingfishnematodesflatworms
fungibacteriaandvirusesAllbuttheviruseshave
shownsomepromiseforoperationalusebymassrearing
oftheorganisms

4GeneticControlreceivedabout6ofthefundsinsup
portofapilottrialtoevaluatetheresultsoffieldre
leasesofastrainofCulextarsalisrefractorytotransmis
sionofWEEvirus

5MosquitoBiologywasallocated5ofthefundstoin
investigatethebiologyofthetreeholemosquitoAedes
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sierrensisinnorthernCaliforniaandCulisetainornata
insouthernCalifornia

6PesticideApplicationstudieswasallocatedabout4of
thefundsforevaluationofaerosolgroundequipment
Furtherworkisplannedonmeteorologicalandsafety
considerations

Ibelievethissummaryconveysthecomprehensiverange
ofactivitiescoveredinthisprogramandIknowofnoother
comparablemosquitoresearchprogramnationallyorinter
nationallywithanequivalentscopeanddiversityofre
searcheffortinoneinstitutionYouwillhavetheoppor
tunitytohearmoreaboutthestatusandaccomplishment
oftheresearchprojectsinthepresentationsofpapersby
theindividualresearcherslaterinthisconference

Inconductingtheirresearchthescientistsarenotwork
inginisolationoutofcontextwithpracticaloperations
Therearemanyexamplesofcollaborativeprojectsinwhich
abatementdistrictshaveprovidedstaffequipmentand
fundstofacilitatetheresearchactivityThetrendisgrow
ing

Althoughprogressisbeingmadedifficultiesaretobe
expectedinsuchalargeanddiverseprogramInmanyin
stancesresearchersaredealingwithhighlycomplexanddy
namicbiologicalsystems particularlyinstudiesinmos
quitoparasitespathogensandpredatorsNoonequestions
thatbiologicalcontrolholdsgreatpromiseforthefutureof
mosquitocontrolbutthetransitionfromthelaboratory
topracticalapplicationinthefieldisthemostdifficult
stageintheresearchprocessMoreoverthetaskofdevelop
ingnewcontroltechnologyisfurthercomplicatedbythe
needtoconsiderenvironmentalimpactresistanceto
pesticidessafetytomanandanimalshazardstonon
targetorganismsandwildlifeandtheeconomicsofthe
methodsItisunderstandablethatmosquitooperational
staffgrowimpatientwhenanswerstopressingoperational
problemsarenotavailableButsolutionstomostresearch
problemsusuallytaketimeandtheendresultisseldom
clearlyforeseeable

Inarecentmeetingontheresearchprogramattendedby
UCscientistsandcommitteemembersrepresentativesof
theCMCAResearchCommitteeandothersassociated

directlyorindirectlywiththeresearchanumberofcon
structiveideaswereproposed

1CommunicationbetweentheUniversityresearchstaff
andthemosquitocontrolagenciesneedstobestrength
enedThemosquitoworkersaregenuinelyinterestedin
theprogressofresearchbutonamoreorlessinformal
andcontinuingbasiswithoutwaitingforformalpublica
tionofresultsOntheotherhandtheresearchersarein
terestedinlearningmoreaboutoperationalproblemsas
abasisformakingtheirresearchmoreresponsivetothe
needsofmosquitocontrolagencies

2Theresearchgroupurgedcontrolagenciestoproposein
specifictermsproblemareasinneedofresearchandto
participatewiththeresearchersinjointplanningof
collaborativeprojectsCurrentlytherearesuchprojects
underwayorbeingproposedbutmoreareneeded

3Thenotionofcategorizingresearchprojectsintoshort
andlongtermwasconsideredunrealisticformostbio
logicalcontrolstudiesdealingwithpathogensandpreda
torsWhileitappearsreasonableinprincipletoseta



timeframeonaresearchprojectinthecaseofbiologi
calstudiesitshouldberegardedasliberalestimatesub
jecttomodificationasnewinformationunfolds

4Toestablishaclearerbaselinefordefiningmosquito
problemsamenabletosolutionthroughresearchorby
othermeansadistrictbydistrictinquirytodocument
themosturgentproblemswasproposedProblemscould
thenbecategorizedaccordingtofeasibilityforsolution
eitherbyaresearchapproachorbyalternativemeans
suchasaspecialinvestigationstudyordemonstration
involvingUCCooperativeExtensionStateVectorCon
trolorotherstateandnationaltechnicalresource
agency
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Inconsideringtheaboverecommendationsinthelight
ofthemosquitoprobleminCaliforniatodayIfeelweare
atthestageintheresearchprogramwhenallpossibleap
proachestocontrolarestillinneedofinvestigationAmong
theareasofpossibleinvestigationinneedofpriority
sourcereductionwhichseemstobetheleastsupported
holdsoneofthemostpromisingareasforrealizingfruitful
returnsontheinvestmentThereforeitwouldappearvery
prudenttogiveearnestattentionandconsiderationtothe
feasibilityofstrengtheningsourcereductionstudiesinthis
program



MOSQUITOCONTROLINCALIFORNIAAND

THEVECTORANDWASTEMANAGEMENTSECTION

MarvinCKramer

CaliforniaDepartmentofHealth
VectorandWasteManagementSection714PStreetSacramentoCalifornia95814

Iwilldiscuss208planningbutIwouldlikefirstto
makeafewcommentsaboutmosquitocontrolinCalifornia
andtheVectorandWasteManagementSectionsrelation
shiptoitThechiefofthesectionDickPetersdoesnt
knowwhatIamgoingtosayandImaybereprimanded
forwhatIamabouttosaybutIfeelstronglyaboutit

Withtheexceptionofmilitarydutyduringwhichhe
workedonmalariacontroloverseasDickPetershasdevot
edhisentireprofessionalexperiencetothebettermentof
vectorcontrolinCaliforniaAfterWorldWarIIwhenhere

turnedtoCaliforniatherewere15MADsinthestateDur
ingthenextfewyearswhileDickwasworkingsinglehand
edlyastheDepartmentstechnicalconsultantformosquito
control18additionalMADswereformedasaresultof
Dickslonghoursmanymilesoftravelandpersuasive
testimony

In1952Dickdirectedasuccessfulcampaignagainstthe
worstepidemicofencephalitisthatwehavehadinCali
fornia

Togointodepthinthesolutionoftechnicalproblems
facingMADsDickformedahighlyproductiveresearch
unitandmadeitsfindingsimmediatelyavailableHe
recognizedtheimportanceofaprofessionalprecision
approachtomosquitocontrolandpromotedasubsidyfor
localmosquitocontrolprogramstoprovideforentomolog
icalservicesandsurveillanceUnfortunatelytheCalifornia
Legislaturelatereliminatedourresearchprogramandthe
subventionforlocalprograms

DicksphilosophyaschiefoftheBureauorSectionhas
allowedhisstafftobefreetocarryforwardthisprogramof
augmentationoftheMADseffortsIknowofnoonein
thehistoryofCaliforniawhohascontributedsomuchto
theadvancementofmosquitocontrolinthestateashas
DickPeters

ThusitiswithamazementanddisbeliefthatIhearsug
gestionsfromtheverygroupthathasbenefitedsomuch
thatthesectionistryingtodominatelocalprogramswith
theinferencethatwehavesomeunwholesomeintent

Wearewellawareoftheprofusionofregulatoryactions
towhichyouhavebeensubjectedrecentlyWehavehad
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thesameunfortunateexperience
ThesourceoftheseregulationsisnotourSectionLets

examinetherecord

FederallawsthathaveimposedconstraintsaretheFed
eralInsecticideFungicideandRodenticideActTitle2
Sections135etseqFederalWaterPollutionControlAct
Amendmentsof1972PL92500Title33Sections1151
etseqFederalEnvironmentalPesticideControlActof
1972PL92516RiverandHarborAct33USC403Fed
eralEnvironmentalQualityActTitle42Sections4371et
seqandOccupationalSafetyandHealthActof1970
ChapterXVIIofTitle29

StatelawsandagencieswithregulationsarethePorter
CologneWaterQualityActChapter1241oftheGovern
mentCodeSections1330013350StateLandsCommis
sionPublicResourcesCodeSections61088558StateRe
clamationBoardCaliforniaWaterCodeCaliforniaEnvi
ronmentalQualityActPublicResourcesCodeSections
2100021174FishandGameCommissionFishandGame
CodeSections16001602517001883Departmentof
ParksandRecreationCaliforniaPublicResourcesCode
Sections5012509338SanFranciscoBayConservation
andDevelopmentCommissionGovernmentCodeSections
66600etseqCaliforniaCoastalZoneConservationCom
missionPublicResourcesCodeSections2740030900
CaliforniaDepartmentofFoodandAgricultureCalifornia
FoodandAgriculturalCodeCaliforniaAdministrative
CodeTitle324515246324652476d2477bcd
247924802481248724893089130913092d
3093a3094bc3096Title173005430061and
stateregulationsforimplementationofvariousfederallaws

Regionalorcountyagencieswithcontrolsarethe
RegionalWaterQualityControlBoardsPlanningCommis
sionsandAgriculturalCommissioners

Ouractivityhasbeentointerceptregulatoryactionsand
reducethestringencyoftheselawsbyobtainingexemp
tionsorlesserrequirementsthroughdifficultnegotiation

Perhapsourlotissimilartothatoftheancientrunners
whocarriedmessagesbetweengovernmentsIftheunfor
tunatefellowcarriedbadnewshewaskilled



LANDUSEPLANNING208PROGRAM

MarvinCKramer

CaliforniaDepartmentofHealth
VectorandWasteManagementSection714PStreetSacramentoCalifornia

208PlanningistheshorttitleappliedtoPL92500
theFederalWaterPollutionControlActAmendmentsof
1972Section208Accordingtoitssponsorsitsmain
thrustistowardtheobjectiveofhelpingthestatessetupa
managementprogramandinstitutionalarrangementsto
integratewaterqualityandotherresourcemanagement
decisions

Thefederalgovernmentfeelsthatitisnecessaryto
developawaterqualitymanagementprocessatthestate
andlocallevelsthatassurescontinuousplanningforandim
plementationofpollutioncontrolmeasures

Managementplansareexpectedtomeettwoprincipal
mandatesoftheFederalWaterPollutionControlActthe
determinationofeffluentlimitationsthatwouldattheleast
maintainexistingwaterqualitySection303and
developmentofStateandareawidemanagementprograms
toimplementabatementmeasuresforallpollutantsources
Section208Congressestablishedapolicythatby1983
thenationswatersshouldbesuitabletoprotectandpropa
gatefishshellfishandwildlifeandbesuitableforrecrea
tionCongresshasrequiredthestatestodesignatebeneficial
usesforallwatersandtoestablishwaterqualitystandards
tomeetthegoalssetbytheAct

Afundoftenmilliondollarshasbeenappropriatedfor
theworkinCalifornia

Thelawhasidentifiedtwogeneralclassesofsourcesof
pollution pointsourcesandnonpointsourcesPoint
sourcesarespecificdischargesofpollutantswhichenter
surfacewatersfromsuchidentifiablevehiclesaspipescon
duitsfissuresorchannelsNonpointsourcesarethose
whichhavenospecificpointofdischargesuchasagricul
turalreturnflowsorstormwaterrunofffromabroadarea

Twotypesofsolutionsareemployedtocombatthetwo
typesofsourcesstructuralandnonstructuralStructural
solutionsrequirethebuildingofstructurestotreatorcon
trolthedischargesusuallyrequirelargecapitalexpendi
turesandarenormallyassociatedwithpointsourcedis
chargesNonstructuralsolutionsemploymanagementstrat
egiestotrytopreventdischargesandareusuallyassociated
withnonpointdischarges

TheEnvironmentalProtectionAgencytheadministra
torfortheFederalWaterPollutionControlActhadpre
viouslyconcentratedupondevelopmentofsolutionsto
pointsourcedischargesandasumof18billiondollarswas
appropriatedforagrantprogramforcommunitiestoup
gradetreatmentlevelsSincetherewasaDecember1974
deadlineforissuanceofpermitsforstructuresthese
permitswereissuedbeforecomprehensivewaterquality
managementplanningwasbegun

Toguaranteethatwaterqualitystandardsweremetthe
lawestablishedtwowaterqualityplanningmechanisms
basinplanningand208areawidewaterqualitymanagement
planningTheGovernorofeachstatedesignatesaplanning
agencytoimplementplanningThe208planningprocess
movedslowlyuntiltheNationalResourcesDefenseCouncil
suedEPAandthecourtinadecisionin1975ruledthat
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208planningwasanessentialelementofthePollutionAct
andthatitappliednotonlytodesignatedareasbuttoall
areaswithinastateEPAmade208planningitsfirstprior
itysonowthereisfeverishactivitybyalllevelsofgovern
menttoaccomplishcomprehensivemanagementplanning
thatwillprescribeabatementactionsandcontrolprograms

The208planningprogrammustbecompletedandcom
mittedtoimplementationwithintwoyearsEPAexpects
thatitwillleadtoacontinuingplanningprocessforlocal
andareawideenvironmentaldecisionmakingManyagen
cieswillbeinvolvedincludingamongotherslocalgovern
mentsspecialdistrictsStateWaterResourcesControl
BoardtheRegionalWaterQualityControlBoardsirriga
tiondistrictssoilconservationdistrictsandpublicworks
departments There are environmental social and

economicconsiderationsandtechnicaltradeoffstobe
made

Inorderformosquitoandvectorabatementagenciesto
haveavoiceinthedirectionsinwhichplanningandimple
mentationprogramsaretotakeitismostimportantthat
youbecomeinvolvedinthepoliticalprocessesbywhich
thesevitaldecisionswillbemadeWecannotexpectthat
urbanplannersorrepresentativesofspecialinterestsother
thanvectorcontrolwillpromoteorevenbeawareofthe
requirementsofvectorpreventionorcontrolProbable
effectsoftheplanningprogramarerestorationof
damagedecologicalsystemsimplementationofcontrols
onsolidwasteandsludgedisposalsystemsrestorationof
riverslakesandbaysprotectionandimprovementof
groundwatersuppliesandmethodsfordisposalofhazard
ousandtoxicwastes

TheActspecificallymentionslanduserequirement
Theuseoflandisinvolvedinmanyofthedecisionsthat
willbemadefortheprotectionofwaterqualityThe208
planningprogramisseenbymanyplannersandgovernment
officialsasafederallymandatedmoveintocomprehensive
regionalplanning

SevenareasofthestatehadbeenidentifiedbytheGov
ernorasareaswithsubstantialwaterproblemsandhave
beendesignated208planningareasTheyareLakeTahoe
SacramentoSanFranciscoMontereyVenturaSouth
CoastandSanDiegobutaswasmentionedearlierthe
entirestateisnowinvolvedin208planning

IntheSanFranciscoBayAreaFredRobertsisamem
berofthe208planningAdvisoryGroupandEarlMorten
sonandReubenJunkertaremembersoftheSurfaceRun
offandMinorPointSourcesManagementPlanCommittee
Fredhadobtainedthenamesofcontactpersonsforthevar
iouscountieswithintheterritoryoftheAssociationofBay
AreaGovernmentstheleadagencyfortheSanFrancisco
BayAreaanddistributedthemamongtheotherMADsin
theBayAreaHehasalsoprovidedalistingofthefunctions
ofhiscommitteeandapertchartforschedulingofthe
activitiesFigure1IntheLakeTahoeareaMartinChris
tainsenhasbeenmuchinvolved



1976 19 1978

Figure1Chartofstudyandplanningfunctionswithtimesched
ulepreparedbytheAdvisoryGroupforthe208PlanningStudyof Revisedl77
theAssociationofBayAreaGovernments197677 C6 CK co R R

167OrganizeStudy

ADevelopworkprogramBudget Control

BAdvisoryGroupOrganization

168DescribeSurfaceRunoffSystems
ASelectdemonstrationwatersheds

BDescribe delineateurbanandruralstormwatersystems

CCheckandordelineateruralcollectionsystems

DDelineatemajorwatershedboundaries

EDeterminelanduseofmajorwatersheds

FCompilewashoffcoefficientsandhydraulicdataforstreamsandchannels
369DescribeDataNeeds

ADeterminetypeandpriorityofnecessarydata

BSelectwaterqualitymonitoringstation

CDevelopcollectionprogramformodelcalibration

DDesignlongtermwaterqualitymonitoringprogram r

ESelectlabforanalysisofwaterqualitysamples

4217ImplementWaterQualityCollectionProgram
AImplementactualcollectionprogram

570ReviewLandUseDataBase

AVerify1973landusedatabase

671DetermineCauseandExtentofExistingProblem

AInterviewpersonswithknowledgeofwaterqualitydegradationandpreparereport
BReviewandanalyzeexistingquantityqualitydata

CInterpretcomputermodelresults

DApplymodelresultstomajorsheds r

EPrioritizeproblemsheds r

FIntegratedataanddraftreport

GProposetentativemeasuresforpollutantyields

HReviewdraftreportofexistingproblem

772DetermineCauseandExtentofFutureProblem

AForecastfuturewasteloads

BCoordinateestimatesofsurfacerunoffscontributiontowaterqualitydegradation

CReportonrelationshipbetweenwaterqualityprojectionsandexistinggeneralplans
873FormulateControlMeasures

AReviselistofproposedcontrolmeasures

BFormulateworkablecombinationsstrategiesofcontrolmeasures

CAnalyzepollutionabatementeffectivenessofalternatecontrolstrategiesforcities

andunincorporatedportionsofthestudyarea

DDevelopascheduleofimplementationforneartermnonstructuralcontrols

EDevelopascheduleofimplementationforlongtermstructuralsolutions

reconnaissancelevelincludinganticipatedcosts

FEstimateprobabledollarcostofdelayingactiononsurfacerunoffproblems
974DevelopInstitutionandFinancialAnalysisforNearTermControlMeasures

ADevelopalternateinstitutionalandfinancialmechanismstoimplementneartermcontrols

BAllocatealternateplanningandmanagementresponsibilitiesamongagencies
1075AssessEvaluateControlMeasures

AEvaluateenvironmentalandfinancialimpacts

BEvaluatesocialandlanduseimpacts

CIntegrateimpactdata

11 DescribeContinuingPlanningProcess

APreparereportoncontinuingplanningprocess
1276PrepareReport

AIntegratealldataandwritereport l
1377AssistInRegionalCompilation

AAssistinregionalintegrationofcountyrunoffplans

1478ParticipateInAdvisoryCommitteeMeetings
AParticipateinadvisorymeetings
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Iurgeyoutomakecontactwiththeleadagencyinyour
areaandinformthatagencyofyourexpertiseandwilling
nesstoparticipateAskifyoucanberepresentedonplan
ningagencypolicyadvisorycommitteesortechnicalcom
mitteesFortherestofthestateoutsideofthedesignated
areasyourRegionalWaterQualityControlBoardwillbe
youragencyTheStateWaterResourcesControlBoardwill
belookingatinterfacesamongagencies

EPAofficialshavesaidthateveryeffortisbeingmade
togivelocalandstategovernmentstheopportunitytoplan
andimplementprogramsbutwiththeinferencethatif
theyfailthefederalgovernmentwillimposetheprograms
thatarenecessaryandthatthesewillinvolvegrowthand
landuseconsiderations
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TRUSTEEPARTICIPATIONINMOSQUITOSOURCEREDUCTION

ModeratorWDonaldMurray

DeltaVectorControlDistrict

1737WestHoustonAvenueVisaliaCalifornia93277

WeintheUnitedStatesliveinademocracy oneof

veryfewremainingintheworldtodayAbasicrequirement
ofademocracyisthatthepeoplebetreatedhumanely
withrespectfortheirrightstheirinterestsandtheirfeel
ingsThedesireforpowerhasbeenoneofthegreatestevils
mthehistoryofmankindThishasbeenespeciallyevident
inrecentyearsaswehaveseenonedemocracyafteran
othersuccumbtopowerhungryleaderswhothensetup
dictatorships

Societyatalllevelsofgovernmenthasbecomeevermore
complexandlawswhichhavebeenestablishedtoprotect
therightsofpeoplehavesometimesproventobeunsup
portedandoflittlevalueAttorneyshavebeennotorious
fortwistingtheintentoflawsaroundtofavortheirclients
regardlessoftheeffectonsocietyasawholeAsadmini
strativeleadershavebecomefrustratedintheirdesireto

accomplishgoalswhichatonetimemayhavebeenmeritor
iousandastheyhaveacquiredpowertheyhavebeenin
clinedtoavoidorturnagainsttrulydemocraticprocedures
andtomovetowardsbureaucraciesanddictatorships

Howcanweavoidthistendencyinourmosquitocontrol
programApersonhasnorighttoproduceamosquitonui
sancewhichharmsothersandourHealthandSafetyCode

TRUSTEEPARTICIPATIONINNUISANCEABATEMENTHEARINGSIN

In1971allpreviouslyusefulinsecticidesforcontrolof
thepasturemosquitoAedesnigromaculisintheDelta
VectorControlDistrictDeltaVCDbecameineffectivebe
causeofresistanceMosquitopopulationsincreasedtohigh
levelsneverbeforeobservedinseveralofourcommunities

Thepublicwasincensedatourineffectivenessandour
staffwasdemoralizedWehadhadanactivemosquito
sourcereductionprogramfor20yearswehadmade
numerouspersonalcontactswithmosquitoproducersand
hadsentthemagreatmanylettersandreportsyetsome
howwehadnotbeenabletoachieveanadequatechangein
theattitudesandpracticesofmostofourhighpriority
producers

In1972wedeterminedtomakeevenmorepersonalcon
tactswithhighprioritymosquitoproducersIinvited
severaltocomeinandtalkwiththeBoardofTrusteesbut
notonewasinterestedindoingsoTheBoardthereupon
adoptedthepolicyofissuingaformalNoticetoAbatea
Nuisance whichprovidedforHearingsasincludedinthe

THEDELTAVECTORCONTROLDISTRICT

WDonaldMurray

DeltaVectorControlDistrict

1737WestHoustonAvenueVisaliaCalifornia93277
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authorizesustostophimfromdoingsoJusthowwemight
accomplishthisinademocraticsystemisthesubjectofthe
presentpanel

MosquitoSourceReductionisamotherhoodterm
everyoneagreesitisagoodthingProceduresforachieving
ithoweverareaboutasvariedastherearedistrictsOf
coursethereismorethanonewaytocarryoutmosuqito
sourcereduction infacttherecertainlyareanumberof
effectivewaysOnthispanelwewishtonoteseveral
successfulwaysbutespeciallywewanttoemphasizeways
inwhichtheBoardofTrusteescancontribute

Whenadistrictmanagertellssomeoneheisusinglegal
procedurestoabatemosquitoeshedoesnotsaythisto
contrastwithillegalprocedures ratherhemeansheis
usingprovisionsoftheCaliforniaHealthandSafetyor
otherCodeswhichinvolvesomedegreeofpressureagainst
mosquitoproducerswithpossiblepunitiveactionOne
mayreviewvolumesoftheCMCAProceedingsfromalmost
thefirstissuetothemostrecentandhewillnotethatthis
subjecthasbeendiscussedmanytimesbutitisofeven
greaterimportancetodaybecauseofmosquitoresistanceto
insecticidesandtheincreasinggovernmentalcontrolsover
insecticideuse

HealthandSafetyCodeThisprocedureprovedsuccessful
and13individualswerecitedduring197218in1973and
through1976Hearingshavebeenheldfor38persons

TheDeltaVCDStaffandTrusteeswilldemonstratejust
howtheseHearingswerecarriedoutWewillemphasizethe
lowkeydedicatedservicewhichtheTrusteeshaveplayed
inbackinguptheDistrictpoliciesandwhichhasledtoa
fantasticdegreeofcorrectionsofmosquitoproblemswhile
followingwhatwebelievetobetheultimateindemocratic
proceduresWewillportraytheHearingsoftwoactual
casesessentiallyastheyoccurredin1972FourTrustees
willplaytheirownpartsIvanCrookshanksasChairmanof
theBoardandBruceMyersFerrisLaFondandRonald
DavisasMembersGeorgeWhittenwillplayhisownpartas
AgriculturalEngineerRobertTurnerhisownpartasSuper
intendentofOperationsandImyownpartasManager
JohnCombswillplaythepartofPaulJonesfictitious
namebutallotheritemstrueafarmeronemile



northwestofExeterEdwardLewisForemanoftheKings
MosquitoAbatementDistrictwillplaythepartofJoe
SouzafictitiousnameafarmerwestofGoshenIpoint
outthatwehaveneverhesitatedtohavetwoormore

growersappearatthesametime itneverhasbeenaprob
lemandithasenabledourprogramtomovemuchmore
rapidlythanitwouldhavehadwetakenonlyoneatatime
Noteanextemporaneousbutreasonablyfactualskitwas
presentedKodachromeslideswereusedtoassistinexplain
ingtheproblemthegrowercreatesfortheDistrictAtthe
conclusionofthediscussiontheBoardpassestwomotions

1theDistrictStaffwillworkmorecloselywiththe
growerand2theDistrictStaffmaysprayandchargeif
unacceptablemosquitoproductioncontinues

SummaryAmosquitocontroldistrictwithalayboard
potentiallyprovidesanexampleofdemocraticprocedureat
itsbestMostmosquitoproductionproblemsareresolved
bytheStaffandnevercomebeforetheBoardotherthan
throughinformationalreportsTheBoarddoesnotgetin
volvedinroutineoperationalmattersbutsetspoliciesand
supportstheStaffwhichcarriesoutthesepoliciesand
finallyservesasapublichearingbodyseparatefromthe
administration

Wehavebeenverycarefultoavoidtoolegalisticanap
proachWehaveneverusedanattorneyattheHearingof
anyofour38casesnorhaveweneededoneOurappealis
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oneofsocialpressureandtheBoardandtheStaffhave
handledallissuesinafriendlylowkeymannerWearenot
dealingwithdangerouscriminals ratherwearedealing
withpersonswholackunderstandingandwhosometimes
failtoshowproperrespectandconcernfortherightsof
othersStronglegalactionsinthepreliminaryphasescan
resultinunnecessaryresentmentWeconsiderourprogram
tobeoneofpressurededucation

Whathavebeentheresults

1Wesoldourairplane
2Weeliminatedthepositionofpilot
3Wereducedsprayedacreagefromanaverageof70000

acresperyearforthe10yearaverage196070to
4000acresperyearfor1975and1976
4Insecticidecostshavebeengreatlyreduced
5Resistanceisnolongeramajorproblem
6Wehavereducedthestaffandhopetocontinue
7Presentpersonnelaremorevaluableandreceivemore

pay

8Aedesmelanimonhasvirtuallydisappearedfromthe
District

9Culextarsalishasbeeneliminatedfrommostsources
intheDistrict

10Aedesnigromaculisbasedonbodycountscomplaints
larvalinspectionsandservicerequestsin1976wasfor
themostpartunderthebestcontrolinourrecorded
history



Irecommendthatatrusteeshouldnotengageindistrict
operationalmattersduringtimeswhenheisnotinthe
boardroomIhaveobservedveryambitioustrusteeswho
thinktheyshouldfunctionallmonthTheygointothe
fieldmeddleinoperationalmattersandclaimtheywant
toknowwhatisgoingonastowhythedistrictdoesthis
ordoesnotdothatIbelievethisisnotagoodpractice
ThefunctionofthetrusteeisintheBoardroomandthere

onlyTrusteesshouldrecognizethattheyhiretheManager
Theydecideonthepersontheywantandthentheymust
lethimrunthedistrict

TherearecertainfunctionstheBoardshouldexpectof
theManagerIntheboardroomtheManagershouldpro
videafullcompletereportofwhatthedistricthasdone
duringthepastmonthandwhatisintendedforthecoming
monthTheBoardneedstoknowexactlyhowmuch
moneywasspentduringthepastmonthandhowmuchis
contemplatedforthecomingmonthTheBoardshould
neverbeembarrassedbyfindingthatthemanagerhasspent
moremoneythanwasavailableintheCountyTreasury
AuditingofthebooksisveryimportantTheBoardshould
obtainthebestauditorsavailableandshouldrequesta
completeauditTheManagershouldprovidetotheBoard
eachmonthareportofwhatthedistricthasaccomplished
duringthepastmonthandwhatitplanstodointhe
comingmonthorperhapsmoreeven6monthsormore

TheSanJoaquinMosquitoAbatementDistrictMAD
seldomhashadaBoardMeetingwhenlegalcounselwasnot
presentTodaymorethaneveritisessentialthattheBoard
haslegalcounseltowhichitcanturnatalltimes

ManyBoardshavebothnewandoldmembersIhave
heardcommentsthatapersonhasbeenontheBoardlong
enoughandshouldresignandletsomeoneelsetakehis
placeIthinkaBoardneedsacombinationofbothnewand
oldmembersThereisalotofknowledgeandwisdomin
memberswhohaveservedfor15or20or30yearsyet
Boardsmayneedthevitalityofnewmembers

IbelievethatBoardattendanceisamustWhenaBoard

Memberisabsenthemaydoseveralthings1hedoesnot
contributetotheprogram2hekeepssomebodyelsefrom
beingthere3hemayaskatameetingWhydidntyoudo
thisatthelastBoardMeeting Ifatrusteefindsthatheis

toobusyortoooccupiedtoattendBoardMeetingshe
shouldgivetheappointingagencywhichentrustedhim
withthepositiontheopportunitytoputsomeoneelsein
hisplaceATrusteeshouldtakehisresponsibilityasa
BoardMemberveryseriouslyTheSanJoaquinMADhasa
budgetwhichapproachesonemilliondollarswhichisalot
oftaxdollarsandIfeelIoweittomyneighborstothe
restofthecitizensofthisdistrictandtotheBoardof
SupervisorswhichappointedmetodotheverybestjobI
possiblycanwiththosetaxdollars

IhavehadtheoccasionofservingonBoardsonwhich
theChairmanhasservedinthatchairforsolonghethinks

FUNCTIONOFTHEBOARD

FredDeBenedetti

SanJoaquinMosquitoAbatementDistrict
PostOfficeBox1835StocktonCalifornia95201
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heownsitIhavebeenastrongadvocatethatafteronehas
servedaschairmanfor2yearsheshouldmoveoverandlet
anothertakethatpositionThisgiveseveryoneanoppor
tunitytoparticipateinthispositionandatthesametime
noonebecomesafixtureIfamanhasservedasChairman

for10or20yearsthechairbecomeshislittlekingdom
andhemayreachastateinwhichhedemandsthatevery
onedoesjustwhathewantsthemtodoTheBoardChair
manshouldchangeevery2yearsinmyopinion

Inthepastseveralyearstherehavebeenmanychanges
inthisworldProblemsaregettingbiggerandmorediffi
cultWemustfacepoliticslaborenvironmentalimpact1
sometimeswonderhowwearegoingtofunctionatallOur
Managerusedtobeoutinthefieldroutinelybuttodayhe
spendsmoretimeonpoliticalandadministrativematters
bookworkpaperworkmattersofcommunicationlabor
OSHAEPAetcItisveryimportantthattheBoardsup
portstheMaragerandtheManagerhasarighttoanticipate
thissupportIftheBoardcannotsupporttheManagerthen
itshouldreplacehimTheBoardsetsthepoliciesandthe
rulesandtheManagermustbecertainthattheBoardwill
supporthimashecarriesthemout

TheBoardshouldprovidetheManagerwiththetoolshe
needsItshouldnotexpecthimtoteardownamountain
withaspoonThereisnouseprovidingaJeepifgasoline
moneyisnotalsoprovidedHowevermoneyalonewillnot
solveproblems policiestosupportfundingmustalsobe
providedOneofthemostimportantwordsinthediction
aryisreason Ibelievethatifsomethingisreasonablewe
willdoagoodjobwithitWemustbereasonablewith
moneywithlaborwithmanagement andsometimesitis

importantthatwebereasonablewithourselves
QuestionWhomdoyouhaveforyourlegalcounsel
DeBenedettiWehaveanattorneyonaretainerWein

sistthatheattendourBoardMeetingsTimeaftertimehe
willsitthroughthemeetingandneversayawordbut
manytimesweturntohimandaskWhatarethelegal
ramificationsofthisdecision Occasionallyhewillstopus
andstateThereisariskinvolvedandperhapsweshould
consideranotherapproachAlsoweareincludingacon
sultanttowhomwecanturnindevelopingourlaborrela
tionsWecannotknowalltheanswerssoperhapswe
shouldbringinaprofessionalpersonfortheseneedsOur
employeesbelongtotheCountyEmployeesAssociation
WefoundthatourManagerwastakingalotofhistimeon
laborrelationsmattersespeciallyatbudgettimesowe
appointedandretainedalaborcoordinatorHeservesthe
Districtatacostof1500peryearwhichismoneywell
spentHewillgiveusadviceletusknowhowthingsstand
andsubmitrecommendationsOfcoursewealsolistento

theManagerThenwedecideonraisesfringebenefitsetc
ThenhedoesthenegotiatingWedidnotreallywanttogo
thiswayandwedonotreallylikeitbutitispartofour
changingtimesandwehavehadtochangewiththem



Managementisresponsiblefortheentireprogramina
mosquitoabatementorvectorcontroldistrictHeorsheis
wherethebuckstopsIftheprogramisgoodhegetsthe
creditandifaprogramsourshetakestheblame

Managementhastoprovidetheleadershipguidanceand
directiontothestaffandtheBoardofTrusteestoaccom

plishthegoalsandobjectivesoftheDistrictThemanage
menthastodiscusswiththeBoardandbothhavetoagree
onthegoalsandhowtoaccomplishthosegoals

Thefollowingfivefunctionsareusuallyconsideredof
primaryimportanceinmanagementPlanningOrganizing
StaffingDirectingandControllingIdefinethesefunc
tionsasfollows

Planning Thesettingoflongtermgoalsandshortterm
objectivesfortheDistrictThismeansWhat
doestheDistrictwanttoaccomplishandhow
todoitItmustbewrittendownwhetherit

isthemaingoaloftheDistrictor25year
planortheobjectivesforaseasonortheob
jectivesforaspecialsurvey

InherentinPlanningistheattitudeofthe
BoardofTrusteesWilltheyagreeonthe
goalsandwilltheyadoptpoliciestoattain
thesegoalsObviouslytheseshouldbedis
cussedatBoardmeetingsIdeallytheManag
ershouldbespendingagooddealofhistime
planningfortheDistrictoperationsandpro
gramsSelectedstaffmembersshouldbein
volvedinthisplanningbecauseitwillaffect
themdirectlyTheycanhelpworkouttheob
staclesintheplanandultimatelytheywill
maketheplanwork

OrganizingThesystematicarrangementofourresources
stafffinancesequipmentandpesticidesto

accomplishourgoalsandobjectivesYouhave
toknowthecapabilityadaptabilityand
properuseofallyourresourcesIwouldsay
thisrequiresawrittenplanfortheyearon
personnelwhichwouldincludeanorganiza
tionchartshowingpositionsrelationshipbe
tweenpositionsnumberofpositionssalaries
etcAfinancialresourceplanwouldbeabud
getandaccountingmethodtoshowcurrent
accountbalancesTheplanforvehicleswould
includeuseassignmentestimatedlifeforDis
trictTheseplansaremadeavailabletothe
TrusteesanddiscussedatBoardmeetings

Staffing TheBoardhirestheManagerandgiveshim
theresponsibilitytohirethe ofthestaff

Thestaffworksforthernenagernotthe
BoardThisgivesthemanagertherighttohire
andfireThemanagerhiresstaffwiththeedu

FUNCTIONSOFMANAGEMENT

GilbertLChallet

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702
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cationexperienceandaptitudeforthe
intendedjobYouhavetohireenoughstaff
butnottoomanyYouhavetotrainthemin
allaspectsofthejob

1Technical

2PublicContact

3Safety
4Certification

Youcanhelpdevelopstaffthroughtuitionre
imbursementprogramssothattheycantake
coursespertinenttotheirgrowthattheDis
trictIthinkoneofthedownfallsofDistricts

isnotdevelopingmanagementinourown
staffsespeciallywhenourManagersareusual
lypromotedfromwithintheorganizationWe
shouldprovidetimeandmoneytodevelop
managersandaftertheyareappointedfor
theircontinuouseducation

Directing Providingdaytodaysupervisiontoaccom
plishgoalsCheckingtomakesureuseofre
sourcesisaccomplishinggoalsEstablishing
procedurestogetjobdoneCollectingdata
forreviewofprogramsandevaluationof
programIbelievemostmanagersspendtoo
muchoftheirtimeinthiscapacityThatis
theyuseagreatdealoftheirtimedirecting
daytodayoperationswhichshouldbeleft
tosupervisorypersonnel

ControllingRegulatingtheuseofresourcespersonnel
financesequipmentpesticidesSeeingthat
Districtdoesntexceedresourcessuchas
budgetovertimeproperuseofpesticides
etc

ExamplesofTheseFunctions

1Hiresthemostknowledgeableandexperiencedpeopleto
bethevectorecologistsmechanicsforemensecretaries
certifiedtechniciansengineersandpilotsHowever
makesurethatyouhaveatleastoneminoritygroup
memberofeachminoritytofulfillyouraffirmative
actionplan

2Preparesjobdescriptionssalary benefitplanandor
ganizationplanthattellpeoplewhattodowheretodo
itwhytheyaretodoitwhentheyaretodoitIfyou
donttheEqualEmploymentOpportunityCommission

OccupationalHealthandSafetyAdministrationFair
LaborStandardsBoardandotherswillbegladtohelp
you

3Setsupabudgetplantopaythebillspaytheemploy
eesandasystemtoaccountforeverypennysothatthe



CountyTreasurerAuditorTaxCollectoryourown
auditoraresatisfiedandtheGrandJuryacitycouncil
thenewspapersthetaxpayersassociationandlastlythe
seniorcitizensonfixedincomeswillbesatisfiedand

wontwantafullscaleinvestigationofyourDistrict

4HesetsupapayplanfortheemployeesEnoughsothat
theyarehappydontwantaunionbutnotsomuch
thattheBoardofTrusteesthinksitsagiveawayofpub
licfundsOrelsetheAFSCMETeamstersUnitedFarm
WorkersSEIUorEmployeesAssociationwillbehappy
toprovideasalaryandbenefitplan

5ProvidesleadershiptotheBoardofTrusteesbyrecom
mendingpoliciessuchasavectorabatementpolicythat
willeliminatetheproductionofvectorsofwhichthe
biggestproducerisoneofhistrusteesorChairmanor
theBoardofSupervisors

6Procuresallthesuppliessuchasvehiclesgasandoil
papertypewritersetcfrompeoplewhoarenoteithera
trusteeemployeefriendofanemployeeorhavea
financialinterestwithatrusteeoremployeesothata
conflictofinterestdoesntoccur

7Thenyouhavetopurchaseapesticidethatis
aStilleffective

bApprovedbytheStateHealthDepartment
cApprovedbyEPA
dHasonthelabelthebugyouwanttokill
eIsacceptabletotheSierraClubandortheDepart

mentofFishandGame

fAndcanbeusedonpropertycontrolledbyeitherthe
CoastalCommissionStateLandsCommissionorthe
CorpsofEngineers

8ActasSecretarytotheBoardofTrusteesHehasto
figureoutifhethoughtyousaidwhatheunderstood
youtosayandifnotthenfigureoutwhatyouthought
youmeanttosay

Thesefacetiousremarkspointoutthewidevarietyof
functionsofmanagementandhowdecisionsareaffectedby
outsideinfluencesManagementatsometimehastoactin
thefollowingareas technicalsupervisionaccountant
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mechanicpersonnellabornegotiatorsecretarypurchasing
agentpublicrelationsexpertandpsychiatrist

RelationshiptoBoardofTrusteesTheManagerhasto
provideacomprehensiveefficientandeffectivemosquito
abatementprogramthatistechnicallysoundandthatthe
BoardofTrusteeswillsupportTwoelementsthataremost
importantintheBoardManagerrelationshipareCom
municationswiththeBoardandtheresultsofthatcom

municationthedevelopmentofwrittenpoliciesandguide
lines

1CommunicationsTherehastobeanopenlineofcom
municationbetweentheBoardofTrusteesandManager
ABoardmembershouldcalltheManagerwhenevera
questionarisesManagershouldbefunnelinginforma
tiononDistrictactivitiestoBoardmembersThiscanbe

throughwrittenandorverbalreportsatBoardmeetings
orspecialreportscopiesofimportantletterspam
phletsThisinformationenablesthetrusteetobecome
knowledgeableonallaspectsoftheDistrictIbelievea
trusteeisoneofthegreatestassetsoftheDistrictes
pecially inpubliceducationYouarecommunity
leadersandarerespectedyoushouldtellpeopleabout
theDistrictwhatisgoingonandhowitbenefitsthe
communityandindividual

2PoliciesTheManagerhastoprovideasaresultofthis
communicationwrittenpoliciesandguidelinesfor

aAbatement

bPersonnel Pay
cPurchasing
dTravel

eBudgeting
fBoardBylaws
gControlofothervectors

ThesewrittenpoliciesprovideboththeBoardand
Managementwithproceduresontheseitemsandmake
sureeachhasaproceduretofollow

ManagementandtheBoardhaveresponsibilitiesthat
workingtogetheraccomplishthegoaloftheDistrictWith
mutualrespectandprideinaccomplishmentthisrelation
shipwillbenefitthecommunitytheBoardandthestaff



PoliciesshouldbemadetousenottobebrokenDuring
1976theSanMateoCountyMosquitoAbatementDistrict
hasbeenputtingtogetheramanualofbylawsandpolicies
Oneofthetrusteesresearchedalltheboardminutesgoing
back50yearsto1916pullingoutitemswhichcouldbe
consideredpoliciesWethenacceptedmodifiedaddedto
ordeletedthevariousitemsandputthemtogetherintoa
bookormanualTheadhoccommitteewhichworkedon
thismatterduringthepastyearwasappointedbythepresi
denttodojustthistaskFinallytheboardanalyzedall
policiesandorganizedthemforacceptanceascurrent
policiesTheyhavebeengroupedintospecifiedareas

Employeremployee relations policyWithin our

districtwehaveacertainamountofdiscretionAcommit
teeisestablishedtocoordinatetheserelationsThiscom
mitteemeetswiththeemployeesthenreportstothefull
boardwithitsrecommendationsThismaynotbeaseffi
cientaprocedureaswithanoutsidelabornegotiatorbutit
islessexpensive

BudgetpolicyAtrusteecommitteeisappointedbythe
presidenttoassistinbudgetmatters

FiscalpoliciesThisrelatestosigningofwarrantsfund
ingetc

TravelandConferencepolicyThissubjecthascaused
thegreatestconcerninourdistrictSomeofthetrustees
havebelievedthatnooneshouldgoanyplaceatanytime
Othershavebelievedthateveryoneshouldbeentitledto
attendanymeetingsorconferenceshewishedSomehave
believedtheseconferencesareveryenlighteningandbenefi
cialandleadtoabetterboardSomehavebelievedthat
onlythemanagershouldgooronlyonetrusteeetc

LegalapproachtoabatementThiscoverstheproced
uresthedistrictmaytakeinrelationtothedistrictpowers

POLICIES

MargueriteLeipzig
SanMateoCountyMosquitoAbatementDistrict

1351RollinsRoadBurlingameCalifornia94010
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Insurancepolicy

ApprovalpolicyThisapprovestheprogramwhichthe
managerhasdevelopedforthecomingyearThisprovides
checksandbalances

UseofvehiclesandwatercraftThismatterhasstimu
latedmuchdiscussionAtonetimeinthepastvehicles
weredrivenhomefromworkSometrusteesbelievedthe
vehiclesshouldbeleftonthedistrictgroundsandbeused
onlyforactualdistrictbusinessThustheywouldnotbe
readilyavailableforemergencycalls

PurchasinganddisposalofpropertyThisguidesthe
boardandthemanageronwhatsometimesprovetobe
rathertechnicalmatters

Thedistricthasdevelopedarathercompletesetofpro
ceduresrelativetohowtheboardshouldactinanygiven
situationWebelievewehavecoveredalmosteverycontin
gencybutweknowtherewillbechangesinthefutureI
believeitwouldbeworththeeffortforeachmosquito
abatementdistricttodeveloppoliciesinthismanner

QuestionDoesyourdistricthaveanattorney

Leipzig TheDistrictAttorneyisourcounselHeisnotat
eachmeetingOurpolicieswerepresentedtothe
DistrictAttorneysOfficeandhefoundthemin
goodorderWedidcheckeachitemtoassurewe
wereoperatinginaccordancewiththeHealth
andSafetyCodeThisCodehoweverisnot
necessarilyspecific suchasrelativetoelection
ofofficersconductingmeetingsetcsowe
addedmanyitemstoourbylawsnotcoveredby
theCode



TRUSTEELIABILITYINDECISIONMAKINGPROCESSES

Thelaymanparticularlyatrusteemayhavesomediffi
cultyinappreciatingthecomplexlegalproblemsconfront
ingcounselforagovernmentaldistrictsuchasmosquito
abatementdistrictsCounselforsuchdistrictsmustbepre
paredtochangetheirpositionsfromdaytodaybecause
rulesarecontinuallychangingThisisespeciallytruewith
thematterofdistrictresponsibilityandliabilityinconnec
tiontherewith

Atrusteeofamosquitoabatementdistrictmaywellask
Whatcanhappentomepersonallyinconnectionwithlia
bilityforanyactsastrustee Twentyyearsagoaperson
seekingtorecovermoneywouldinalitigationnameand
seekoutthefailuresofanindividualbecausethedistrict

immunitymadethatpublicagencypracticallyuntouchable
ThisisnolongertrueThecourtshavewhittledawayat
thatimmunityshielduntilthepublicagencyisleftwithbut
littleofthatimmunityprotectionThepedulumthennow
isattheotherendoftheswingandtheclaimantislooking
totheliabilityofthedistrictratherthantheliabilityofthe
trusteeApersonseekingtolitigatehasagreateropportun
itytorecovernotonlysomefundsbutmorefundsby
suingthedistrictsincethefundsandresourcesofthedis
trictareoftenfargreaterThustodaysaidcomplainantis
virtuallyaimingatthedistrictandnotthetrustee

Theconductofatrusteeoutsidethescopeofhisauthor
itymakesthattrusteepersonallyliableWhatthenisout
sidethescopeofthattrusteesauthorityItwouldbethose
actsthatdonotimplementthedistrictsfunctionand
authorityThusifatrusteevotestoexpendmoneyfora
particularprojectoritemwhichcounselforthedistricthas
advisedisanillegalexpenditureanddespitethelegalad
vicethetrusteevotesfoitheexpenditurethenthatvoteor
actisoutsidethescopeofthetrusteesauthorityinthe
eventacourtsubsequentlydeterminestheexpenditureto
bewrongfulPersonalliabilitywouldlikelyattachAlso
supposeatrusteeknowinglyandwilfullyspraysadogwith
insecticideAnyofsuchactsareunlikelyandremoteThese
areextremeexamplesbuttheillustrationsforpersonal
liabilitypresentsuchalimitedfieldofexaminationthat1
realisticallybelievethatitisaminimalriskpossibilityEach
trusteewantstodotheverybestjobpossibleandthedis
trictsareanxioustohavenothingbutthebestandthisin
itselfisoneofthegreatestsafeguardsbecausethedistrict
isliableifthetrusteeactswithinthescopeofhisauthority
Insurancecompaniesstillclingtothe20yearoldconcept
ofpersonalliabilityoftrusteesandsellsomepoliciesbased
thereonbutatthepresentcostofinsurancethisseemsan
unwiseexpenditureoffunds

CanwenowturntotheliabilityofadistrictToomuch
ofourconcernisgovernedbystimulatedfearandunre
strictedimaginationofwhatliabilitiescanresultfrompub
licizedunrelatedhappeningsTherealisticevaluationofthe
districtslossesoverthepast20yearsisabettermeasure
mentofliabilitylossesthantheemotionalappealtowhat
mayhappeninthefutureThesubtlepropagandaofthein
surancecompaniesistoimpresstrusteesandmanagersthat

OFTHEMOSQUITOABATEMENTDISTRICT
RoyWolfeCountyCounsel

MaderaCountyCourthouseMaderaCalifornia93637
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thosegreatfutureliabilitiesarearealpossibilityWecannot
denythepossibilitybutitstrueremotenessandfrequency
mustbedirectlyrelatedtotheknownhistoricaldatafor
thatdistrictIfreservesarebuiltonknownhistoricalinfor

mationandnotonprojectedfutureoccurrencescorrelated
withunrelatedinsurancecompanyformulatedaverageco
efficientsthenthosereserveswouldbesubstantiallyless
thantheinsurancecarriersprogressivebusinessorientedre
serves

Inyearsgonebythecostofinsurancewasrelativelylow
anddistrictsandindividualscouldaffordtobuyinsurance
tocoverliabilitiesTodaythecostshavebecomeexcessive
WhatcanbedoneaboutthisThereshouldbeanobjective
evaluationoflossesPerhapsanattorneymayberequired
toexaminethedistrictsprogramManypeoplemaybelieve
thatdistrictsarenolongerimmunefromanythingbutthis
isnottrueForinstancedistrictsareimmunefromtheact
ofanindependentcontractorTheGovernmentCodestates
thatapublicentityisnotliableforpunitivedamagesresult
ingfromtheactofanemployeethatisadistrictisnot
liablefordamagesaspunishmentApublicentityisnot
liableforfailingtoadoptaparticularenactmentorproced
ureorforfailingtoenforceanysuchenactmentorproce
dureIfthestatuterequiresadistricttodoaspecificact
relatingtowhichtheemployeeorofficerhasdiscretion
thenfailingtoenforceortoadoptthatrequirementdoes
notmakethedistrictliableApublicentityisnotliablefor
aninjurycausedbytheissuancedenialsuspensionorrevo
cationorbythefailureorrefusaltoissuedenysuspendor
revokeanypermitlicensecertificateapprovalorderor
similarauthoritywherethepublicentityoranemployee
ofthepublicentityisauthorizedbyenactmenttodeter
minewhetherornotsuchauthorityshouldbeissued
deniedsuspendedorrevokedThedistrictisnotliablefor
makinganinspectionrequiredbylawbutwhatismoreim
portantthedistrictisnotliableformakinganinadequate
inspectionThisisofparticularinteresttothemosquito
abatementdistrictsbecauseanemployeeoranofficermay
makeanexaminationanddeterminethatnomosquitoesor
larvaearepresentinaparticularplacebutinactualfact
therearemosquitoesandlarvaepresentThisrulewould
makethedistrictimmunefromliabilityforthatfailureto
determinethatmosquitoesorlarvaewerepresentAmis
representationbyanemployeecreatesnoliabilityforthat
districtnoteveniftheemployeeisnegligentorwillfulIf
theemployeesofadistrictperformtheirdutiespursuantto
anunconstitutionalstatuetheirwrongfulactsdonotestab
lishliabilityagainstthedistrict

Willyouexaminetheliabilitydataforyourdistrictover
thepast20yearsIfyoudoyoumayfindanextremelyin
terestingparadoxbecausethecomparisonofthatinforma
tionwiththetotalinsurancepremiumsfortheperiodmay
createaconversationpieceforanyboardmeetingThe
immediateforeseeableobjectionisthetaskofcompiling
theinformationInsurancecompanieshavethatinforma
tionbutareunwillingtodisclosethenecessaryanalytical



breakdownrequiredforatruecomparisonIrecommend
thateachdistrictitselfgotoitsownrecordsandexamine
eachclaimfiledwiththeboardoftrusteesandrejectedby
thatboardthenfollowthatclaimtoitsultimateresolution
bytheinsurancecompanyAnalysisofsomeclaimsmaybe
easysomewillbedifficultandtimeconsumingbutthe
finalaccumulatedinformationmaybeevenstartlingOne
wordofcautionhowevertohavetheinvestigationinsti
tutedandprosecutedbyclericalorinexperiencedindivid
ualscanonlyproducedistortedandunsatisfactoryresults

Inthegoodolddaysthereliableinsurancecarrier
engagedtheservicesofthemostqualifiedattorneysandin
vestigatorsHoweverwithinthepast10yearsthecostof
doingbusinessbytheinsurancecompanieshasspiralledto
suchadegreethatthosecarriershavenotonlyhadtoin
creasepremiumsbutcutcornersinwhatevermannerpossi
bleOneofthemostobviousdirectionsofsuchsaving
techniquesistobargainfortheservicesofattorneysand
investigatorsInevitablyqualitysuffersIhavepersonalex
periencewiththefactthatinexperiencedattorneysdealing
withcomplexgovernmentaladministrativeprocesseshave
erredseriouslyForthecarriertoavoidthosepitfallsit
wouldbemosteconomicalfortheinsurancecarrierto

settletheclaimandpassthecostofthatsettlementonto
thecustomerTheunfortunatepositionofthedistrictis
thatithasnothingtosayaboutwhetheraclaimorlawsuit
issettledorisnotsettledInfactIamfamiliarwithone
casewherethedistrictdidnotwanttosettleunderanycir
cumstancesbutthecarrierignoredthewishesofthedis
trictandsettledthecasesimplybecauseitwasexpedient
forthedistrictsincetheactscomplainedofinconnection
withtheemployeesofthedistrictwerelitigatedinacrimi
nalactionandtheemployeeswerethereinacquittedItis
asadcommentarybutthedistrictmustinsomewaypar
ticipateinsettlementsifthecostspiralistobeslowedOb
viouslytheprocessingofclaimsandtheordinaryadmini
strationconnectedtherewithisincludedwithinapremium
Wehaveguessedthat4050ofthepremiumisdevotedto
thatadministrativecostWecannotconfirmthatestimate

dataThereisnoquestionthatinflationhastouchedthe
insurancecarrierasithasallotherbusinessesbutinaddi
tiontheretotherehasbeenagreatertighteningofgovern
mentalcontrolwhichalsoincreasescostWemustnotover

lookthefactthatthegovernmentalcontrolrequiresthepil
ingofreservesforunlitigatedclaimsThisinitselfisa
drainuponthecarriersabilitytofunctioneffectivelyand
cheaplyAglimpseofthefuturefordistrictliabilityinsur
anceisaffordedusbythemalpracticeinsurancedifficulties
nowbeingexperiencedbyhospitaldistrictsWearenot
thereyetbuthowsoontheprecipice

Werecognizethatinsurancecompaniesareconductinga
legitimatebusinessBethatasitmaywestillmustreexam
inethematterofpayingliabilityinsuranceattodaysrapid
lyescalatingpricesItisobviousthatexcessiveclaims
mountingadministrativecostsandperhapsstockmarket
losseshaveleadtopremiumsthedistrictcannolongercon
sidereconomical

Inlightoftheforegoingletmepresentanalternative
proposalandinconnectionwiththatprefacemyremarks
bypointingoutanillustrationTheChowchillaDistrict
Hospitalwasaboutreadytocloseitsdoorsbecauseofthe
tremendousincreaseinthemalpracticeinsuranceprem
iumsWewenttotheStateLegislaturetotrytogetsome
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helpPeculiarlytheinsuranceindustryhasstatedthatit
reallydidnotwanttoprovidethisinsuranceyetitdidnot
appeartheywantedthehospitaltobecomeselfinsured
Theindustryresistedbyrefusingtobeofanyrealassist
anceTheLegislatureaskedtheinsuranceindustryfor
informationsuchastheamountofthepremiumtocover
administrationoraboutactuallossesetcbutweare
advisedthatmeaningfulanswerswerenotprovidedPeculi
arlytheinsurancecompaniesarestillsellinginsurance
eventhoughtheysayitissohardtodoandtheystillresist
selfinsuranceWedidgetourproposedlegislationfinally
approvedObviouslythehospitaldistrictsarebeingforci
blypropelledtowardselfinsuranceandbyreasonofsuch
compulsionselfinsuranceasanalternativehasacquireda
stigmawhichitdoesnotdeserveThereforewillyoulook
atselfinsurancewithafreeopenmindinconnectionwith
thispresentation

Firstweshouldexcludefireinsuranceandindustrial
accidentinsurancesincethosesubjectsshouldbeconsider
edseparatelyandundersomewhatdifferentproposals

ThetrusteeofasmalldistrictsuchastheMaderaMos

quitoAbatementDistrictwouldhavestrongdivergent
viewswhenheconsidersthatonecent01onthetax
rateforone1yearwillraise19000andintheevent
normalactivitycontinuesnoproblemwouldresultsince
thatdistricthasnotsufferedanysubstantiallossinthelast
20yearsHowevera50000lossmayoccurtomorrow
Undernormalcircumstancesadistrictcouldselfinsure

easilybuttheproblemistomeetanunfortunatesituation
whichcouldhappentoanyoneOnemightsayalargedis
trictcantakecareofitselfbutthisisnotnecessarilytrue
becausemathematicallythefrequencyofoccurrencesinthe
largedistrictshouldbethesameasinthesmalldistrict

ThemosquitoabatementdistrictsinCaliforniahave
neverbeensurveyedtodeterminewhattheirindustrywide
costsandlosseshavebeenIwillmakethesamesuggestion
ImadetotheChowchillaHospitalDistrictItwillturn
somepeopleonandotherpeopleoffbutithaspossibilities
andatleastshouldbeexaminedTwoormoredistricts
couldagreeonajointpowersagreementThusDistrictA
andDistrictBwouldbyagreementformathirdagency
whichmaybecalledXXisapublicagencyjustasmuchas
AandBarepublicagenciesitisajointpowersagency
WhatauthoritydoesithaveIthastheauthoritywhichA
andBgrantitlimitedtoasinglematterifdesiredorex
tendedtobroadpowerswhichwouldpermitittoperform
manythingsforAandBXwouldoperateonlyasAandB
agree

HowwouldthisapplytotheselfinsurancefieldYour
firstimpressionmaywellbethatthereisapotintowhich
everyoneputshismoneyandthenintowhichsomereach
andgraboutwhattheyneedThatisnotmyproposalPer
hapsweshouldexaminewhathasbeenaccomplishedto
dateinthisareaTheStateofCaliforniaisselfinsuredthe
PGEisselfinsuredthehospitalshavecommenceda
planofselfinsuranceledbytheChowchillaHospitalDis
trictthecitiesintheRichmondareaareputtingtogether
aplanforselfinsuranceSchooldistrictshaveadoptedjoint
powersforcertainselfinsuranceprojects

Allofthesejointpowersprogramsarenowprovidedfor
bystatuteandtheimplementationbylegislationissimply
anattempttocarrygovernmentalagenciesoverthecritical
periodfrominsurancetoselfinsuranceThereisnoreason



tobelievethatthemosquitoabatementdistrictswouldnot
easilyfitintothejointpowersselfinsurancepattern

Thisisachangeofconceptandwillrequiretimeto
eliminateproblemsandconfusionInsurancecompanies
themselveshaveintroducedconfusionintothepresent
understandingoftheproblemThishappenedwhensome
smallcountiesdecidedtolookintothematterandagainst
ouradvicewenttoinsurancebrokerstogetapaperprepar
edonthesubjectUnfortunatelytheinsurancepeopledid
notunderstandtheproblemsorthelimitationsofjoint
powersortheprocedurestobeusedTheinsurancebroker
preparedapropositiondesignatedreversefunding which

proposalonlycreatedconfusionReversefundingisthe
nametheyappliedtothisjointpowersconceptwhich
meansnothingItonlyindicatesthatcountiesinvolved
wouldnotpaythelossesuntilthejointpowersagencybor
rowedthemoneyforsuchpaymentThejointpowerswas
notauthorizedtoborrowthemoneyforthemThe
problemwasthattheyhadnotproperlyprovidedthe
methodbywhichthejointpowersagencywouldgetits
moneytopaybacktheborrowedmoneyInmyestimation
itwilltake2to3yearsbeforethesecountiesarestraighten
edoutandgetontherighttrackUnquestionablyto
developjointpowersanattorneywhoisanexpertand
skillfulinthefieldshouldbeengaged

Mayweherenotesomeoftheadvantagesofjoint
powersselfinsurance1Theactualadministrativecosts
wouldbeknownbyeachdistrict2Eachdistrictwould
haveavoiceindeterminingthepersonorpersonsmaking
investigationsandtheirqualifications3Themostimport
antfactoristhateachdistrictwouldparticipateinthe
selectionoftheattorneyorattorneys4Thedistrictwould
controlthelitigationineverystageincludingthatstagere
latingtosettlementoftheclaim5Eachdistrictwould
mostcertainlyenergeticallyparticipateinriskmanagement
sinceitwouldbedirectlybeneficialtothedistrict

Theprimaryproblemtoberesolvedistheestablishingof
thefundbythejointpowersagencyEachofusrecognize
thateachdistrictwillcontributeitsproportionateshare
ThecontributioncreatesnodifficultyThequestionishow
aretheclaimspaidfromthatfundIfyouwillthinkofa
totalfunddepartmentalizedinto10segmentseachseg
mentrepresentingadistrictThusDistrictNo1wouldcon
tribute1000toacompartmentDistrictNo22000to
acompartmentDistrictNo33000toacompartment
etcrememberingthatthetotal10departmentsconstitute
thetotalfundbuteachdistrictiscontainedwithinade
partmentThusthesmallestdistrictmightcontribute
1000whilethelargestdistrictwouldcontribute10000
andtheothersinbetweenAssumethatNo1thesmallest
districthasalossof2000Thetotalsumofmoneyin
thedepartmentalreserveis54000Thesmalldistrict
wouldbeabletodrawfromthereservetheadditional

1000topaytheclaimButthenextyearortwoormore
dependingontheamountofmoneyDistrictNo1would
havetopaybackintothereservetheamountthatwaspaid
outonthejudgmentIfNo10issuedfor20000itcould
borrowfromthereservetheadditional10000beyond
whatithadoriginallycontributedThatamountwouldbe
paidbackinthesamemanneraswasnotedforNo1A
greatmanydifferentplanscouldbedeveloped butthe
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conceptisnotchangedBasicallyeachdistrictwouldpay
foritsowncostsTheexceptionisthattherewouldbeone
commoncost thecosttoalldistrictsalikeforadministra

tionofthejointpowerswhichwouldincludethepersonnel
toadministertheprogramButagain theactualcostof

handlingaclaimforanydistrictwouldbechargedtothat
districtWiththisplanthedistrictscouldworkuptoatotal
sumtocoverallcontingenciesTheplanalsohasthead
vantagethatonedistrictisnotpayingforthelossesof
anotherdistrict

Whenonethinksaboutreservesforadistricthethinks
aboutcashinthecountytreasuryButthereismorethe
districthasareserveitcandrawonthetaxingpower
Shouldaclaimbefiledtodayitmightbetwoormore
yearsbeforeitgetsintocourtInadditionifajudgment
wereissuedwhichrequiredthedistricttomakepayment
therewouldbemanymonthsbeforethepaymentwould
havetobemadeThusthetaxratemightberaisedinthe
nextfiscalyeartocoverpartorallofthecostsAlsocourts
haveauthoritytopermitpaymentsoveraperiodofyears
Thequestionarises whatiftheclaimissolargethatthe
districtcannotdoanythingaboutitatallIsthereanyex
periencewithdistrictsthatwerecaughtinabindandcould
notpaythejudgmentIthashappenedIn1932theirriga
tiondistrictshadbondswhichtheycouldnotpaybecause
ofthedepressionIneffecttheywerebankruptThereisa
provisioninthelawineffectsince1932wherebythe
courtcanmakeprovisionforpayingofftheclaimsThus
evenifadistrictgotintotheworstpossiblepositionIbe
lievethereisreliefwhichcouldbefound

Iaminformedthatthereare49mosquitoabatementdis
trictswhoaremembersofthisAssociationIfwewereto
takethetotalassessedvaluationforthe49districtsand
levyaonecent01taxforonetaxyearitwouldraise
thesumof4400000Thatisbaseduponaconservative
estimateof44billiondollarsassessedvaluationIwould

guessthatahistoricalcheckofallliabilitylosseswould
showthattheinterestaloneonthatamountwouldmore

thanpayforallliabilitiesThepreciseamounttoberaised
couldbecalculatedratherpreciselyoncethehistoricalin
formationwascompiled

Adisadvantageofmovingtoselfinsurancewouldbethe
difficultyingettingintooperationIfsuchiswellplanned
thisobjectioncouldbeovercome

WhatcanbeexpectedinthefutureIbelieveaplan
shouldbedevelopedPerhapsthereareotherprocedures
thanthejointpowersbutthisistheonlyoneIseenow
thathasrealpossibilitiesIntheeventsomeofthedistricts
decidetoinvestigatethisproposalIwouldstronglyrecom
mentthatyounotengagetheservicesofinsurancepeople
whoareorientedtotheinsurancebusinessandnottoself

insuranceandriskmanagementwhichisadifferentfield
ofendeavorUsegoodsoundbusinessmanagement
togetherwithwellfoundedspecializedlegaladvicePlans
mustbeworkedoutatthedistrictlevelnotonthebusiness
levelofaninsurancecompanyAboveallthedistricts
shouldobtainexpertassistancefrompeoplewhohavea
workingknowledgeofthedistrictspowersandtheuseof
thejointpowersprogramIreallybelievetimeisofthe
essenceWemaynotbeindeeptroubletodaybutthereis
notellingabouttomorrow



Probablynooneenjoystheprospectofhavingtodismiss
orfireanemployeebuttheremaycomeatimewhenthere
isnochoiceDistrictmanagersandtrusteesshouldbepre
paredforsuchanoccasionTheoccasioncameformyDis
trictandIthoughtwewerepreparedbutwewerenot

Inthespringof1975ourDistrictbegantohaveaprob
lemwithoneoftheInspectorOperatorsThismanhad
beenwiththeDistrictforabout21yearsAtfirsthiswork
inthefieldandintheshopareawasaboveaveragethushe
wasneveraborderlinecaseThenwebegantonoticea
changeinhispersonalityhisworkhabitsandhisperform
anceEvenhisfelloemployeesbegantonoticethischange
andbeganshyingawayfromhimWefoundafterwehad
suspendedthismanthathehadverballythreatenedseveral
ofhiscoworkersoutinthefield

Weaskedhimtocometotheofficetofindifhehadany
grievencesandwehopedtogethimbackontheright
trackHoweverhisreactiontothesessionwasnegative
heclaimedwewerepickingonhimthathehadnotdone
anythingwrongandthatwewereatfaultFromthispoint
onwemadeverycertainthathispersonnelfilewaskeptup
todateandthatwewoulddocumentallofhisactionsas
muchaspossible

OnOctober211975followinganotherincidentacase
inwhichhefailedtoobeyordersMrRobertPetersman
ageratthattimecalledthisemployeeintotheofficeand
informedhimofhisimmediatedismissalHeexplainedto
thismanwhyhewasbeingdismissedandgavehim2weeks
severencepayApproximatelyoneweeklaterwereceiveda
phonecallfromRobertColemanageroftheSanJoaquin
CountyEmployeesAssociationHerequestedameetingto
discusstheactionwehadjusttakenAtthismeetinghewas
quiteupsetwithusandinformedusthatanemployeecan
notbefiredlegallywithoutfirstreceivingthefactsHe
statedhecouldorderustoputtheemployeebacktowork
citingacasefromtheStatePersonnelBoardwhichhad
ruledthatbeforeanemployeecouldbefiredsuspended
demotedorreceiveareductioninpayhemustfirstreceive
anoticeofintentionAfterthattheemployeehad5days
inwhichtoappearbeforethemanagementorberepresent
edbytheEmployeesAssociationTheniftheemployee
andtheEmployeesAssociationbelievedthatthehearing
wasunfairtheycouldrequestaformalhearingbeforethe
trusteesoftheDistrictMrPetershadbeenmanagerofthe
Districtforsome27yearsandhehadneverhadahistory
offiringanemployeeOperatorswouldgenerallyleaveto
betterthemselvesinhigherpayingjobsgetintoafieldthey
likedbetterortoretire

Wewerenotfamiliarwiththechangesinthelawand
didnotrealizethatwecouldnotfireanemployeewithout
thepossibilityofgettinglegallyinvolvedImmediately
uponbeingcontactedbythemanageroftheEmployees
AssociationweaskedourattorneyforlegaladviceOnhis
advicetheemployeereceivedfullpayandfullfringebene
fitsfromthefirstdayofsuspensionOctober21untilthe
finaldecisionwasgivenbyourtrusteesorDecember2

ANUNUSUALLABORPROBLEM

JackFiori

NorthernSanJoaquinCountyMosquitoAbatementDistrict
PostOfficeBox224LodiCalifornia95240
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1975Thusforthetwomonthperiodthismanreceivedfull
payandfullfringebenefitsThisdidnotmakeourstaffand
boardhappybutthiswasthereasonwehiredlegaladvice

WehadnotbeenfamiliarwiththeSkellycaseandhad
notfollowedtheproperprocedureingivingtheemployeea
noticeofintentionAdateofhearingwassetforDecember
2andforthenext3weekswespentapproximately8
hoursperdayconferringwithourattorneyandgoingback
throughrecordsandreportspreparingourselvesforthe
caseTherewereseveralitemswhichhadbeenenteredinto

thepersonnelfilesbutourattorneyadvisedusverystrong
lyagainstusingthematthehearingstatingthatifthecase
wenttocourttheywouldeventuallyhurtourcaseThe
employeebelievedhenolongerneededahaircutandhe
forgotwhatarazorwasforTherewereracialincidents
betweenhimananotheremployeeAtsessionsoftheem
ployeesthismanfelthewasaselfappointedspeakerbe
causehewantedtobetheleaderandhehadnoconsidera

tionfortheotheremployeesAtemployeesessionshegave
theimpressionhewantedeverythinghecouldgetandif
suchwerenotavailablehewantedtostrikeeventhough
themajorityofemployeesdidnotfeelthiswayOtherem
ployeeswouldavoidhimWecarefullyavoidedpersonality
clasheswhicheventuallycouldbindusifwehadtogoto
court thingsthatwedidnothaveinwriting

OurhearingwasheldonDecember21975attheDis
trictofficeTheemployeewasrepresentedbylegalcounsel
amemberoftheSanJoaquinCountyEmployeesAssocia
tionTheDistrictwasrepresentedbylegalcounselanda
secondattorneyfromthesamelawfirmactedasreferee
orjudgeWealsohadacourtrecorderThechargeswhich
theDistrictbroughtagainsttheemployeewereinsubordi
nationandincompetenceUnderinsubordinationoneof
theitemsthatwasverystrongforourcasewaswhenhewas
givenaspecificordernottotakeavehicleintoacertain
areaThisareawaswetandboggyandheproceededto
takethevehicleintoitandtoburyitthereHethentried
togetitoutandtoreoutthetransmissionresultingina
costtotheDistrictofover200Therewereotheritems

Underincompetencewecitedfailuretocontrolmosqui
toesatseverallocationsHisrecordsindicatedhehadgone
ontoprivatepropertyoninspectionsandreportednomos
quitobreedingyetourforemanwenttotheseplacesonthe
samedayandfoundallstagesofmosquitoesHisrecords
showedhehadsprayedcertainareasyetmosquitoeswere
stillpresentnotbecauseofresistancebutbecauseitwas
acarelessjobofsprayingAlsowehadseveralhundred
separatechargesofillegibleandimproperrecordkeeping
andfaultyentriesItwasnotbecausethismancouldnot
write hejustdidnotcareWewentoutwithhimonnum
erousoccasionsandoursecretarycounseledhimandtried
togethimtochangebuthewouldnotdoit

Theboardhearingtooktheentiredayfrom1000am
toabout500pmOurtrusteesmetwiththerefereeand
wentovereachissuethathadbeenpresentedThefinal
decisionwasthatthismanshouldnolongerbeanemployee



ofourDistrictTheattorneyoftheEmployeesAssociation
thoroughlyreviewedthetranscriptofthehearingwhich
becameavailablewithinseveralweeksandtheAssociation
agreedthatitsclienthadreceivedafairtrialanditwould
notpursuethecasefurtherOnMarch151976theAsso
ciationwithdrewitspetitionforawritofmandateand
notifiedtheemployeeitwouldnotcontinuehiscaseHe
wasadvisedthatifhewishedtocontinuetofighttoregain
hisemploymenthewouldhavetoseeklegalcounselonhis
ownThisheimmediatelydidandhisnewattorneyapplied
foranalternatewritofmandate

OurfirstcourthearingwasheldinApril1976The
judgewantedtoknowiftheemployeewasfiredor
suspendedbecauseundertheSkellyActtheemployeehas
therighttobegivenanoticeofintentionwhichwehad
notdonebecausewewerenotfamiliarwiththelawThe

judgealsowantedtoknowiftheemployeehadreceived
fullpayandfringebenefitsuptotheboardoftrusteehear
ingThisemployeesattorneychallengedthefactthatat
thetrusteehearingtherefereewasanattorneyfromthe
samefirmasourlegalcounselThejudgeruledthatthisis
donefrequentlyandislegal

Mosquitoabatementdistrictsaswithmanyotherspecial
districtsarenotpartofthecivilservicesystembutthey
mayfollowthesystemrathercloselysothatitmightbe
calledquasicivilservicesystemUndertheMyersMilias
BrownActanemployeehastherighttospeakatapublic
hearingInreadingthetranscriptofourhearingthejudge
detectedwhathebelievedwasapersonalityconflictbe
tweentheemployeeandmanagerPetersAtnotimeatthis
orsubsequenthearingsdidthejudgeeverchallengeourrea
sonsforfiringtheemployeethathewasincompetentand
insubordinateRatherheseemedtopickonincidental
mattersWefoundthatthisjudgeleanedtowardstheem
ployeeasopposedtomanagementHeindicatedhewould
notifyusofhisdecisionbutthenwereceivedwordthathe
hadgonetoEuropetohaveeyesurgerysowehadanother
delayfromtheApril19courthearingtoasecondhearing
onSeptember27

Atthesecondhearingthefirstthingthejudgeattacked
wastherightofMrPetersandtheboardoftrusteestofire
theemployeesowehadtogothroughthisentirematter
againAgainheaskediftheemployeehadreceivedfullpay
andfringebenefitsHestatedthatiftheemployeehadnot
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receivedfullpayandbenefitsthathewouldorderusto
puthimbacktoworkThatishowclosewecameThe
judgeagainaskedifMrPeterswasprejudicedagainstthe
employeespeakingoutatourDistrictmeetingsHeaskedif
MrPetersorItalkedtotheboardoftrusteesbeforethe

December21975hearingsayingwewantedthisman
firedOnethingthatMrPetersdidwhenwestartedthis
actionwastoadvisetheboardthatwehadaproblemwith
oneoftheemployeesandthatahearingmaybenecessary
DetailswerenotdiscussedThisprobablysaveduslateron
becauseatthecloseofoursecondcourthearingthejudge
wantedtoknowifwehadatanytimebeforetheDistrict
hearingtoldthetrusteesthedetailsofwhatthismanhad
doneandthatwewantedhimfiredTherewasstillathird

hearingatwhichthejudgerequestedthateachofour
trusteesappeartotakethestandindividuallyEachwasex
aminedandcrossexaminedbythejudgehimselfbyour
attorneyandbytheemployeesattorneyTherewere
pickyquestionsbutourtrusteesansweredthemtruthfully
andcorrectlyThejudgeaskedquestionssuchasdidany
ofthetrusteesknowthismanpersonallyhadtheyever
talkedwithhimdidtheyknowmembersofhisfamily
TherewasafinalquestionAnytimeMrPetersappears
beforeyoudoyoualwaysdoasherequests Onetrustee

respondedthatwhenthemanagerrequestedsomethingif
thetrusteeslikedittheyapprovedifnottheyrejecteditor
delayedactionHestatedthattheboardwouldnotbedic
tatedtoHedeclaredourDistricthiredthisemployeeand
wehavethepowertofirethisemployeeThishadanim
pactandonJanuary141977ourattorneyreceiveda
letterfromthejudgestatingthatthealternatewritofman
dategrantedtotheemployeehadbeendischargedthat
judgmenthadbeenenteredforthedistrictandagainstthe
employee

Thisdecisionwas1yearandseveralmonthsafterthe
originalactionHowevertheemployeesattorneystatedto
usthattheemployeehad60daysinwhichtoappealtothe
3rdAppealsCourtifhesodesiredOurattorneyadvisedus
thatthechancesareverygreatthatthetrialjudgesdecision
wouldbeupheldandthatthisbecomesaverycostlypro
cedurefromthispointonThisordealcostthedistrict
possibly5000forattorneyfeesandcostsThisdoesnot
includestafftimeworkingonthematterOurDistrictis
nowworkingupawrittenpolicyonhowtoproceedincase
weshouldeverneedtodischargeanotheremployee



COMMUNICATIONHOWTOAVOIDCONFUSION

Communicationcanbedefinedastheactofconveying
informationamongtwoormorepeopleThisisnotalways
asimpleprocessbecausequiteoftenlittleregardisgivento
howwellweactuallytransmitthesemessagesPoorcom
municationsfrequentlycauseinformationtobecomemis
understoodmisconstruedmodifiedandevenconfusedbe
yondcomprehensionRecognitionofthesecausesandcor
rectivestepstoavoidpoorcommunicationarethesubject
ofthispaper

InrecentyearstheSanMateoCountyMosquitoAbate
mentDistricthasbeendirectlyinvolvedinseveralprojects
requiringindepthcommunicationswithgovernmental
agenciesandprivateinstitutionsOnseveraloccasionsthe
Districtsmethodofcommunicationwasinadequateand
ultimatelyconfusionleadtomisunderstandingInsome
instancestheresponsestoimpartedinformationwerenot
clearlyunderstoodManytimestheresultsofeffortsto
communicatearegratifyingandrewardingbutoftenthey
mayendupfrustratinganddiscouragingAfterclosely
reviewingvariouscommunicationtechniquesseveralareas
wereselectedwhichwillenhancetheabilitytocommuni
cateeffectivelyandefficientlywithpeopleTheseimpor
tantcategoriesareoutlinedandthereasonsfortheirselec
tionarehighlightedWhileallpointsmaynotbepertinent
foreverysituationallshouldbereviewedbeforeruling
themout

Rememberthatyouaredealingwithpeoplenotorgan
izationsoragencies Workatunderstandingpeople
Rememberthattheyarefirstofallpeopleandthatthey
assumedifferentrolesTherearesimilaritiesbutmanydif
ferencesbetweenpeoplesotreateachpersonasadistinct
individualHumanbeingsarebynatureexceedinglycom
plexcreaturesandweshouldntthereforeexpecttocom
pletelyunderstandthemHoweverthatisnotajustifica
tiontoavoidgainingabetterunderstandingofthemUlti
matelyinacloseassociationpeoplewilldevelopbotha
greaterunderstandingandappreciationforeachother
Dontbesurprisedwhenrequestsarerejectedorignoredif
youfailedtokeepanopenmindduringdiscussions
Respectandacceptpeopleasuniqueindividualseachhav
ingtherighttodifferAlackofabilitytounderstand
peopleusuallyindicateslosingthefightbeforeithasbegun

Selectaleadercommunicationspecialist Designate
anindividualtotakechargeoftheprojectGenerallyin
mosquitoabatementdistrictsthiswouldbethemanager
butitdoesnotnecessarilyhavetobeSuccessisoftendic
tatedbythetimeavailablefortheprojectandfrequently
themanagermaybeinvolvedinpressingadministrative
dutiesThechosenindividualmusttakechargeoforganiz
ingcoordinatingandcontrollingthecommunicationpro
cesstoseeitthroughtocompletionHemustknowexpli
citlytherolesdutiesandresponsibilitiesofallpersonsin
volvedandmustknowwhathastobedonewhywhen
howandbywhomTheleadershouldseekassistancefrom
colleaguesandotherswhomaycontributenewanddiversi
fiedideastechniquesandothervaluableinformationwhich
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mayachievebetterprojectcoordinationTheabilityofthe
leadertoaccomplishworkobjectivesforeachprojectis
closelycenteredaroundDistrictunityIfthecoreofthe
Districtissolidharmoniousandworkingtowardacommon
goalthesuccessrateshouldbehigh

Identifytheproblem Keeptheprobleminitsproper
perspectivefromthebeginningBeforecommunicating
clarifyanddefineeachproblemasitarisesCriteriaemploy
edtoassessandidentifyvariousproblemsmaybedistinctly
differentthereforebeselectiveandaccurateinchoosing
andapplyingcriteriatoaspecificproblemOnceaproblem
hasbeenidentifieddontdelayorunnecessarilypostpone
itscorrectionProcrastinationwillonlycompoundthesitu
ation

Developandprepareprojectstrategywithformulatedal
ternativeplansforexceptionsandemergenciesFAILTO
PLAN PLANTOFAIL Whendiscussingsomeone
elsesproblemprovideanopportunitytopresentsolutions
withoutdivulgingyourpreviouslyformulatedplanThis
techniqueremovestheriskofnotallowinghimanychance
tocorrecttheproblemonhisownPrematurelyrevealing
theDistrictsplanmayindicatethatnoalternateproposal
totheDistrictplanwouldbeacceptableTheobjectiveisto
solveorreduceaproblemAllowingotherstoexhibitpride
intheirinputwillstrengthenworkingrelationshipsim
mensely

DevelopaplanofactionPlantheworkworktheplan
Dontgetinvolvedinguessingorwordgamesorthreat

eningpeoplefortheirworkplansHaveacarefullythought
outplanandbepreparedandinapositiontoexerciseit
Havetheplanoutlinedandwrittendownsothereisa
smoothstepbystepsequenceIfconditionswarrantapos
sibilityoflegalabatementitisimperativethattheBoardof
Trusteeshaveadoptedapolicygoverningthenecessaryad
ministrativeandlegalproceduresThisportionofthework
planistheresponsibilityoftheBoardandnotthatofthe
projectcoordinatorKeeplegalcounselappraisedofpro
gressthroughoutthedurationoftheproject

DefineobjectivesandauthorityprovidedbyState
statutes Aspreviouslymentionedprovidetheindividual
withanopportunitytopresentsolutionstoproblemsbut
atthesametimemakeavailableyourexpertiseduringthe
planningprocessDefiningtheauthorityofmosquitoabate
mentdistrictswillhopefullyeliminateuncertaintiesabout
thepowersgrantedbyStatestatuteListentoallideasbe
foremakingdecisionsMutualconcernsandconflicts
shouldbedealtwithastheyappearWherepossibleoffer
professionalknowledgeandexperienceItisbettertore
ceiverequestsforrecommendationsratherthantoforce
themonsomeonewithoutrecourseDuringthisstageof
communicationstrytosettledifferenceswithoutresorting
toforcefulaction

Compilepertinentdata Includerecordsbothpastand
currentsuchas lighttrapandlarvalcollectionsarea
mapsoutlineproblemboundariesservicerequestsand
citizencomplaintsDevelopachronologicalsequenceof



eventsleadinguptoandincludingthepresentdescribethe
geographicalareaoutlinethespeciesofpestsorvectorsof
publichealthsignificanceprovideresearchdatacitetech
nicalpapersandreferencesandgivecostestimates

Documentation Keepcopiesofallwrittencor
respondencerelatedtotheproblemTakenotesinevery
meetingandassociatecommentswithspecificpeopleRe
cordwhowaspresentandtheagencytheyrepresented
Haveworksummaryreportsandinspectionrecordsavail
ableforreviewListphonecallsdatestimesandanyre
sponsesPublicopinionsshouldberecordedanddated
Developthehabitofsigninganddatingalldocumentsfor
quickreferenceandidentification

Howtohandlewrittencommunications Ifpossible
answerwrittencommunicationswithintwoorthreedays
Bepromptcourteousandaccuratewhenresponding
AnswerorclarifyquestionsuponrequestBeavailableand
willingtodiscussthesemattersingreaterdetailDontput
inwritinganythingwhichyoumayregretlaterWritten
communicationsmaybecomelegalevidenceandcouldbe
determiningfactorsintheeventualsuccessorfailureofa
projectAgoodpracticeistohaveanotherpersonedit
lettersforclaritysimplicityandaccuracyConstructive
criticismfromcolleguesmayprecludeembarrassment

Seekprofessionaladvicefromotheragencies Use

knowledgeableauthoritiesinfieldsoutsideyourareaofex
pertiseItisoftenbeneficialtohavespecialistsdebatecon
troversialorcomplexissuesWrittencorrespondencefrom
highlyskilledindividualsisencouragedMeetingsaremore
productivewhenexpertsprovidetestimonyThismay
provetobethemostvaluableinformationsodocumentit
Theneedtothoroughlyexamineandresearchanyproblem
cannotbeoveremphasized thiscanonlyfurtherthe
credibilityoftheDistrictsposition

Degreeofinvolvement Anticipateandbefullypre
paredtospendconsiderablymoretimeresolvingproblems
thanestimatedduringtheinitialplanningstagesUnfore
seensituationsfrequentlyunfoldduringthecommunica
tionprocessandusuallyrequireadditionalinputThelead
ershouldkeephimselfavailableandhisscheduleflexible

Establishatimeframeschedule Adoptreasonable
guidelinesandcriteriafortimeschedulesWhendealing
withmedicallyimportantmosquitospeciestimingmaybe
extremelyimportant thisisanothervalidreasonfor

avoidingprocrastinationRememberrequestsmustbefirst
heardandthenassimilatedbeforetheycanbeclearly
understoodToaccomplishthisallowareasonableperiod
oftimeAdheretotimeschedulesyetprovideforsome
flexibilityThelackofversatilityinatimescheduleis
threateninganddefinitelyundesirable

PeriodicallyreevaluateDistrictsposition Invariably
thechainofeventsisdisruptedthereforedonotbedis
appointedwhenthingsfailtogosmoothlyRoutinelyeval
uateprogresstodeterminewhetheryouaremeetingobjec
tivestimeschedulesandprojectdirectionTheleadermust
keeptheprojectprogressingbecausevaluabletimelostis
difficulttomakeup

Contacttheappropriatepeople Thevariabilityofap
proachesisprescribedbyeachparticularsituationDeci
sionsnotinvolvinglargeexpendituresmayfrequentlybe
madebysupervisorialratherthanadministrativepersonnel
Correctiveworkrequiringcapitalexpendituresgenerally
requiresanadministrativedecisionSavetimebycommuni
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catingwiththeappropriatepersonnelWhenapersonneed
lesslyhesitatesindecisionmakinggotosomeonewith
greaterauthorityIfotheragenciesorganizationsspecial
committeesetchaveaninterestintheprojectadvise
themofmeetingdatesandprovideprogressreports

Holdingmeetings Theleadermusttakechargeand
conductmeetingsaccordingtohisgroundrulesSchedule
meetingsinyourownfacilitiesasforeignsurroundingsmay
givetheedgetoopponentsAdversariesnaturallyfeelmore
confidentintheirhometerritoryandmayattemptto
downplaytheproblemsasoutlinedbyDistrictleaderin
thistypeofenvironment

Thesignificanceandurgencyoftheproblemcarries
moremeaningwhenpresentedintheDistrictsofficeDe
fendingprogramrecommendationsbeforepeopleintheir
territorywhoareneitherknowledgeableaboutnorsympa
theticwithyourgoalsisextremelydifficultandquite
oftenexasperatingandfrustrating

Astheleadagencystrivetoresolveconflictsinacom
fortablesetting

Personalattitude Beunderstandingcooperativeand
responsivetoindividualneedsbutatthesametimenot
neglectfulofyourresponsibilitiesApersonwithacheerful
friendlyandcooperativeattitudewillsucceedincommuni
cationsCooperationmeansdoingwithasmilethatwhich
hastobedoneanyway

Resolvingmisunderstandings Messagesaremorereadi
lyreceivedandunderstoodifpresentedonalevelwhichthe
listenercangraspSimplifythecommunicationchannelsto
avoidrepetitionofstatementsReducescientificjargontoa
minimumUsetheartofexpressingwordsintheformof
questionssoastoascertainwhethermessagesarecompre
hendedItisbesttoclarifymisunderstandingsastheyoccur

supplementaryinformationwillonlycompoundanycon
fusion

RemaincoolcalmandpracticepatienceRemember
hewholoseshistemperusuallylosesArgumentsoftenlead
toabreakdownincommunicationswhilediscussionslead
tomutuallyacceptablesolutionsCommunicationfailures
canrendernullandvoidanyprogresspreviouslyachieved
Peoplewhotalktoofastoftensaythingsnotthoroughly
thoughtoutWhilelaborandmaterialcostsarehighthe
mostexpensiveproductwedealwithispeopletherefore
besensitiverespectfulandthoughtful

InformingtheBoardofTrustees Theresponsibilityof
managementtomakenecessarytechnicalandoperational
decisionsdoesnotendhere theymustalsokeepthe
2oardofTrusteesfullyappraisedofconditionswhichmay
eventuallyrequireBoardactionDuringtheinitialdiscus
sionphaseofcommunicationrequesttimeontheBoard
meetingagendaforaninformalpresentationanddiscussion
Theleaderisresponsibleforathoughtfulandaccuratepre
sentationInsurethatallhomeworkisdoneandtheneces

sarydatagatheredBepreparedtopresentanopinionand
ifrequestedrecommendationsIftheBoardchoosesto
implementpolicyactionietoissuealegalabatement
noticeitisimperativethatthegoverningbodybeprovided
informationinchronologicalsequenceDonotgivethe
BoardtheentirepackageduringasinglemeetingIflegal
interpretationorclarificationisnecessaryrequestpriorto
themeetingthatlegalcounselbeinattendanceattheBoard
meetingTrusteeBoardsandlegalcounselcanactmore
readilyondistrictaffairswhenkeptabreastofdeveloping
problems



Therearemanythingsinvolvedintheartofcommunica
tionRecognizethischallengeofeffectivecommunication
andstrivetodevelopgoodcommunitycommunication
channelsPresentprogramwithauthorityandinapositive
mannerAnticipatetheunexpectedandbepreparedtore
spondwithsoundjudgmenttimelyreactionandexper
ienceThereisaChineseproberbwhichgoesasfollows

WhatIhearIforget
WhatIseeIremember
WhatIdoIunderstand
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Ifthecommunicationspecialisthasthegiftofpersua
sionandunderstandingyouwillwitnessyouragencymak
ingthingshappennotmerelywatchingandwondering
whathappenedItissaidthatifyoutellamanthereare
300billionstarsintheuniversehewillbelieveyoubutif
youtellhimabenchhasjustbeenpaintedhehastotouch
ittobesureThereareamultitideofwaystocommuni
catebuttoachievethehighestdegreeofcredibilityandre
spectbesincerefactualandtruthfulConfusionincom
municationscanbeavoided



COOPERATIVEDEVELOPMENTOFINSTRUCTIONALTELEVISIONASAMEDIUMFOR

PUBLICEDUCATION

INTRODUCTIONOneofthemostpopularentertain
mentdevicesfoundintheAmericanhomeisthefamily
televisionreceiverThemediumhasalsoprovenitselfvalu
ableinabroadrangeofeducationalapplicationsTelevision
asapubliceducationmediumbecameapparenttothe
seniorauthorwhenheandtheManageroftheOrange
CountyVectorControlDistrictwereinvitedtoparticipate
inavideotapedpaneldiscussionconcerningthebiologyand
controlofmosquitoesShortlythereaftertheseniorauthor
wasappointedtotheBoardofTrusteesoftheOrange
CountyVectorControlDistrictAsaTrusteeoftheDistrict
andProfessoratFullertonCollegeherecognizedthepossi
bilitiesofcombiningtheresourcesoftheCollegesInstruct
ionalTelevisionDepartmentandtheVectorControlDis
trictforthepurposeofproducingaseriesofeducational
videotapesonthesubjectofvectorcontrolThevideotape
couldbeusedasaninstructionalaidintheclassroomas
wellasapubliceducationtoolfortheDistrictAfter
consultationwiththeVectorControlStaffitwasdecided
tosubmitaproposaltotheFullertonCollegeCommittee
onInstructionalDevelopmentrequestingauthorizationand
fundingforproductionoftwoeducationalvideotapesThe
firsttapetobeproducedwasRatProblemsinOrange
CountyfollowedbyasecondtapeentitledFlyControl
BoththeCollegeCommitteeandtheVectorControlDis
trictBoardofTrusteesapprovedtheprojectandworkbe
ganonthefirstvideotapeeffort

PRODUCTIONMETHODSANDCOSTSTheColleges
InstructionalTelevisionDepartmentassignedMrMichael
MooreastheDirectorofthetwotapesAfteranorienta
tionmeetingbetweenMrMooreandtheauthorsascript
outlineoftheRatProblemsInOrangeCountyvideotape
wasconstructedFromthisstartingpointthetaskofwrit
ingtheactualscriptwasbegunItwasagreedthatthescript
wouldbedividedintofiveseparatesegmentsconsistingof
thetitlessequencetheVectorControlDistrictLaboratory
segmenttheresidentialbackyardsequencethereviewand
conclusionssegmentandtheendingcreditsportionThe
FlyControlproductionscriptwaswritteninfour
sections including the titles segmentintroduction
sequencetheFullertonCollegeLaboratoryportionanda
reviewandconclusionssegment

Thescriptswerewrittenbytheauthorswithassistance
fromDistrictVectorEcologistsRoyEEastwoodand
StuartJLongTheDirectorthenarrangedthescripttoco
ordinatewithcameramovementsandotherproductionre
quirements

Thestagepropertiesrequiredforproductionoftherat
problemstaperanthegamutfromliveratstofresh
examplesofrodentgnawedorangesandavocadosOther
propsdepictingratrunwaysonfencesfencerunswood
pilesandexamplesofsmudgemarkswerealsoconstructed

ThepropertiesneededfortheFlyControlproduction
werenotaselaborateasthoseusedinthefirsteffortFour

speciesoflivefliesinallstageswereusedextensivelyas

LeoFKohlandBFredBeams

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702
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wellasenlargedlinedrawingsofadultfliesPhotographs
andactualexamplesofflybreedinghabitatswereused
alongwithseveralchartsdepictingtheflyslifecycleand
anatomy

Thetitlesandcreditsportionofbothtapeswererecord
edattheFullertonCollegeInstructionalTelevisionDepart
mentStudioTheFullertonCollegeLaboratorysequence
wasalsorecordedoncampusTheremainingsegmentswere
producedatoffcampussitesutilizingtheDepartments
newlyacquiredremotetelevisionproductionvan

Intheinitialplanningstagesitwasdecidedthatthe
VectorControlDistrictwouldcontributeasmuchstaff

timeaswasnecessaryforproductionoftwovideotapesIt
wasfurtheragreedthattheDistrictwouldprovideallsecre
tarialservicespaperandduplicationcostsstemmingfrom
scriptpreparationAllrequiredstillphotographyand
photographprocessingwasprovidedbytheDistrictFigure
Iillustratesthecostsinactualcashandexpendedman
hourscontributedbytheVectorControlDistricttothe
project

FullertonCollegeborethelargestproportionofthecost
ofthetwotapesThecosttotheCollegecameintheform
ofsalariesforseveralrequiredproductioncrewpersons
specialequipmentcoststelephotolensandadaptorsfor
theflyproductionblankvideotapesandbackground
musicThiscostamountedtoapproximately5000forthe
productionofthetwotapesItisanticipatedthatsomeof
thesemonieswillberecoveredbyFullertonCollegewith
thesaleofthetapestoagenciesorothereducationalinsti
tutions

ActualrecordingofRatProblemsinOrangeCounty
beganinMarchof1976andthevideotapewascompleted
neartheendofMayofthesameyearTapingoftheFly
ControlproductionwasstartedinOctoberof1976and
finishedinJanuaryof1977

DISCUSSIONTheOrangeCountyVectorControlDis
trictparticipatedintheproductionofthesevideotapesfor
anumberofreasonsInreviewingvarioussourcesofaudio
visualmaterialnocurrentvectorcontrolrelatedfilmsor

videotapeswerefoundItwasalsofoundthattheexpense
involvedinhavingsuchmaterialcommerciallyproducedis
extremelyhigh

Thecostofthetelevisionproductionequipmentneces
saryforgoodqualityvideotapesishighAsaruleonly
commercialtelevisionproductioncompaniesoreducational
institutionsinvest inthistypeofequipmentThe
equipmentownedbytheFullertonCollegeInstructional
TelevisionDepartmentisvaluedinexcessof150000

Thesinglemostimportanteffortcontributingtothe
successofsuchaprojectisplanningSuchdetailsasscript
preparationandcoordinationsitelocationlightingprob
lemstrafficvideocameraplacementandaccessabilityand
insuringtheavailabilityoflivevectorspecimenswereall
vitaltotheprojectssuccess



WhenrecordingtheRatProblemsinOrangeCounty
videotapeequipmentlimitationsallowedonlyafew
attemptsatrecordingaperfecttakeIftoomanyretakes
wererequiredtheriskoferasingpartofaprecedingseg
mentwasgreatThisrequiredthatalldetailsofeachseg
mentbewellthoughtoutandrehearsedbeforeactualre
cordingcouldtakeplaceTheFlyControlvideotapewas
somewhatlessdifficultbecausetheadditionofaspecialized
editingdeviceallowedprecisioninsertionofprerecorded

OrangeCountyVectorControlDistrictContributionToProductionofTwoVideotapes

IActualCashExpenditure
AArtSupplies
BPhotographsandSupplies
CPropertiesMaterial
DXeroxCopies 0315centseach560

TOTAL

IIManHoursExpended
ABeamsscriptpreparationremotesitelocation

productioncoordination
B Blaylocksecretarial
C EastwoodScriptpreparationstill

photographyoncamerawork
DGeckliveflyspecimencollectionandhandling
EKellersecretarial
F Longscriptpreparationstillphotography

oncamerawork
GSherickpropertypreparation

TOTAL

IActualCashExpenditure
ACrew

BTape
CProduction Direction

DMusic

TOTAL

IIManHoursExpended
ALeoFKohl

BMichaelMoore

CProduction

TOTAL
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tapedsequencesontothemastertapeEvenwiththisadded
flexibilityplanningwasstillimportantifvaluablecrew
timewastobeutilizedefficiently

Inanattempttosolveproductionproblemsasthey
occurredperiodicmeetingswerescheduledbetweenstaff
membersfrombothorganizationsInadditiontothemeet
ingsalargeamountofindividualtimewasspentplanning
thetwoproductions

RatProblemsIn

OrangeCounty

429

11320

5987

1764

1300hours

120hours

700hours

300hours

00hours

660hours

80hours

3160hours

CosttoFullertonCollegeforProductionofTwoVideotapes

92900

10000

127100
20000

250000

12000hours
3000hours

1000hours

ReductionofthiscostwasduetothefactthattheDirectorwasappointedafulltimeClassifiedStaffmember
Thetotalhoursforbothproductionsshownabovewereactualhoursspentontheprojectoverafifteenmonthperiod

FlyControl

000

4620

1000

1896

19500 7516

1500hours

40hours

1900hours

240hours

60hours

1500hours

00hours

5240hours

100000
4200

26300

000

130500

10000hours
3500hours

1200hours

16000hours 14700hours



Uponcompletionofthefirsttwovideotapesitwas
foundthattheoriginalcostestimateswerebelowtheactual
expenseincurredAdditionalproductiontimeaccounted
formostoftheaddedcostwhileartsuppliesstage
propertyfabricationandachargeforbackgroundmusic
accountedfortheremainderoftheincreasedcostThe
totalactualcostofproducingthetwotapeswasdoublethe
originalestimateof2500Theaddedcostwasabsorbed
bytheCollegesCommitteeonInstructionalDevelopment
aswellastheschoolsEducationalResourcesDivision

StaffmembersoftheDistrictandtheCollegeare

presentlyplanningtheproductionoftwoadditionalvideo
tapesAvideotapeonthesubjectofmosquitoesandmidges
isplannedaswellasafinalproductionongeneralvector
controlWiththecompletionoftwovideotapesamuch
moreaccuratecostestimateispossibleforthefinaltwo
productions

ThevideotapeonRatProblemsinOrangeCounty
addressesitselftothreeoftherodentspeciesfoundin
OrangeCountyBiologyhabitatandphysicalcharacterist
icsofthenativewoodratsNeotomaspandthetwonon
nativespeciestheroofratRattusrattusLandtheNor
wayratRattusnorvegicusLarediscussedThetapethen
focusesontheroofratasthemostprominentproblem
speciesintheCountyTheroofratsuniquehabitsfood
sourcesinfestationevidenceandcontrolmeasuresare
furthernotedThetapeisconcludedwithareviewof
measureswhichthehomeownercanimplementinorderto
reduceroofratpopulationsonhispropertyTheRat
Problemsvideotapeisjustoverthirtyminutesinlength
IntheFlyControlproductionfourspeciesofcommon

fliesarediscussedThelifecycleshabitsandphysicaldes
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criptionofthehouseflyMuscadomesticaLthelesser
houseflyFanniacanicularis1theblowfliesPhaenicia
spandthebitingstableflyStomoxyscalcitransLaswell
asothersarementionedTheFlyControlproduction
runsapproximatelytwentyminutesAllvideotapespro
ducedareinfullcolor

Inreturnforitsparticipationintheproductionofthe
videotapestheOrangeCountyVectorControlDistrictre
ceivedonecopyofeachvideotapeforuseintheDistricts
publiceducationprogramThetapesareavailabletoother
agenciesoneitheraleaseorapurchasebasisAcopymay
beleasedfor175peryearorthecassettesareavailablefor
saleatacostof235eachThetapesmaybeordered
directlyfromJaneArmstrongAssociateDeanofInstruc
tionFullertonCollege321EastChapmanAvenueFuller
tonCalifornia92634
Theauthorsbelievethattheprojectisanexcellent

exampleofpublicagenciesworkingtogethertowardamu
tuallybeneficialgoalWealsobelievethatthesetapeswill
ultimatelybenefitthatveryimportantgroupthepublicwe
serve
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tionalResourcesandCommunicationsFullertonCollege
JaneArmstrongAssociateDeanofInstructionandCoor
dinatoroftheCurriculumInstructionalDevelopmentCom
mitteeFullertonCollegeAllenGBrownPhDDivision
ChairmanLifeScienceDivisionFullertonCollegeGilbert
LChalletDistrictManagerRoyEEastwoodandStuartJ
LongPhDDistrictVectorEcologistsandmembersof
theBoardofTrusteesOrangeCountyVectorControl
Districtforthehelpencouragementandfaithrenderedin
completingtheseprojects



THEHIGHSCHOOLFARMSANITATIONAWARDPROGRAM

OneofthemajorelementswithinthisDistrictsvector
controlprogramispubliceducationWhentheresponsibili
tyforvectorcontrolwastransferredtotheDistrictin
1975emphasiswastakenintheareaofpubliceducation
TheFarmSanitationAwardProgramisjustoneoftheDis
trictsnewapproaches

Theprogramwasoriginatedin1968byKenBirkbeck
RSformerlyoftheOrangeCountyHealthDepartment
andconsistsofanongoingcompetitionamongtheeleven
OrangeCountyhighschoolsofferinginstructioninagricul
turalsciencesEachschoolsfarmisinspectedmonthlyand
gradedonthebasisofgeneralcleanlinessandthestudents
effortsdirectedtowardpreventionandeliminationof
vectors

TheprogrambeginsinOctoberofeachschoolyearwith
classroompresentationstoeachofthefourtosixclassper
iodsperhighschoolThisamountedtofiftyfouronehour
presentationswith1350highschoolstudentsinattendance
forthe197677schoolyear

Theincomingfreshmanagriculturalstudentsaregiven
introductorypresentationswhichfocusonvectorsdisease
associatedwithcommonvectorspeciesandtherelation
shipbetweenagriculturaloperationsandvectorproduction
Thepresentationconsistsofapproximatelytwentyminutes
oflecturefollowedbyatwentytotwentyfiveminute35
mmcolorslidepresentationTheremainderoftheperiod
isusedtoanswerquestionsfromtheclass

Thesophomorejuniorandseniorlevelsreceiveasome
whatshorterpresentationinwhichvectorcontrolisreview
edandupdatedandisconcludedwithaquestionand
answerperiodGradingcriteriaandproceduresare
discussedandreviewedwithallclasslevelssothatthestu
dentsknowhoweachmonthlyscoreisdetermined

Themonthlyschoolfarminspectionandgradingphase
beginsinNovemberwithaninspectionbytheVectorCon
trolDistrictEducationalCoordinatorandtheDistrict
VectorControlTechnicianinwhosezonetheschoolislo
catedAstandardizedgradingsheetFigure1isusedfor
eachinspectionacopyofwhichisleftwitheachschool
Thegradingsheetcontainscatagoriessuchasmanureclean
ingandremovalmanurestoragewaterusageirrigation
animalwateringpengradingrefusestoragerodentcon
trolmethodstoolcareandstoragetackcareandstorage
andthegeneralphysicalconditionoffacilitiesDuringthe
inspectionacheckmarkismadeforeachsituationorcon
ditioninthesecategorieswhichisactivelyproducingor
willinthenearfutureproducefliesmosquitoesorother
vectorsThecareoftoolsandotherequipmentisalso
evaluatedEachcheckmarkisvaluedat01pointsWhen
theinspectioniscompleteeachhorizontalcolumnof
checkmarksisaddedandthetotalrecordedintheright
handcolumnofthegradingsheetThesearethentotaledat
thebottomofthesheetIftheDistrictreceivesavector
complaintfromthesurroundingresidentialareaanaddi

ANAPPROACHTOPUBLICEDUCATION

BFredBeams

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702
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tional20pointsareassessedforeachcomplaintthatcan
beverifiedashavingbeengeneratedbyasourceonthe
schoolfarmThetotalpointsarethendeductedfroma
beginningscoreof300thisnumberbeingtheschools
scoreforthemonthAsanillustrationifahighschoolis
foundtohavenineinfractions09pointsaredeductedIf
theschoolfarmhasgeneratedonebonafidevectorcom
plaintwithinthemonthanadditional20pointswillbe
deductedThustheschoolsendingscorewillbe300
minus09forinfractionsminus20forcomplaintsequal
ling271pointsforthatmonthInJulyattheendofthe
gradingperiodeachschoolsmonthlyscoresareaddedto
determinethefirstandsecondplacewinnersAthird
schoolisawardedthemostimprovedhonorsafterdemon
stratingthegreatestdegreeofimprovementduringthe
gradingperiodThefirstplacewinnerisawardedafifty
dollarcashawardatrophyplaqueandawardcertificate
Thesecondplaceandmostimprovedawardsconsistof
twentyfivedollarscashatrophyplaqueandawardcerti
ficateforeachschoolCertificatesofparticipationare
senttoallelevenofthehighschools

PresentationsoftheawardsaremadetotheFuture
FarmersofAmericaChapterPresidentandanagricultural
instructorfromeachofthethreeschoolshonoredThese
awardsaremadeinJulyattheAnnualOrangeCounty
FairFutureFarmersofAmericaAwardsCeremoniesA
secondawardceremonyisheldattheVectorControlDis
trictsJulyBoardofTrusteeMeeting

TheOrangeCountyFarmBureaucosponsorsthepro
grambycontributinga100cashgranttobeusedasthe
cashawardsTheVectorControlDistrictmakesitscontri
butionsintheformoftrophyplaquesawardcertificates
andstafftime

Thetotalamountofstafftimeexpendedinthe197576
schoolyearamountedtoapproximatelyfiftyfiveman
hoursforclassroompresentationsand160manhoursfor
theinspectionphaseoftheprogramAnotherfivehours
shouldbeaddedforadministrativeandclericalworkassoci
atedwiththeprogramThisamountstoabouttwentysix
mandaysperyearthattheDistrictdevotestotheprogram

Ifjustoneneighborcomplaintperschoolamonthis
avoidedasaresultoftheFarmSanitationAwardProgram
thentheprojectsworthisevidentTheauthorbelieves
manymorecomplaintsarepreventedeverymonthbecause
oftheeffortInadditiontheinformationgainedbythe
highschoolstudentsisusefultothemnotonlyasprivate
citizensconcernedwiththeirownhealthandthehealthof
thecommunitybutalsoasfutureagriculturalistsresponsi
blefordealingwithvectorproductionontheirfarms

Variouspublicationsandpamphletsaremadeavailable
throughtheDistrictIdentificationofCommonFliesAsso
ciatedwithLivestockandPoultryaUniversityofCaliforn
iaagriculturalextensionservicepublicationisoneof



ManureRemoval 8PtsTotal

Corrals 1
FenceLines 1

Alleyways 1

ShowRing 1
ChickenPens 1

PigPens 1

SheepPens 1
HorseStables 1

Y Z

e1

ManureStorage 4PtsTotal

StorageFacility 2

ManureSpreader 2

WaterUsage 8PtsTotal

GradingofPens 2

AnimalWateringFac 2

CasualStandingWater4

RefuseStorage 2PtsTotal

RodentControl 2PtsTotal

ToolCare Storage 2PtsTotal I
TackCare Storage 2PtsTotal

PhysicalStructure 2PtsTotal

TotalBeginningScore30Points 300

Noofptsdeducted
MinusTotalDeducted

complaintsreceived
a9plus2tptsdeductedfor

Nos 284t ZReferenceSR

TotalScoreForInspection 227

severalpamphletsgiventoeachhighschoolsagricultural
sciencedepartment

Withurbangrowthandresidentialdevelopmenten
croachingonnotonlyhighschoolagriculturefarmsbut

FormNo187

Revised1175

Each anareawhere01ofapointhasbeendeductedforapracticewhich
isormayproducefliesmosquitoesorothervectorsandcanbecorrectedbythe
studnts EachcomplaintreceivedbytheDistrictwillresultina2pointdeduction
forthemonthifitcanbedeterminedthatanFFAProjectwasthesourceofthevector

HighSchoolSNMy 1us ForMonthof 4ji1Qe
total
Points

Deducted

Comments ExcesiveiimAItE vLLdal26244Ls AAD hceew
LACAENP294a 57114 i21ospoTO444vAt

6917E 76 4 gltreSAAv yen2KS fl MD

Technician

FFAChapterFarmSanitationandVector
PreventionProgramGradingSheet

OrangeCountyVectorControlDistrict

13001GardenGroveBlvdGardenGroveCA92043
Mail POBox87SantaAnaCA92702

Phone 7145375891
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largescaleagriculturaloperationsaswellitisvitalthatthe
futureagricultureproducershaveatleastbasicknowledge
ofvectorpreventionandcontroltechniques

Figure1

Date 27



THEEFFECTSOFSUBACUTECONCENTRATIONSOFTHEINSECTGROWTHREGULATORS
DIMILINTANDMETHOPRENEONTHERMALTOLERANCEANDBEHAVIORINTHE

MOSQUITOFISHGAMBUSIAAFFINIS

CliffordRayJohnson

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

Gambusiaaffiniswereexposedfor24hourstotheinsectgrowth
regulatorsDimilinTMandAltosidTMmethopreneattheconcen
trationsof5102550100and200ppbThethermaltolerance
wassignificantlyloweredformalesatconcentrationsof10ppband
aboveforDimilinand50ppbandaboveformethoprenewhereasin
femalefishconcentrationsof100ppbandaboveand200ppbwere

INTRODUCTIONMullaandIsaak1961andMullaet
al19631966reviewedtheliteratureontheeffectsofor
ganophosphorusandorganochlorineinsecticidesonvarious
fishesincludingspeciesofthegenusGambusiaBoydand
Ferguson1964foundthatmosquitofishwerehighly
toleranttoanumberofinsecticides

Suchstudieshavedealtmostlywithacutetoxicitylittle
emphasishasbeenplacedontheeffectsthatpesticideshave
onphysiologicalorbehavioralchangesatsubacutelevels
Moststudiesdealingwithsubacuteeffectsonfisheshave
concernedtheeffectsofDDTonthesalmonidsseereview
byJohnsonandPrine1976ExposureofadultGaffinis
tolowconcentrationsoffiveorganophosphorusinsecticides
resultedinloweringthermaltolerancesandimpairmentto
orientationandreflexesJohnson1977ainpress
Informationisscarceontheeffectsofinsectgrowthregu
latorsonnontargetorganismsJohnsonandPrine1976
foundthatthermaltolerancewassignificantlyloweredand
activitydepressedinjuvenilewesterntoadsBufoboreas
exposedtomethopreneatconcentrationsof100and200
ppbHereinformationispresentedontheeffectsofsub
lethalexposureofGaffinistoDimilinandmethoprene

MATERIALSANDMETHODSSpecimensofGaffinis
werecollectedfromlargeculturepondsnearConcordCali
forniaThesepondshadoriginallybeenstockedwithfish
frompondsnearPleasantonCaliforniaThemalesranged
instandardlengthfrom18to26mmfemalesfrom27to
50mmThefishwereacclimatedat18to19Candlight
dark1212for24hoursbeforetoxicantexpposureAfter
24hoursacclimationthefishabout3550pertestwere
exposedinaquaria101ofsolutionwithoutaerationto
theinsectgrowthregulatorsDimilinandmethopreneat
concentrationsof5102550100and200ppbThe
tradenamesformulaeandcommonfieldapplicationrates
ofthecompoundstestedareshowninTable1After24
hoursexposurethefishbytreatmentwereremovedand
transferredtoa1000mlbeakerfilledwith900mlofwater

Thewaterwasheatedwitha250winfraredheatlampata
rateof03Cmincontinuallyaeratedandagitatedatno
timedidatemperaturegradientexistwithinthebeaker
Heatingwasdonebetween1000and1400hoursPacific
StandardTimetoavoidadielfluctuationinheatresistance
Johnson1976Thermocouples38gaugeconstantan
copperwereattachedtotheinsideofthetestbeakerat
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requiredforadepressioninheatresistancebyDimilinandmetho
prenerespectivelyThusDimilinwasslightlymoreactivetoadult
Gaffinisthanthecompoundmethoprenewithmalesbeingslightly
moresusceptibletobothcompoundsthanfemalefishNomortality
occurredattheconcentrationstestedandlossoforientationwas
notobserved

Table1Tradenameformulaandfieldappliedratesas
recommendedinCaliforniaformosquitocontrolforthe
chemicalstestedinthisstudy

TradeName ChemicalName FieldAppliedRate

DIMILIN

Altosid

N4chlorophenyl

aminocarbonyl
26Difluorobenz

amide

IsopropylEE

methoxy3711

trimethyl24

dodecadienoate

Notyetregistered
inCaliforniaformos

quitocontrolregist

eredonlyforexperi
mentaluse

48fluidozacre

variousdepthswithinthewatercolumnandwatertemper
aturewascontinuallymonitoredwithaComarkelectronic
thermometermodel1625accuracy 005Cthrougha
Comarkselectorunitmodel1698Deathwasassumedto
bethepointofcessationofgillactivityandwiththeonset
ofdeathtemperaturewasrecordedforeachindividual
tested

Observationsweremadepriortoheatingtodetermineif
anyfishweredeadandtoascertainiftherewereanybe
havioraldifferencesbetweenthecontrolandexposedfish
Thecontrolshadbeensubjectedtothesameexperimental
procedureswiththeexceptionofnotbeingexposedtothe
insectgrowthregulators

AllresearchwasconductedattheUniversityofCaliforn
iaGambusiaresearchfacilitynearConcordCaliforniadur
ingthemonthofSeptember1976

RESULTSANDDISCUSSIONThethermaltolerance
wassignificantlylowered5 nonoverlapofSxformale
Gaffinisatconcentrationsof10ppbandaboveandat50
ppbandaboveforDimilinandmethoprenerespectively
whereasinfemalefishthermaltolerancesweresignificantly
loweredatconcentrationsof100ppbandabovefor
Dimilinandat200ppbformethopreneTable2These
datasuggestthatmaleGaffinisaremoresusceptibleto



Table2ThermallethalsformaleMandfemaleF thesecompoundsthanfemalesandthatDimilinwasslightly
Gambusiaaffinisexposedfor24hourstotheinsectgrowth moreactivetoGaffinisthanwasmethopreneNomortal
regulatorsDimilinTMandmethoprene itywasobservedforeithersexattheconcentrationstested

Lossoforientationthelossofcoordinatedswimming
Toxicant DC movementsasexemplifiedbyrollingbehaviorwasnotob
Concentration servedasithasbeenwiththeexposureofGaffinistoor
andSexofFish X Range 2sz N ganophosphorusinsecticidesandcoppersulphateJohnson

1977bcAlthoughnobehavioraldifferencescouldbe
control detectedinthesetestsbetweenthecontrolandexposed

M 382 369398 04 52 fishitcannotbesafelyassumedthatthesechemicalsdid
F 385 374397 04 58 notaffectotherphysiologicalresponsesalongwiththe

DimilinT loweringofheatresistanceOthertestdataappearessential
5ppb toproperlyassessthesublethaleffectsoftheseinsect

M 381 373390 03 37 growthregulatorsonnontargetorganisms
F 384 377396 02 35 ACKNOWLEDGMENTSThisresearchwassupported

10ppb byfundsfromtheCaliforniaStateLegislatureSpecial
M 374 368385 02 40 AllocationforMosquitoResearchWilliamGVoigt
F 382 377390 04 35 UniversityofCaliforniaandErnstPZborayStateof

CaliforniaDepartmentofHealthofferedsuggestions25ppb
concerningthemanuscriptM 375 369385 02 35

F 381 375388 02 34

5ppb
M 373 368383 02 44

F 381 376390 02 38 REFERENCESCITED

100ppb BoydCEandDEFerguson1964Spectrumofcrossresistance
M 370 361383 03 45 toinsecticidesinmosquitofishGambusiaaffinisMosqNews
F 376 365389 04 51 241921

JohnsonCR1976Dielvariationinthethermaltoleranceof
200ppb GambusiaaffinisaffinisPiscesPoeciliidaeCompBiochem

M 368 359379 02 36 Physiol55A337340
F 376 369387 02 49 JohnsonCR1977aTheeffectsofsublethalconcentrationsof

fiveorganophosphorusinsecticidesontemperaturetolerancere
methoprene flexesandorientationinGambusiaaffinisaffinisPiscesPoecili
5ppb idaeZoolJLinnSocInpress

M 379 374388 04 35 JohnsonCR1977bTheeffectsoffieldappliedratesoffiveor
F 384 381389 02 43 ganophosphorusinsecticidesonthermaltoleranceorientation

andsurvivalinGambusiaaffinisaffinisPiscesPoeciliidaeProc
10ppb CalifMosq VectorControlAssoc455658

M 379 371385 02 38 JohnsonCR1977cTheeffectsofcoppersulphateexposureon
F 384 376387 03 37 thermaltoleranceorientationandsurvivalinadultmosquitofish

GambusiaaffinisandjuvenilethreespinedsticklebacksCaster
25ppb osteusaculeatusProcCalifMosq VectorControlAssoc45

M 377 369383 02 39 6668

F 383 370386 03 38 JohnsonCRandJEPrine1976Theeffectsofsublethalcon
centrationsoforganophosphorusinsecticidesandaninsect

50ppb growthregulatorontemperaturetoleranceinhydratedandde
M 373 361380 02 40 hydratedjuvenilewesterntoadsBufoboreasCompBiochem
F 382 369387 02 43 Physiol53A147149

MullsMSandLWIsaak1961Fieldstudiesonthetoxicityof
100ppb insecticidestothemosquitofishGambusiaaffinisJEcon

M 374 363379 02 41 Entomol5412371242
F 380 365385 02 44 MullaMSLWIsaakandHAxelrod1963Fieldstudiesonthe

effectsofinsecticidesonsomeaquaticwildlifespeciesJEcon
200ppb Entomol56184188

M 371 360380 02 42 MullaMSJ0KeithandFAGunther1966Persistenceand
F 379 366387 01 39 biologicaleffectsofparathionresiduesinwaterfowlhabitatsJ

EconEntomol5910851090
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THEEFFECTSOFFIELDAPPLIEDRATESOFFIVEORGANOPHOSPIIORUSINSECTICIDES
ONTHERMALTOLERANCEORIENTATIONANDSURVIVALIN

GAMBUSIAAFFINISAFFINISPISCESPOECILIIDAE
CliffordRayJohnson

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

Gambusiaaffiniswereexposedfor24hourstotheinsecticides
temephosfenthionchlorpyrifosmethylparathionandmalathion
atvariousconcentrationsconsistentwiththerecommendedfield
applicationratesformosquitocontrolinCaliforniaThethermal
tolerancewassignificantlyloweredformaleandfemaleGaffinis
bythetoxicantsmethylparathion2550100ppbchlorpyrifos
2550ppbandmalathion50100ppbMalathionat500
ppbresultedin100mortalityforbothmaleandfemalefishHow
evernomortalityoccurredformaleandfemalefishwiththetoxi
cantsattheotherconcentrationstestedLossoforientationwasob

INTRODUCTIONMullaandIsaak1961andMulla
etal19631966reviewedtheliteratureontheeffectsof
organophosphorusandorganochlorineinsecticidesonvari
ousfishesincludingspeciesofthegenusGambusiaBoyd
andFerguson1964foundthatmosquitofishwerehighly
toleranttoendrinaldrindieldrintoxophenehepatochlor
BHCchlordaneandStrobane

Paststudiesonpesticideshavedealtmostlywithacute
toxicitieswithlittleemphasisonsubacutephysiologicalor
behavioralalterationsThemajorityofsubacutestudieson
fishhaveconsideredtheeffectsofDDTonsalmonidssee
reviewbyJohnsonandPrine1976Johnson1977found
that24hourexposureofGaffinistothetoxicantsmethyl
parathionandchlorpyrifosresultedinasignificantlowering
ofthethermaltoleranceatconcentrationsaslowas5ppb
andthatactivitywasrestrictedwithfishexposedtomethyl
parathionandchlorpyrifosatconcentrationsof10ppbfor
24hoursandat5ppbfor48hourexposure

Thispaperpresentsinformationontheeffectsofthein
secticidestemephosfenthionchlorpyrifosmethylpara
thionandmalathiononGaffiniswhenappliedatthefield
ratesasrecommendedformosquitocontrolinCalifornia

METHODSANDMATERIALSSpecimensofGam
busiaaffiniswerecollectedfromlargeculturepondsnear
ConcordCaliforniaoriginalstockfishcollectedfromnear
PleasantonCaliforniaTheGaffinisrangedinstandard
lengthfrom18to26mmformalesandfrom27to53mm
forfemalesThefishwereacclimatedat22to23CandLD
1212for24hourspriortoinsecticideexposureAfterthe
24houracclimationperiodthefishapproximately10per
testwereexposedinaquaria101ofsolutionwithno
aerationtotheinsecticidesmethylparathion2550100
ppbchlorpyrifos2550ppbmalathion2550100
500ppbfenthion2550100ppbandtemephos25
50ppbThecommonnameformulaandcommonfield
applicationratesofthecompoundstestedareshownin
Table1Afterexposurethefishwereremovedandtrans
ferredtoa1000mlbeakerfilledwith900mlofwaterThe
waterwasheatedwitha250winfraredheatlampatarate
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servedwithmaleGaffiniswithmethylparathionatallconcentra
tionstested2550100ppbandwith100ppbmalathionLossof
orientationwasnotobaservedwithfemalefishsuggestingthatmale
fishweremoresusceptibletothetoxicantsFenthionandtemephos
didnotaffectGaffinisatfieldapplicationratesAnotabledepres
sioninactivitywasobservedwithexposuretomethylparathion
2550100ppbchlorpyrifos2550ppbandmalathion50
100ppbsuggestingthatotherphysiologicalresponsesbesidesthe
loweringofthermaltolerancewerealsoaffected

Table1Commonnamesformulaeandfieldapplied
dosageratesrecommendedformosquitocontrolinCalif
orniaforthechemicalstestedinthisstudy

CommonName ChemicalName FieldAppliedRate

temephos

fenthion

chlorpyrifos 00diethyl0356 005lbacre

trichloro2pyridyl

phosphorothioate

methylparathion 00dimethyl0p
nitrophenylphosphor
othioate

malathion

0000tetramethyl 005lbacre
00thiodipphenylene
phosphorothioate

00Dimethyl03 01lbacre
methyl4methylthio
phenylphosphorothioate

00dimethylS12

dicarbethoxyethyl
phosphorodithioate

01lbacre

05lbacre

of03CminThewaterwascontinuallyaeratedand
agitatedatnotimedidatemperaturegradientexistwithin
thebeakerHeatingwasdoneonlybetween1000and1400
hoursPacificStandardTimetoavoidadielfluctuationin
heatresistanceSuchadielfluctuationinthermaltolerance
hasbeendemonstratedtooccurinGambusiaaffinis
Johnson1976Thermocouples38gaugeconstantan
copperwereattachedtotheinsideofthetestbeakerat
variousdepthswithinthewatercolumnandwatertemper



aturewascontinuallymonitoredwithaComarkelectronic
thermometermodel1625accuracy 005Cthrougha
Comarkselectorunitmodel1698Deathwasassumedto
bethepointofcessationofgillactivityandwiththeonset
ofdeaththetemperaturewasrecordedforeachindividual
fishbeingtested

Observationsweremadepriortoheatingonthenumber
ofdeadfishandonbehaviorandactivityoftheliveindivid
ualsandthesedatacomparedwiththecontrolswhichhad
beentreatedinlikemannerwiththeexceptionofnotbeing
exposedtotoxicantsLossoforientationwasexemplified
byrollingbehaviorandthelossofcoordinatedswimming
movements

Alloftheexperimentationwasconductedduringthe
monthsofJuneandJuly1976attheConcordGambusia
researchfacilitysetupbytheUniversityofCalifornia

RESULTSANDDISCUSSIONThermaltolerancewas

loweredsignificantly5 nonoverlapof2S5 formale

andfemaleGaffinisbythetoxicantsmethylparathionat
concentrationsof2550and100ppbbychlorpyrifosat
25and50ppbandbymalathionat50and100ppbTable
2Exposureto500ppbmalathionresultedin100mor
talityforbothmaleandfemalefishwithin24hoursHow
evernomortalityoccurredformaleandfemaleGaffinis
withtherestoftheconcentrationsandtoxicantstested
Nextto500ppbmalathionmethylparathionandmalathi
onbothat100ppbplacedthegreateststressonthefish
Somefieldstudieshaveshownthatmalathionwasmore
toxictoGaffinisthanparathioncausing48to70lossof
cagedfishat05lbacreFurthermorefenthionat01lb
acrecausedlittleornomortalitybutatarateof04lb
acreresultedin18mortalityin48hoursParathionat01
lbacrecaused18to30mortalitytocagedfishwhile
methylparathionshowednomortalityMullaandIsaak
1961Mullaetal19631966Johnson1977showed
thatwhentheconcentrationsareequalmethylparathion
placedthegreatestamountofstressonGaffinisfollowed
closelybychlorpyrifosTheresultswereconsistentwith

studyinthatinorderofdecreasingeffectsofstress
placedonGaffiniswerethechemicalsmethylparathion
chlorpyrifosmalathionfenthionandtemephosTable21

LossoforientationwasobservedwithmaleGaffinis
withmethylparathionatallconcentrationstestedandwith
100ppbmalathionSuchalossoforientationwasnotob
servedinfemalefishsuggestingthatmalefisharemoresus
ceptibletothesetoxicantsFenthionandtemephosdidnot
apparentlyaffectGaffinisevenatfieldconcentration
ratesAnotabledepressioninactivityoccurredwith24
hourexposuretomethylparathion2550100ppb
chlorpyrifos2550ppbandmalathion50100ppb
suggestingthatotherphysiologicalresponsesbesidesthe
loweringofthermaltolerancewerealsoaffectedIna
recentstudyactivityandbehavioralchangeswereapparent
in48hourexposedGaffinistomethylparathionand
chlorpyrifosatconcentrationsaslowas5ppbJohnson
1977Previouslyadepressioninactivitywasfoundwhen
juvenilewesterntoadsBufoboreaswereexposedtothein
secticidesmethylparathion2550ppbchlorpyrifos
3060ppbchlorpyrifosmethyl3060ppbfenthion
3060ppbtemephos3060ppbandtheinsectgrowth
regulatormethoprene100200ppbJohnsonandPrine
1976

Itisapparentthateventhoughmortalitymaynotoccur
withsomefieldapplicationratesimpairmenttophysiologi
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Table2ThermallethaisformaleMandfemaleF
Gambusiaaffinisexposedfor24hourstovariousinsecti
cides LOpercentoffishobservedinlossoforientation
computationbaseduponlivefishafter24hours MO
percentofmortalityafter24hourscomputationbased
upontotalnumberoffishexposed

Toxicant DC
Concentration

andSexofFish X Range 2SX N LO MO

Control

M

F

methylparathion
25ppb

M

F

50ppb
M

F

100ppb
M

F

chlorpyrifos
25ppb

M

F

50ppb
M

F

malathion

25ppb
M

F

50ppb
M

F

100ppb
M

F

500ppb
M

F

fenthion

25ppb
M

F

50ppb
M

F

100ppb
M

F

temphos
25ppb

M

F

50ppb
M

F

389 378397 03 80 00 00
39d 38440A 02 94 00 00

359 287385 10 45 44 00
372 364386 04 49 00 00

35A 322369 04 36 111 00

369 322386 05 48 00 00

316 265352 10 28 178 00
353 281374 09 39 00 00

362 357369 02 41 00 00
367 352381 02 45 00 00

351 346366 02 35 OM OM
355 349380 02 42 00 00

384 379386 01 53 00 00
389 386395 01 40 00 00

380 375385 02 36 00 00

386 373389 02 40 00 00

314 282357 06 33 242 00
352 339377 02 44 00 00

42dead 1000

39dead 1000

389 383392 01 52 00 00
395 390399 01 55 00 00

385 378392 04 49 00 00
390 387392 02 42 00 00

382 374387 04 35 00 00

387 377393 03 38 00 00

391 389395 01 45 00 00
391 387395 02 50 00 00

385 378391 04 49 00 00
386 380393 03 39 00 00



calfunctionsmayresultfromexposuretofieldconcentra
tionsorthosemuchlessthanfieldapplicationdosagesas
suggestedbythisandsomepreviousstudiesJohnsonand
Prine1976Johnson1977
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THEEFFECTSOFTHEHERBICIDEDIQUATONGAMBUSIAAFFINISANDSOME
ASSOCIATEDFAUNAINFRESHWATERPONDS

CliffordRayJohnsonandPaulAGieke

Twopondsweretreatedwithdiquatataconcentrationof05
ppmAIacreappliedtothesurfaceFloatinglivecagescontaining
GambusiaaffinisRanacatesbeianatadpolesandthegastropods
PhysavirgataandPlanorbellatenuiwereimmersedinthetreated
pondsandinspectedat1224and48hourintervalsforsurvivaland
abberantbehaviorsuchaslossoforientationoruncoordinated

INTRODUCTIONDiquatfishtoxicityLC50valuesfor
24hoursexposurerangefrom155ppmforlakeemerald
shinerNotropisatherinoidesto315ppmforstripedbass
MoronisaxatilisSwabeyandSchenk1963Wellborn
1969LongnosekillifishFundulussimilisexposedto10
ppmofdiquatovera48hourperiodshowednonoticible
effectsButler1963andbiueguillsLepomismacrochirus
lakechubsuckersErimyzonsucettaandsmallmouthbass
fryMicropterusdolomicuisurvivedaconcentrationof25
ppmofdiquatfor32and1daysrespectivelyHiltibran
1967Littleisknownaboutthetoxicityofdiquateto
amphibiansandmolluscsButler1963reportedthatex
posureofeasternoystersto10ppmofdiquatfor96hours
hadnonoticibleeffectonshellgrowth

Thisstudyprovidesinformationontheobservedeffects
ofdiquatapplicationtofreshwaterpondscontainingmos
quitofishGambusiaaffinisbullfrogsRanacatesbeianaand
themolluscsPhysavirgataandPlanorbellatenuiOther
faunawerepresentbutnotmonitoredintheseexperiments
Suchinformationisimportantinunderstandingwhich
chemicalscanbeusedwithsafetyinvegetationmanage
mentwithrelationtoGambusiaaffinisproduction

METHODSANDMATERIALSTheexperimentswere
conductedattheEastsideMosquitoAbatementDistrict
ModestoCaliforniainNovember1976Floatinglivecages
61x61x15cmwereplacedintwoelongatedponds69
mlong3357mwide12mdeepThreelivecageswere
placedineachpondoneateachendandoneinthemiddle
Atotalof483maleand252femaleGambusiaaffiniswere
distributedbetweenthefloatingcagesPhysavirgata96
Planorbellatenui48andRanacatesbeianatadpoles24
wereplacedinthelivecages

Inanotherpond69mlong45mwide12mdeep
threefloatinglivecagesweresetupforacontrolcontaining
atotalof122maleand109femaleGaffinis12Dana
catesbeianatadpoles43Physavirgataand49Planorbella
tenuiThecontrolpondwasapproximately30maway
fromthetreatedpondstopreventdriftofthechemicals
duringapplicationDiquatdiquatdibromide67dihydro
dipyridol12a21Cpyrazidiiniumdibromidewas
appliedtothewatersurfaceinthetestpondsbyhand
carriedspraycansatthedosagerateof05ppmAI

UniversityofCaliforniaDivisionofBiologicalControl1050
SanPabloAvenueAlbanyCalifornia94706

2EastsideMosquitoAbatementDistrict2000SantaFeAvenue
ModestoCalifornia95355
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movementsNodeathswererecordedforRanacatesbeinanatad

polesandPlanorbellatenuionlyonedeadPhysavirgatawasfound
MaleGaffinisweremoresusceptibletodiquatthanfemalefishbut
mortalitiesinbothsexeswerelow47formalesand86for
femalesanddiquatcanbeusedwithinGaffinishabitatswithrela
tivesafetyatanapplicationrateof05ppm

Thelivecageswereinspectedat1224and48hour
intervalsandcountsmadeofdeadindividualsandsurviving
faunabyspeciesandbysexforGaffinisObservations
werealsomadeonindividualsforaberrantbehaviorsuchas
thelossoforientationoruncoordinatedmovements

RESULTSANDDISCUSSIONTheapplicationof
diquatat05ppmdidnotaffecttheRanacatesbeiana
tadpolesPlanorbellatenuiandonlyresultedinonedeath
toPhysavirgataTable1Allthetadpolesandlivemol
luscsappearednormalinbehaviorMaleGaffiniswere
moresusceptibletodiquatthanfemaleswith86mortal
ityoccurringwith48hourexposurecomparedto47
mortalityforfemalesoverthesametimespanGreatermor

Table1Accumulativemortalitybyspeciesovera48
hourperiodincontrolandtreatedpondsNumbersin
parenthesesreferto mortality

SpeciesandTreatment

Control

maleGaffinis
femaleGaffinis
Ranacatesbeianatadpoles
Physavirgata
Planorbellatenui

DiquatTreated
maleGaffinis
femaleGaffinis
Ranacatesbeianatadpoles
Physavirgata
Planorbellatenui

AccumulativeDeaths
12hr 24hr 48hr

0

0

0

0

0

0

0

0

0

0

108
0

0

0

0

306 2449 4286
0 623 1247
0 0 0

0 110 110
0 0 0

talityhasbeenfoundinmaleGaffinisthaninfemalefish
whenexposedtootherpesticidesJohnson1977abNo
lossoforientationrollingbehaviorwasobservedwithany
oftheGaffinisItwouldappearthatdiquatcanbeused
withrelativesafetyataconcentrationof05ppminG
affinishabitatsasthemortalityobservedwithinthisstudy
waswithinreasonablelimits
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FOODANDFEEDINGOFBULLFROGSRANACATESBEIANAWITHINGAMBUSIAAFFINIS
CULTUREPONDS

CliffordRayJohnsonWilliamGVoigtandPaulAGieke

Concernoverthepossiblepredationofbullfrogsonmosquito
fishpromptedustoconductastomachanalysisofthesebullfrogs
anddeterminewhatifanyeffectbullfrogpredationhadonthepop
ulationofmosquitofishwithinrearingpondsMediumsizedfrogs
6690mmwerethelargestconsumersofGambusiaaffinis
frequencyofoccurrenceFO 185 Gaffinisalthoughan
abundantpreydidnotconstituteagreatnumberofpreyitems
Crayfishwerethemostabundantpreyandtheirsizeincreasedwith
thesizeofthefrogsInthisstudybullfrogsdidnotfeeduponsigni

INTRODUCTIONSinceitwasfirstdetectedintheear

ly1900sthebullfrogRanacatesbeianahasdispersed
throughoutthecentralvalleyofCaliforniaItsspreadand
greatsuccessinthevalleyhasbeenattributedtothelackof
nativefrogsfillingitsnicheStebbins1962Studiesofthe
feedinghabitsofthisfroghaveshownagreatvarietyof
fooditemsincludinginsectsmulluscscrustaceansanne
lidsfishsnakesyoungturtlesandalligatorssmallbirds
andmammalsFrost1935notedthatalthoughagreat
varietyoffooditemshavebeenrecordedforReatesbeiana
ithasasingularmethodofacceptingitsfoodpreferring
totakeitunderwaterThishasbeenobservedanumberof

timesinnatureandincaptivity
Alargepopulationofbullfrogshasestablisheditselfin

theexperimentalpondsatEastsideMosquitoAbatement
Districtwhereastudyofmosquitofishproductivitywas
beingconductedbytheauthorsConcernoverthepossible
predationofbullfrogsonmosquitofishpromptedustocon
ductstomachanalysesofthesebullfrogsanddetermine
whatifanyeffectbullfrogpredationhadonthepopulation
ofmosquitofish

MATERIALSANDMETHODSFrogsofallsizegroups
werecapturedwithdipnetstroutfliesandbowandarrow
duringonedayofeachmonthfromMaythroughSeptem
ber1976Samplingperiodswereusuallyinthemorning
approximately10001200hrsafternoon14001600hrs
andafterdark22002400hrsMorefrogsweresampledat
nightduringthelatterpartofthestudyduetotheincreas
edwarinessoftheremainingfrogsAfterthesampling
periodthestomachswereremovedandcontentsexamined
immediatelyIntestinalcontentswerenotexamineddueto
theiradvancedstateofdigestionDatawereanalysedonly
forfrequencyofoccurrenceiepercentageofstomachs
containingeachpreyitemandtotalnumberofeachitem
encountered

RESULTSANDDISCUSSIONTables1through4
summarizethefooditemsidentifiedfromthethreesize

classesofbullfrogsandpresentthetotalfoodcontentsen
counteredwithinallsizeclassescombinedTable5shows

1UniversityofCaliforniaDivisionofBiologicalControl1050
SanPabloAvenueAlbanyCalifornia94706

2EastsideMosquitoAbatmentDistrict2000SantaFeAvenue
ModestoCalifornia95355

ABSTRACT

61

ficantnumbersofGambusiaaffinissoastojustifyfrogeradication
orrestrictionprogramsonthisfactoraloneHoweverifthecrayfish
hadnotbeenpresentinthepondsaswitchinfeedingpreferenceto
GaffinismightoccurWhetherthispredationwouldsignificantly
affectfishproductionhoweverisuncertainCertainlytherepro
ductivepotentialofbullfrogswouldmakeanyeradicationprogram

verycostlyandwouldprobablyexceedthecostoffishlosttobull
frogsbypredationalone

thatanincreasingnumberofaquaticpreyascomparedto
terrestrialoraerialpreyweretakenwithincreasingsizeof
frogs

Mediumsizedfrogs6690mmsnoutventlengthwere
thelargestconsumersofGambusiaaffinisFO 185 G

affinisalthoughanabundantpreydidnotaccountfora
greatnumberofpreyitemsPreyitemsareprobablyeaten
whileonthebottomorwhentheitemsemergedfromthe
watersurfaceSurfaceactivityofGaffinisthereforekeeps
theanimalsGaffinisandbullfrogsseparatedSomesur
facefeedingbyRcatesbeianamayaccountforfishappear
inginthefrogstomachsortheymaybeingestedwhenfish
arefeedingalongthebottomEvidenceforbottomfeeding
existsbaseduponastudyofthefoodandfeedingofGam
busiaaffiniswithinthesepondsbeingcarriedoutbythe
authorsThefishstomachshavebeenfoundtocontainhigh
numbersofostracodsandchironomidlarvaeunpublished
studies

Thesizeofcrayfishincreasedwiththesizeofthefrogs
Oftenthestomachswouldbegreatlydistendedinfrogs
withoneortwolargecrayfishpresentThenumberofemp
tystomachsinallsizecategoriesindicatesapossiblefasting
inthefrogsItmayalsorepresentfrogswhichhadnotyet
fedpriortosampling

Inthisstudybullfrogsdidnotpreyonsuchsignifi
cantnumbersofGambusiaaffinisastojustifyfrogeradica
tionorrestrictionprogramsHoweverifthecrayfishhad
notbeenpresentinthepondsaswitchinfeedingprefer
encetoGaffinismightoccurWhetherthispredation
wouldsignificantlyaffectfishproductionhoweverisun
certainCertainlythereproductivepotentialofbullfrogs
wouldmakeanyeradicationmeasuresverycostlyand
wouldprobablyexceedthecostoffishlosttobullfrogsif
suchpredationwastheonlyeffecttobeconsidered
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Table1DigestivetractcontentsofRanacatesbeianawithinthesizegroup25to65mmsnoutventlengthFO
frequencyofoccurrenceN totalnumberoffooditemsencountered

Item

INSECTA

Odonata

Anaxjuniuslarvae 66 1 153 2 75
Coenagrionidaeadult 333 1 200 1 66 1 75

Dermaptera
Labiaminor

Hemiptera
Belostomabakeri

Pentatomidaeunident

May June July August September Total
N N N N N N

600 3 75 3

66 1 76 1 50 2
400 2 50 2

Diptera
Tipulidaeadult 66 2 25 2

Coleoptera 153 2 50 2
Tropisternuslateralis 66 1 25 1
Chrysomelidae 333 1 25 1

Hymenoptera
Apismelifera 66 1 76 1 50 2

Unidentifiedinsectremains 153 50

ACARINA 400 2 50 2

CRUSTACEA

Decapoda
Procamberusclarkii 500 2 266 4 153 2 175 8

CHORDATA

Ranacatesbeianatadpoles 250 1 25 1
Gambusiaaffinis 200 3 75 3

DETRITUS 66 25
Noempty 333 1 250 1 200 1 266 4 384 5 300 12
Totalnumberoffrogs

examined 3 4 5 15 13 40
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Table2DigestivetractcontentsofRanacatesbeianawithinthesizegroup66to90mmsnoutventlengthFO fre

quencyofoccurrenceN totalnumberoffooditemsencountered

Item May June July August September Total
N N N N N N

MOLLUSCA

Gastropoda
Physavirgata 200 5 55
Planorbellatenui 266 5 74

INSECTA

Odonata

Anaxjuniuslarvae 71 1 18 1

adult 66 2 133 3 55 5

Coenagrionidaeadult 66 1 18 1

Orthoptera
Acrididae 66 1 18 1

Hemiptera
Belostomabakeri 66 1 18 1

Lepidoptera
Danausplexippuslarvae 250 1 18 1

Coleoptera 66 1 18 1

Hydrophilustriangularis 71 1 166 2 66 1 55 4

Hymenoptera
Apismelifera

ACARINA

66 2 18 2

66 1 18 1

CRUSTACEA

Decapoda
Procamberusclarkii 642 10 500 4 166 1 133 2 266 4 333 21

CHORDATA

Ranacatesbeianatadpoles 250 1 166 1 133 2 66 1 92 5

Gambusiaaffinis 142 3 250 1 333 2 266 12 66 1 185 19

DETRITUS 66 18

Noempty 214 3 166 1 133 2 266 4 185 10

Totalnumberoffrogs
examined 14 4 6 15 15 54
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Table3DigestivetractcontentsofRanacatesbeianawithinthesizegroup91to150mmsnoutventlengthFO fre

quencyofoccurrenceN totalnumberoffooditemsencountered

Item

MOLLUSCA

Gastropoda
Physavirgata
Planorbellatenui

May June July August September Total

N N N N N FO N

76 2 250 5 40 7

133 3 40 3

INSECTA

Orthoptera
Acrididae 66 1 20 1

Hemiptera
Belostornabakeri 66 1 83 1 40 2

Coleoptera
Hydrophilustriangularis

CRUSTACEA

Decapoda
Procamberusclarkii 846 14 600 3 400 6 583 8 551 31

CHORDATA

Ranacatesbeianatadpoles 200 1 500 3 200 6 122 10

Gambusiaaffinis 76 1 250 1 66 1 61 3

DETRITUS 200 61

Noempty 153 2 200 1 250 1 133 2 333 4 204 10

Totalnumberoffrogs
examined 13 5 4 15 12 49
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Table4TotaldigestivetractcontentsofRanacates
beianawithinallsizegroupsFO frequencyofoccur
renceN totalnumberoffooditemsencountered

Item FO N TerrestrialAerial 17 11 1

Molluscs Aquatic 18 41 51

Gastropoda
Physavirgata 34 12

Planorbellatenui 41 8

Insecta

Odonata

Anaxjuniuslarvae 27 4

adult 20 5

Coenagrionidaeadult 27 4

Orthoptera
Acrididae 13 2

Dermaptera
Labiaminor 20 3

Hemiptera
Belostomabakeri 69 5

Pentatomidae 13 2

Lepidoptera
Danausplexippuslarvae 07 1

Diptera
Tipulidaeadult 07 2

Coleoptera
Hydrophilustriangularis 27 5

Tropisternuslateralis 07 1

Chrysomelidae 07 1

Hymenoptera
Apiamelifera 20 4

Unidentifiedinsectremains 13

Acarina 20

Crustacea

Decapoda
Procamberusclarkii 363 60

Chordata

Ranacatesbeianatadpoles 83 16

Gambusiaaffinis 111 25

Detritus 34

Noempty 231 32

Totalnumberoffrogsexamined 143
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Table5Numbersofpreyitemsbrokendowntoterres
trialandaerialversusaquaticbysizegroupsofbullfrogs

FoodItems 2565mmsv 6690mmsv91150mmsv



THEEFFECTSOFCOPPERSULPHATEEXPOSUREONTHERMALTOLERANCE

ORIENTATIONANDSURVIVALINADULTMOSQUITOFISHGAMBUSIAAFFINIS
ANDJUVENILETHREESPINEDSTICKLEBACKSGASTEROSTEUSACULEATUS

CliffordRayJohnson

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

AdultmaleandfemaleGambusiaaffinisandjuvenileCaster
osteusaculeatuswereexposedfor24hourstocoppersulphateat
concentrationsof005010025050100150200250
300400500600800and1000ppmThermaltolerancewas
significantlyloweredinGambusiaaffinisatconcentrationsof500
ppmandgreaterandmalefishweremoresusceptiblethanfemale
fishMortalitywasconsiderableformalesatconcentrationsof800
and1000ppmThethermaltolerancewassignificantlyloweredfor
juvenileGaculeatusatconcentrationsof400ppmandaboveand

INTRODUCTIONThetoxicityofcoppersulphateto
fishvariesbyspeciesandwiththephysicalandchemical
compositionofthewaterMcKeeandWolfe1963pre
sentedawidevarietyoftoxicitiesforvariousfishspecies
withtroutbeingthemostsensitiveBond1960had
previouslyfoundthatcoppersulphatewasparticularly
toxictotroutinsoftwaterDosagesofcoppersulphatefor
weedcontrolrangefrom005to1000ppmforvarious
plantspeciesUSDA1954

Inthepastfewstudiesonpesticideshaveconsidered
littlebutacutetoxicitylevelsalthoughsomehavedealt
withthesublethaleffectsofDDTonfishesmostly
salmonidsseereviewbyJohnsonandPrine1976Other
studieshavefoundhyperactivityandskeletalabnormalities
inanurantadpolesexposedtochroniclowdosesofDDT
Cooke197019721973andWeis1975foundthatin
Ranapipiensexposedto25ppbDDTretardationofregen
erationoccurredRecentlyaseriesofstudiesonanurans
onGambusiaaffinisandonthecopepodMacrocyclops
albidushaveshownthattemperaturetolerancewassignifi
cantlyloweredandinsomecasesorientationandreflexes
wereimpairedwithexposuretosubacuteconcentrationsof
someorganophosphorusinsecticidessomeherbicidesand
theinsectgrowthregulatormethopreneJohnsonandPrine
1976Johnson1976aJohnson1977ab

Thispaperpresentsinformationonthephysiologicaland
behavioralresponsesofthemosquitofishGambusiaaffinis
andthethreespinedsticklebackGasterosteusaculeatus
afterexposurefor24hourstocoppersulphateinawide
rangeofconcentrationsconsistentwithfieldapplication
rates

MATERIALSANDMETHODSSpecimensofGam
busiaaffiniswerecollectedfromlargeculturepondsnear
ConcordCaliforniaTheoriginalstockofGaffiniswas
collectedfrompondsnearPleasantonCaliforniaThe
juvenileGasterosteusaculeatuswerecollectedfromperm
anentpondsnearConcordTheGaffinisrangedinstand
ardlengthSLfrom18to26mmformalesandfrom27
to52mmforfemalesThejuvenileGaculeatusrangedin
sizefrom10to35mmSLThefishwereacclimatedat22

to23CandLD1212for24hourspriortocoppersul
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mortalitywasobservedatthisconcentrationandgreaterwith638
mortalityoccurringat1000ppmLossoforientationwasobserved
withmaleGaffinisatconcentrationsof500ppmandaboveand
withjuvenileGaculeatusatconcentrationsof600ppmandabove

atexposuretemperaturesExceptforthelossoforientationwhich
occurredathigherconcentrationsatexposuretemperaturesno

otherbehavioraloractivitydifferenceswerenotedbetweentheex
posedandcontrolindividuals

phateexposureafterthe24houracclimationperiodthe
fishapproximately10pertestwereexposedinaquaria
101ofsolutionwithnoaerationtocoppersulphateat
concentrationsof005010025050100150200
250300400500600800and1000ppmfor24
hoursAlkalinityandhardnessofthetestwaterranged
from50to85ppmand60to120ppmrespectivelyAfter
exposurethefishwereremovedandplacedina1000ml
beakerfilledwith900mlofwaterThewaterwasheated

atarateof03Cminwitha250winfraredheatlampThe
waterwascontinuallyaeratedandagitatedandnotemper
aturegradientexistedwithinthebeakerHeatingwasdone
onlybetweenthehoursof1000and1400PacificStandard
Timetoavoidthedielfluctuationinheatresistancewhich
occursinGambusiaaffinisJohnson1976bandmight
occurinGasterosteusaculeatusThermocouples38gauge
constantancopperwereattachedtotheinsideofthetest
beakeratvariousdepthsandwatertemperaturewascon
tinuallymonitoredwithaComarkelectronicthermometer
model1625accuracy 005CthroughaComarkselec
torunitmodel1698Deathwasassumedtobethepoint
ofcessationofgillactivityandwiththeonsetofdeaththe
temperaturewasrecordedforeachindividualfishbeing
tested

Observationsweremadebeforeheatingonthenumber
ofdeadfishandbehaviorandactivityoftheliveindividuals
andthesedatawerecomparedwiththecontrolstreatedin
likemannerwiththeexceptionofnotbeingexposedtothe
toxicantLossoforientationwasexemplifiedbyrolling
andlossofcoordinatedswimmingmovements

AllresearchwasconductedattheUniversityofCaliforn
iaresearchfacilityforthestudyofGambusianearConcord
andwasconductedduringthemonthsofJulyandAugust
1976

RESULTSANDDISCUSSIONWithGaffinisthermal
tolerancewasloweredsignificantly5 nonoverlapof
2Sx atconcentrationsof500ppmandgreaterTable
1Malefishweremoresusceptiblethanfemalefishasdem
onstratedbygreatermortalityratesatconcentrationsof
500through1000ppmJohnson1976bhasshown
femaleGaffinistobemoreheattolerantthanmalesAlso



Table1ThermallethalsformaleMandfemaleF
Gambusiaaffinisexposedfor24hourstoCuSO4atvarious
concentrations LOpercentoffishobservedinlossof
orientationcomputationbaseduponlivefishafter24
hours MOpercentofmortalityafter24hourscompu
tationbasedupontotalnumberoffishexposed

Concentration

andSexof

Fish

Control

M

F

005ppm
M

F

010ppm
M

F

025ppm
M

F

050ppm
M

100ppm
M

F

150ppm
M

F

200ppm
M

250ppm
M

F

300ppm
M

400ppm
M

F

500ppm
M

600ppm
M

F

800ppm
M

1000ppm
M

DC

X Range 2Sx NLOMO

389 379397 03 70 00 00
392 385400 02 84 00 00

388 376398 04 42 00 00
391 385396 04 45 00 00

386 378393 04 54 00 00

392 387396 04 54 00 00

387 376394 04 58 00 00

393 386397 04 59 00 00

385 383392 02 58 00 00
39A 387396 02 66 00 00

381 376388 05 36 00 00
390 384395 04 42 00 00

382 379388 04 51 00 00
387 378391 05 54 00 00

382 377392 05 48 00 00
389 381394 04 48 00 00

383 378387 04 46 00 00
390 384393 04 37 00 00

382 377390 04 38 00 00

389 381393 04 35 00 00

381 376384 05 32 00 00
388 383390 04 38 00 00

370 344383 09 27 00129
380 375386 05 32 00 00

328 309340 07 33 00131

354 344380 07 35 00 00

330 309352 07 28 71451

362 352369 06 30 00 142

293 273314 08 14 142708

330 306369 06 28 00404
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onlymaleswereobservedinastateoflossoforientationat
concentrationsof500ppmandaboveatexposuretemper
atures2223Cwhereasfemaleswerenotsoaffected
Mortalitywasconsiderableformalesat800and1000
ppmandat1000ppmforfemales

Thethermaltolerancewassignificantlylowered5
nonoverlapof2SxinGasterosteusaculeatusatconcen
trationsof400ppmandaboveTable2Mortalitywasal
soobservedat400ppmandgreaterwith638mortality
occurringat1000ppmLossoforientationoccurredat
exposuretemperaturesat600ppmandaboveAsprevious
lymentionedthermaltolerancehasbeensignificantly
loweredbysubacuteexposuretosomeorganophosphorus
insecticidessomeherbicidesandtheinsectgrowthregu
latormethopreneinavarietyofanimals

Adepressioninactivityandorbehavioralchangessuch
astheobservedlossoforientationandorlossofreflexes
wouldsuggestthatotherphysiologicalresponseswerealso
affectedThishasbeensuggestedinsomepreviousstudies
JohnsonandPrine1976Johnson1976a1977a

Table2ThermallethalsforjuvenileGasterosteus
aculeatusexposedfor24hourstoCuSO4atvariouscon
centrations LOand MOasinTable1

Concentration
X Range

Control 341

005ppm 343

010ppm 342

025ppm 343

050ppm 341

100ppm 342

150ppm 339

200ppm 341

250ppm 340

300ppm 339

400ppm 334

500ppm 335

600ppm 329

800ppm 330

1000ppm 297

DC

330355

332349

335348

334346

325348

332347

331343

321345

331345

329344

326340

329344

309340

321333

282308
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2S N LO MO

01 90 00 00

03 48 00 00

02 45 00 00

02 46 00 00

03 51 00 00

02 60 00 00

02 42 00 00

03 49 00 00

03 51 00 00

03 49 00 00

04 38 00155

03 35 00186

04 34 147320

06 22181560
07 17294638
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THEEFFECTOFEXPOSURETOTHEORGANOPHOSPHORUSINSECTICIDE

CHLORPYRIFOSONTHEFEEDINGRATEINTHEMOSQUITOFISHGAMBUISAAFFINIS

CliffordRayJohnson

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

AdultfemaleGambusiaaffiniswereexposedto50ppbchlor
pyrifosfor24or48hoursTheexposedfishsfeedingrateonDaph
niapulexandCulisetaincidenswasexaminedandcomparedtothe
feedingratesonthesefooditemsbyunexposedcontrolindividuals
ThepredationrateonDpulexwassignificantlyreducedbyexpos
uretochlorpyrifosforboth24and48hoursandsimilarresults

INTRODUCTIONLittleisknownconcerningthesub
acuteeffectsofpesticideexposureonbehaviorandphysi
ologyoffishesThemajorityofsuchstudieshavedealt
withthesublethaleffectsofDDTonsalmonidfishesas
reviewedbyJohnsonandPrine1976Adepressionin
activityhasbeenfoundtooccurinGambusiaaffiniswhen
exposedtomethylparathionandchlorpyrifosatconcentra
tionsaslowas10ppbwith24hourexposureandat5ppb
at48hourexposureJohnson1977Theexposedfishre
mainedstationaryandmovementswererestrictedascom
paredtothecontrolindividualsSinceactivitywasdepress
edbyexposuretotheaboveorganophosphorusinsecticides
thequestionwasraisedifsuchexposurewouldalsoaffect
thefeedingrateandthereforethefollowingexperiment
wasdesignedtotestforthiseffectusingaconcentrationof
50ppbofchlorpyrifoswhichistherecommendedfieldap
plicationrateformosquitocontrolinCalifornia

MATERIALSANDMETHODSOnlyfemaleGaffinis
ranginginsizefrom35to55mminstandardlengthwere
usedintheexperimentssoastomaintainamoreuniform
sizerangeoffishThefishwerecollectedfromstockponds
nearConcordCaliforniaFemalesinthelatterstagesof
gestationwerenotselectedforexperimentationSomeof
thefemaleGaffiniswereexposedtotheorganophosphor
usinsecticidechlorpyrifos00diethyl0356trichloro2
pyridylphosphorothioateataconcentrationof50ppbfor
24hoursandotherfishwereexposedto50ppbfor48
hoursTenfishwereexposedatatimein101ofsolution
Afterexposurefivefishwereplacedineachaquariawith
20IofclearwaterFoodwasintroducedintoeachofthe

tanksPriortoexperimentationnoneofthefishhadbeen
fedfor48hoursThefooditemstestedwereadultclado

ceransDaphniapulexand1stand2ndinstarlarvaeofthe
mosquitoCulisetaincidensEachtypeoffooditemwas
testedindividuallywithsamplesof50beingintroducedin
toeachtankAllexperimentswerecommencedat0800hrs
PacificStandardTimeCountsoftheuneatenfooditems
weremadeatintervalsof26and12hoursThetanks
werealsoexaminedattheseintervalsforanydeadfood
itemslyingonthebottomorpresentinthewatercolumn
suchitemswererejectedfromthesampleControlfishwere
testedinlikemannerwiththeexceptionofnotbeingex
posedtochlorpyrifosCalculationsofthenumberofeach
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werefoundforthepredationrateonCsincidensfor48hourexpos
ureSuchwasnotthecaseforthefeedingrateonCsincidenswith

the24hourexposedfishTheresultsarediscussedinrelationto

foodpreferencesofGaffinisandwithdensitybehaviorandsizeof
thefooditems

foodspeciespreyeduponperfemaleGaffinisper12hour
periodwerebasedupontheabovecountsAllexperimenta
tionwasconductedduringthemonthsofJuneandJuly
1976

RESULTSANDDISCUSSIONThepredationrateon
DpulexwassignificantlyreducedinfemaleGaffinisby
exposureto50ppbchlorpyrifosforboth24and48hours
5 nonoverlapof2Sx Table1Althoughsimilarre
sultswerefoundwiththepredationrateonCsincidensby
48hourinsecticideexposedGaffinissuchwasnotthe
casewiththoseindividualsexposedfor24hours

Table1Numberoffooditemspreyeduponpercon
trolandchlorpyrifosexposedfemaleGambusiaaffinisover
a12hrperiodN numberoffishtested

Treatment FoodItem X Range 2SgN

Control Dpulex
Cincidens

24hr50ppb Dpulex

chlorpyrifos Cincidens

48hr50ppb Dpulex
chlorpyrifos Cincidens

1020

474

588

560

438

238

2013000 191100

0981080 089100

360924 164 60

480720 053 60

038900 140 60

114360 037 60

AdepressioninactivityhasbeenfoundinGaffinis
followingchlorpyrifosexposureJohnson1977andmay
thereforeberesponsibleforthereductioninpredationrate
asobservedhereFoodpreferencesofGaffinisandthebe
haviorofthepreyspeciesmayalsoinfluencetheresults
seenhereSincethisfishispredominatelyasightfeeder
anymovementorcontinousswimmingmovementofaprey
itemsuchaswithDpulexwouldundoubtedlyincrease
theirvulnerabilityDensitymayalsoplayanimportant
roleandeventhoughthepredationstudiesinvolvedthe
samenumberofpreyitemsineachtanktheDpulexwere
moreevenlydistributedwithinthewatercolumnwhereas
theCsincidensremainedmostlyinthesurfacecmThese
factorsbehaviordensityandsizeofthefooditemsalong
withfoodpreferencesofGaffinisprobablyrelatetothe
factthatthefemaleGaffinispreyedmorereadilyuponD
pulexthanontheCsincidenslarvaeandthegeneral
observedreductioninfeedingrateafterexposuretothein



secticideprobablyrelatestothedepressioninactivityof
theexposedGaffinis

ACKNOWLEDGMENTSThisresearchwassupported
byfundsfromtheCaliforniaStateLegislatureSpecialAllo
cationforMosquitoResearch

70

REFERENCESCITED

JohnsonCR1977Theeffectsofsublethalconcentrationsoffive
organophosphorusinsecticidesontemperaturetolerancereflex
esandorientationinGambusiaaffinisaffinisPiscesPoecili
idaeZoolJLinnSocInpress

JohnsonCRandJEPrine1976Theeffectsofsublethalcon
centrationsoforganophosphorusinsecticidesandaninsect
growthregulatorontemperaturetoleranceinhydratedandde
hydratedjuvenilewesterntoadsBufoboreasCompBiochem
Physiol53A147149



SUGGESTEDPONDDESIGNFOROVERWINTERINGPOPULATIONSOFGAMBUSIAAFFINIS

CliffordRayJohnsonandPaulAGieke

MaintainingstablepopulationsofGambusiaaffinisin
shallowrearingpondsinCaliforniahasusuallymetwith
littlesuccessWithinStanislausandAlamedaCountiesit
hasbeenobservedthatsomenaturalpondshavedemon
stratedanabundanceofGaffinisthroughouttheyearThe
majorityofthesepondsaffordingsuchstablepopulations
werealikeintwoimportantrespectsallweredeeprang
ingindepthfrom8to20feetandallwerespringfed

IthasbeendocumentedthatGambusiaaffinishas
adaptedtoenvironmentswithfluctuatingtemperatures
Growthandfecundityareincreasedinenvironmentswith

SEININGCHANNEL T

fluctuatingtemperaturesHubbs1971Johnson1976aA
dielrhythminheatresistancealsooccursinGaffinis
Johnson1976bMiddayheatresistancehasdemonstrated
survivalvalueJohnson1976bHubbs1971foundthat
populationsofGambusiaaffinisweremostabundantin
fluctuatingtemperatureenvironmentsinsummerandin
constanttemperaturehabitatsduringwinterObservations
bytheauthorshavefurthersupportedthisfactinCaliforn
iaRearingpondswithshallowdesigndemonstratefluctuat
ingtemperatureenvironmentsinthesummerbutlack
stenothermalconditionsinthewinterByconstructinga
pondwithdeepsectionsandbysupplyingpumporspring
waterapondsuitedtooverwinteringGaffiniscouldbe
established

InthefallwhenambienttemperaturesdropGaffinis
maymoveoffshoretostenothermalhabitatsToavoid
predationduringtheoffshoremovementthepondsshould
bedevoidofdeeperwaterpiscivores

lUniversityofCaliforniaDivisionofBiologicalControl1050
SanPabloAvenueAlbanyCalifornia94706

2EastsideMosquitoAbatementDistrict2000SantaFe Avenue
ModestoCalifornia95355

150

T
1

TOPVIEW

SIDEVIEW

Figure1SuggestedponddesignforoverwinteringGambusiaaffinis
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Afterreviewingtheprecedingitwasdeterminedthatthe
followingdesignsforpondconstructionwouldhelpin
maintainingoverwinteringpopulationsofGaffinisFigures
1and2Pondsofsimilardesignanddimensionsarepre
sentlyunderconstructionattheEastsideMosquitoAbate
mentDistrictsiteTheywillbestockedwithGaffinisand
thepopulationswillbemonitoredthroughouttheyearas
totheirproductivityandoverwinteringcapabilitiesincon
junctionwiththepondsphysicalandchemicalconditions

ACKNOWLEDGMENTSThisresearchwassupported
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Figure2SuggestedponddesignforoverwinteringG
affinis
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Largequantitiesofheatedwaterarerequiredforyear
aroundproductionofGambusiaaffinisTilapiazilliiand
TmossambicainCaliforniaSuchyearlongproductionof
thesefishesisimportanttoprovidestockfishforlarge
springandsummerproductionprogramsThefollowingis
adescriptionofasysteminvolvingheatexchangersthatwill
providewarmwaterattemperaturesnecessaryforcontinu
ousproductionofthesefishesandcanbeusedforthecul
tureofotherwarmwateraquaticanimals

Thesystemwasfirstsetupandtestedonasmallscaleat
theEastsideMosquitoAbatementDistrictFigure1
Figure2presentsadiagramofthesystemInthissystem
waterwasheatedbyacommercialpoolheatersupplied
withpropanebutnaturalgascouldalsohavebeenused
Theheatedwater80Fwascirculatedpoolpump
througharectangularnetworkofgalvanizedpipe2inches
indiametersubmerged3feetbeneaththewatersurfaceof
an18000gallonpondThepipenetworkwassupported
withinthepondonconcreteblocksThusanenclosed
watersystemwhichcouldactasaheatexchangerwascon
structedSincethepondwasonly4feetdeepanduncov
eredheatlosstotheatmospherewasconsiderableThetest
wastobemadewiththesimplestheatexchangerunderthe
mostadverseconditionsHoweverevenwiththesubstan
tialheatlosstheaveragetemperatureswithinthepond
weremaintainedsome12Fx 579Frange4868F
abovethesurroundingunheatedpondsx 455Frange
3455FduringthewintermonthsJanuaryFebruary

Concrete

Blocks

AHEATEXCHANGESYSTEMFORUSEINWARMWATERAQUACULTURE

CliffordRayJohnsonandPaulAGieke

O

Pump

Figure2AdiagramoftheheatexchangersystemtestedattheEastsideMosquitoAbatementDistrict

UniversityofCaliforniaDivisionofBiologicalControl1050
SanPabloAvenueAlbanyCalifornia94706

2EastsideMosquitoAbatementDistrict2000SantaFe Avenue
ModestoCalifornia95355

Heater
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Figure1Photographofthetestheatexchangersystem
attheEastsideMosquitoAbatementDistrict

PropaneTank

GalvanizedPipe



1976Asmentionedbeforethetestwasmadeundermini
mumoperationaldesigntotestthefeasibilityofthe
systemandsinceheatlosswasconsiderablethecostof
operatingthesystemwasexcessiveHoweveritdidprove
thatthesystemwouldworkandthereforemodifications
couldbemadewhichwouldminimizeheatlossandcut

costsTothisendthepondshouldbecoveredatnightand
duringcloudyweather

Amoreefficientheatexchangercouldbeusedwithin
thepondIntheabovecasethegalvanizedpipeitselfwas
theheatexchangerShortpiecesofwire6inchesto1
footinlengthcouldbesolderedatintervalsalongtheen
tirenetworkofpipesuchasshownonaheatpumpcollect
orFigure3Anotherefficientheatexchangeristhecar
radiatoralthoughproblemsofmetaltoxicityandleakage
shouldbeevaluatedRadiatorscouldbeinstalledinseries

oratintervalsalongthepipeHeatedwaterpassingthrough
theseradiatorswouldimpartmaximumheatflowtothe
surroundingpondwaterSuchasystemhastheadvantage
ofbeingabletoheatasmallvolumeofwaterwitheither
propaneornaturalgasandinturnheatalargervolumeof
waterinthiscasethefishponditselfAsystemsuchas
describedabovecouldbeusedforheatingsmallrearing
pondswhichcouldsupplytheneedsofadistrictwithsmall
fishrequirementsIffossilfuelsareusedthesizeofthe
pondthatcanbeheatedislimitedduetotheincreasing
operatingcostswithincreasingpondsizeTheuseoffossil
fuelsisalsolimitedbytheireverincreasingcostandlimited
supply

Thissystemcanbeusedonalargerscaleifaheatsource
otherthanfossilfuelsisusedItrequiresbeinglocated
adjacenttoanindustrialsitewhichusescoolingpondsor
awarmwaterdischargeinitsoperationWithinmostCali
forniadistrictssuchplantsorindustrialfacilitiesexistsuch
ascanneriesotherfoodproductionplantsandpowercom
panieswhichhavenotswitchedtoacoolingtowersystem
Arrangementsarebeingmadetoinstallthissystemwithin
theEastsideMosquitoAbatementDistrictinconjunction
withacoolingpondatanOakdalefoodmanufacturing
plantAdiagramofthesystemispresentedinFigure4
Variousmodificationscanbemadetoattainthedesired
temperaturerangerequiredforvariousfishoraquatic
speciesandforvaryingponddimensionsThecostofin
stallingalargesystemisofcoursemorecostlythana
smalleronebutoperationalcostsareminimalbecauseitis
usinghotwaterasaheatsourcewhichwasoriginallyheated
bysomeindustrialprocessThereforeanimalsarebeing
rearedataprivatecompanysenergyexpense

Thesystemoperatesbypassingheatedwaterfromthe
coolingpondthroughanelaboratenetworkofefficient
heatexchangerssuchasdescribedabovewhichinturn
transferstheheattothepondwaterOneofthemain
advantagesofthissystembesidesthelowoperationalcosts
isthatthewaterqualityofthecoolingpondisunimportant
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Figure3Photographofaheatpumpcollectorshowing
theshortpiecesofwiresolderedatintervalsalongthe
coppertubingtoincreaseheatcollection

becausethiswaterisbeingcirculatedwithinanenclosed
systemandnevercontactsthecultureenvironmentHow

everifthewaterisofacorrosivenatureitcancauseprob
lemswiththeheatexchangersystemAnotheradvantageis
thatonlyelectricalpowertodrivethepumpsisbeingused
andadependencyuponfossilfuelsiseliminatedThe
systemisalmostlimitlessprovidedlargecoolingpondscan
befoundandarrangementsmadetousethemSuchlarge
coolingpondsusuallyhavewaterinsufficientquantities
andhightemperaturestosupplyheatedculturepondsof
between30000to100000gallonsincapacity

Thissystemcanalsobebackedupwithasolarorheat
pumpsystemwhichcouldbeusefultomaintaindesired
temperaturesduringextremelycoldweatherorotherad
verseconditionssuchastimesofhighwindsWindsarea
primefactorastheyincreaseheatlossatthewatersurface
andeffortsshouldbemadetoplacethepondsinashelt
eredaspectifatallpossible
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PILOTPROJECTFORTHEINTENSIVECULTUREOF

GAMBUSIAAFFINISBAIRDANDGIRARD

PARTIV THREEYEAREVALUATIONOFOPERATIONANDPRODUCTIONEFFICIENCIES

GaryTReynolds

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702

INTRODUCTIONThispaperpresentsthesummation
ofathreeyearpilotprojectfortheintensivecultureofthe
mosquitofishGambusiaafinisBairdandGirardAdes
criptionofthespecializedfacilityandoperationalmethods
werereportedinChalletandRohe1974Challetetal
1974andReynolds1975

Updatedfishproductionandcostestimatedataarein
cludedImprovementstothefacilityaresuggestedtoin
creaseproductionandefficiencyInadditionmodification
ofthissystemtomeettheneedsofagenciesrequiring
smallerproductionlevelsorlowercostsisdiscussed

Thepilotprojectbeganin1973attheOrangeCounty
VectorControlDistrictthenknownastheOrangeCounty
MosquitoAbatementDistrictOurprimaryobjectivewasto
produceandholdlargenumbersofGambusiaforearly
springstockingoftemporaryandpermanentsourcesMaxi
mumproductionoffryinourheatedpondsisrequireddur
ingwinterwhenlittleornoGambusiabreedingoccursin
Localnaturalponds

METHOD OF OPERATIONThe techniquesfor
collectingsortingrearingandweighingmosquitofishwere
comparableduringthethreeyearprogramAdultGambusia
werecollectedfromgolfcoursepondslakesandourown
DistrictholdingpondsGravidfemalesweresortedbyhand
andplacedinculturecageswith32mmsquare8x8
meshfiberglassscreenAsGambusiafrywerebornthey
passedthroughthescreenintoapondareavoidoflarge
mosquitofish

Fryweremovedfromtheculturecagesectiontoa
rearingsectionbiweeklyexceptin1974whenfrywere
movedweeklyThenfemalesthathaddroppedtheiryoung
werecountedandreplacedwithgravidfemalesWhenfry
werefourtosixweeksoldtheywereharvestedweighed
andcountedbythescalemethodLeitritz1959

GambusiafryandadultfishwerefedPurinaTrout
ChowNo1at3percentoftheirbodyweightasadietary
supplement

Pondwaterwascirculatedfilteredandheatedto24
27Inadditionaphotoperiodoffifteenhourswasmain
tainedbyusingoverheadincandescentlight

RESULTSANDDISCUSSIONGambusiaFryProduc
tion Yearlyfryproductionshowedasteadyincreasefrom
25826in1973to38720in1974and43064in1975
Figure1

Fryproductionin1973waslowUseofculturecages
andrecordsofGambusiafryproductiondidnotbeginuntil
May141973In1974and1975fryproductionrecords
beganonJanuary1Gambusiaproductionrecordfor1975
isfoundinTable1

Onamonthlybasisthegreatestnumberoffrywerehar
vestedduringAugustof1973andJulyof1974and1975
Howeversincethetimeforharvestingandweighingfrylags
twotosixweeksbehindtheactualproductionperiod
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greaterfryproductionactuallyoccurredinJulyof1973
andJuneof1974and1975Anotherstudyalsoindicatesa
largerbroodsizeforGambusiainJulythanAugustWuet
al1974

Asexpectedfewerfrywereobservedduringthewinter
monthsfromOctobertoAprilFryproductionatourfacil
ityisreducedinthewinterbecausegravidGambusiafor
stockingourculturecagesarenotavailableinquantity
fromthefield

Theaveragenumberoffrysurvivingfrombirthtothe
timetheywereharvestedweighedandcountedtwotosix
weekswas107fryperfemalein1973and93fryperfe
malein1975In1974theaveragewas53fryperfemale
Thismayrelatetothefactthatin1974fryweremoved
fromtheculturecagesectiontoarearingsectionona
weeklybasisratherthanbiweeklyasin1973and1975

Average
GravidFemales TotalFryFryTotalWeightWeight

YearthatdroppedFryHarvestedFemale ofFry PerFry

19732419
19747293
19754648

SummaryofGambusiaFryProductionData

CostSummaryforGambusiaFryProduction

50ofTotal

OperationalCostsa

1973317950
1974310325
1975372023

25826
38720
43064

10728906g
5327007g
9326450g

011
007
006

FryProduction CostperFish

25826
38720
43064

012
008
009

aFiftypercentoffishrearingfacilityisused todirectlybreed
Gambusiafry

bCostsdonotincludecapitalcostof472518forpond con

structionwhichraisescostperfishto022for1973Costandfish
productiondatafor1973and1974werepublishedinChalletetal
1974andReynolds1975Costdatafor1975arefoundinTable2
ofthispaper

Basedonathreeyearaverage1973 1975333433
wasspenttoproduce35870fishcosting009perfish

CONCLUSIONEvidenceofGambusiafryproduction
throughouttheyearbyartificalmeanshasbeenestablished
Theoutdoorfishrearingfacilityoperatedwellduringthe
projectandhasmettheauthorsexpectationsintermsof
functionreliabilityandadaptabilityforvariousprojects
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Table2Operationalcostestimatefor1975

AUtilitycostsfromJanuary1December311975

Utility UnitsUsed Cost

Gas 3798ThermalUnits 45965

Electricity 7888KilowattHours 29976
Watera 0413AcreFeet 705

Total 76646

BWageandbenefitexpensesforfisheriesbiologistb651000
CWatersofteningtankrefills24ea 10800

DPurinaTroutChow150lbs 3200

ESandforfilter3sacks 1100
FMuriaticacid3gals 300

GLogwoodoil2gals 1000

Totaloperationalcosts 744046

aOurwaterisfrom awellonDistrictpropertyAmorerealistic
costofwaterfromGardenGroveWaterDepartmentwouldbe
3670

bSalaryforfisheriesbiologist wasdeterminedbypercentof
actualtimespentonthisproject50

4

3

1

4

3

2

1

JAN FEB MAR APR MAY JUN

Figure1Gambusiafryproductionrecord197375

Inordertoachieveourobjectiveafryproductionrate
of50percentoftheDistrictstotalstockingprogramwas
desiredTheyearlytotalofGambusiastockedfrom1973
to 1975averaged200234Theaveragenumberof
Gambusiafryproducedannuallyatourfishrearingfacility
duringthissameperiodwas35870Thereforethefacility
providedonly18percentofthefishusedinourGambusia
stockingprogramIntermsoffryproductionthefacility
didnotproducethedesired50percentlevelHoweverour
heatedpondsheldlargenumbersofGambusiaduringthe
winterforearlyspringstocking

Thefacilitymadeasignificantcontributiontoourover
allmosquitobiologicalcontrolprogramItprovidedalarge
numberofreadilyaccessiblehealthyfishtostockinsmall
sourcessuchasfishpondsornamentalpondsportablecir
cularpoolsandswimmingpoolsActuallyifweconsider
onlysmallsourcestheDistrictstockedayearlyaverageof
37446Gambusiafrom1973to1975Thusthefacility
producedsufficientfishtostock96percentofthose
sourcesIfwecomparethiswithayearlyaverageof
162788Gambusiastockedinlargesourcesthefacilitypro
videdonly22percentofthefishrequiredinthosesources
ThismaybeimportantsinceurbanizationinOrange
Countyhasreducedthenumberoflargesourceswhilein
creasingthequantityofsmallsources
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AmajorproblemmGambusiafryproductionisen
counteredduringthewintermonthsThereisalackof
gravidfemalesfromthefieldtostockourculturecages
Thisisreflectedbyour1973to1975datashowingonly
37percentoftotalfryproductionoccuringfromOctober
thruAprilFigure1Ourheatedpondsprovidesome
gravidfemalesduringwinterbuttheexpenseofheating
largerpondstosupplyadequategravidfemaleswouldbe
prohibitiveSolarheatingmaysolvethisprobleminthe
nearfutureInvestigationinthisareaisbeingconductedby
Johnson1976Lowcostsolarheatingwouldallowusto
heatlargepondsnotonlytoprovidemoregravidfemales
butforholdingthousandsofGambusiaforearlyspring
stocking

AdditionalprojectsunderinvestigationattheOrange
CountyVectorControlDistrictwhichareintendedtore
ducecostandincreaseGambusiaproductioninclude
theuseofshallowsoilbottompondsusingwarmwater
frompowerorsewagetreatmentplantsnaturalsunlight
comparedtovarioustypesandintensitiesofartificiallight
andlowcostvinyllinedholdingpondsInadditionsince
laborisamajorcostasortingdeviceforgravidfemalesis
beingstudiedThispilotprojectwillbeusedtodetermine
thefeasibilityofapermanentfacilityCommentswillbe
directedtowardthistopicaswellasmodificationofthis
facilityfordistrictsrequiringfewermosquitofishorlower
operationalcosts

Apermanentfacilitycanbejustifiedbyusingsolarheat
asortingdeviceforgravidfemalesandlowcostholding
pondsAsingleconcreteraceway50x4x2isrecom
mendedforlowoperatingcostandharvestingefficiency
Thiswouldbeusedasabreedingpondwithatleasttencul
tureorbreedingcagesmathirtyfootsectionwithasepar
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atetwentyfootsectionforrearingfryuntiltimeofharvest
ingandweighingCircularportablepoolscanbesubstituted
fortheconcreteracewayandwoodenbreedingtraysused
insteadofculturecagesJohnson1976Howeveraseries
oflongshallowpondsarerecommendedforrearingfryand
holdinglargenumbersofGambusiatoearlyspringstocking
ThiswillfacilitateeasyremovalofGambusiabyseiningas
wellasloweringheatingcostsAnalgacidemayberequired
tokeepthesepondsfreeofalgaeortomaintainthedesired
levelofplankton
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AQUACULTURALSTUDIESOFMOSQUITOFISHGAMBUSIAAFFINISINEARTHEN

IMPOUNDMENTSSTOCKINGRATEOPTIMIZATIONFORYIELDPROTECTIONOF

OVERWINTERINGFISHSTOCKS

RobertLCoykendall

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95991

Amosquitofishstockingrateof50lbsperacreinfractionalacre
agepondsresultedinthehighestmeanyieldandthemostefficient
useoffeedandfertilizerunderthegivenconditionsofthissummer
fieldstudyAdditionallythemeandailygrowthrateapproached
1 whileafoodconversionratioof188wasachievedwiththis
stockingrateAstockingrateof25lbsoffishperacreprovidedthe
highestgrowthrate10perdaybutmeanfishdensitieswere
lowerthanthoseattainedwiththe50lbsperacrestockingrate
Stockingratesof75lbsperacreresultedinlessgrowthandsigns
ofexcessivehabitatexploitationwereapparent

INTRODUCTIONContinuingfieldexperimentationis
beingconductedregardingthemasscultureofmosquito
fishGambusiaaffinisinoutdoorearthernimpoundments
attheSutterYubaMosquitoAbatementDistrictTheDis
tricthopestoeventuallyrearthemajorityoffishneeded
forourbiologicalcontrolprogram

In1975andearly1976twostudieswerecompleted
whichhaveenabledtheDistricttobettermanageitsmos
quitofishstocksThefirstexperimentwasdesignedtopro
videinformationconcerningoptimalstockingratesforsum
merfishproductionThesedatawouldallowtheDistrictto
maximizesummerfishyieldswiththeleastamountof
initiallystockedfishThesecondexperimentwasdesigned
torevealinformationpertainingtothedeleteriouseffects
migratoryandresidentbirdpopulationshaduponourover
winteringmosquitofishInadditiondatafromthisstudy
couldbeusedtocomparetheeffectivenessofcertaintypes
ofphysicalbarrierstobirdincursion

MATERIALSANDMETHODSStockingrateproduc
tionstudyThreestockingrateswereselectedforthisex
perimentthesewere2550and75poundsofadultmos
quitofishperpondsurfaceacreNinepondswereutilized
thuseachofthethreetreatmentswastwicereplicatedAll
pondswereofasimilarconstructionalthoughtheir
measurementsdifferedsomewhatPondconfigurationwas
rectangularwithwestwardlyincreasedwaterdepthsAcen
traldrainagechannelwasexcavatedaswasapitatthewest
terminusofeachpondtofacilitatefishharvestactivities
Ontheaverageeachpondwas301feetinlength63feet
inwidth17feetindepthandencompassed043surface
acres

Allpondsreceivedwaterfromacommonwellandtheir
respectivelevelsweremaintainedassimilaraspossible
Meanpondvolumewas074AftGranularfertilizer16
200NPKwasappliedtothepondsataninitial100
poundsperacreratefollowedbyperiodic50poundper
acreapplicationswheneverSecchidiskturbiditymeasure
mentsexceeded15feetTheuseofthisfertilizerencour
agedthegrowthofplanktonwhichwastoserveasfoodand
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Inthefollowingwinterfishpopulationsinpondshavingbirdex
clusorybarriersconstructedofplasticnettingintheformoffencing
andoverheadcovershadaspringsurvivalrateof25276ofall
recoveredfishPondshavingonlynettingfencesprovideda78
survivalratewhileunprotectedcontrolpondshadonlya01
survivalrateBirdcountswereconductedthroughoutthewinterand
incursionbybirdswasconcludedtobedeleterioustooverwintering
mosquitofishstocksPracticalrecommendationsforsummerand
winterfishcultureandprotectionareprovided

protectivecoverforthefishThefishwerefeddailyhow
everthequantityoffoodappliedateachfeedingvaried
withrespecttowatertemperatureandthefishbiomassin
anindividualpondThisrationrangedbetweenfiveandten
percentofthecurrentbiomassSampleseiningsofthree
pondseachrepresentingadifferentstockingratewere
conductedmonthlytodeterminethebiomasspresent
throughthegrowingseason

Undesirableaquaticvegetationwascontrolledthrough
theuseofsimazine80 wettableatadosagerateof
threepartspermillionThismaterialpromotedsubsequent
phytoplanktonbloomsaftereachdieofftherebycontri
butingtotheproliferationofplanktonTheperiodofthis
studywas2May31October1975

Birdexclusionstudy Threelevelsofexclusoryprotec
tionasprovidedbythevarieduseofConwedPlasticBird
Nettingsuppliedin14x5000rolls3ax1116mesh
weretestedinthiswinterexperimentThesamenineponds
oftheprecedingstudywereusedinthisstudytherefore
thebasicphysicalparametersofthepondswereessentially
unchanged

Intermsofexperimentaldesignthreepondscontrols
didntreceiveanyexclusorynettingstructureswhilethree
otherslowprotectiontreatmentshadnetfencinginstalled
paralleltotheshorelineata47footheightTheremaining
threepondshighprotectiontreatmentshadinaddition
totheaforementionedfencesemployedinthelowprotec
tiontreatmenthorizontaloverheadnetbarriersstretched
perpendiculartothelengthofeachpondineightevenly
spaced14footwiderowsThustheexperimentconsisted
ofacontrolandtwoexperimentalvariablestwicereplicat
edActuallayoutoftheexperimentprovidedthatnotwo
similarlytreatedpondsweresituatedadjacenttoeach
other

Thequantityoffishinitiallystockedinthissecond
studydifferedfrompondtopondasthefishharvestedin
theprecedingexperimentweresimplyweighedand
restockedintotheindividualpondsfromwhichtheyhad
beenharvestedSupplementalfeedingwasconductedona



fairlyregularschedulewhichwascontrolledprimarilyby
prevailingweatherconditionsonagivendayTheactual
quantityoffoodappliedatanyfeedingcorrespondedto
thefishbiomassandwatertemperaturethisusually
amountedtobetweenoneandfourpercentoftheestimat
edfishbiomassBirdcountswereconductedregularlyand
allwaterfowlandshorebirdssitedinornearagivenpond
wererecordedThisexperimentwasconductedfrom10
Decemberto6May1976

RESULTSANDDISCUSSIONStockingrateproduc
tionstudyTheresultsoftheperiodicsampleseiningsare
chartedinFigure1Themajorresultsofthisexperiment
arepresentedinTable1

Asatreatmentvariabletheintermediatestockingrate
50lbsAprovidedthehighestmeanyieldwithrespectto
surfaceareaandvolumeandthebestutilizationoffood
andfertilizerForthesereasonsitwasselectedastheopti
mumstockingrateofthosetestedThelowstockingrate
25lbsAprovidedthebestgrowthbutmaximumdensi
tieswereapparentlynotattainedbecausefoodnutrients
andhabitablespacewereincompletelyexploitedbythefish
populationscomprisingthistreatmentConverselythehigh
stockingrate75lbsAresultedinsignsofexcessiveex
ploitationasnutrientconversionsandgrowthwereappar
entlyimpededUndertheculturalconditionsimposedin
thisexperimenttheoptimumstockingratewouldmost
likelybeplacedsomewherebetweenthelowandintermedi
ateratesOtherindirectdatanotpresentedsuggestthatin
termsofpracticalmanagementthefollowingrecommenda
tionscouldbeforwarded

1Provideatleastasixmonthsummergrowthperiod
2Predatorsandcompetitorssuchasbullfrogstheirtad

polesandbirdsshouldbeexcludedfromthesummer
culturesitesTheAugustdeclineintheseinedbiomass
representingthehighstockingrateFig1wasmost
likelytheresultofthetremendousnumbersoftadpoles
inthatpondwhichcompetedwiththefishforavailable
foodandhabitat
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Figure1PeriodicsamplingofGambusiaaffinisinthree
pondswhereeachimpoundmentrepresentedadifferentex
perimentalstockingrate
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Table1Resultsofstockingrateproductionstudy
groupedbyexperimentaltreatmentmeanvaluesMay
throughOctober1975

Evaluation

Criteria

NetFishYield

lbsharvested 2004

NetFishYieldArea
lbsA 4314

FinalFishDensity
lbsAft 2191

FoodConversion

lbsfoodlbsfish 213

FertilizerConversion

lbsfertlbsfish 083

GrowthFactorK
increaseday 107

aWeightedwithrespecttodifferencesinindividualpondconfig
uration

Table2Resultsofbirdexclusionstudygroupedby

experimentaltreatmentmeansDecember1975toMay
1976

Evaluation Treatment

Criteria

FishYieldlbs

PercentageYield
bytreatment

OverallSurvival

Table3Birdobservationdatacompiledandgrouped
byprotectionmethod

BirdSpecies
Enumerated

Americanbittern 4

Botauruslentiginosus
Americancoot 618

Fulicaamericana
Ducks 145

Anseriformes
Piedbilledgrebe 5

Podilymbuspodiceps
Herons2species 3

Ardeaherodias
Butoridesvirescens

TotalSitings 775

25r

Control

Ponds

StockingRatelbsA

50

1932

4673

3015

188

075

098

75

1874

4386

2753

236

080

088

ControlLowProtectionHighProtection

02 167 534

02 238 760

01 78 252

ActualNumberofSitings

Low

Protection

Ponds

4

138

133

4

0

High
Protection

Ponds

5

339

50

0

279 394

3Filamentousalgaeemergentgrassesandfloatingaquatic
plantsshouldbeadequatelycontrolledhowevermost
planktonicalgalformsshouldbeencouraged

4Muskratssquirrelsandotherburrowingrodentsshould
beexcludedbecausetheycausemuchdamagetopond



leveesandroadwaysCrayfishhavebeenusefulinthe
controlofnoxiousweedsandtheirburrowinghasnt
harmedleveesorroadways

BirdexclusionstudyTheresultsofthisexperimentare
presentedinTable2Table3providesacompilationofbird
observationdata

Datecollectedinthislatterexperimentstronglysuggest
thatbirdswerethecauseofpooroverwintersurvivalat
leastduringthisparticularwinterseasonTherewasprac
ticallynofishsurvivalintheunprotectedcontrols01
survivalwhereasperimeterfencingofthelowprotection
treatmentprovidedasmallmeasureofexclusoryprotection
78survivalHoweverthebestsurvival255 occur
redinthehighprotectiontreatmentpondswhichhadboth
perimeterfencesandoverheadrowsofnettingOver76
ofallfishrecoveredinthespringwereseinedfromthose
pondsreceivingthishighestlevelofprotectionUnfortun
atelytheyielddataandbirdsitingcountsclearlyshowthat
allbirdswerentexcludedinthehighprotectiontreatment
Sinceopengapsexistedintheoverheadnettingstructures
itwasonlyashorttimebeforebirdslearnedthatthey
couldpenetratethosegapsInfactonepondrepresenting
thehighprotectiontreatmentwhosegreatwidthdidnt
lenditselftoaneffectivenettinginstallationhadveryhigh
birdcountsandpoorfishsurvivalHadthispondsbarriers
beenaseffectiveasthoseoftheothertwopondscompris
ingthistreatmenttherewouldprobablyhavebeenarough
inversecorrespondenceinbirdcountsversusfishsurvival

Itwasntpossiblewithinthescopeofthisexperimentto
concludewhatbirdspeciesorhowbirdsactuallycausedthe
reductioninfishbiomassPredatorssuchasAmerican
bitternsBotauruslentiginosuspiedbilledgrebesPodilym
buspodicepsgreatblueheronsArdeaherodiasandgreen
heronsButoridesvirescenswerealwaysdifficulttoobserve
andasapossibilityconsumedlargenumbersoffishdespite
ourharrassmentactivitiesAnotherpossiblefactorwasthat
birdsandfishcompetedforsubmergedvegetationandcon
tinualgrazingbyAmericancootsFulicaamericanaand
ducksAnseriforniesmayhavereducedvegetativeshelter
tothedegreethatthehabitatwaslessabletosupportthe
fishandthereducedvegetationaidedpredatorsAthirdpo
tentialfactorwasthattheremayhavebeenareductionin
metabolicreservesinthefishbroughtaboutbythecontin
ualdisturbancescausedbythelargenumberofgrazing
birdsswimmingabouteachpondThispotentiallossofre
servesmayhaveweakenedthefishsotheymayhavebeen
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easierpreyandmoresusceptibletodiseaseandparasitic
infestationsEachoftheaforementionedfactorsmayhave
beenoperativeandthecombinationofthemmayhave
beenveryinfluentialwithrespecttofishsurvival

Afterconsideringobservationsandresultsofthisex
perimentthefollowingrecommendationscanbeadvanced

1Allfuturepondconstructionandormodificationinthis
localeshouldfacilitatetheinstallationofnettingbarriers
todeterbirdincursion

aNarrowpondslessthan30inwidtharemucheasier
toscreenthanpondshavingagreaterwidth

bPonddepthshouldideallybefivefeetorgreaterbe
causecertainemergentweedspecieswillbeinhibited
indeeperwatersDeeperpondsalsooffergreater
overwintertemperaturestabilitywhichmayprovidea
betterhabitatforthefish

2Evenifnettingbarriersareemployedsomesupplement
albirdharassmentwillprobablybenecessary

3Thechoiceofaspecificnettingmaterialshouldbemade
onlyafterconsiderationofthefollowingcriteria
aPrevailingwindanddirectionatthepondsitenecessi

tatespropermaterialsandplacement
bPondconfigurationsshouldbesmalltofacilitatein

stallationofbarriernetting
cLeveeconstructionshouldbesuchthatthenetting

coverwillnotbeexcessivelyexposedtowind
dNettingmaterialselectedforponduseshouldhavea

hightolerancetoultravioletradiationItshouldalso
beselectedwithrespecttomeshsizewindvelocities
andtensilestrengthUsefullifespanandcostofthe
nettingwillprobablybethemostimportantfactors
tobeconsidered

4Nettinginstallationcriteria
aNettingrunsshouldbeasshortaspossibletomini

mizeloadingonfastenersguysandsupportanchors
bThenettingshouldcoverasmuchofthewatersur

faceasispracticable
cNettingshouldbeplacedasclosetothewatersurface

aspossibletoreducewindloadings
dSupportsystemsshouldbesecureandfreefromun

dueflexing
eNettingshouldbeinstalledwithremovalandstorage

easeinmind

fTerrestrialandemergentweedcontrolshouldbecon
ductedalongallnettedshorelinesasoncethevegeta
tiongrowsthroughthenettingitsremovalisvery
difficult



STOCKINGDATEVERSUSEFFICACYOFGAMBUSIAAFFINISIN

TheeffectofearlyApril2630middleMay1521andlate
June1418stockingofGambusiaaffinisBaird Girardinrice

fieldswasevaluatedThirtyfieldswerestockedwithGaffinisat
025poundperacreSixadditionalfieldswereselectedasexperi
mentalcontrolsBiweeklyfishtrappingandmosquitosampling

Manystudieshavebeenpublishedconcerningeffective
stockingratesofmosquitofishGambusiaaffinisBaird
GirardtoachievemosquitocontrolinricefieldsDavey
etal1974Hoy Reed1970Hoyetal1971Hoyetal
1972Howevertodatefewstudieshavebeenundertaken
todeterminetheoptimumstockingtimeformosquitofish
StockingdategenerallyvariesfromearlyMayHoy Reed

1971toearlyJulyintheSanJoaquinValleyNorland
Bowman1976Populationstudieshavebeencarriedout
withfishstockedatvariousperiodswithinthisrangebut
noattemptshavebeenmadetocorrelatetheresultsThe
presentstudyisdesignedtoevaluatetheeffectsofdifferent
stockingdatesontherateoffishpopulationincreaseand
subsequentmosquitocontrolandtodeterminewhether
calendardateorfieldagedayssinceseedingofriceisthe
mostimportantcriterion

MATERIALSANDMETHODSThirtyfieldswere
selectedtoreceivemosquitofishattherateofY4lboffish
peracreThisratehasbeenshowntogiveadequatecontrol
ofmosquitoesinFresnoCountyricefieldsespeciallywhen
combinedwithoccasionalchemicalcontrolHoyandReed
1970Thefieldsweredividedintothreegroupsof10each
groupbeingstockedatadifferenttimeearlyApril2630
middleMay1521andlateJune1418Table1lists
pertiientdataforeachgroupoffieldsThefieldswere
selectedsuchthattheearlystockingwas010daysafter
riceseedingthemiddlestockingwas1525daysafterseed
ingandthelatestockingwasmorethan30daysafterseed
ingSixadditionalfieldswereselectedasexperimentalcon
trols

FishwereobtainedfromnaturalpopulationsinFresno
WestsideKernandCoalingaHuronMosquitoAbatement
DistrictsourcesBatchesfromallthreesourcesweremixed

beforestockingSizeselectionwasaccomplishedbyseining
thefishfromholdingpondsusing316inchmeshseines
Fishwerenotsexedorcountedbutbaseduponourprevi
ousexperienceitispresumedthattheywerepredominantly
sexuallymaturefemalesat400600fishperpound

Fishpopulationsweremonitoredbiweeklyusing8mesh
minnowtrapsReedandBryant1974NorlandandBow
man1976setforapproximately24hoursAnopen
toppedscreenedboxwasplacedintheoutflowofeach
fieldinconjunctionwiththetrappingtodeterminethe
numberandsizecompositionoffishleavingthefieldEx
perimentalcontrolfieldsweretrappedinthesamewayto

FRESNOCOUNTYRICEFIELDS

DavidGFarleyandLeonardCYounce

FresnoWestsideMosquitoAbatementDistrict
PostOfficeBox125FirebaughCalifornia93622
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establishedcurvesforfishpopulationsandmosquitoprevalencein
thefieldsDataindicatethatthefieldagedaysafterseedingofrice
isamoreimportantconsiderationthancalendardateinfishstock
ingStockingfields15to25daysafterseedinggavethebestfish
populationgrowthandmosquitocontrol

checkforcontaminationbynaturalmosquitofishpopula
tionsAlltrappingwasinitiatedtwoweeksafterstocking
withtheexceptionoffiveofthefieldsinthethirdstocking
periodwhichwerefirsttrappedthreeweeksafterstocking
Onlymaturefemaleswereconsideredinthepopulation
curves

Larvalmosquitosamplingwasonabiweeklybasisand
wasconcurrentwiththefishtrappingSamplingwasdone
usingastandard475mldipperandahandconcentrator
Husbands1969Three10dipsamplesweretakenineach
fieldonesamplefromeachofthreepredesignatedareas
Larvaewerepreservedin50alcoholandcountedand
identifiedinthelab

Inourdistrict01CulextarsalisCoquillettperdipand
005AnophelesfreeborniAitkenperdiphavebeenconsid
eredhighenoughlarvalcountstowarrantpesticideapplica
tionGenerallystudyfieldsexhibitingthesecountswere
sprayedwithparathionExceptionsincludedexperimental
controlfieldsandfishfieldscontainingonlyfirstand
secondinstarlarvaeoronlyfourthinstarlarvaeandpupae
Theformerwerenotsprayedsincefisharebetterpredators
oflaterinstarlarvaeandthelatterwerenotsprayedsince
mostofthemosquitoeswouldhaveemergedbythetime
sprayingoccurredUnlessotherwisestatedallresultsof
mosquitolarvalsamplingareforCxtarsalis

RESULTSANDDISCUSSIONFishPopulations
MeanpopulationincreaseforGroupsIandIIwerenearly
equalforallsamplingperiodsseeTable1andFigure1
MeanpopulationgrowthforGroupIIIwasmorerapidthan
GroupIorIIconsideringdaysfromdateofstockinghow
everthetotalpopulationattheendofthestudyAugust
27neverreachedthesamemagnitudesinceGroupIIIwas
stocked7and4weeksafterGroupIandIIrespectively

Increasinglygoodfishproductioninlaterstockingsis
probablyduetoseveralfactorsCoverismuchimproved
laterintheseasonasthericeseedlingsemergeandbeginto
tillerMosquitofisharemucheasierpreyforpiscivorous
birdsbeforeseedlingemergenceFoodorganismsarealso
moreabundantasthericeseasonprogresses

Watertemperaturewouldseemtobeafactorforin
creasedreproductiveratesinlaterstockedfishHowever
studiesindicatethatmeanwatertemperaturesremainnear
lyconstantthroughouttheseasonMuchgreatertempera
turefluctuationoccursearlyintheseasonduetodirect



Table11976summaryofGambusiaaffinispopulationincreaseandCulextarsalisprevalence

Stocked

Days
Stocking Seeding After

Period Dates Seeding

April
2028

07

April
20

2 May 1525

April
19

3 May 3057

17

Experi April
mental 19

control May
26

Meanfish

pertrap

Sprayable 0

inspections

Meanfish

pertrap

Meanfish

pertrap

Meanfish

pertrap

1Maturefemalesonly
2Sprayableinspectionequals01perdipforCulextarsalis

Sprayable 0

inspections

Sprayable 20

inspections

0

Sprayable 0

inspections

1

May
1021

radiationbutaccordingtoJohnson1976temperature
fluctionisnotdetrimentaltomosquitofishTherefore
watertemperatureisnotlikelytohavecausedtheslower
growthrateoftheGroupIfish

Datafromoutflowtrappingindicatesthatthreetimesas
manymaturefemaleswereleavingtheGroupIfields2
weeksafterstockingascomparedwithGroupIIfieldsin
thesamerelativetimeperiodTheincreasedlossofearly
stockedfishislikelyduetothelackofcoverandfood
Lossofmaturefemalesfromtheoriginalstockcando
significantdamagetotheinitialreproductiverateofthe
populationIndeedfishstockedat316lbacreinagroup
offieldswithnodrainageoutletshowedamorerapidmean
populationbuildupthantheGroupIIIfieldsstockedthe
sameweek

MosquitoPopulationsTheproportionoffieldsineach
stockinggroupcontainingsprayableconcentrationsoflar
vae01larvaeperdipormoreareshowninFigure1The
ricefieldswithfishgenerallyhadapeakinCxtarsalispop
ulationsinmidtolateJunefollowedbyagradualdecline
tolowcountsthroughJulyandAugustGroupIIIfields
hadariseinCxtarsalisprevalenceinmidtolateAugust
whichisprobablyduetolowfishpopulations

ExperimentalcontrolfieldshadapeakforCxtarsalis
earlyinJuneandthendroppedduringperiods3and4
Naturalinvertebratepredatorswereabundantinthefields
atthistimeAsthenaturalinvertebratepredatorsde
clinedmosquitoprevalenceincreasedsteadilyuntilthe
endofthestudyFiveofthesixexperimentalcontrol
fieldsdevelopedlowmosquitofishpopulationslateinthe
seasonbuttheresultsoftheonefishlessfieldindicates
thatfishintheselowconcentrationshadlittleeffectonthe
mosquitopopulation
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2 3

May24 Je

Je4 718

4

Je21

Jy2

5

Jy
516

6

Jy19
20

7 8

Aug Aug
213 1621

71 31 29 83 423 936 1623 3440

20 70 30 10 10 0 0

37 29 154 345 1125 2034 3052

O 20 30 20 10 0 0

98 179 428 611 1062

O 30 40 10 10 10 30

O 0 01 0 05 31 63

50 17 20 33 50 67 83

VeryfewAnophelesfreebornilarvaewerefoundutiliz
ingthemethodsdescribedforthepresentstudyHowever
moreintensiveexaminationrevealedsprayablemorethan
005perdippopulationsofAnfreeborniineightofthe
studyfieldsduringlateJulyandearlySeptemberThese
findingsweremadeinfieldswithfishpopulationshigh
enoughtoproducegoodcontrolofCxtarsalisThisisan
indicationthatGaffinisproducesbettercontrolofCxtar
salisandAnfreeborniinFresnoCountyricefields

ThelargepeakinCxtarsalisprevalenceinGroupIfields
earlyinJunemaybeduetoseveralfactorsTheconcentra
tionoffishintheGroupIfieldswasthelowestduringper
iods2and3ArapidbuildupoffishintheGroupIfields
wasthelowestduringperiods2and3Arapidbuildupof
mosquitolarvaeatthistimecouldoverwhelmthedepressed
fishpopulationAlsoAhmedetal1970andHessand
Tarzwell1942haveshownthatthebulkofthedietofG
affinisconsistsofmicrocrustaceaandchironomidlarvae
andpupaewhenthesespeciesarefoundinabundanceOur
studyindicatesthatchironomidpopulationspeakedin
earlyJuneandcladoceranpopulationspeakedinmidJune
Thusthefishmayhavebeenfeedingonmorepreferred or

ganismsatthetimeofthemosquitobuildupInaddition
wehavefoundthatearlystockedfieldshavesignificantly
reducednotonectidpopulationsThisreductionofanim
portantpredatormayaccountinpartforthemosquitopre
valenceinGroupIIfieldsinmidJuneSimilarmosquito
prevalencecurveswerefoundin1974Reedunpublished
data

GroupIIfieldsdemonstratedthebestmosquitocontrol
ofthe3groupstestedFishpopulationgrowthinGroupII
wasnearlyidenticaltothatofGroupIeventhoughGroup
Ifieldswerestocked5to15daysearlierSincethemost
probablereasonsforthedepressedpopulationgrowthin
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GroupIwaslackoffoodandcoveritappearsthattheage
ofthefieldisthemostimportantaspecttoconsiderwhen
stockingfieldswhichhavedrainageoutletsTheoptimum
stockingtimeappearstobe15to30daysafterseedingand
preferablybeforeJune15
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ABSTRACT

TheeffectsofGambusiaaffinisBairdandGirardintroduction
onselectednontargetorganismswasstudiedThirtyricefieldswere
stockedwithGaffinisat025lbacreSixadditionalfieldswere
selectedasexperimentalcontrolsNontargetsweresampledbiweek
lyBackswimmerdamselflyanddragonflypopulationsweresignifi

INTRODUCTIONTherehasbeenaninterestintheuse

ofmosquitofishGambusiaaffinisBairdandGirardfor
mosquitocontrolsincetheturnofthecenturyinthe
UnitedStatesFormanyyearsmosquitofishhavebeen
introducedandutilizedthroughouttheworldManyofthe
earlyworkerspublishedaccountsofthesuccessofmosqui
tofishincontrollingmosquitolarvaehowevernotuntil
HessandTarzwell1942publishedtheirtreatiseonthe
feedinghabitsofGaffiniswerethepotentialeffectsofthe
fishonnontargetinvertebratesknown

Sincethattimemanystudiesontherealorpotential
effectsofmosquitofishoninvertebrategroupsinricefields
andotherhabitatshavebeenpublishedAhmedetal1970
BayandAnderson1966Hurlbertetal1972Reedand
Hoy1970WashinoandHokama1967Allofthestudies
dealeitherwithgutsamplesfromthefishorinvertebrate
samplesfromfieldsstockedwithfishThepresentpaperis
areportofaquaticinvertebratesamplinginalargenumber
offieldsstockedwithGambusiaBystudyingmeanpopula
tioncurvesforinvertebratesinmanyfieldsmorereliable
resultsontheeffectsofmosquitofishmightbeobtained

MATERIALSANDMETHODSThirtyfieldswere
selectedtoreceiveunsortedmosquitofishat025poundof
fishperacreThefieldsweredividedintothreegroupsof
teneachgroupbeingstockedatadifferentdateduringthe
seasonGroupIApril2630GroupIIMay1521and
GroupIIIJune1418Sixadditionalfieldswereselected
asexperimentalcontrolsThesewerenotstockedwithfish
ortreatedwithpublichealthpesticidesduringthecourseof
thestudy

Fishpopulationsweremonitoredbiweeldyusing8mesh
minnowtrapssetforapproximately24hoursReedand
Bryant1974NorlandandBowman1976Countsof
selectedaquaticinsectgroupsinthetrapswerealsorecord
edInadditionconcurrentbiweeklyaquaticsampleswere
takenusingastandard475mldipperandahandconcen
tratorHusbands1969Tendipsamplesweretakenin
threedifferentpartsofthefieldgivingatotalof30dipsper
fieldThesampleswerepreservedinalcoholandidentified
inthelab

Generalinvertebrategroupswereselectedforstudy
ratherthanindividualspeciesThismadetheidentifications
oflargenumbersofsampleslesstimeconsumingThe
groupsselectedweredragonflysdamselflysmayflyschi
ronomidscladoceranscopepodsnotonectidsbelostomids
dytiscidlarvaeandadultshydrophilidbeetlelarvaeand
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cantlyreducedinthepresenceofGaffinisHydrophilidadultschi
ronomidscorixidsandmayflyshadlowerpopulationmeansin
thepresenceofGaffinisbutnotsignificantlydifferentatthe
05levelHydrophilidlarvaebelostomidsanddytiscidlarvaeand
adultpopulationswerenotaffectedbythepresenceoffish

adultsandcorixidsCorrelatingtheresultsofconcurrent
dippingandtrappingofinvertebratesgaveanindicationof
theabundanceofeachinvertebrategroupinthefield

RESULTSANDDISCUSSIONPopulationtrendsof
eachinvertebrategroupbasedonstockingandsampling
periodsareshowninFigures1 11Theverticallines

indicaterangeandthebisectinglinesindicatemeanpopula
tionlevelNumbersappearingabovetheverticalpopulation
rangelinesindicatethenumberoffieldssampledExpand
edareasindicatetwicethestandarderrorofthemeanon

eachsideofthemeanNonoverlapoftheexpandedareas
indicatessignificantdifferenceatthe95confidencelevel

Generallythegreatestmeanpopulationdifferencesfor
anysamplingperiodwerebetweentheGroupIfieldsand
theexperimentalcontrolsInvertebratepopulationmeans
forGroupIIandIIIfieldsusuallyrangedbetweenthe
GroupIandexperimentalcontrolfields

ThepopulationmeansforthenotonectidsFigure1in
theexperimentalcontrolfieldsweregenerallyhigherthan
thoseinthestockedfieldsandweresignificantlyhigher
05thantheGroupIandIIfieldsduringperiods5and6
Gambusiaappearstobedirectlyresponsibleforthedropin
notonectidpopulationsasseenbythehigherpopulation
meansintheexperimentalcontrolsandlaterstockedfields
HessandTarzwell1942indicatethathemipteransare
activelyselectedasfoodbasedonforageratiosHowever
theydonotindicatewhichhemipteranswerestudied

ThepopulationmeansfordamselflynaiadsFigure2
demonstratedapatternsimilartothatofthenotonectids
Populationmeansinexperimentalcontrolfieldswerehigh
erthananyofthefishfieldsduringperiods12and5
andsignificantlyhigher05duringperiods67and8
ReedandHoy1970foundsignificantreductionsinpad
diesstockedat1000fishperacreapprox125lbbut
foundnosuchreductionsinpaddiesstockedat200fishper
acreapprox025ib

DragonflynaiadpopulationsFigure3werenearly
equalinGroupIandexperimentalcontrolfieldsduringper
iods1and2butperiod3broughtanexplosionofnaiads
inthestockedfieldsMeannaiadpopulationswerenearly
equalinallfieldsduringperiods45and6Population
meansinexperimentalcontrolfieldsweresignificantly
higherthanGroupIfieldsduringperiods7and8
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PopulationmeansforhydrophilidbeetleadultsFigure
4weregenerallyhigherintheexperimentalcontrolsthan
inGroupIfieldsandsignificantlyhigher05duringper
iods3and4Theseresultsdonotcorrelatewiththeresults

forhydrophilidlarvaewhichhadnearlyequalpopulation
meansinallfieldsNinetypercentofthehydrophilidlarvae
andadultswereTropisternuslateralisReedandHoy
1970foundthathydrophilidlarvaewerenotsignificantly
reducedat200fishperacreAhmedetal1970and
WashinoandHokama1967reportedaverylowincidence
ofGambusiapredationofhydrophilidlarvaebasedongut
samplesWeareunabletoexplaintheelevatedmeansfor
theadulthydrophilidsintheexperimentalcontrolsmidway
throughtheseason

ChironomidlarvaepopulationmeansFigure5inthe
experimentalcontrolfieldsweregenerallyhigherthanpop
ulationsintheGroupIfieldsbutneverreachedstatistical
significanceTheseresultsareconsistentwithresultsob
tainedbyBayandAnderson1966andReedandHoy
1970Thislackofreductionoccursinspiteofindications
thatfishstomachscontainlargenumberofchironomidlar
vaeandpupaeAhmedetal1970andWashinoand
Hokama1967HessandTarzwell1942indicatethat
thoughGambusiaconsumeslargenumbersofchironomids
theforageratiosarelowThismeansthatthefisheatrela
tivelylargequantitiesofchironomidsonlybecauselarge
quantitiesareavailable

GenerallycorixidsFigure6andmayflynymphsFig
ure7alsohadhigherpopulationmeansinexperimental
controlsthaninGroupIfieldshowevernoneshowed
statisticalsignificanceAhmedetal1970foundsmall
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numbersofmayflysandcorixidsinmosquitofishgut
samplesandWashinoandHokama1967alsoreportsmall
numbersofcorixidsingutsamplesReedandHoy1970
foundslightlyhighermeansinmayflypopulationsin
paddiescontaining200fishperacreandsignificantlyhigher
05levelinpaddiescontaining1000fishperacre

HydrophilidlarvaeFigure8belostomidsFigure9
anddytiscidlarvaeFigure10andadultsFigure11
showednoconsistentdifferenceinpopulationmeansin
stockedandnonstockedfieldsThisindicatesthatfishhave

littleeffectontheseorganismsAhmedetal1970and
WashinoandHokama1967supportthisconclusionbased
onverylownumbersofthesegroupsfoundinmosquitofish
gutsamplesReedandHoy1970foundsignificantreduc
tionofhydrophilidlarvaeinpaddiesstockedwith1000fish
peracrebutnotat200fishperacreBelostomidsanddytis
cidsarenotmentionedintheirpaper

Cladoceransandcopepodswerenotpreciselycounted
duringthestudyduetotheirtremendousnumbersinmany
ofthesamplesInsteadtheirnumberswereestimatedand
assignedsymbols for1to10persample for10

to100persampleand fornumbersgreaterthan100
Nodefiniteconclusionscanbedrawnfromsuchdatabut
indicationsarethatcladoceranswerecollectedinnearly
equalnumbersinbothstockedandnonstockedfieldsdur
ingperiods1through5Howeverduringperiods67and
8cladoceranswerepickedupontheorderof010per10
dipsampleinthefishfieldsand10100per10dipsample
intheexperimentalcontrolsItappearsthatGambusiado
indeedreducecladoceranpopulationsThisassumptionis
supportedbyworkdonebymostoftheauthorscited
aboveCopepodsontheotherhandwereseldomfoundin



eitherstockedornonstockedfieldsafterperiod3Nocon
clusionscanbedrawnfromthedatacollected

InsummaryGambusiademonstratedsignificantdeleter
iouseffectsonnotonectiddamselflyanddragonflypopula
tionsinthelatterpartoftheseasonPopulationmeans
werelowerforhydrophilidadultschironomidscorixids
andmayflysinfieldsstockedwithfishbuttherewasno
statisticaldifferenceatthe05levelHydrophilidlarvae
belostomidsanddytiscidlarvaeandadultshadnearlyequal
populationmeansinbothstockedfieldsandexperimental
controlsindicatinglittleeffectontheseorganismscaused
bytheintroductionofGaffinisCopepodsandcladocerans
werenotcountedpreciselyenoughforstatisticalinference
butitappearsthatcladoceranpopulationmeansarelower
inthepresenceoffishCopepodpopulationsweresolow
inallfieldsafterperiod3thattheycouldnotbecompared

Ingeneralpopulationmeansofallaffectedinvertebrate
groupswerelowestinGroupIfieldsandhighestintheex
perimentalcontrolsThemeansforGroupIIandIIIfields
rangedbetweenthetwowithGroupIIfieldshavingalower
meanthanGroupIIIThesedataindicateadirectcorrela
tionbetweencomparativepopulationlevelsofsusceptible
invertebrategroupsaspreyorothercauseandthepost
stockingtimeofGaffinisduringthesummermonths
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ADAPTATIONSOFTILAPIATOCULEXANDCHIRONOMIDMIDGE

ECOSYSTEMSINSOUTHCALIFORNIA

EFLegnerandFWPelsue

Priortothe1970sthreespeciesofAfricancichlidsTila
piahornorumTrewazasTmossambicaPetersandTzillii
Gervaishadexistedinisolatedcoloniesincentraland
southCaliforniawheretheywerevariouslystudiedfor
weedandchironomidmidgecontrolMostofthecolonies
diedoutinthenorthduetolowwintertemperaturesbut
mixedpopulationsofThornorumandTmossambicaper
sistedinthecomparativelywarmerwatersoftheColorado
DesertinImperialandRiversideCountiesIn1970the
SoutheastandOrangeCountyMosquitoAbatementDis
trictsreceivedpermitsfromtheCaliforniaDepartmentof
FishandGametosecurenewculturesofallthreespecies
ofTilapiafromtheUniversityofArizonaTucsonThese
cultureswereplacedinquarantineattheUniversityofCali
forniaRiversidewheretheiridentitywasverifiedby
officialsoftheCaliforniaDepartmentofFishandGame
Thenewacquisitionswerestimulatedalsobyageneralin
creaseinmagnitudeoftheaquaticweedproblemintheirri
gationsystemofthelowerdesertswhichwasbecominga
formidableobstacletotheeffectivedeliveryofwaterto
agricultureFigure1Accumulationsofdeadweedsinthe
systemprovidedfavorablehabitatsforCulextarsalisbreed
ingFigure2

ThefirstreportedplantsofTzilliiintheColorado
Desertareasweremadein1971atsitesintheImperial
ValleybyDepartmentofFishandGamepersonnelwho
rearedthematChinofromculturesobtainedatRiverside
Thefishreproducedintestdrainsandsomeweedcontrol
effectswereobservedSimultaneousencouragingdataon
mosquitoandchironomidmidgecontrolbyUniversityin
vestigatorsLegnerandMedved19721973a1973bwere
followedbylargeplantsofallthreeTilapiaspeciesinthe
paveddrainagechannelsandrecreationallakesinthesouth
coastbasinHauseretal1976Legneretal19731975
Disseminationofthesefishexpandedasprivateandpublic
organizationsinCaliforniasubsequentlyobtainedstocking
permitstodistributethemforweedandinsectcontrolRe
sultswerefavorablewhenevertheminimumstockingden
sityofapproximately400and2000threeinchfishpersur
faceacreinlakesandrunningcanalwatersrespectively
wereappliedearlyintheseasonattolerablewatertempera
turesinthe65 70FrangeInterferencebyestablished
predatorssuchaslargemouthbassandchannelcatfishhas
beendefinitelyobservedtoreduceTilapiareproductiones
peciallywhenstockingratesarelessthanrecommended
Hauseretal1976Legneretal1975

By1974Tilapiapopulationdensitiesnoticeablyhadin
creasedinmostareaswherestockinghadbeenmadeduring
thethreepreviousyearsFigure3Aquaticweedcontrol
andCulexmosquitoandchironomidmidgereductionswere

1DepartmentofEntomologyUniversityofCalifornia Riverside
California92502

2SoutheastMosquitoAbatementDistrict9510 SoGarfield
AvenueSouthGateCalifornia90280
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Figure1ApaveddrainagechannelintheCoachella
Valleyshowinga34footdropinwaterlevelrenderedby
themechanicalremovalofaquaticweedsinaportionofthe
drainage foreground The principal weed species
Potamogetonpectinatusmaintainsitsanchorageonthe
concreteintheuncleanedsectioncausingwatertocascade
downadrop

Figure2AwaterdeliverycanalinthePaloVerde
Valleyshowinganaccumulationofdeadaquaticvegetation
atasiphonTheidealhabitatforCulextarsalisthusprovid
edoftenproducesdensitiesexceeding20maturelarvae400
mldipper

obtainedEvenpartialweedcontrolwasrecordedfrom
quicklyflowingcanalsintheImperialandCoachella
Valleysalthoughtheslowermovingcanalsanddrainswere
mostconducivetoTilapiareproductionandsubsequent
pestcontrolHauseretal1976Legneretal1975

Oneofthemostextraordinaryadaptationsofallwas
notedintheCoyoteCreekoftheLosAngelesbasinwhich
hadahistoryofacutechironomidproblemsLegneretal
1975AlthoughallthreeTilapiaspecieswerestockedin
thisdrainageapparentlyonlyonespeciesThornorum
haspersistedandnowattainsextremelydensepopulation



Figure3NestsofTilapiamossambicaconstructedin
themudofadrainagechannelinthePaloVerdeValley
Noteabsenceofaquaticvegetationinthemidstoftherela
tivelyhighfishpopulationdensity

Figure4SeiningtheCoyoteCreekpavedchannelin
LosAngelesforTilapiainNovember1976

Figure5HighdensityofTilapiaexceeding7adultfish
perftofwatersurfaceintheCoyoteCreekLosAngeles
inNovember1976
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Figure6AnglingforTilapiawithwormsintheCoyote
CreekLosAngelesinNovember1976

Figure7AdultTilapiaspprobablyhornorumcaught
onwormbaitintheCoyoteCreekLosAngelesNovember
1976Notedepressedstomachindicatingstarvation



Figure8OneseinenetcatchofTilapiaspprobably
hornorumfromtheCoyoteCreekLosAngelesinNovem
ber1976Notedepressedstomachsinsomeindividualsan
apparentstarvationsyndrome

densitiesestimatedtoexceed7adultfishpersquarefootof
watersurfacebythemonthofSeptemberFigures38
Subsequentsignificantdropsinchironomidmidgedensities
inthishabitathavenowbeenrecordedfortwoconsecutive

yearsandnochemicaltreatmenthasbeennecessaryThe
successinthisdrainageisapparentlydueindirectlytothe
presenceofapowergeneratingplantlocatedabouttwo
milesfromthemouthoftheCoyoteCreekwiththeocean
Warmeffluentinthe85Frangeisdischargedonayear
roundbasisintothewatertherecreatingafavorablebreed
ingandoverwinteringhabitatforThornorumDailytidal
washesofthesitefavorthepersistenceofthisfishoverthe
othertwospecieswhicharelessinterhalineAlthoughT
zilliiwasoriginallystockedinthethousandsfrom1971
1973ithasnotbeenobservedtopersistThenestingre
quirementsforrearingyoungcharacteristicofthisspecies
mayalsoplaceitatadisadvantagewiththemouthbrood
ingThornorumresultingincompletecompetitiveexclu
sion
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Thornorumnowconstitutesasignificantfisheryinthe
CoyoteCreekwhereitiseasilycaughtonwormbaits
Figures6and7Catchesaverageonefishevery2minutes
duringsummerandautumnwithsizesrangingfrom4to9
inchesFigure7ByNovemberthedensityofThornorum
isusuallysogreatthatstarvationcharacteristicsarenotice
ableinalladultindividualswiththedepressedstomach
appearancebeingmostconspicuousFigures7and8The
additionofasuitablepredatoryfishspeciesmightimprove
thisfisheryaswellasexpandthecatchestoincludesuch
predatorsAmorebalancedfisheryappearstoexistinthe
SaltonSeaareawhereTzilliiTmossambicaandThorn
orumcoexistinconjunctionwithseveralpredatoryfish
speciesCatchesofTilapiaseemtobeincreasinginthat
areaandagreatercoldwatertolerancemayhaveappeared
intheTzilliipopulationassomelargerindividuals12
inchesormorearenowbeingobservedintheSeaduring
Januarywhenthewatertemperaturesplungetothelow
50sF
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ANINTRODUCTIONTOTHENEEDOFTHREEOPERATIONALRESEARCHPROJECTS

INTHESUTTERYUBAMOSQUITOABATEMENTDISTRICT

EugeneEKauffman

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95991

In1971greatplanswereenvisionedtoprovidefantastic
resultsby1976inmosquitocontrolintheSutterYuba
MosquitoAbatementDistrictTheseplansincludedthehir
ingofafisheriesbiologistdiggingfishpondsfixingoil
drumsforfishtransporationandarrangingforafishplant
ingcrewFiveyearsofexecutionofthisplanandwe
haventcomeclosetofulfillment

Whatwehaveaccomplishedinthistimehasbeenvery
usefulifnotabsolutelynecessaryWevecompletedwork
on

1 MaintenancedietGambusia
2 Birddepredationprevention
3 Waterfiltrationofstoragetanks
4 Longhaultransportationsystem
5 Fishstockingratesforsummerproductionoffish
6 Fishweighingdeviceforsmallnumbersoffish
7 Fishstockingratesinrice
8 Economicsoffishplantingbyfixedwingaircraft
9 Effectoftemperatureongestationandoffspring

condition

10 Mosquitofishandbullheadcompatibility

Otherinterestingstudiesstillinprogress

1 Comparisonoffoothill1000 2000elevationand
valleyfishrearingsites

2 Semicoveredvscompletelycoveredfishpondsto
preventGrebedepredationonGambusia

3 Cagerearingvsnorestrictionofmovementofmature
Gambusiafemales

Thesestudieshaveraisedthelevelofenthusiasmofthe

operatorsbutnotenoughtosatisfyaquestionthatisper
sistantinmythoughtsThatiswillthefieldcrewbeable
tocopewiththeproblemsthatwillarisewhenwestartthe
hugeprojectofplanting100000acresofricetocontrol
InolhrlesfreeborniandCutertarsalis

Toassistinthedevelopmentofthedesiredphilosophy
fortheworkathandIdecidedtheDistrictshoulddomore
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operationalresearchFourprojectswereproposedand
startedin1976butonlythreewerecompleted

Thefirstprojectwastoinvestigatewaysofmodifying
theinfluenceofseepageditchesaroundricefieldsTheim
portanceofthisditchisbelievedtobesignificantbecause
inMaythereisverylittlestandingwaterthatisnotbeing
treatedifitproduceslarvaeThericefieldshavetoomuch
waveactiontheorchardsarenonproducersthevernal
pondshavedriedupthereforethehugenumberofuntreat
edseepageditchesaresuspectedofbeingverylargecontri
butorstothatpopulationofmosquitoesthatovipositinthe
ricefieldswhenthewaveactiondecreasesduetorice

emergence

Thesecondprojectwastodeterminethecostratiobe
tweenchemicalandbiologicalcontrolinaroadsideditch
habitatThisprojectwasnecessarybecausefieldpersonnel
werereluctanttoputfishinthesesourcesTheyusually
explainedthatsuchwaterwoulddryupinamonthandthe
fishwoulddieTheyfailedtorealizethattheinsecticide
wouldlastonlyafewdaysandthesourcewouldhavetobe
retreated

Thethirdprojectwastodeterminetherateofmove
mentofGambusiaaffinisthroughaweedchokedditch
Theprojectwaspromptedbymanymilesofthistypeof
habitatthatwashabituallysprayedwithinsecticidesandby
numerouscolleagueswhoexpressedconfidencethatthe
GambusiawouldworkinthesourceNumerousliterature

sourceshaveimpliedthefailureorineffectivenessofmos
quitofishinweedchokedditches

Thefourthprojectwastostudywaysofimproving
Gambusiarecoveryfromroadsideareasbyhabitatmodifi
cationTheplanwastostockasignificantnumber5lb
acreoffishandhavethemincreasetheirbiomassbyrepro
ductionThisbiomasswasacommoditytobeutilizedelse
whereThestudywasforsiteremovalimprovementnotof
reproductionThisprojectwasnotcompletedandwillbe
reinstituted

Theresultsofthesethreecompletedprojectsaretobe
publishedinthe45thVolumeoftheCaliforniaMosquito
andVectorControlProceedingsthatcoversthisconference



THEEFFECTSOFDIFFERENTCONTROLMETHODOLOGIESONMOSQUITO

PRODUCTIONINWATERSEEPAGEAREASINTHE

SUTTERYUBAMOSQUITOABATEMENTDISTRICT

RobertCArmstrong

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95991

INTRODUCTIONCurrent landuse practices in

CaliforniasSacramentoValleyassociatedwithriceculture
mayprovideovipositionsitesfor Culextarsalisand

Anophelesfreeborniproductionthatarenotsolelylimited
totheactualricepaddyareaSpecificallytheseareascan
beseepsorsweatditchesthatarecreatedwhenleveesare
constructedaroundtheoutsideperimeterofindividualrice
fields

Currentriceculturetechniquesmayalsoinitiallyrequire
aperiodoffloodingwaterdrawdownandrefloodingofthe
ricepaddiesSeepsmayserveasreservoirsofcontinued
breedingduringtheperiodofsequentialfloodingandthe
adultmosquitoesproducedduringthattimespanwould
thenbeavailabletoreestablishbreedinginnearbyoradja
centpaddieswhenthewaterlevelsstabilized

Seepscanalsobeassociatedwithpoorlysealedirrigation
canalsleakingwatergatesinirrigationsystemsoruneven
roadsideditchesthatreceiveintermittentwaterandnotbe
strictlylimitedtoricefieldsHoweverthemajorityofthe
seepsinthisDistrictaredirectlyassociatedwithricefields

Mosquitoproductionintheseepswhatevertheirorigin
maynotbeinfluencedbyappliedbiocontrolagentsor
othernaturalpredatorsincontiguousricefieldsbecausethe
leveesthroughwhichthewaterseepsalsoactasphysical
barrierstothepredatorsmovement

Thisstudywasdesignedtodetecttheeffectsofsource
reductionandbiocontrolonmosquitoproductioninseeps
ofvariousoriginsandthecomparativecostofbothcontrol
regimes

MATERIALSANDMETHODSTwentytwositeswere
selectedforstudythatrangedinsizefromapproximately
100ftto12000ftEachsitewasstudiedindividually
todeterminewhichmethodwouldbethemostappropriate
toeffectcontrolHandtoolswereusedforthesourcere
ductionmethodtoeitherdrainthesourcecompletelyor
lowerthewaterlevelsufficientlytoenhancerapiddischarge
oftheremainingseepagewatertodecreaseitsavailabilityas
anovipositionsiteThiswasaccomplishedbycutting
channelsfromtheseepstodrainageorroadsideditchesthat
wereincloseproximitytothesamplesite

MosquitofishGambusiaaffiniswereplantedat06
poundsperacreHoyKauffmanandOBerg1972inthe
sitesselectedforbiocontrolSomeofthebiocontrolsites

weremodifiedwithhandtoolstoenhancerapidmovement
ofthefishthroughextremelydensevegetationortoareas
thatwereotherwiseseparatedfromthemainseepagedueto
irregularitiesinthegroundsurfacebifurcatedseeps

Eachsitewassampledweeklyunlessotherwisenoted
withastandarddippertodetectmosquitoproductionprior
toanyactualcontrolworkandtheresultswererecordedon
individualresumesheetspreparedforeachsiteAttheout
setofthestudymostoftheindividualsiteswereweed
andordebrisfreewhichallowedtheuseofalarvalconcen
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tratorHusbands1969Howeverasrootedaquaticster
restrialsandalgaebecamemoreofadeterrenttocontinued
useoftheconcentratorsampleswerethenplacedina
gussybucketThecontentswerethenputinwaterfilled
plasticbagsinside1gallonicecreamcontainersandreturn
edtotheDistrictDuetotimelimitationsnotallfield
sampleswereseparatedonthesamedayascollectedTen
dipsweretakenateachsiteoneachsamplingdayfromthe
weekofMay101976toAugust311976

Thefieldsampleswereindividuallyanalyzedforthe
presenceorabsenceoflarvaeIflarvaewerepresentthey
wereremovedkilledandplacedinseparatecontainersfor
enumerationandidentificationandtheresultstranscribed

totheresumesheetsAlllarvaewereidentifiedtogenera
withtheaideofadissectingscope

RESULTSDetaileddataareavailableuponrequest
fromtheSutterYubaMosquitoAbatementDistrict

DISCUSSIONThedatacollectedseemtoconfirmthat

thereweredifferencesbetweenthepreandposttreatment
larvalcountsforbothbiocontrolandsourcereduction

Unfortunatelyprecontrolmosquitoproductionlevelswere
notadequatelyestablishedinallcasestodemonstratethat
controlwasobtainedAsaresultofexceptionallylow
amountsofrainfallthisspringwhichreducedtheavailabili
tyofadequateirrigationwaterandextensiveground
preparationwidespreadseepageswerelatedeveloping
Approximately60individualsiteswereinspectedprior
toactualstudysiteselectioninanefforttolocate20that
wouldmeetthedesigncriteriaofbeingactivemosquito
producersandsmallenoughthatonepersoncouldreason
ablydotheworknecessarytomodifythemifrequired

Mostoftheprecontrolsamples demonstratethe

presenceoflarvaewitha wheninitiallycheckedIf
larvaewerepresentandsourcereductionwasselectedasthe
controlmethodofchoiceforthatsitethentheworkneces
sarytodrainitwascarriedout

Thedataalsoconfirmthatthereweredifferencesbe

tweenthemeanlarvaeperdipforbiocontrolandsourcere
duction023versus059respectivelyCulexspprepre
sented9324ofallsamplescollectedwhileAnopheles
spprepresentedonly471 Thewidedifferenceinthe

numbercollectedofeachgeneramayhavebeenafunction
ofeitherdippingtechniqueorthepointwherethesamples
weretakenwithinthesiteThehighnumberofCulexspp
sampledsuggeststhatseepscanbeimportantreservoirsof
mosquitobreedingwhilewaterlevelsarestabilizinginthe
ricepaddyareasandperhapsnotsubjecttonormalDistrict
controltechniques

Thehigherdipcountsforthebiocontrolsitesmaybe
duetothelagtimebetweentheinitialfishplantingsand
theirabilitytosignificantlyreducetheavailablelarvaeThe
plantingrateselectedforthisstudymaynotbesufficient



toquicklyreducethelarvaepresentinthesitesFuture
investigatorsworkingonsitesofthisnaturemaywantto
considerusingaplantingrateinexcessof06poundsper
acreforfasterpostplantcontrol

Themeantimepercheckforsourcereductionwas033
hourscomparedto012hoursforbiocontrolandthemean
numberofcheckspersitewas85forsourcereductionand
111forbiocontrolWhatthesedatasuggestisthatsource
reductionworktakeslongerinitiallybutrequireslessfre
quentpostcheckingthandoesbiocontrolWhatthedata
cannotdemonstrateisthewiderangeofconfigurations
foundinseepsthatmayprecludetheuseofsourcereduc
tionasacontroltechniquebecauseofgroundsurfaceirreg
ularitiesegbifurcatedseepsthatwillnotdrainwithout
expensivemodification

Consequentlythefieldmanisresponsibleformakingan
objectivedecisionconcerningthecontrolmethodthat
wouldbestbesuitedforeachsiteonanindividualbasis
Thesoleuseofbiocontrolbecauseitisfasterandeasieris

notjustifiedaswhereasourcecouldrequiremultiplefish
plantingsifthesiteweresubjectedtoperiodicdryingand
floodingyetcouldbepermanentlydrainedinitially

Todevelopcostdataforthisstudythecumulativetime
attributabletoeachcontroltechniquewasextractedwith
450perhourusedasanarbitraryamountforlaborand
fringebenefitsEarliercostanalysisworkauthor1975
demonstratedacostof4317perhourforlaborandfringe
benefitsinourDistrictsmosquitofishplantingprogramin
ricetowhichwasaddedanadditional45toobtainthe

Table1CostcomparisonbetweenBCandSRtechniques

Descriptionofentry

ANumberofhoursdevotedtocontroltechnique
BCosthourincludingfringebenefits
CTotallaborcosts

DUnitcostofplantedfish
EAmountoffishplanted
FCostoffishplanted
GTotalcostslaborandmaterials
HNumberofsitestreated
IMeancostpersite
JNumberofvisitstoallsites

KMeannumberofvisitspersite
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450figureThemeancostperpoundforthefishwasalso
obtainedfromthatsamereport

Inthisstudynostatisticallysignificantdifferencewas
foundbetweenthemeancostpersiteforsourcereduction
andbiocontrolThecostfiguresparticularlybiocontrol
werepredictedonnumerouspostplantingchecksnecessary
todemonstratethatthesourceshadnotbecomebreeding
sitesagainbecauseoffishdieofforrelatedcausePost
controlchecksshouldbeanintegralpartofanycontrol
programemployedinsitesofthisnature

Insummarythedatademonstratedthatinthisstudy
bothbiocontrolandsourcereductionwereeffectiveinre
ducinglarvalproductionBiocontrolshowedhigherpost
controllarvalconcentrationsthansourcereductionattri
butabletothelagtimebetweeninitialplantingandsubse
quentcontrolThemeancostpersitewasnearlyidentical
forbothmethods
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THECOSTOFBIOCONTROLVERSUSCHEMICALCONTROLINSELECTED

MOSQUITOHABITATS

RobertCArmstrong

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95991

INTRODUCTIONTheSutterYubaMosquitoAbate
mentDistricthasbeenplantingmosquitofishGambusia
affinisinawiderangeofhabitattypesforanumberof
yearssuchasrailroadborrowpitsvernalpondsandroad
sideditchesWefeelthisprogramhasbeenparticularly
soundinlightofrecenttrendsofescalatingchemicalcosts
resistanceoftargetspeciesandenvironmentaldegradation

Thisstudywasconductedtodetectdifferencesifany
intheactualcostbetweenbiocontrolandchemicalcontrol

ofmosquitoesinroadsideditchesandorfielddrainsThe
underlyingassumptioninherentinthisstudywasthatboth
treatmentswereequallyefficacioushoweverusuallythe

Table1Resumeofallplantingandsprayingtime WestandSouthSutterMay5181976

Numberof

PlantsSite

1

1

1

1

1

1

1

1

1

1

10

2

2

2

2

2

2

2

Biocontrol

Time

293

247

302

370

302

338

295

305

312

365

Totals 7 5194

Means 742

3

3

3

Totals 3 3448

Means 1149

Chemical Lengthof Acreagebased
ControlTime Sitemiles on8ftwidth

3129 3212 40 385

313 321 04 039

688

630

690

665

793

938

790

953

1320

1175

Timeisnotedinminutesandtenthsofminutes

Thedataabovewereseparatedintothreecategoriesonthebasisofthenumberoffishplantspersiteonlytodemonstrate
thedifferencesintimerequiredforsingleplantsvsmultipleplants
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fishwouldonlyhavetobeplantedoncewhereaschemicals
wouldrequireapplicationapproximatelyeverytentofour
teendaystocoincidewithonemosquitolifecycletopro
videcomparablelevelsofcontrol

MATERIALSANDMETHODSTwentystudysites
wereselectedteneachinourfieldforemanareasofWest
andSouthSutterTheactualsiteswereeitherroadside

ditchesorfielddrainsranginginlengthfrom025milesto
10mileThelengthofeachsitewasobtainedfromeither
DistrictaerialphotosorzonemapsThewidthsofthesites
variedfrom2feetto10feetTominimizethedifferential

inwidthsofallsitesIconsideredeachtobe8feetwide

363

342

378

392

280

277

232

257

333

358

350

678

383

418

395

533

345

05

04

05

05

025

025

03

03

05

05

05

10

05

05

05

05

05

3102 40 384

443 057 055

627

708

721

09

10

10

2047 29

682 097

048

039

048

048

024

024

029

029

048

048

048

096

048

048

048

048

048

087

096

096

279

093



regardlessofitsactualwidthandpredicatedbiomass
requirementsandequipmentlimitationsonthatwidth

Thesimulatedchemicalapplicationsineachareawere
conductedbythefieldforemanfromeachzoneusinga
JeepmountedlowvolumemistblowerTheauthorwasre
sponsibleforthefishplantingsineachofthetwozones

Thepesticidechoiceforthisstudyforcostdatadosage
ratesetcwasDursbanM4poundmaterialHoweverno
Dursbanwasactuallyappliedinsteadthelowvolumemist
blowerusedinthisstudywasproperlycalibratedpriorto
thetestandonlywaterappliedtotheindividualsitesThe
siteswerefirstsprayedandthenplantedintheWestSutter
sitesandthatsequencereversedintheSouthSuttersites

Alltimeperiodsassociatedwiththisstudywererecord
edwithastopwatchinsecondsandlaterconvertedto
minutesandtenthsofminutesRecordedtimesfor

chemicalapplicationsdidnotincludecalibrationdowntime
forequipmentfailuresordrivingtimebetweenindividual
sitesbutdidincludeblowerenginestartingtimeadjusting
therpmsandactualsprayingtime

Fishplantingtimedidnotincludedrivingtimesbetween
individualsitesseiningthebiomassoffishneededforthe
daysactivitiesandminorfunctionsbutdidincludedriving
timebetweenplantingsitesthatrequiredmorethanone
plantingduetotheirlengthweighingplantingandclosing
thefishtransporationtanketcThefishusedinthisstudy
wereweighedwithawaterdisplacementdeviceauthor
1976unpublishedratherthanwithatensioncompression
scaleduetothesmallallotmentsoffish01lb planted
ateachoftheindividualsites

Thetotalamountofmaterialsprayedatallsites
amountedto394gallonsThePesticideUseInformation
Harvey1976unpublishedchartliststheamounttomix
pergallon4lbDursbaninaLVbloweras45fluidounces
pergallonWiththatinformationitwascalculatedthatthe
amountofpesticidethatwouldhavebeenusedinthe394
gallonsas1773flounces

Thebiomassoffishactuallyplantedduringthisstudy
amountedto59pounds somewhatshortoftheactual
neededbiomassof63pounds1048acresx06pounds
peracreHoyKauffmanandOBerg1972

RESULTSForthepurposeofthisstudythefishcost
12553perpoundThisfigurewasobtainedfroma3year
averageofthecostperpoundformosquitofishplantedin
riceauthor197319741975ThecostofDursbanwas
calculatedtobe03842perfluidouncebasedonacostof
4918pergallonincludingsalestaxThearbitrarylabor
costof450perhourwasobtainedfromtheRice
PlantingAnalysisauthor1975unpublishedwhich
reflectedanoveralllaborandfringebenefitcostof4317
perhourand45wasaddedtothatfiguretoreflectwage
increasesduetoinflationsincethattime

Hourlywagescanvarytremendouslydependingupon
thecategoryofpersonnelusedtoaccomplisheithercontrol
techniqueBythatismeantonlycertifiedtechniciansor
uncertifiedpersonnelwithnosupervisioncanbehiredat
theprevailingminimumwagetoplantfishifDistrictper
sonnelwereotherwiseinvolvedandnotavailableforbio

controlworkForexampleacertifiedtechnicianscurrent
startingsalaryis57000permonthorapproximately

102

356perhourbasedona176hourworkmonthcompared
toaminimumsalaryof250asofOctober181976

DISCUSSIONThetimesinTable1wereseparated
accordingtothenumberoffishplantingspersitetonote
anydifferencesbetweenthetimesforoneplantpersite
twoplantspersiteorthreeplantspersiteThemeantimes
forthetwoandthreeplantspersiteincreaseddramatically
overtheoneplantpersiteduetothedrivingtimerequired
betweenplantingsitesatthesameindividualtestsiteThe
costbenefitratioTable2isthereforefavorabletoward
chemicalcontrolallplantingsconsideredHoweverasthe
datasuggestinTable1oneplantpersiteisslightlyfaster
thanchemicalapplicationBasedontheclosenessofthe
timesinthatcategoryitisrecommendedthatonlyone
plantpersitebemadeinthosesiteslessthan075milein
lengthThatfigureissupportedbyamosquitofishdispersal
studyauthor1976bwhichreflectedadispersalrateofthe
fishinaweedandtuleinfestedditchof12feetperminute
overanhourperiodEstablishinganoperationaltechnique
ofoneplantpersiteforshorterditchescouldestablishan
evenclosereconomicparitybetweenthetwomethodolo
gies

Wastageisanotherimportantcostconsiderationinany
programbutespeciallythatofchemicalcontrolInthis
studyallsiteswereconsideredtobe8feetwideeven
thoughtheiractualwidthsvariedfrom2feetto10feet
ConsequentlywhenaLVmistblowerisusedonsitesthat
areeither8feetor16feetwidechemicalsarewastedOna
onetimebasisthisisnotintolerablebutthiswastagecan
rapidlyaddupduringthecourseofayearandbecomeex
tremelycostly

Conclusionsfromtheresultsofthisstudyappear
straightforwardItcostsmoreinitiallyforbiocontrolthan
itdoesforchemicalcontrolbutonlyonaonetimebasis
Ifchemicalshavetobeappliedmorethanoncetothesame
sitetoachieveacceptablelevelsofcontrolthereisnoway
chemicalcontrolcancompetewithbiocontrolonan
economicbasis
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DISPERSALRATESOFMOSQUITOFISHTHROUGHCATTAILSINDRAINAGEDITCHES

RobertCArmstrong

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95991

INTRODUCTIONTheliteraturereflectsmanyexam
plesoftheallegedinabilityofmosquitofishGambusia
affinistopenetratedensevegetationDow1975Goma
1966andsubsequentlyprovideacceptablelevelsofmos
quitocontrol

Thisstudywasdesignedtodetecttherateofmovement
ofintroducedmosquitofishthroughcattailsTyphaspand
othervegetationindrainageditches

MATERIALSANDMETHODSTwoindividualsites

wereselectedforstudyintheWestSutterzoneofthe
SutterYubaMosquitoAbatementDistrictBothwere
drainageditcheswithheavyvegetativegrowthpresentOne
ofthesitescalledtheSeries1siteforeaseofdatasepara
tionwas2000feetlong4feetwideencompassed018
acreandhadanaveragewaterdepthof4inchesItsvegeta
tionconsistedsolelyofcattailsthroughoutitsentirelength
Theothersitewas4000feetlongaveraged55feetwide
encompassed05acrebuthadwaterpresenttoadepthof
12inchesThevegetationpresentinthatsiteSeriesIIfor
identificationconsistedofcattailstulesScirpussppand
smartweedPolygonumsp

Themidwaypointsofbothsitesestablishedby
measurementwereusedasthestartingpointsforlocating
trapsFiveGeeminnowtrapswereplacedat150footin
tervalsaboveandbelowthemidpointintheSeriesIsite
Figure1IntheSeriesIIlocationhowevereighttraps
wereplacedaboveandeightbelowthemidpointalsoat
150footintervalsFigure1

Thetrapswereplacedintheirrespectivelocationsat
bothsites66hourspriortotheintroductionofthetest
populationtodetectorestablishbaselinepopulationsof
residentmosquitofish

Themidpointsofbothserieswerealsoselectedasthe
plantingpointforthemosquitofishinbothlocationsto
detectdifferencesifanybetweenupstreamanddown
streammovementratesThefishmovementrateinthe

SeriesIsitewas60linealfeethourand600linealfeethour
intheSeriesIIsite

Anarbitraryplantingrateof20poundsperacrewas
selectedforbothsitestomasktrappingresultsofresident
fishifpresentandtoinducefishdispersalbycrowding
Thus45poundsoffishwereplantedintheSeriesIsite
whiletheSeriesIIsitereceived100poundsoffish

Thetrapsinbothserieswerecheckedatintervalsof24
48and66hourspriortotheintroductionofthetestfish
Onthedaythefishwereplantedandsubsequenttothe
actualplantingallminnowtrapswerecheckedat1357
9and11hourintervalsTrappingwasdiscontinued72
hoursaftertheintroductionofthetestfishintotheSeriesI

siteand173hoursafterplantingintheSeriesIIsiteInter
imtrapcheckswereconductedthroughouttheentiretest
period

Eachtimethetrapswerecheckedforthepresenceor
absenceoffishthenumberandsexualcompositionwere
notedandallfishreturnedtothetrapsiteareaThetraps
weresampledcheckedduringa15minuteperiodbytwo
personseachgoinginoppositedirectionsfromtheplanting
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Figure1RelativelocationsoftrapsinseriesI II

sites

pointoneupstreamandtheotherdownstreamThetraps
wereindividuallyinspectedbyopeningthemtocountfish
andortoreleasecrawfishProcambarusspifpresentand
werethenreplacedintheindividualtraplocationswithin
theditch

RESULTSTheresultsofthisstudyhavebeenrecorded
intabularformandareavailableattheofficeoftheSutter

YubaMADonrequest
DISCUSSIONThedatathoughnotdefinitivedo

permitbroadinterpretationForexamplethemeandis
persalrateofupstreammigrantswasfasterinbothseries
thanthemeandownstreamrate204feetminuteversus
109feetminuteforSeriesIand136feetminuteversus
090feetminuteintheSeriesIIsiteAfactorthatcould
haveinfluencedthedifferingdispersalrateswasthewide
disparitybetweenthewaterflowratesinbothsitesHow
everanalternativeexplanationwhichmayhavehadamore
significantimpactonthedispersalratewasthemeandepth
ofthetwoseries

Thedatasuggestthatthefishdidnotmovefromthe
plantingsitesenmasseatafixedrateofmovementRather
thereappearstohavebeenasmallpercentagethatmoved
rapidlythroughoutthelengthofbothsitesthatwerefore
runnersofthebalanceofthepopulationthatmovedmore
slowlyinthesitesThecatchdatademonstratedthatby27
hoursafterplantingintheSeriesIsitetheremainderof
theintroducedfishweremoreorlessrandomlydistributed
throughouttheditchalthoughunevenlyIntheSeriesII
sitehoweverasimilardistributionwasnotobserveduntil
somepoint31hoursafterorpriorto72hourswhenthe
trapswereagaincheckedAcomparisonofthecumulative
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Figure2CumulativecatchhourofGambusiaaffinis
fromalltrapsforseriesIandIIAug20231976

catchcumulativehourspostplantdemonstratesanalmost
identicalrelationshipinthecumulativecatchperunitof
effortbutwithoneorderofmagnitudedifferencebetween
SeriesIandSeriesIIThesimilarityinthecumulativecatch
perunitofeffortsuggeststhatthefishexhibitedalmost
identicalmovementpatternsinbothtestsitesbutsomein
terveningfactorswasresponsibleforthedelayinmove
mentintheSeriesIIsiteUndoubtedlytheintroducedfish
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weremuchmorevulnerabletotrappinginthenarrowerand
shallowerSeriesIsitewhichcouldaccountforthemagni
tudeofdifference

Asmentionedearlierinthediscussiondifferingwater
depthsmayhavebeenthesinglemostimportantfactor
affectingdistributionovertimeInthisstudymovementor
dispersalwasnotafunctionofhighervegetationdensity
becausethedensityintheSeriesIsitewasmuchgreater
100coveredthanintheSeriesIIsite35openwater
and65coveredCurrentwasnotthefactorresponsible
forthegreaterdispersalrateinSeriesIastheSeriesIIsite
hadtwoindividualmovementratesgreaterthanthehighest
foundintheSeriesIsiteThewaterdepthwouldhavecer
tainlyinfluencedthedensityofthefishintherespective
watercoursesanditisfeltthatthebehavioralresponseto
crowdingcausedthemtodispersemorerapidlyinSiteI
thaninSiteH

Thedecreaseinthecatchunitofeffortafter9hoursin
SeriesIand32hoursinSeriesIIreflectsdecreasedmigra
tionwithinthesitesFigure2Continuedsamplingafter
thosepointsintimeonlymonitoredsubpopulationsthat
hadbecomeestablishedinandabouttheindividualtrap
pingsitesandwasnotareflectionofcontinuedmassmove
ment

Thedatastronglydemonstratethemosquitofishsability
torapidlypenetratedensecattailgrowthaswellastules
andsmartweedatratesofupto350linealfeethourTo
obtainthemovementrateoftheintroducedfishbaseline
catchfigureswerecalculatedforthepreplantcatchper
uniteffortfortrapsinbothseriesThepostplantmove
mentrateswerethencalculatedfromthecatchdataatthe
pointintimeatwhichtheyexceededthepreplantcatchat
eachsiteinbothseriesPostplantcatchuniteffortwas
greaterthanpreplantcatchunitofeffortThevariability
ofthecatchdataforeachindividualtrapatbothseries
certainlyindicatesthattrapplacementwithinthesampling
areaiscriticalThisproblemareacouldbeovercomeby
usingseveraltrapsinsteadofjustafewegmorethanfive
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APRELIMINARYFIELDSTUDYEMPLOYINGLAGENIDIUMGIGANTEUMAFUNGUS

ASAPOSSIBLEBIOLOGICALCONTROLAGENTAGAINSTTHEPASTUREMOSQUITO

AEDESNIGROMACULIS

JBChristensenJLFetterLaskoRKWashino1RCHusbandsandEEKauffman

Astudysiteconsistingoftwosidebysidechecksdam
medatbothendswasestablishedwithinapermanentirri
gatedpastureinLindaYubaCountyCaliforniaBarbed
wirefencingwasconstructedaroundthestudysitetokeep
residentlivestockfromenteringThestudyperiodencom
passedfourirrigationcycles1August6th2August
24th3September14and4October1stAteachirriga
tionwellwaterfloodedbothchecksatthesametimefor
approximately21hoursproducinganaveragewaterdepth
of3to4inchesTodeterminethemosquitospeciespresent
andtoestimatetheirdensityanddistributiondipping
samplesweretakeninbothcheckstwodaysafterirrigation
cycleno1Basedonthesamplevarianceobtainedfrom
thisinitialsamplingandwiththeprecisionneededfor
accurateassessmentoftheLagenidiuminfectionrateitwas
determinedthataminimumof200samplespercheckbe
takenAttheonsetofthesecondirrigationcycleoneof
thecheckswasinoculatedwithLagenidiumzoosporesat
therateof25x10persquarefootofwatersurfaceNo

UniversityofCaliforniaDepartmentofEntomology367
BriggsHallDavisCalifornia95616

2CaliforniaDepartmentofHealthVectorandWasteManage
mentSection714PStreetSacramentoCalifornia95814

3SutterYubaMosquitoAbatementDistrictPostOfficeBox
726YubaCityCalifornia95991

ABSTRACT
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subsequentinoculationsweremadeLarvalsamplesinboth
checksweretakenafterthisandsubsequentirrigations
whenthemajorportionoftheAenigromaculispopulation
wasinthe2ndinstarSentinelcageswithknownnumbers
ofCxtarsalisandAenigromaculislarvaeweresystematic
allyplacedinbothcheckscommencingwiththeAugust24
irrigationTheemergingadultpopulationwassampledby
placing12metalcylinders19inchdiamx10inchesover
areasofbothcheckswherewaterwasstillpresentwhenthe
larvaewereinlate4thinstarorearlypupalstageThe
treatedcheckreachedamaximumof45infectionbythe
secondexperimentirrigation3Thecontrolcheckwas
foundtobecontaminatedwithLagenidiumafterinocula
tionmorethanlikelytheresultofsmallanimalscrossing
backandforthbetweenthetwochecksItisinterestingto
notethatthefungusspreadratherquicklyinthecontrol
checkandattainedasubstantialinfectionrate32 bythe
endofthesecondexperimentInmostcasesadultemerg
encesamplinggaveerraticresultsproducingahighsample
varianceperexperimentThissamplingprocedurewillbe
improvedbyusingmorecylindersincreasingthesample
sizen andlocatingmorepreciselytheadultemergent
habitatThesentinelmosquitoesproducedsurprisinglylow
infectionratesVariousreasonscanaccountforthesere

sultsbutatpresenttheyarepurelyspeculativeandwillbe
studiedfurther



ATHREEYEARSTUDYOFTHEECOLOGYOFLAGENIDIUMINFECTIONSOF

CULEXTARSALISINCALIFORNIA

Lagenidiumgiganteumwasrecoveredin1976forthe
thirdconsecutiveyearfromtestsitesinColusaCounty
Californiawhereithadbeenintroducedonanexperimental
basis4yearsearlierNosubsequentintroductionshavebeen
madesincetheinitialworkof1972Thesesiteslaidfallow
during1973Isolationsweremadein1974fromnativeand
sentinelmosquitolarvaeatthesitewhichhadhadthehigh
estinfectionratein1972Theseinfectionswerehowever
ofloworderanderraticininitiallaboratorypassagesIn
contrasthighlevelsofinfectionwereobservedin1975and
1976In1975theinfectionpersistedthroughoutthesum
meruntilthesitesweredrainedIn1976howeverthein
fectionwaslostinmidsummereventhoughwaterremained
intheditchesuntiltheendofAugustwiththeexceptionof
anabnormaldryperiodwhichlastedthreeweeksearlierin
thesummerAlthoughinfectionswereisolatedagainafter
thatdryperiodourtentativeconclusionwasthatthepre

TheClearLakegnatChaoborusastictopusanonbiting
gnatcausesconsiderableannoyanceanddiscomforttoresi
dentsalongtheshoresofClearLakeinLakeCountyCali
forniaPreliminaryexperimentswereconductedtodeter
minewhetherornotthegnatcouldbeinfectedwiththe
fungusLagenidiumgiganteumAsmallagriculturalpond
nearClearLakewasselectedasthestudysiteNinemetal
frametubswithheavygauge15galplasticbagsforliners
werefilledwithsiltandwaterfromthepondUsinganEck
mandredgeandaplanktontownetbothlateandearly
instarlarvaewerecollectedand300addedtoeachofthe
ninetubsSixtubsweretreatedwiththefunguswhilethree
wereleftasuntreatedcontrolsThesixtreatedtubswere
foundtobepositiveforLagenidiumAtwoinchdiameter

JLFetterLaskoandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

DEVELOPMENTSINRESEARCHWITHTHECLEARLAKEGNATCHAOBORUSASTICTOPUS

INRELATIONTOTHEFUNGUSLAGENIDIUMGIGANTEUM

JKBrownandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

ABSTRACT
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maturelossofthefunguscouldbedirectlyorindirectly
attributedtotheunusualmidseasondryperiodorbythe
notabledecreaseinthenumbersofnativemosquitolarvae

InconjunctionwiththeColusastudyanattemptwas
madetodetermineifLgiganteumwouldsurvivelandman
agementpracticesassociatedwithricefieldsIn1975the
funguswasintroducedintoaseriesofsmallexperimental
ricefieldsThefunguswassuccessfullyrecoveredin1976

Wetentativelyconcludedthefollowing 1Lgigan
teumisahighlyvirulentmicrobialagentofCulextarsalis
larvae2survivalofthefungusthroughseasonaldroughts
andlandmanagementpracticesassociatedwithricefields
wasdemonstratedWewereunabletoverifytheprevious
hypothesisthathighwatertemperaturesandhightotalsalt
concentrationsarelimitingfactors

plexiglasssectionalcolumnwasconstructedtosupply
informationonthedepthtowhichthegnatlarvaepene
trateapondbottomThisinformationaidedinconsturc
tionofsix15footplasticcolumnsfiveinchdiameter
whichweresunkapproximately18inchesintotheexperi
mentalpondsbottomCollapsibleemergencecageswith
modifiedlighttrapswereplacedovertheemersedtubes
Twohundredlateandearlyinstarlarvaewereaddedtothe
sixtubestothreeofthetubesfungalinoculumwasintro
ducedatthreedosageslow5x10zoosporesmedium
4x10zoosporesandhigh15x10zoosporesNodiffer
encewasobservedbetweenthelowdoseandtheuntreated
tubesbutaclearcutdifferencewasseenbetweentheun
treatedandthehighandmediumdose



LABORATORYINFECTIONOFANOPHELESFREEBORNIWITHTHEPARASITIC

FUNGICOELOMOMYCESDODGEIANDCOELOMOMYCESPUNCTATUS

BrianAFederici

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92521

ExposureoffastinstarlarvaeofAnophelesfreeborniinthelab
boratorytotheparasiticfungiCoelomomycesdodgeiand
Coelomomycespunctatusresultedinmeaninfectionrates

INTRODUCTIONTherenewedinterestinthedevelop
mentofintegratedmosquitocontrolprogramshasstimu
latedasubstantialresearcheffortdirectedtowardthedis

coveryevaluationanddevelopmentofnaturalenemiesfor
implementationinmosquitoabatementprojectsBay1974
Chapman1974Inadditiontoparasiteslikethenematode
Romanomermisculicivoraxandpredatorssuchasthe
notonectidNotonectaunifasciataandmosquitofishGam
busiaaffinisawidevarietyofmicrobialagentsincluding
virusesandfungiarereceivingconsiderableattention
Federici1974Roberts1974Fungiofthegenus
Coelomomycescomposeoneofthemostpotentially
promisinggroupsofmicrobialmosquitocontrolagentsbe
causeoftheirdocumentedabilitytoproducehighlarval
mortaltiyratesinthelaboratoryandfieldAdditionally
ofthewidevarietyoforganismsthatoccurintheaquatic
ecosystemsinwhichmosquitoesbreedthemosquito
specificspeciesofCoelomomycesappeartoinfectonly
theirintermediatecopepodhostsandmosquitoes

UntilrecentlymostspeciesofCoelomomyceswhich
attackedanophelineswerethoughttoberelativelyspecies
specificCouchandUmphlett1963Howeverinfield
studiesChapmanetal1970andChapmanandGlenn
1972demonstratedthatCoelomomycespunctatusa
parasiteofAnophelesquadrimaculatuscouldparasitize
AnbradleyiandAncruciansLaterFedericietal1975
showedthatCpunctatuscouldalsoparasitizetheexotic
anophelineAnstephensibutwasapparentlynotableto
infectseveralspeciesofthegeneraAedesCulexand
CulisetaMorerecentlyFedericiandChapman1977dem
onstratedinlaboratorystudiesthatCdodgeiaparasite
ofAncrucianscouldinfectAnquadrimaculatus

Theresultsoftheabovestudiessuggestedthattheim
portantCalifomiaanophelineAnfreebornimightbesus
ceptibletoCdodgeiandCpunctatusThepresentbrief
studywasundertakentoexaminethispossibility

MATERIALSANDMETHODSMosquitocolonies
AdultsofAnquadrimaculatusandAnfreeborniwereheld
in2ftcagesandthefemaleswereallowedtoengorgeon
whitemicetwiceaweekSplitraisinswereplacedinthe
cageforadditionalnutritiononaweeklybasisForoviposi
tionpapercupslinedwithpapertowelingandfilledwith
distilledwaterwereplacedinthecagesfor2daysTheegg
containingcupswerethenremovedfromthecageandafter
hatchingapproximately48hrslaterthelarvaeweretrans
ferredtolargeshallowcontainerswheretheywererearedin
distilledwateronapowdereddogbiscuitandbrewers
yeastdiet11
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mortalityof86and90 respectivelyIncomparativetestsA
freeborniwasmoresusceptibletobothfungithanAquadrimacula
tus

InvivoculturesofCdodgeiandCpunctatusThese
twospeciesoffungihavecomplexlifecyclesTheyalter
nateobligatelybetweenanintermediatecopepodhostand
adefinitivemosquitohostInthelaboratoryatRiverside
bothCdodgeiandCpunctatusaremaintainedroutinely
usingCyclopsvernalisandAnquadrimaculatusastheinter
mediateanddefinitivehostsrespectivelyThemethods
usedtomaintaintheseinvivocultureshavebeendescribed
indetailelsewhereFedericiandRoberts1976Federici
andChapman1977Forthesakeofbrevityonlythoseas
pectsofthefungallifecyclerelevanttomosquitoinfection
andtheprocedureformosquitoinfectionaredescribed
here

ThegenerallifecycleisthesameforbothCdodgeiand
CpunctatusIneachcasethefungusproducesamaleor
femalegametophyteorinsomecasesamaleandfemale
gametophyteinthecopepodInadvancedstagesof
developmentthecopepodsharboringthesegametophytes
areeasytorecognizebecausethemalegametophyteis
brightorangeandthefemaleislightamberThesecolors
areimpartedtothecopepodInitsultimatephasethe
gametophytebecomesagametangiumandcleavesintothou
sandsofgametesThegametangiumrupturesreleasingthe
gametesandkillingthecopepodThegametesescapefrom
thecopepodandmaleandfemalegametesfusetoform
mosquitoinfectivezygotesManydetailsofthesecomplex
processesremaintoberesolvedbutfromtheseobserva
tionsasimpleprocedureforinfectingmosquitohasbeen
developedinvolvingcombiningpatentlyinfectedcopepods
withmosquitolarvaeinasuitablemediumduringtheabove
phaseofthefunguslifecycle

Inthepresentstudy100firstinstarlarvaeofAnfree
borniorAnquadrimaculatuswereplacedin50mlof
larvalrearingmediumina8x20x6cmplasticcontainer
alongwith12infectedcopepods4containingmale4con
tainingfemaleand4containingbothmaleandfemale
gametophytesThecopepodsandlarvaewereincubatedto
getherat26Cfor48hrsduringwhichmosquitoinfection
occurredAfterthisperiodthelarvaeweretransferredto1
Lofdistilledwaterandrearedonthestandardlarvaldiet

Theywerethenexaminedeveryotherdayforthepresence
ofsporangiawithinthehemocoeldefmitiveevidenceof
larvalinfection

RESULTSTheresultsareshowninTable1Although
theseresultsmustbeconsideredpreliminaryandareonly
validforfirstinstarlarvaeundertheexperimentalcondi
tionsdescribedAnfreeborniisapparentlymoresuscepti



bletoCdodgeiandCpunctatusthanAnquadrimacu
latus

Table1Resultsofexposingfirstinstarlarvaeof
AnophelesfreeborniandAnquadrimaculatustoCoelomo
mycesdodgeiandCpunctatus

InfectionMortality
Replicate MosquitoSpecies Cdodgei Cpunctatus

1

2

Anfreeborni

Anquadrimaculatus
Anfreeborni

Anquadrimaculatus

Anfreeborni

Anquadrimaculatus

89

23

73

56

96

48

99

63

83

74

88

52

Mean Anfreeborni 86 90

Infection Anquadrimaculatus 423 63

Microscopicexaminationofinfectedlarvaedemon
stratedthatthesporangiaofbothCdodgeiandC
punctatusweretypicalandcouldnotbedistinguishedfrom
sporangiaofthesespeciesproducedinAnquadrimacu
latusFurthermorethesporangiareleasedtypicalmeio
sporesapproximately48hrsafterbeingfloodedwith
distilledwaterHenceAnfreeborniisnotonlyhighlysus
ceptibletoCdodgeiandCpunctatusbutisacompetent
hostforthesespecies

DISCUSSIONTheresultsofthisstudyindicatethatC
dodgeiandCpunctatusdeserveseriousattentionaspossi
blebiologicalcontrolagentsforAnfreeborniinCalifornia
Thereare3waysinwhichthesespeciesmaypossiblybe
usedinmosquitoabatementprogramstwoofwhicharere
lativelysimpleandperhapsobtainableintheshortterm
senseandthethirdquitecomplexmostlikelyrequiringa
greatdealmoreresearchandhenceconsideredlongterm
innaturebutpossiblyprovidinggreatercontrolInthefirst
casesporangiacouldbemassproducedandintroducedinto
habitatswhereAnfreebornibreedsalongwithasuitable
intermediatecrustaceanhostifoneisnotalreadypresent
Thefungiwouldthenexerttheirinherentpopulationsup
pressionpotentialwhateveritmaybewithlittlefurther
inputbymanInprinciplethisisconceptuallysimilarto
theintroductionofforeignparasitesandpredatorstocon
trolintroducedornativepestsInthesecondcaseavaria
tionofthistechniquecopepodscouldbemassproduced
infectedanddisseminatedratherthansporangiaCope
podscouldprobablybemassproducedusingtechniques
similartothoseusedtomassproducemosquitofishTech
niquesarecurrentlybeingdevelopedatRiversidetoobtain
highlevelsofcopepodinfectionandtheinitialresultslook
promisingInthethirdcasewithoutgoingintogreatdetail
theobjectwouldbetomassproducemosquitoinfective
zygotesbyculturingthegametophytesonanartificial
mediumThezygotescouldthenbeproducedatwilland
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disseminatedagainstlarvaeofAnfreeborniusingtech
niquessimilartothoseemployedforchemicalpesticides

Thedevelopmentoftheabovemethodologieswould
haveadvantagesoverachemicalinthatthematerialsem
ployedwouldbeveryspecificinfectingonlymosquitoes
andanintermediatecopepodhostAdditionallythese
fungiwouldprobablyhavesubstantialresidualactivityand
incertainareasitislikelythattheywouldbecomeperman
entlyestablishedAtpresentthemaindisadvantageoftry
ingtousetheseagentsinmosquitocontrolprogramsisthat
thetechnologynecessaryfortheirmanipulationhasyetto
bedevelopedFurthermoretheenvironmentalimpactthat
wouldresultfromtheirintroductionhasnotbeendeter
minedHoweverconsideringtheadvancesmadeinour
knowledgeofthesefungiduringthepastyearitappears
thatCdodgeiandCpunctatushavemosquitocontrol
potentialandcouldplayasignificantroleifdeveloped
effectivelyinintegratedcontrolprogramsdirectedtoward
theabatementofAnfreeborni
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COELOMOMYCESPUNCTATUSTHEEFFECTOFHIGHINTERMEDIATECOPEPOD

HOSTDENSITIESONLARVALMOSQUITOINFECTIONRATES

ThefungusCoelomomyeespunetatusChytridiomyces
Blastocladialeshasacomplexlifecycleinvolvinganobli
gatealternationofgenerationsbetweenanintermediate
copepodhostCyclopsvernalisandadefinitivemosquito
hostAnophelesquadrimaculatusTentativelysporangia
liberatedfrominfectedmosquitolarvaeafterdeathrelease
meiosporeswhichinfectcopepodsEachmeiosporepro
duceseitheranorangemaleorlightamberfemale
gametophyteThegametophytesdevelopintogametangia
whichsubsequentlyreleasegametesintothecopepod
hemocoelShortlythereafterthecopepodintegumentrup
turespossiblyasaresultofafungusproducedchitinase
andthegametesescapeintothesurroundingmediumwhere
maleandfemalegametesfusetoformmosquitoinfective
zygotesThezygotesinfectmosquitoesanddevelopintoa
sporophytewhichproducessporangiatherebycompleting
thelifecycleDuringthepastyearatRiversidestudies
haveconcentratedonidentifyingtheparameterswhich
favorthecompletionofthislifecycleandthereforecon
tributetohighratesofcopepodandmosquitoinfection
Threeimportantparametersidentifiedtodateare1the
mediumemployedinexperimentalprocedures2the
developmentalstageofthehostatthetimeofinfection
firstinstarmosquitolarvaeandcopepodnaupliibeingthe
mostsusceptibleand3thephysiologicalconditionofthe
copepodduringfungaldevelopmentparticularlyasaffect
edbycopepoddensitiesandnutritionegfungaldevelop
mentisretardedathighdensitiesandwhencopepodnutri
tionisinadequateThesubjectofthepresentpaperisthe
effectofcopepodhostdensitiesongametophytedevelop
mentandhenceonlarvalmosquitoinfectionrates

BrianAFederici

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92521
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FrompreviousstudieswithCpunctatusitwasknown
thatlarvalmosquitoinfectionratesinexperimentalcon
tainersdecreasedwithtimebutcouldbeincreasedrapidly
simplybydilutingtheexperimentalmediumwithanequal
amountofwaterTheseexperimentswereconductedbe
forethecopepodCyclopsvernalishadbeenidentifiedas
anintermediatehostforthefungusWiththisknowledge
laboratoryexperimentssimilartothoseconductedprevi
ouslywereperformedandspecialattentionwaspaidto
copepodactivityinrelationtomosquitoinfectionrates

Theresultsdemonstratedthatthecopepodpopulation
underwentarapidexpansionoveraperiodofapproximate
lytwotothreeweeksafterwhichcopepoddevelopment
wasretardedapparentlyasaresultofovercrowdingMicro
scopicexaminationofcopepodsrevealedasmallpercentage
containedgametophytesmostofwhichweredeveloping
slowlyWhenconsecutivegroupsoflarvaewereexposedto
thesedensepopulationsofcopepodsfor24hrperiodsless
than10developedinfectionsHoweverwhenthemedium
wasdilutedthelarvalinfectionrateclimbedto100in
eachgroupbythefifthdaypostdilutionExaminationof
copepodsinthedilutedmediumdemonstratedarapid
developmentofthegametophyteswithcleavageandlibera
tionofgametesbeingparticularlyhighfromthefourth
tosixthdayspostdilutionInsummarythepopulation
dynamicsoftheintermediatecopepodhosthaveimportant
effectsonmosquitoinfectionratesFurtherinvestigationof
thisphenomenonshouldprovidedatawhichwillelucidate
thecomplexofparametersthatfavorepizooticsbythese
fungiinlarvalpopulationsandcontributetomansability
tomanipulateCoelornomycestohisadvantage



COELOMYCIDIUMSIMULIIAFUNGALPATHOGENINLARVAEOF

SIMULIUMVITTATUMFROMTHECOLORADORIVER

BrianAFedericiLawrenceALaceyandMirSMulla
UniversityofCalifornia

DepartmentofEntomologyRiversideCalifornia92521

ThefungalpathogenCoelomycidiumsimuliiDebaisieuxChytri
diomycetesChytridialeshasbeenfoundinlarvaeoftheblackfly
SimuliumvittatumbreedingintheColoradoRivernearNeedles
CaliforniaTheincidenceofthediseasewaslowmuchlessthan1
althoughallinfectedlarvaesuccumbedtothediseaseIntheearly
stagesofthediseasethefungusdevelopedprimarilyinthelarval
hemocoelAsthediseaseprogressedthefatbodyunderwentexten

INTRODUCTIONThefungusCoelomycidiumsimulii
ChytridiomycetesChytridialesisprimarilyaparasiteof
blackflylarvaealthoughthereareunconfirmedreportsof
itsoccurrenceinmosquitolarvaeSherbanandGolberg
1971KuprijanovaandAksenova1973andmayfly
nymphsWeiser1947Itiswidespreadandhasbeenre
portedinmanydifferentspeciesofblackfliesfromEurope
Debaisieux1920LoubesandManier1974Weiserand
Zizka1974bAsiaLevchenkoetal1974Africa
Henrard1930NorthAmericaJamnback1973Weiser
andZizka1974aandSouthAmericaJamnback1973
Debaisieux1919publishedtheoriginaldescriptionofC
simuliiasafungalparasitebutitsoccurrenceinblackfly
larvaehadbeennotedearlierbyStrickland1913
Althoughwidespreaditsincidenceinlarvalpopulationsis
lowusuallylessthan1 Thisfungushasnotbeensuccess
fullytransmittedinthelaboratoryandhenceallofthe
publishedstudiesonthebiologyanddevelopmentofthe
diseasehaveemployedfieldcollectedspecimensThe
peculiardevelopmentofthisfungustheuncertaintyofits
taxonomicpositionandthefactthatonceitslifecycleis
knownitmayhavepotentialasabiologicalcontrolagent
ofblackfliesmakeCsimuliiofunusualinterest

Duringthespringof1975severallarvaeofSvittatum
collectedfromtheColoradoRiverwerefoundinfected

withCsimuliiThisbriefpaperreportstheinitialresultsof
studiesontheoccurrenceandpathologyofthisstrainof
CsimuliiinSvittatum

MATERIALSANDMETHODSThehealthyandin
fectedlarvaeusedmtheseinvestigationswerecollected
fromtheColoradoRiverinthevicinityofNeedlesCali
forniaAftercollectiontheyweretransferredtowaterin
liddedplasticcupsandplacedinapolystyrenecontaineron
abedofcrushedicefortransportationtothelaboratoryat
RiversideObservationsonthegrosspathologyofthe
diseaseweremadebyplacingdiseasedandhealthylarvaein
asmallamountofwaterinablackphotographictrayand
examiningthemwithaWilddissectingmicroscopeatmag
ificationsof12and25xForlightmicroscopyinfectedand
healthylarvaewerefixedinaqueousBouinsfixativefor
2448hrsdehydratedinanethanolseriesandembedded
inParaplastSerialsectionswerecutatathicknessof61im
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siveatrophyandconcomitantlythefungalthalliandsporangia
penetratedintotheresultanthemocoeliccavitiesZoosporeswere
formedbyvesiclesinthethalliandsporangiaandwereeventually
liberatedintothehemocoelgivingthehemolymphamilkycolor

Deathusuallyresultedafewhoursaftertheinitiationofzoospore
release

andsubsequentlystainedwithHamms1966modified
azanstainForelectronmicroscopylarvaewerekilledand
prefixedbyplacingthemin3glutaraldehydein01Mca
codylatebufferfor30minutesAftertheprefixationthe
larvaeweredissectedintothreeportionsandplacedin
freshfixativefortwohoursTheywerethenrinsedin
bufferpostfixedin1buffered0s04dehydratedand
embeddedinEponAralditeUltrathinsectionswerecuton
aSorvallMT2Bultramicrotomeusingadiamondknife
poststainedwithuranylacetatefollowedbyleadcitrate
VenableandCoggeshall1965andexaminedwitha
Hitachi12electronmicroscope

RESULTSAgainsttheblackbackgroundofthephoto
graphictraythefatbodytissueofdiseasedlarvaewas
markedlymoreopaquethanthatofhealthyspecimensIn
larvaewithadvancedinfectionsaslightlyorangetopink
discolorationwasfrequentlyobservedinareasofthefat
bodyheavilypenetratedbyfungalthalliUnderthedissect
ingscopetheabdominalcuticlewasoftentranslucent
apparentlyasaresultofincompletesclerotizationand
lobatethalliandthinwalledsporangiacouldbeseenbe
neaththeseareasInhistologicalsectionsoflarvaeinwhich
thediseasewasatanearlystageofdevelopment
pleomorphicthalliandsporangiawereobserveddeveloping
throughoutthelarvalhemocoelFigure1Thethalliand
sporangiacontainedbothgranularandtranslucentareas
Inultrathinsectionsoflarvaeatthisstageofdisease
developmentthetranslucentareaswerefoundtoconsistof
largepleomorphicvesicleswithinwhichthecomponent
structuresofflagellatedzoosporeswereformedThezoo
sporeprecursorsappearedtoassembleatthevesiclemem
braneandsubsequentlycleavefromthelargevesiclethere
byformingazoosporeFigure2Thegranularareasofthe
sporangiaandthalliconsistedofcloselypackedzoospores

Inlarvaewithadvancedinfectionsthefatbodyhad
greatlyatrophiedandthefungalthallihadcompletelyin
vadedtheresultanthemocoeliccavitiesAtthisstagemost
ofthethalliandsporangiawereverydenseandcompletely
filledwithzoosporesFigures3and4Inlivinginfected
larvaeatthisphasemanysporangiareleasedtheirzoospore
complementintothehemolymphgivingitamilkycolor



Figures5and6Infixedsectionstheseliberatedflagel
latedzoosporesweresphericalinshapeandmeasured
approximately5gmindiameter

Althoughtheincidenceofthediseaseinfieldcollected
larvaewasverylowmuchlessthan1 alllarvaebrought
backtothelaboratoryandrearedeventuallysuccumedto
thediseaseusuallywithinafewdays

DISCUSSIONThisreportrepresentsthefirstrecordof
CoelomycidiumsimuliiinCaliforniaalthoughitsoccur
rencehereisnotsurprisinggiventhegreatnumberofblack
flyspecieswhichoccurwithinthestateandtheapparent
ubiquityofCsimuliiThewidespreadoccurrenceofC
simuliiraisesthequestionofwhetherthereportsofthe
diseasecausedbythisfungusrepresentasingledisease
causedbyasinglespeciesoragroupofdifferentdiseases
withsimilarcharacteristicscausedbyseveraldifferent
rzlatedfungiThelimitednumberofdiseasedspecimens
collectedfromtheColoradoRiverprecludedadetailed
comparisonofthismaterialwiththepublishedinformation
availableondiseasedblackfliescollectedbyotherinvesti
gatorsYetevenasuperficialcomparisonrevealsdiffer
encesinthestructureofthethalliandsporangiareported
hereandthosedescribedbyWeiserandZizka1947ab
fromSlatipesSequinumSpugetenseandOdagmia
ornataSpecificallytheseauthorsdemonstratedPlasmatic
bridgesdevelopedbetweenzoosporesofCsimuliiduring
theirformationintheabovespeciesTheyalsodemonstrat
edfreezonesontheperipheryofthesporangiaNeither
ofthesetypesofstructureshasbeenobservedinCsimulii
inSvittatumUltrastructurallytheCsimuliifromS
vittatummorecloselyresemblestheCsimuliistudiedby
LoubesandManier1974inSbrezziiSmonticolaS
aureumandSvariegatumInparticularthestructureof
thesporangialackingadistinctfreezone andthezoo

sporeswithoutplasmaticbridgesareverysimilarThe
variationsobservedinCsimuliibydifferentinvestigators
haveseveralpossibleexplanationsThefungalspecimens
studiedmaybedifferentspeciesofthesametypeof
fungusordifferentstagesorseasonalformsofthesame
fungus

Thetaxonomicrelationshipoftheorganismsdescribed
asCsimuliihereandbyotherauthorswillprobablyonly
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beresolvedaftertheestablishmentoflaboratoryculturesof
theseorganismsandcomparativestudiesonthelifecycle
anddevelopmentofdifferentisolatesisundertakenby
severallaboratories
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Figures16LightandelectronmicrographsofCoelomycidiumsimuliiinSimuliumvittaturnFbFatbodyMmuscleN
nucleusTthallusVzoosporeformingvesicleZzoospore
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Figure1ThallusandthinwalledsporangiumarrowatanearlystageofdevelopmentinthelarvalhemocoelThegranu
larareaswithinthesporangiaarematurezoosporesThetranslucentareascontainlargevesiclesfromwhichzoosporesare
formed1pmplasticsectionX260

Figure2CrosssectionthroughaportionofasporangiumatadevelopmentalstagesimilartothesporangiainFigure1A
largevesicleisshownintheprocessofzoosporeformationarrowThezoosporeprecursorsappeartoaggregateatthevesicle
peripheryafterwhichthecompletezoosporeiscleavedfromthevesicleElectronmicrographX5200

Figure3SporangiainthehemocoelofalarvainwhichthediseaseisatanadvancedstageofdevelopmentThesporangia
atthisstagearecompletelyfilledwithmaturezoospores1pmplasticsectionX500

Figure4CrosssectionthroughasporangiumsimilartothoseshowninFigure3Notethatthissporangiumiscompletely
filledwithzoosporesandlackszoosporeformingvesiclesThezoosporessurroundingthesporangiahavebeenliberatedfrom
othermaturesporangiaElectronmicrographX2500

Figure5Freezoosporesarrowwhichhavebeenliberatedfromsporangiaintothelarvalhemocoel1pmplasticsection
X400

Figure6SectionthroughportionsoftwozoosporesfreeinthelarvalhemocoelElectronmicrographX11000
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ISOLATIONOFTRANSLOCATIONHOMOZGOTESFORGENETICCONTROLOF

CULEXTARSALIS

PTMcDonaldSMonicaAsmanandHATerwedowJr

UniversityofCalifornia
DivisionofEntomologyandParasitology408WellmanHallBerkeleyCalifornia94720

Apurebreedinglineofanautosomaltranslocationhas
beenisolatedUndercurrentpracticesofisolatingmain

tainingandtestingtranslocationstocks22generationshad

passedbeforethishomozygotelinewasestablishedAnew
methodinvolvingtheirradiationofmutantmarkedstocks

ABSTRACT

ratherthanunmarkedstockshasbeeninauguratedSucha
methodshoulddrasticallyreducethecomplexityanddura
tionoftestingneededforestablishingthehomozygote
stocksTranslocationhomozygoteswillbeusedforgenerat
ingtranslocationheterozygousmalesthatarepartially
sterileforageneticcontrolrelease

LABORATORYANDFIELDCAGECOMPETITIONSTUDIESOFTRANSLOCATION

CARRYINGMALESINCULEXTARSALIS

SMonicaAsmanHenryATerwedowandPaulTMcDonald

UniversityofCalifornia
DivisionofEntomologyandParasitologyandDepartmentofBiomedialandEnvironmentalHealth

SciencesBerkeleyCalifornia94720

Culextarsalismalesfromalinecarryingadoublemale
sexlinkedheterozygoustranslocationT1231Awere
usedincompetitionstudiesagainstnormallaboratoryand
fieldpopulationsThecomplexinterchangeinthislineis
transmittedonlytomalesinsubsequentgenerationsand
themeanpercenthatchofeggraftsfatheredbythesemales
isbetween2530 Laboratorysmallcagestudiesandcon
trolledfieldstudiesinmodifiedquonsethutcagesshowed
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thatthegeneticallyalteredlineata11ratiowasable
tosuccessfullycompetewithbothuntreatedlaboratoryand
fieldcollectedmaterialInadditiontheprogenystemming

frommatingsoftheexperimentalmaleswereableto
developnormallyunderthefieldenvironmentandtheF1

maleswereabletoeffectivelycompetetosuppressegg
hatchinthesecondgeneration



AEDESSIERRENSISDETERMINATIONOFTHEOPTIMALRADIATIONDOSE

FORCOMPETITIVESTERILEMALECONTROL

HenryATerwedowJrandSMonicaAsman
UniversityofCalifornia

DepartmentofEntomologicalSciencesCollegeofNaturalResourcesandDepartmentofEnvironmental
andBiomedicalHealthSciencesSchoolofPublicHealthBerkeleyCalifornia94720

INTRODUCTIONThefeasibilityofusingradiationto
sterilizeinsectpestsandsubsequentlytodevelopagenetic
controlprogramhasbeenestablishedThecontrolofscrew
worminthesoutheasternandsouthwesternUnitedStates
isthefirstandbestpublicizedexampleofthiscontrol
methodInadditionmoderatetogoodsuccesshasbeen
achieved with HaematobiumirritansinTexasand

StomoxyscalcitransinFloridaaswellaswithanumberof
agriculturalpestsDavidson1974Howevertheradiation
sterilizationtechniquehasnotfoundwideuseincontrolof
mosquitoesOnly5suchreleaseshavebeenmadeTable1
whichcanbedividedinto2groupsThe1stgroupwasthe
earlierreleasesmadeshortlyafterthescrewwormeradica
tioninFloridaTheirlackofsuccessininducingsterility
intonaturalpopulationsdidmarchtoturngeneticcontrol
awayfromradiationsterilizationtowardtheuseofchemo
sterilantsformosquitoesThesereleasesusedhighradiation
dosesinsuringcompletesterilizationbutdrasticallyreduced
thematingvigorofthereleasedmalesThereforethe
sterilitywasnotcarriedintothewildpopulation

The2ndgroupconsistedofmorerecentreleaseswith
moderatesuccessininducingsterilityinthefieldLower
dosesofradiationwereusedThisachievedacompromise
inwhichthereleasedmaleswerenotcompletelysterilized
butwerevigorousenoughtocompeteinthefieldItiswith
thisbackgroundthatweareestablishingasterilemalepro
gramforcontrolofAedessierrensisWeareherereporting
preliminaryresultsofthesterilizationeffectsofdifferent
radiationdoseswiththisspeciesandanapproachforevalu
atingthematingcompetitivenessoftheseirradiatedmales
Thegoalistoidentifytheradiationdosethatgivesthe
higheststerilitywhilemaintaininggoodmatingability

Table1Anhistoricalreviewoffieldreleasesofradiationsterilizedmalemosquitoes

Anquadrimaculatus
Aeaegypti
Cxpquinquefasciatus
Cxpquinquefasciatus
Crpquinquefasciatus

Location Date

Florida
Florida

India

India

India

IirriadiatedreleasemalesUunirradiatedwildmales

Thepercentreductioninfieldegghatch

195960

196061

1962

1971

1971
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MATERIALSANDMETHODSThestrainofAesier
rensisusedoriginatedfromlarvaecollectedinSolano
CountyCaliforniain1974Insectaryconditionswere
maintainedat24C80RHand15L9DlightcycleBy
trialanderrorwedevisedarearingandradiationschedule
forthisspeciesthatprovideduniformgrowthandgood
survivalwithaminimumofeffortEggpaperswereplaced
inasolutionofliverpowderanddiluteteawaterfor2
daysThisprovided20hatchPansweresetupwith150
200larvaein1200mlH2Owith500cmsurfacearea
Larvalfeedingconsistedof06gofgroundPurinaratchow
every3rddayLarvaldevelopmentwascompletedin1416
daysandthedurationofpupationwas4daysHighmortal
itywasexperiencedwhenpupaewerecollectedandheldin
deionized1120Howeverwhenlarvalrearingwaterwas
addedthemortalityproblemdisappearedApproximately
5060ofthemalesemergedonthe18thdayandwereir
radiatedAftertreatmentthesemaleswereheldfor1wk
beforefemaleswereintroducedHoneywaspreferredto
sugarcubesasthecarbohydratesourceOneweeklaterand
weeklythereafterforthenext3monthsananesthetized
mousewasprovidedEarlierattemptsatbloodfeedinggave
sporadicresultsandwerenotworththeeffortThefollow
ingweekandweeklythereaftereggpaperswerecollected
Allowing15daysforembryonationJudsonetal1966re
sultsfromthe1steggpaperwereobtainedca2monthsaf
tertheinitialhatchingBoth381and30x30x30cmcages
wereusedwithnoobviousmatingorovipositionproblem

ACo60sourcelocatedattheLawrenceBerkeleyLabor
atorywasusedAllmosquitoeswere024hrpostemerged
atthetimeofirradiationandreceivedadoserateofca
200RminInthoseexperimentsrequiringananoxicstate
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nitrogenwasusedfollowingthemethodofHallinanand
Rai1973

Thesterilityeffectsofthedifferentradiationdoses
couldnotbedeterminedbythestandardbioassayieper
centegghatchInsteadweusedpercenteggembryonation
asthecriterionformeasuringsterilityThiswasachievedby
placingtheeggpapersinasodiumchloritebleachingsolu
tionfor1224hrTrpis1970Followingthistreatment
eggswithembryoscouldbereadilydistinguishedfromun
embryonatedeggsFigure1

Lackinggeneticmarkersandoraconvenientmethodof
collectingeggsfromsinglefemaleswewerenotableto
determinewhetheranindividualmatingwaswithanirradi
atedoranunirradiatedmaleAmethodofcalculatingmale
matingcompetitivenessinsterilizationstudieswiththe
MediterraneanfruitflywasusedHaisch1970This
formulawas

qf
e

nfp

Figure1AesierrensiseggsbleachedtodeterminethepresenceofembryosEyespotsandhatchingspines areeasily
detectedinbleachedeggsontheupperleftThebleachedemptyeggsonthe upperrightareunembryonatedThedarkeggs
inthelowercenterareleftunbleachedforcomparison
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andwasmodifiedsothat

q embryonationofeggsfromunirradiatedcontrol
cage

f embryonationofeggsfromacompetitioncagein
whichirradiatedandunirradiatedmaleswereplaced
withunirradiatedfemales

p embryonationofeggsfromthecontrolofunirra
diatedfemalesmatedwithirradiatedmalesand

n ratioofirradiatedmalestounirradiatedmalesinthe

competitioncagef

Thecompetitioncagewas60X60X45cmindimension
andcontained50irradiatedmales50unirradiatedmales
and50unirradiatedfemalesEachofthecontrolscontained
25malesand25femalesina381cage

RESULTSANDDISCUSSIONInestablishingthe
sterilityvsdoseresponseforAesierrensis2atmospheres
wereambientairandnitrogenFigure2Thelatter
wasincludedbecauseofthedocumentedphenomenonthat
reducedoxygentensionminimizedradiationinjuryPatt
andBrues1954Innumerousinsectsterilemaleprograms
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Figure2SterilityresponseofAesierrensismalesirra
diatedat579and11kradinatmosphereofair4111
andnitrogens

itisreportedthatirradiationinnitrogenproducessexually
competitivemalesAshrafetal1975Fourgammaradia
tiondoseswereused579and11kradThemeannum
berofeggscountedforeachdoseatmospherewas1780
witharangeof10692705

Inairembryonationdecreasedfrom158at5kradto
19at11kradTheeffectat11kradmayhavebeen
greaterthanthatindicatedsinceaportionoftheinduced
dominantlethalswillexpressthemselvesinlaterembryonic
orlarvalstagesThesterilitycurveforirradiationinnitro
genwashigherthaninairTheembryonationrangedfrom
394at5kraddownto120at11kradThisagreeswith
asimilarobservationinscrewwormhouseflyand
MediterraneanfruitflyprogramsthatirradiationinCO2or
nitrogenreducesthesterilizationeffectofagivendoseof
gammaradiationHooper1971Thereforetoattain
equivalentsterilityinthe2atmospheresitisnecessaryto
irradiateathigherdosesinnitrogenthaninairTherela
tionshipof2dosesproducingcomparablesterilitiesisterm
edtheairnitrogenratioBaldwinandSalthouse1959
Fromourpreliminarydataweareestimatinganairnitrogen

Eggs
Noexamined embryonation
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2101
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ratioof17forAesierrensisThisisreasonablycloseto
theacceptedratioof2seeninotherinsectsystemsHooper
1971

Havingestablishedthepreliminarysterilitycurvesfor
Aesierrensismaleswereirradiatedat5kradinairand9
kradinnitrogenformatingcompetitivenessevaluation
Table2Bothirradiatedcontrolsweresimilarinsterility
tothevaluespredictedinFigure2Moreimportantitwas
demonstratedthatinairadoseof5kradalreadyreduced
malematingvigorbyca50 Probablyhigherdosesof
radiationinairwillproducestillsmallerevaluesIncon
trastthehigherradiationinnitrogenwasnotdetrimentalto
malematingcompetitivenessasevaluatedbythepresent
methodThusitissuggestedinthispreliminarystudythat
nitrogenprovidesprotectionfromundesirableradiation
sideeffectsandthisagreeswithobservationsmadeon
otherinsectspecies

Thereductioninpercentembryonationbetweentheun
irradiatedcontrolandthe2competitivetestswasstrikingly
similarHoweverthestrategytoachievethisreductionwas
differentforthe2testsFewermalesirradiatedwith5krad

inairsuccessfullycompetedbutthosethatdiddelivereda
highsterilityThosemalesirradiatedat9kradinnitrogen
carriedalowersterilitybutagreaterproportionmated

Wearecontinuingtotestotherirradiationdosestoex
pandtheAesierrensissterilitycurvesfrom3kradtothat
doseinnitrogennecessaryforca1embryonationIn
additionweareevaluatingthematingcompetitivenessof
malesirradiatedatotherdosesinsearchoftheoptimal
doseatmospheretoberecommendedforasterilemalepro
gram
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ANALYSISOFFOURSITEMETHODFORTESTINGMOSQUITOREPELLENTS
ThomasSSpencerKathyLZellerCharlesFBrodelandWilliamAAkers

LettermanArmyInstituteofResearch
DepartmentofDermatologyResearchPresidioofSanFranciscoCA94129

Asapartofaprogramtofindamosquitorepellentlongerlasting
thanNNdiethylmtoluamidedeetthemosteffectiverepellentin
generaluseafoursitetestingmethodusinghumansubjectswas
developedinordertoreducethenumberofvolunteersnecessaryfor
repellentscreeningThismethodwascomparedtoapreviouslyused

INTRODUCTIONIneffortstodevelopalongerlasting
repellentagainstvectormosquitoesrepellentshavebeen
testedonmanasapartofthescreeningprogramMosquito
repellenttestmethodshavetraditionallyemployedasingle
repellenttreatedsiteoneachforearmofatestsubjectie
twositemethodGilbertetal1957Kurtzetal1974A
foursitemethodwasevaluatedwhich1reducedthe
numberofvolunteersnecessary2decreasedthenumber
ofdaystotestand3eliminatedtheinfluenceofdayto
daychangesinmosquitoavidityShimminetal1974
Thismethodallowedsimultaneoustestingofthreerepel
lentsanddeetthemosteffectiverepellentingeneraluse
Thecurrentreportisacomparisonoftwositeandfoursite
applicationschemesandananalysisofthesitevariationin
thefoursitemethod

MATERIALSANDMETHODSInthetwositetech

niqueone7x15cmtestsitewasdrawnoneachforearm
offivevolunteers10sitesApredeterminedconcentration
ofrepellentwasappliedspreadevenlywithacleanglass
rodandallowedtodryforfifteenrninutesAdhesive
backedfoampadswereplacedaroundtheperimeterof
eachsitetopreventsiteabrasionOnceeachhourthe
volunteerexposedtherepellenttreatedsitetoacageof250
femaleAedesaegyptiLmosquitoesforthreeminutesIf
thesitereceivedtwobitesinonetestperiodorintwocon
secutivetestperiodstherepellenthadfailedandthattime
wasrecordedasthedryprotectiontimeTestingcontinued
forfourdaysfivedifferentvolunteersparticipatedeach
dayGilbertetal1957

Inthefoursitetechniquetwo7x10cmtestsiteswere
drawnoneachvolunteersventralforearmShimminetal
1974Repellentapplicationwasthesameasdescribedfor
thetwositetechniqueTheapplicationswererotatedso
thateachrepellentwaspairedwitheachoftheotherthree
repellentsatleasttwiceonthesamearmoftheeightvolun
teersThesamethreeminutebitingtestwasused

1Theopinions orassertionscontainedhereinaretheprivate
viewsoftheauthorsandarenottobeconstruedasofficialor

reflectingtheviewsoftheDepartmentoftheArmyortheDepart
mentofDefense

2CPTThomasSSpencerMSCcurrentaddressBiomedical
LaboratoriesEdgewoodArsenalAberdeenProvingGroundsMD
21010

3ReprintrequestsshouldbesenttoLibrarianLetterman Army
InstituteofResearchPresidioofSanFranciscoCA94129

ABSTRACT

119

twositetechniqueandnodifferencewasdetectedbetweenthetwo
methodsAnalysisofdataalsoindicatedthattherewasnointersite
orinterarmvariabilityandthatthedifferenceinsizeoftheexposed
repellenttestsitewasnotsignificant

Twogroupsoffourvolunteerstestedthefeasibilityof
thefoursitetechniqueOnthefirstdaygroupIusedthe
twositetechniquewhilegroupIIusedthefoursitetechni
queThegroupswerereversedontheseconddaytoelimi
natesubjectdifferencesVolunteerswereactivedutymili
tarymales

Tworepellentswereselectedforthecomparisondeet
NNdiethylmtoluamideEastmanChemicalspractical
gradeandRutgers6122ethyl13hexanediolEastman
ChemicalspracticalgradeRepellentswereappliedat032
mgcmWiththetwositetechniquethetworepellents
appearedanequalnumberoftimesonrightandleftarms
Twoadditionalsiteswereavailableonthefoursitearms
thereforetwoconcentrationsofanexperimentalrepellent
366trioxapentadecan1o1SRI6StanfordResearch
Institute96purewereselectedtoaccumulatedataon
theefficacyofthisrepellentatdifferentconcentrations

ThemosquitoesusedinthetestwereAeaegyptifrom
610daysoldbredsothattheeggshatchedinasingle24
hourperiodThemosquitoeswerekeptinconstantlightto
preventphotoperiodeffectsKurtzetal1973andwere
allowedtofeedonsugarwateratwillduringthetestAp
proximately250femalemosquitoesweretransferredtothe
testcage24hourspriortotheexperimentThetestroom
waskeptat80relativehumidityand278C

RESULTSANDDISCUSSIONIncomparingthetwo
siteandfoursitetechniquesseveralfactorsshouldbecon
sideredincludinginteractionofrepellentsappliedtothe
sameforearmdifferencesbetweentheupperandlower
sitesonthesameforearminthefoursitemethodanddif

ferencesintheprotectiontimesagainstmosquitoesdeter
minedbythetwomethodsPairedcomparisonofthepro
tectiontimeagainstmosquitoesrevealednosignificantdif
ferencebetweendeetorRutgers612onagivenindividual
wheneithertwositeorfoursitemethodswereemployed
Table1Additionallytherewasnoapparentinteraction
betweenrepellentsappliedtothesameforearmeven
thougheverytreatmentwaspairedwitheveryothertreat
mentSinceKhanandMaibach1972hadpreviouslyob
servedthatrepellentactionagainstmosquitoesoccurredin
theairjustafewcentimetersabovetheskinwehadnot
anticipatedanyobservedrepellentinteractionandourex
pectationswerereaffirmed

Afterthefoursitetechniquehadbeenemployedfora
periodofthreeyearsasaneconomicalalternativetothe
twositetechniquemeanprotectiontimeagainstmosqui
toesaffordedbydeetwiththefoursitemethodwascom



Table1Protectiontimeinhoursforrepellentsagainst
mosquitoes

Repellent Twosite Foursite

Mean SDMean SDtstatistic

Deetl 68 249

Rutgers612 30 141

SRI6
SRI6

59 185

31 074

33 305

64416

1Repellentconcentrationof032mgcm
2Repellentconcentrationof015mgcm
3N8

tcritical2450differencesarenotsignificant

0404

1323

paredtothemeanprotectiontimeobtainedwhenthetwo
sitemethodhadbeenusedinpreviousyearsTable2The
meanprotectiontimesfordeetwerethesamewithtwotest
techniquesHencethedifferenceinareaofthetreatedsite
exposedtomosquitoes70cmversus40cmhadlittle
effectonthedurationofrepellentprotection

Thequestionofintersitevariationbetweentheupper
andlowersitesonthesameforearmandbetweentheright
andleftforearmswasresolvedbycomparingthemeanpro
tectiontimesaffordedbydeetoneachsiteoveraperiodof
threeyearsOneconcludesfromTable3thatthereisno
differenceinthemeanprotectiontimeagainstmosquitoes
whenthesamerepellentisappliedtothefourdifferenttest
sitesMoreoverthereislikewisenodifferenceinthemean
protectiontimesdeterminedontherightandleftforearms
ThelatterobservationconfirmspreviousstudiesbySmith
etal1963andKurtzetal1973Sincethereisno
apparentdifferenceinthevarioustestsitesthefoursite
methodcanbeusedintestsituationswhereintersubject
differencespredominateoverthedifferencesbetweenrepel
lentsbeingtested

Inconclusionthefoursitetechniqueprovidesequiva
lentmeanprotectiontimesagainstmosquitoescomparedto
atwositetechniqueusedintestingmosquitorepellents
Thefoursitetechniquereducedthenumberofvolunteers
fromtwentytoeightdecreasedthenumberoftestdays
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Table2Protectiontimeinhoursfordeetat032mg
cmagainstmosquitoes

Method N Mean SD

4site 195 68 188

2site 39 66 235

Table3Protectiontimeinhoursfordeetat032mg
cmagainstmosquitoes

Left

Site Mean SD

Wrist

Elbow

65 17333
70 18134

fromfourtooneandeliminatedtheinfluenceofdaily
changesofmosquitoavidityThefoursitetechniquealso
hastheadvantageofeachvolunteeractingashisowncon
trolsincedeetisalwaysappliedtoonesiteSincewearein
terestedinassessingonlywhichrepellentsaresignificantly
betterthandeetrepellentsarethenanalyzedinasimple
pairedcomparisontodeetInadditionthereappearstobe
nosignificantdifferenceinresultsobtainedfromeither
method
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STUDIESOFREPELLENTFORMULATIONSWITHNNdiethylmtoluamide
ThomasSSpencerJenniferAHillWilliamAAkersandGaryBjorkland
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Mosquitorepellentformulationscontainingeithermeldddcl
NNdiethylmtoluamideoritsisomerparadeetNNdiethylp
toluamideasactiveingredientsweredevelopedSiliconeandacrylic
polymersandlecithinwereincorporatedintotheseformulations
Theformulationswereevaluatedinvivoforprotectiontimeagainst

INTRODUCTIONMosquitorepellentsareusedby
civiliansandmilitarypersonnelinsituationswherethe
durationofprotectionagainstmosquitoesisshortenedby
sweatingevaporationabrasionandcontactwithwater
Maibachetal1974Smithetal1963Gabeletal1976
Penetrationofrepellentsintotheskinrepresentsanother
limitingfactorSmithetal1963Thereforemosquitore
pellentshavebeenformulatedtoattenuatetheseavenuesof
losswhilestillallowingsufficientrepellentevaporationfor
protectionagainstmosquitoes

Screeninglargenumbersofformulationsforefficacy
withhumanvolunteersplacesatremendousburdenon
availableresourcesthereforeitisdesirabletodevelopin
vitrotechnologyforinitialformulationscreeningThis
reportdescribeshowarepellentevaporationapparatuswas
usedtostudyvariousfonnulationsofmetadeetandpara
deetwithpolymersResultsoftheinvitroevaluationare
comparedwithinvivotestsagainstmosquitoes

MATERIALSANDMETHODSRepellentsusedin
thesestudiesincludemetadeetNNdiethylmtoluamide
practicalgrade95pureEastmanChemicalsCopara
deetNNdiethylptoluamidepracticalgrademp5355
Cand14Clabeledanalogsofthesecompoundssynthe
sizedforinvitrotestingwiththeseformulationsThepoly
mersusedwereCarboset526and526Macrylicpolymers
BFGoodrichCorporationandSiliconeMDX44150B
DowCorningInc

Repellentsinethanolsolutionwereappliedtotwo8x
15cmtestsitesoneoneachoftheventralforearmsof
eachsubjectSolutionsweredesignedsothataspecific
weightperunitareaoftheactiverepellentingredientwas
appliedtotheskinFourrepellentformulationsanddeet
wereappliedtotheforearmsoffivesubjectsforfoursuc
cessivedaysinapartiallybalancedincompleteblockdesign
Kurtzetal1973Onceeachhourfollowingapplication
thetreatedarmswerecoveredwithplasticsleeveswhich

1Theopinionsorassertionscontainedhereinaretheprivate
viewsoftheauthorsandarenottobeconstruedasofficialor

reflectingtheviewsoftheDepartmentoftheArmyortheDepart
mentofDefense

2CPTThomasSSpencerMSCcurrentaddressBiomedical
LaboratoriesEdgewoodArsenalAberdeenProvingGroundsMD
21010

3ReprintrequestsshouldbesenttoLibrarianLettermanArmy
InstituteofResearchPresidioofSanFranciscoCA94129
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mosquitoesRepresentativeformulationswereevaluatedinvitro
usinganevaporationapparatusTheeffectoftemperatureonevap
orationratewasfoundtobesimilarforbothmetadeetandpara
deetNosignificantdifferencewasfoundinprotectiontimeagainst
mosquitoesforthetwoisomers

had7x10cmholescuttocorrespondtothetreatedsites
Thetreatedsitewasthenexposedinacagecontaining250
femaleAedesaegyptimosquitoes79daysoldWhentwo
biteswerereceivedinathreeminutetestorintwosucces
siveteststherepellentwasconsideredtohavefailedand
thetimewasrecordedastheprotectiontimeThemosqui
toesweremaintained278Cand80relativehumidityun
derconstantlightwithsugarsolutionconstantlyavailable

Theinvitroevaporationapparatususedforstudyingre
pellentformulationshasbeendescribedindetailby
Spenceretal1976Radiolabeledrepellentformulations
wereappliedinethanoloracetonesolutiontoascratched
aluminumplanchetThediskwasthenplacedinatemper
aturecontrolledchamber32Canddryairwaspassed
overtherepellenttreatedsurfaceandcollectedinatoluene
trapTheamountofradiolabeledrepellentevaporating
eachhourwasmeasuredinaliquidscintillationcounter
MarkIVNuclearChicagoandwasrecordedaspgofre
pellentevaporatingeachhourforonesquarecentimeterof
applicationpgcmhr

Thetemperaturedependenceofevaporationofthere
pellentwasdeterminedbyapplyinglargeamountsofthe
compound 2mgcmtothesurface06cmofthe
aluminumplanchetthusformingapoolofliquidrepellent
solutionorasmoothsurfaceofthesolidEvaporationrates
oftherepellentwererecordeduntilasteadystateevapora
tionwasreachedThetemperatureoftheevaporation
chamberandtheairpassingoverthecupwasthenchanged
andsteadystateevaporationwasobtainedateachtempera
turerange295C377CTheevaporationratewasre
cordedasafunctionoftemperatureforliquidmetadeet
solidpowderedparadeetandliquidparadeetdeposited
fromanethanolicsolutionSincethemeltingpointofthe
paradeetislowparadeetappliedinsolutiondidnotre
crystalizetoformthesolid

RESULTSANDDISCUSSIONTheevaporationrate
andtemperaturedependenceofevaporationareshownin
Table1Energyofactivationortemperaturedependenceof
evaporationrateisafunctionofthereciprocalofthe
temperatureinKelvindegreesMoore1972Theenergy
ofactivationisameasureoftheenergynecessarytoeffect
thechangefromliquidtovaporundertheconditionsinthe
evaporationchamberWeobservedlittledifferenceinthe
evaporationrateofmetadeetandparadeetintheliquid
statewhichwouldindicatethatthereshouldbelittledif
ferenceinthedurationofprotectionbetweenthetwocom



Table1InVivoprotectiontimesandInVitroevaporationcharacteristicsofmetadeetandparadeet
Repellent EvaporationRate

12gcmhat30C
metadeet

paradeet1
paradeets

430

390

147

Evaporationfromscoredaluminumplanchetdryairflow40mlmin at2mgcmValues arecalculatedfromevaporationversusrecip
rocaltemperaturegraphs

2Paradeetappliedinethanolsolution
3Patadeetapplied ascrystallinesolid

4Meanprotectiontime standarddeviationinhoursagainstAedesagvptimosquitoesatadoseof025mgcmNumberofreplicatesin
parenthesis

5Notapplicable

Table2InVivoprotectiontimesandInVitroevaporationcharacteristicsofmetadeetformulations

AdditiveRepellent
Additive Ratio

none

Carboset526 051

Carboset526 11

Carboset526 21

Carboset526 41

none

Carboset526 051

Carboset526M 051

Slicone 051

none

Lecithin

Lecithin

Lecithin

051

11

21

3Resultsfrom asingletrialat32C

5Steadystateevaporationrateofrepellentat32C

InVivo

Dose1 Duration

025

025

025

025

025

050

050

050

050

015

015

015

015

poundsasobservedinvivoTable1Amarkedlylower
evaporationrateisassociatedwithsolidparadeetwhichre
sultsfromtheenergyrequiredforthesolidliquidtransition
priortotheliquidvaportransitionwhichisreflectedinthe
higherenergyofactivationobservedforthesolidparadeet
comparedtotheliquidparadeetormetadeetTable1
Theliquidphaseratherthanthesolidphaseistheprobable
formofbothmetaandparadeetwhenappliedtotheskin
insolution

Theenergyofactivationfunctioncanbeusedtoesti
matethetemperaturedependenceoftheevaporationrate
invivoConsideringtheenergyofactivationfromTable1
oneestimatesthattherateofevaporationofmetadeet
doubleswhenthetemperatureincreasesfrom25to31C
PreviousworkbyKhanetal1974hasshownthatin

EnergyofVaporization
kJmole
805

819

1068

46 163 20
60 200 4
45192 4
55 252 4
30 163 4

113 149 8
183 614 8
140 452 8
88 301 8

443 147127
075050 4
050 000 4
075 050 4

Amountofmetadeetappliedinmilligrams persquarecentimeterskinsurfacearea

025

025

025

2MeanprotectiontimestandarddeviationinhoursagainstAedes agvptimosquitoesNumberofreplicatesinparenthesis

4Amountofmetadeetappliedinmilligrams persquarecentimeterplanchetarea

122

35

22

2

InVivoProtection
Time

47 16320
48 14130
NA

InVitro
Dose EvapRates Duration

6

5

0

100 57 20

100 48 27

100 40 41

creasingtemperaturecorrelateswithadecreaseinthepro
tectiontimeaffordedbymetadeet

Invitrorepellentevaporationratesfromformulations
estimateonlyonefactoramongmanysuchasskinpenetra
tionandrepellentskinlipidinteractionwhichgovernthe
durationofrepellentformulationsinvivoWeobservedthat
mixturesofCarbosetandmetadeetdidnotaffectthe

steadystateevaporationrateofmetadeetatanapplied
doseofonemgcmTable2Howevera051Carboset
metadeetformulation1mgcmpersistedlongerinthe
evaporationchamber27hcomparedtometadeet20h
Whenthe051formulationwastestedinvivoagainstmos
quitoestheformulationsprotectiontimewaslongerthan
theprotectiontimeofmetadeetaloneTable2Ifthe
polymermetadeetratioisincreasedto1121or41the



steadystateevaporationrateandthepersistenceinvitro
isreducedTable2Theseresultsindicatethathigher
polymerdeetratioswouldnotleadtoincreasedrepellent
performanceinvivosincesufficientmetadeetcannot
evaporate

ExaminationoftheresultsofTable2indicatesuperior
durationofthesiliconeformulationoverunformulated

metadeetinvitroHoweverinvivothedurationofsilicone
formulationsiscomparabletometadeetTheseresults
againemphasizetheimportanceofadditionalfactorsinin
vivorepellentduration

Lecithinwasincorporatedintoformulationswithmeta
deetinanattempttocontrolrepellentreleaseandextend
protectiontimehowevertheseformulationsactuallyre
sultedindecreasedrepellentperformanceTable2

Inactualusewashresistanceplaysanimportantrolein
overallrepellentperformanceCarbosetformulationshave
beenfoundtogivegoodwashresistancewhilethesilicone
formulationofferedlittleornoprotectionfromwashoff
Kurtzetal1973Inadditionconsumercosmeticaccept
abilitycomplicatesoverallevaluationofformulationsThe
specificsiliconeandCarbosetformulationsreportedhere
formatackystiffcoatingwhenappliedtotheskinHence
theformulatinsarecosmeticallyunacceptable

123

Insummarytheevaporationapparatushasbeenusedto
examinemosquitorepellentformulationsandtheresultsof
thesetestshavebeencomparedtoinvivotestingAlthough
theformulationsprovidedequalorslightlylongerprotec
tiontimesagainstmosquitoesabrasionwaterresistance
andcosmeticacceptabilityareimportantadditionalfactors
indevelopingalongerlastingmosquitorepellent
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INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA

STATUSOFORGANOPHOSPHORUSRESISTANCEINLARVALCULEXPIPIENSSUBSPP1976

MichaelCGutierrezErnstPZborayandKathleenEWhite
CaliforniaDepartmentofHealth

ResistanceinCulexpipienssubspptoanorganophos
phorusOPcompoundwasfirstdetectedin1956when
larvaefromKernCountywereshowntoberesistantto
malathionGjullinunpublisheddataBy1970the
DepartmentofHealthinconjunctionwiththelocalmos
quitocontrolagencieshaddetectedwidespreadmalathion
resistanceinCxpipiensFenthionresistanceappearedde
finitealthoughlimitedmostlytocoastalandsouthern
countiesInsecticidesusceptibilitylevelsforCxpipiens
havebeenpreviouslysummarizedbyWomeldorfetal
196619681971

StrainsofCxpipiensfromtheKingsandSanMateo
CountyMosquitoAbatementDistrictsMADwere
colonizedattheUniversityofCaliforniaatRiversidewhere
additionaltestswereperformedandreporteduponby
Georghiouetal1975Casehistoriesofthedevelopment
andimpactofthisresistanceonmosquitocontrolhave
beenreportedfortheAlamedaCountyandSanMateo
CountyMADsDillandRoberts1975andtheKingsMAD
Stewart1975

MosquitolarvaeweretestedintheCaliforniaresistance
surveillanceprogramGilliesandWomeldorf1968Except
wherenotedonlythosedataprocessedwiththecomputer
izedprobitanalysisprogramincorporatedintotheresist
ancesurveillanceprogramareincludedinthisreport

Levelsoflessthan0005partspermillionppmatthe
populationmeanlethalconcentrationLC50accompanied
byanLC90LC50ratiooflessthantwoaregenerallydes
criptiveofsusceptiblepopulationsforparathionmethyl
parathionfenthionandchlorpyrifosFormalathiona
susceptiblepopulationisindicatedbyanLC50oflessthan
01ppmcoupledwitharatiooflessthantwo

TheinclusionofanagencydoesnotmeanthateveryCx
pipienspopulationwithintheagencyboundarieshasbe
comeresistantbutthatsomepopulationshavebeen
showntoberesistantConverselytheabsenceofanindica
tionofresistancemaymeansimplythatithasnotyetbeen
determinednotthatitdoesnotexist

By1970onlytwoagenciestheNorthernSalinasValley
andMaderaCountyMADshadlarvaeinwhichresistanceto
allavailableOPlarvicideshadbeendetectedFigure1
Thisnumberescalatedto13by1975Thisbroughtthe
numberofmosquitocontrolagenciesreportinglarvalre
sistanceto28

Table1summarizeshighestdetectedorganophosphorus
resistancelevelstodateResistancetestlevelsoflarvalsam
plesfromvirtuallyallcontrolagenciestestedhavesurpassed

Vector WasteManagementSection5545EShields
AvenueFresnoCA93727

2Vector WasteManagementSection714PStreet
SacramentoCA95814

3CenterforHealthStatistics714PStreetSacra
mentoCA95814
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Oneortwolarvicides

Allavailablelarvicides

FigurelaDocumentedorganophosphorusresistancein
Culexpipienssubspp 1970

ElOneortwolarvicides

Allavailablelarvicides

Figure1bDocumentedorganophosphorusresistancein
Culexpipienssubspp 1975
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FigurelcCaliforniaMosquitoAbatementAgencies 1976

the01ppmsusceptibilitylimitsformalathionandhavea
LC90LC50ratiogreaterthantwoFigure2displaysthe
LC50andLC90levelsbydistrictSincetheseareplotted
onalogscalethedistancebetweenLC50andLC90isa
measureoftheirratioThescaleisindicatedinthelegend
ofthefigure

Occasionalhighlevelsoftolerancetoparathionand
methylparathionweredetectedbutthesefindingsappear
toindicatetheupperrangeoftoleranceforthespecies
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RiversideCity

InyoCoHD

ImperialCoHD

SanBernardinoCoDEHS

BorregoValley

Coachella

Valley

ratherthanresistancesincethehighlevelswerenotgeneral
lyaccompaniedbyachangeintheslopeofthelogdosage
probitlineFigures3and4Thesehighlevelsmaybedue
inparttoacrosstoleranceduetotheuseofotherorgano
phosphorusinsecticides

Virtuallyallinsecticideresistancetestsoffenthionrun
onthelarvaeresultedinlevelsbeyondthe0005ppmsus
ceptibilitythresholdMostpopulationstestedshowedin
creasedheterogeneitywhichindicatesvariabilitywithinthe
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Figure4CulexpipienssubspplarvalresistancelevelstomethylparathionPlottedbyLC50andLC90

populationsAfinalconcentrationof01ppmwasformerly
allowedonnoncropwaterareasunderspecialcircum
stancesofwatermorethansixinchesdeepandofhighor
ganiccontent Somelarvalpopulationsfromafewcontrol
agencieshavesurpassedthe01ppmlimitandmanymore
areapproachingthatlimitFigure3

Chlorpyrifoscontinuestobethemostusedofalltheor
ganophosphoruslarvicidesagainstCxpipiensFigure6
Resistancelevelsbelowthe0005ppmsusceptibilitythres
holdareevidentprimarilyinthecoastalcountiesofsouth
ernCaliforniaMostoftheremainingareasinthestatehave
larvalresistancelevelsoverthe0005ppmthresholdlimit
andortheLC90LC50ratioisgreaterthantwoAlthough
noneoftheresistancetestsresultedinlevelsbeyondthe
01ppmlegallimitforhighlypollutedwatersatthetimeof
writingmanyareapproachingthatlimit

ppm
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SYNERGISMOFCHLORPYRIFOSBYDEFINTHECONTROLOFORGANOPHOSPHORUS

RESISTANTCULEXPIPIENSQUINQUEFASCIATUSLARVAEWITHNOTESON

SYNERGISMOFPARATHIONANDFENTHION

JonasPStewart

KingsMosquitoAbatementDistrict
PostOfficeBox907HanfordCalifornia93230

ABSTRACT

In1974KingsCountyexperiencedorganophosphorusresistance
inCulexpipiensquinquefasciatuspopulationscreatinganeedfor
analternateinsecticidetoreplacechlorpyrifosDursbanthe

INTRODUCTIONThesouthernhousemosquitoCx
pquinquefasciatushasdevelopedresistancetochlorpyri
fosinKingsCountyThisresistancewasnotedin1974and
reportedbyStewart1975andGeorghiouetal1975ab
BysynergisingchlorpyrifoswithDEFsss tributyl
phosphorotrithioateresistanceinlarvaewasalmostover
comeinthelaboratoryGeorghiouetal1975bThissyn
ergismextendeditselftoparathionaswellaschlorpyrifos
ThepresentpaperdiscussesthefielduseofDEFasasyner
gistforchlorpyrifosandincludesnotesonthesynergismof
parathionandfenthion

MATERIALSANDMETHODSLarvaewerecollected
fromsourcestobetreatedandcheckedforresistancefol

lowingtheprocedureofGilliesandWomeldorf1968Re
sistanceratioswerebasedoncomparisonwithasusceptible
strainwithanLC90of001ppmexhibitedbylarvaeofa
laboratorystrainofCxpquinquefasciatusmaintainedby
theCaliforniaDepartmentofHealthinFresno

Larvalpopulationsamplesweretakenwitha450ml
capacitydipperSingledipsweremadealongthemarginof
thedrainat3yardintervalsbeforeandaftertreatmentas
apopulationindexCountsweretakenat13and7days
aftertreatmentandweeklythereafteruntilfailurewas
noted

Theamountoftestmaterialrequiredforeachdrainwas
calculatedusingtheformulaofSteelmanetal1967A3
galhandpumpsprayerfittedwitha003straightstream
nozzlewasusedtoapplythepesticidesTheamountof
emulsifiableconcentraterequiredtogivethedesiredcon
centrationinthedrainwaspouredintothesprayerandthe
sprayerfilledtocapacitywithwaterPesticideswere
appliedtotheperimeterandfloatageofdrains

SeveraldairydrainsandadrainditchnearHanford
wereselectedfortestsitesTheSilveriaMatthewsDebrum
andBaderdairieseachhavetwodrainswithin200feetof
eachothereachdrainservedasatestsiteandwastreated
onceSingledrainsontheotherdairiesweretreatedonce
TheHanfordditchwastreatedtwice

RESULTSANDDISCUSSIONItisevidentfromTable

1thattheMatthewsandSilveriadairydrainstreatedwith
chlorpyrifosaloneshowedsimilarperiodsofcontrolcom
paredwiththeadjacentdraintreatedwithDEFandchlor
pyrifosSincetheresistanceratiosarelowforthesetwo
dairydrainsandtheratesofchlorpyrifoswerehighthein
effectivenessofDEFwasexpectedSynergisticeffectsap

132

widelyusedinsecticideforthisspeciesSynergisingchlorpyrifos
with25ppmDEFachievedcontrolofCxpquinquefasciatus
larvae

parentlyweredemonstratedinfiveofthesourcestreated
theCamaradairydrainbothDebrumdairydrainsand
bothBaderdairydrainsTable1Priorto1974Cxp
quinquefasciatuspopulationsweresusceptibletochlorpyri
fosandusuallyacontrolperiodofapproximatelyone
monthwasmaintainedperapplicationForexamplethe
Camaradairydrainwastreatedtwicewithchlorpyrifos
priortothesynergismtestNeither015ppmor02ppm
treatmentratesachievedcontrolTreatmentwithchlor

pyrifosandDEFreestablishedcontrolalthoughforonly
14daysThismayhavebeenduetothelowdoseofDEF
10ppmappliedtothisdrainThemaximalsublethalcon
centrationforDEF25ppmGeorghiouetal1975bwas
usedwith01ppmchlorpyrifosinbothDebrumdairy
drainsandbothBaderdairydrainswithmarkedsuccess

Synergismof01ppmparathionwith25ppmDEFwas
notevidentintheGiacomazzidairydrainWhenapara
thionresistantpopulationofCxpquinquefasciatusnear
thisareawascheckedforsynergismwithDEFinthelab
oratoryGeorghiouetal1975basynergismratioof189
wasobtainedThissamepopulationshoweda923syner
gismratioforchlorpyrifosplusDEF

TheMartelladairydrainwastreatedwith01ppmfen
thionplus25ppmDEFTheshortperiodofcontrol14
daysshouldnotbeinterpretedtomeanalackofsynergism
sincesusceptiblepopulationsofCxpquinquefasciatus
larvaeformerlywerecontrolledforapproximatelythis
lengthoftimewithfenthioninthistypeofhabitatunpub
lishedKingsMosquitoAbatementDistrictrecords

DEFwasapplied4hourspriortotheinsecticideapplica
tioninfourofthetestdrainsTable1Theintentwasto
inhibittheresistancemechanismpriortotheapplicationof
theinsecticidetowhichmosquitoeswereresistantThere
appearedtobenovalueinapplyingDEFfirstandtheinsec
ticidelaterasshownbythesimilarcontrolperiodachieved
intheBaderdrainscomparedwiththeDebrumdrains

SinceDEFisadefoliantcareshouldbetakenwhen
applyingitThephytotoxiceffectsofDEFonweedswere
evidentintheHanfordditchhoweverwhenDEFwas
sprayedononlythewatersurfaceofdairydrainsnoeffect
wasnoticedonthesurroundingweedsSincedairydrain
waterisoftenusedforirrigationanattemptwasmadeto
checkthephytotoxiceffectof25ppmDEFtreatedwater
onadjacentcropsAtthreedifferentdrainsbothoftheDe
brumdrainsandtheMartelladraintreatedwaterwaspour



Table1ResultsobservedfromapplicationsoforganophosphorusinsecticidesandDEF
1

againstOPresistantCulex
pipiensquinquefasciatuslarvae

Date

81275

82775

101475

82775

101475

101475

92376

10576

10576

10676

10676

91075

10676

Location Habitat
ApplicationRateppm100Mortality

DEF Insecticide Days LC50LC90
Hanforddrain 13 017chlorpyrifos
Hanforddrain 26 034chlorpyrifos
SilveriaEdairydrain 0 05 chlorpyrifos
SilveriaEdairydrain 25 05 chlorpyrifos
MatthewsNdairydrain 0 017chlorpyrifos
MatthewsSdairydrain 17 017chlorpyrifos
CamaraDairydrain 10 01 chlorpyrifos

DebrumNdairydrain
DebrumSdairydrain
BaderEdairydrain
BaderWdairydrain
Giacomazzidairydrain

Martelladairydrain

1ssstributylphosphorotrithioate

25
25
25

25

25

25

2RR resistanceratioLCresistantstrainLCsusceptiblestrain
3Synergistapplied4hoursinadvanceofinsecticide

edoveralfalfaplantsTherewerenonoticeableeffectson
theseplantsduringthe30daytestperiodThiswasavery
crudeexperimentmoreworkisnecessarytodetermine
whetherDEFtreatedwaterisphytotoxic

DEFisusedextensivelyinKingsCountyoncottonTwo
majordistributorsofDEFsoldover35000gallonsinthe
Countyin1976andrecordsfrompastyearsshowsimilar
usageTheeffectsofthissprayingonCxpquinquefas
ciatuspopulationsisnotknownSincecontrolwasachieved
inthedrainstreatedwithDEFagriculturalsprayingof
DEFapparentlyhasnotaffectedthesynergismofDEFplus
chlorpyrifos

DairydrainsvaryconsiderablyinsizeSomeofthelarge
dairydrainsinKingsCountyareapproximately1000feet
longby75feetwideby15feetdeepTotreatadrainof
thissizewithDEFata25ppmconcentrationwouldtake
approximately29galsof6ibAIgalDEFThecostof
treatingsuchlargesourceswithDEFwouldthereforebe
alimitingfactorassuming25ppmDEFisneededThe
synergismexhibitedindairydrainsbyDEFshouldextend
itselftootherCxpquinquefasciatussourcessuchascatch

01 chlorpyrifos
01 chlorpyrifos
01 chlorpyrifos
01 chlorpyrifos
01 parathion

01 fenthion
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basinsandseptictanksBecauseoftheirsmallsizethecost
ofDEFwouldbeofnoconsequence
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LARVICIDALANDADULTICIDALTRIALSAGAINSTPASTUREMOSQUITOES

HusamADarwazehandMirSMulla

UniversityofCalifornia
DepartmentofEntomology134EntomologyRiversideCalifornia92502

ABSTRACT

Nosynergisticactionwasevidentwithmethylandethylpara
thionmixture11againsttheorganophosphorusresistantlarvaeof
AedesnigromaculisLudlowinirrigatedpasturesAtthetotalrateof
01lbAthismixturefailedtocontrolthemultiresistantstrainin
TulareCountywhilegoodcontrol90 wasobtainedinKern

Countywherelarvaeareresistanttomethylparathionbutstillsus
ceptibletoethylparathionMoresuperiorresultswereobtained

INTRODUCTIONTheappearanceofresistanceinthe
larvalstageofmosquitoesduringthepast2decadeshasre
sultedinacriticalproblemformostmosquitocontrol
agenciesinCaliforniaDuetothedevelopmentofacquired
resistanceseveralhighlyactiveandreasonablypricedlarvi
cideshavebecomeobsoleteorlesseffectiveagainstseveral
speciesofmosquitoessuchasAedesnigromaculisLudlow
CulextarsalisCoquillettCxpipiensquinquefaseiatusSay
andCxpipienspipiensLGeorghiouetal1975Gillies
etal1974Atthepresenttimesomesubstitutematerials
havebeendevelopedforthecontrolofsomeoftheseresis
tantspecieswithexcellentresultsSuchmaterialsinclude
mosquitolarvicidaloilsinsectgrowthregulatorsIGRs
aliphaticaminesandsyntheticpyrethroidsDarwazeh
1973LewallenandRamke1974MullaandDarwazeh
1976abUtilizationofthesematerialshaveincreasedmos
quitocontroloperationalcostssubstantiallyTherisingcost
ofmosquitocontrolhasresultedintheadministrationof
controlprogramsinthepopulatedareasleavingoutlarge
stretchesofmosquitobreedingsourceswithoutintensive
androutinecontrolmeasuresHoweveradulticidesare
occasionallyappliedtopreventadultmosquitoflightsinto
theresidentialareas

Ithasbeenreportedthatcombinationofmethyland
ethylparathionhasshowngoodactivityagainstparathion
resistantleafhoppersThecurrentstudieswereinitiatedto
determinethesynergisticeffectofcurrentlyavailableand
lesscostlylarvicidesethylandmethylparathionagainst
multiresistantstrainsofthepasturemosquitoAedesnigro
maculisLudlowinirrigatedpasturesandtoevaluatethe
performanceofchlorpyrifosinpetroleumoilasanadulti
cideappliedwithanonthermalgroundaerosolgenerator

METHODSANDMATERIALSLarvicides Priorto

chemicalapplication4thstagelarvaewerecollectedfrom
thefieldtestplotsandtheirsusceptibilitytomethyland
ethylparathionwasdeterminedinthemannerasdescribed
byMullaetal1966Testswereconductedinirrigated
pastureswhichareknowntoproducehighlyresistantAe
nigromaculislarvaeinKernandTularecountiesInTulare
countytestswereappliedinJoeRamospasturelocated
onAvenue104andRoad96northwestofPixleyHalfa

1Thesestudies wereconductedincooperationwithKernand
TulareMosquitoAbatementDistrictsinthesouthernSanJoaquin
ValleyofCalifornia
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withethylparathionalonethaneitherthemethylaloneorthe
methylethylmixture

Dursban17 inGoldenBear1356petroleumoilcontrolled
adultAedesmosquitoesupto1miledownwindwhenappliedas
nonthermalaerosolattherateof36ozminthevehicletraveling
at5MPH

gallonofmethylparathionEC4and025galofethylpara
thionEC8weremixedwith40galsofwaterandapplied
withaPawneeaircraftattherateof10galofaqueous
spraycontaining01lbA1ofbothmaterialsperacreSix
swaths66fteachwereappliedcovering12checksSix
checkscontained23rdstagelarvaewhile34thstagelarvae
werepresentintheothersFouruntreatedchecksinthead
jacentfieldwereleftuntreatedascheckandcontained
34thstagelarvaeTwentydipspercheckweretakenprior
toand24hoursaftertreatmentThesameexperimentwas
repeatedinJohnTostispasturelocatedonAvenue160
andRoad73northwestofTipton

InKernCountytestswereconductedinRanchoSanta
Maria2mileseastofCorcoranHighwayonthesouthside
ofCountyLineRoadMaterialswereappliedwithaPawnee
Braveaircraftcovering50ftperswathInthefirstload
onegalofethylparathionEC4wasmixedwith60galsof
waterandappliedattherateof15galofaqueousspray
01lbAlacreSevenswathswereappliedtopasturecon
taining23rdstagelarvaeand8swathsagainst34thstage
larvaeInthesecondloadthesameprocedurewasutilized
intheapplicationofmethylparathionEC4Inthethird
loadonegalofeachethylandmethylparathionEC4
weremixedwith120galofwaterandappliedattherateof
13galsofaqueousspraycontaining005AIofeachmater
ialperacreAnentire80acrefieldwastreatedandlarval
assessmentwasconductedin8checkscontaining23stage
larvaeand8checkscontaining34thstagelarvaeTendips
percheckweretakenpriortoand24hoursaftertreatment
Twoflagmenwereutilizedoneateachendofthefieldto
insurelineofflightinalltests

Adulticide An8Mswathwasrunat183515minutes
beforesunsetandendingat2030utilizing19gallonsof
materialintwoloadsDursbanEC4wasdilutedwith

GoldenBear1356larvicidaloilat12ratioTheGolden

Bear1356isacommonlyusedmosquitolarvicide
composedof98 petroleumoildistillate03 aliphatic
amineand15 inertingredientsThematerialwas
appliedwitha4nozzlecoldfoggerMicrogenModelL4
75transportedonthetailgateofapickuptruckata
speedof5mphTwomphwindprevailedduringapplica
tionAreatreatedwasheavilyinfestedwithadultAenigro
maculisandwereobservedswarminginlargenumbersdur
ingapplicationPriortotreatment8populationassessment
lineswereestablishedwithsamplingstationsatpoints00
025050075and10mifromstationpriortoand12



hoursaftertreatmentAdulticideapplicationbeganfrom
GarcesandCorcoranHighwaytravelingnorthwardfor2
milestoCountyLineRoadtheneastwardfor6mito
RowleeRoad

RESULTSANDDISCUSSIONLarvaecollectedfrom
testplotsinTulareCountywerehighlyresistanttoboth
ethylandmethylparathionwhilelarvaeobtainedfrom
KernCountywereequallyresistanttomethylparathion
butmoderatelyresistanttoethylparathionTable1

Table1SusceptibilityofAenigromaculislarvaeto
methylandethylparathion

Material

Larval

Stage

23

34

Check

23

34

Check

Posttreat

Pretreat 24hrs

TestARamosPasture

7 8

23 25

6 20

TestBTostiPasture

36 23

25 19

22 31

LC50LCPP

TulareCountyKernCounty
Rancho

RamosPastureSantaMaria

EthylParathion 00680340 00270068

MethylParathion 01800680 02100680

MethylEthylParathion1100700500 01100410

Attherateof01lbacreaerialapplicationofethyland
methylparathionmixture005lbAAIofeachfailedto
produceanyreductionintestAwhile24and36control
wasachievedintestBinTulareCountyTable2

Table2Aerialapplicationofethylandmethylpara
thionmixture11forthecontrolofAenigromaculisre
sistantlarvaeinirrigatedpastureattherateof01lbacre
TulareCounty

AvgNooflarvaedip

Reduction

0

0

0

36

24

0

124hrsaftertreatmentlarvae wereconcentratedin

clustersinwater2550dipPriortotreatmentlarvae
werescatteredinthewater
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InKernCountyethylparathionaloneat01lbAIA
yieldedexcellentresultsproducing97and90reduction
inthepopulationsof23rdand34thstagelarvaerespec
tivelyTable3Methylparathionaloneatthesamerate
produced82reductionoftheyoungstageswhileonly
25reductionwasobtainedagainsttheolderstagesWhen
bothmaterialswereappliedtogetherat005lbAIAof
each90and50reductionswereobtainedThesefindings
indicatemostmortalitywascausedprimarilybyethylpara
thionratherthanasynergisticeffectofbothmaterials
whenusedtogetherInthelightoftheseresultsethylpara
thioncouldbeutilizedoperationallyintheextensive
RanchoSantaMariaholdingsinKernCountyasaneffec
tivemosquitolarvicide

Chlorpyrifos17 inGoldenBearpetroleumoilyielded
excellentresultsupto1midownwindwhenappliedwith
anonthermalaerosolgeneratorattherateof36ozmin
Table4

ThesefindingsindicatethatchlorpyrifosinGoldenBear
petroleumoilishighlyactiveagainstadultpasturemosqui
toAenigromaculisunderidealconditionsattherateof
0006lbacrebasedontheareatreated6milesx1mile
of3840acresChlorpyrifosconcentratedilutedwithfuel
oilorautomotivedieselislikelytoproducesimilarresults
Theseinexpensivepetroleumoilsshouldbeemployedin
coldfoggersratherthanexpensivediluents
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Table3AerialapplicationofmethylandethylparathionforthecontrolofAenigromaculisresistantlarvaeinanirri
gatedpastureKernCounty1

Material

andformulation

Ethylparathion
EC4

Methylparathion
EC4

EthylMethyl
ParathionMix11
Check

Rate

ozmin

36

Check

Rate

lbA
Larval

stage

Avgnolarvaedip
Pretreat Posttreat24hrs
L P L P

01 23 19 0 06 0
34 8 0 10 0

01 23 40 0 70 0

34 24 0 180 0
01 23 3 0 03 00

34 7 0 28 07
23 12 0 13 0

Reduction

97

87

82

25

90

50

0

1Priortochemicalapplicationadultpopulation wasextremelyheavy50100butonly35wereobservedlanding24
hrsaftertreatment

Table4Largescaleevaluationofchlorpyrifos17 inGoldenBear1356petroleumoilforthecontrolofadultmos
quitoesAenigromaculisinirrigatedpasturesKernCounty

Distancefrom

dischargepoint Avgnoofadultslandingmin
mile Pretreat Posttreat Reduction

000 128 6 95
025 110 9 92
050 74 36 51
075 321 15 95
100 184 18 90

144 104 28

1
Eightmileswathwasrun15minbeforesunsetutilizing19galofmaterialsintwoloadsRateofchlorpyrifos00061b

AIacre

212hrs
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Althoughtheefficacyofsyntheticpyrethroidsasmos
quitolarvicidesandtheirshorttimeimpactonsomenon
targetorganismshavebeenreportedDarwazehandMulla
1974Mullaetal1975MullaandDarwazeh1976Miura
andTakahashi1976Schaeferetal1976morestudies
concerningfactorssuchasformulationrateandtimeof
sprayandlongtermeffectsonnontargetorganismsare
needed

PydrinSD43775Benzeneaceticacid4chloroalpha
1methylethylcyano3phenoxyphenylmethylester
isasyntheticpyrethroidhavingactivityagainstabroad
spectrumofinsectsThisreportpresentstheresultsofthe
fieldtrialswithPydrinagainstCulextarsalisCoquillettand
itsimpactonnontargetorganisms

STUDYAREAFieldtestsonearlyspringCxtarsalis
wereconductedinanisolatedlateralpoolinYokohl
Valleyabout20mileseastofVisaliaCaliforniaThepool
isoneofmanysituatedalongYokohlCreekanintermit
tentstreamthatrunsthroughthevalleyThepoolisnarrow
andelongated285x20ftwithasurfaceareaofabout
013acreWaterissuppliedbysubsurfaceseepageand
remainsmostoftheflowseasonVegetationisscantinthe
deeperpartsbutshallowareasweredenselycoveredby
patchesofspikerushEleocharissppandbermudagrass
CynodondactyionLPers

FieldtrialsonsummerpopulationsofCxtarsaliswere
studiedinsmallpondsapproxca0024acreatthe

Table1EffectofPydrinonnontargetorganismsNTOinearlyspringCxtarsalislarvalhabitatsNumberofNTOin
watersamples2literstakenpreandposttreatmentandheldinthelaboratoryforobservationconcn02lbAIacre

Organisms 0

Cladocerans

Copepods
Ostracods

ChironomidL

MayflyN
BeetleL

Cladocerans

Copepods
Ostracods
ChironomidL

MayflyN
BeetleL

FIELDTRIALSWITHPYDRINASYNTHETICPYRETHROIDAGAINST

CULEXTARSALISANDITSIMPACTONNONTARGETORGANISMS

TMiuraRMTakahashiandFSMulligan1II
UniversityofCalifornia

MosquitoControlResearchLaboratory5544AirTerminalDriveFresnoCalifornia93727

269

18

56

9

7

36

134

15
24

7

12

16

307

62

56

9

13

6

17

3

0

0

1 2

291

140

56

9

13

1 0

2

9

2

0

0

4

Pretreatment

305

139

56

9

8

0

2

1

1

0

0

1Beetlelarvae weretakenoutfromthecontainertoavoidcannibalism
L LarvaeN Nymphs
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TracyexperimentalplotlocatednearButtonwillowCali
forniaabout20milesnorthwestofBakersfieldCali
forniaWaterforeachpondwassuppliedtwiceaweek
fromadjacentreservoirsca0024acrefedbyadeepwell
Thepondswereconnectedtothereservoirsby6inchdiam
pipescreened16x18meshwindowscreenononeendto
preventmovementoflargerorganismsintothetreated
pondsorviceversa

MATERIALSANDMETHODSPydrin24lbgalEC
wasutilizedinbothstudiestherequiredamountofPydrin
foreachratewasmixedwithca2galofwaterandapplied
witha3galhandcansprayerTherateusedforearlyspring
Cxtarsaliscontrolwas02lbAIacreandforsummer
populations01lbAIacre

ThemosquitospeciesintheYokohlValleystudysite
consistedpredominantlyofimmaturestagesofCxtarsalis
andafewCulisetainornataWillistonOnlyCxtarsalis
wascollectedfromtheTracypondsLarvalpopulationden
sitywascensusedbytaking10dipspriortotreatmentand
atindicatedintervalsduringtheposttreatmentobservation
periodThechemicalimpactonnontargetorganismswas
determinedbymonitoringchangesbetweenpreandpost
treatmentpopulationsusingtechniquesdescribedprevious
lyMiuraandTakahashi1976

DuringthetestperiodatYokohlValleytheaverage
dailyairtemperaturevariedbetween52to81Flowest
andhighesttemperatureswere37and84Frespectively

Daysheldinlaboratory

Posttreatment

366

257

51

9

7 9 11

0

0

0

0

0

0

401

243

49

9

7

0

0

0

0

0

0

609

241

45

9

7



TempdataweretakenattheLemonCoveStationUS
DeptofCommerceNationalClimaticCenterTheTracy
pondsaveragedailyairtemperaturevariedfrom68to86
Flowestandhighesttemperaturesrangedbetween55to
102FtempdatafromtheButtonwillowStationUS
DeptofCommerceNationalClimaticCenter

RESULTSANDDISCUSSIONTheLateralPoolStudy
TheeffectonimmaturestagesofthemosquitoesCx

tarsalisandCsinornatawasstrikingPriortotreatmentthe
populationdensitywasabout3to5dipaftertreatmentall
larvaewerekilledwithin24hrpupaesurvivedfor48hrsor
moreImmaturemosquitopopulationsdidnotrecover
duringtheentiretestperiodApril20thtoMay10th
1976despitecontinuousovipositionbyincomingfemales

Table2EffectsofPydrinonnontargetorganismsNTOin
fieldwatersamples5literscollectedatintervalsaftertreatment

Organism

Cladocerans

Copepods
Ostracods

ChiromonidL

MayflyN
BeetleL

CorixidN

Turbellarians
Rotifers

N NymphsL Larvae

Organisms

MayflyN
CorixidA

NotonectidA

LaccophilusspA
LaccophilusspL
TlateralisA

TlateralisL

HtriangularisA
BerosusspA
RhantusspA
BeetleL

ChironomidL

Mosquitofish
Tadpoles

0 1 2 4 7 9 11

134 0 1 0

15 3 7 12

24 6 12 24

7 0 1 0

12 0 0 0

16 0 0 0

1 0 0 0

0 0 8 33

0 0 1 3

0 1

2

4

1

3

10

3

2

0

1

0

0

0

1

3

2 4

0

1
0

0

0

0

0

0

0

0

0

0

0

0

N NymphsA AdultsL Larvae

no numbersinparenthesesarenumbersofmoribundsordead
Tlateralis Tropisternuslateralis
Htriangularis Hydrophilustriangularis

nottrappedbutseeninthetestedarea
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Table1showspopulationchangesofplanktonicorganisms
collectedbeforeandimmediatelyaftertreatmentandheld
inthelaboratoryforobservationVerysmallmayfly
nymphsandbeetlelarvaewereverysensitivetoPydrin
within24hoursaftertreatmenttherewastotalmortality
Cladoceranscopepodsandsmallchironomidlarvaewere
alsoeliminatedwithin2to5daysInadditiontomonitor
ingpreandposttreatmentsamplesinthelaboratorypop
ulationchangesinthetreatedfieldswereperiodically
checkedTable2immaturestagesofmayfliescorixids
beetlesandchironomidswerecompletelyeliminatedfrom
thetreatedsitehowevercrustaceanpopulationsrecovered
afteraninitialdecreaseTurbellariansNeorhabdocoela
androtifersAsplanchnasppwereabsentinthebeginning

earlyspringCxtarsalislarvalhabitatsNumberofNTOin
concn02lbAIacre

Fieldcollectiondayaftertreatment

Dayaftertreatment

0

0

0

0

0

0

0

8

14

113

0

0

0

0

41

20

0

0

0

0

0

0

0

15

21

160

0

0

0

0

0

1

0

0

4

23

6

189

0

0

0

0

24 11

26 252

254

7

937

0

0

0

0

56

714

14 16

620

20

920

0

0

0

0

10

8

Table3EffectofPydrinonnontargetorganismsNTOinearlyspringCxtarsalislarvalhabitatsNumberofNTO
collectedbytwominnowtraps

7 9 11 14 16 17

0 0 0

12 15 25

1 2

0 0

0 0 0

2 2 2

0 0 0 0

0 0 0 0 1 0 0 5

0 0 0 0 0 0 0

1 2 1 4 4

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1 0

2 2 2 16



ofthetestbutdevelopedrapidlyfollowingtreatment
Effectsonfreemovinglargeorganismsareshownin

Table3Hereagainallimmatureinsectswereeliminated
Adultinsectpopulationsalsowereeliminatedeitherbypoi
soningorbydispersalfromthetreatedpoolThepoolwas
eventuallyreinfestedbyimmigrantsTadpolesandadult
Rhantusbeetleswereseverelyaffectedbutsomeofthem
survivedtheentiretestperiodTable4showsalistof
organismscollectedpriortotreatmentandduringthepost
treatmentperiod

TheTracyPondStudy Completecontrolofimmature
stagesofmosquitoeswasobtainedAlmostimmediately
aftertreatmentmosquitoeswereeliminatedfor12daysand
requiredabout15daystorecovertothepretreatmentpop
ulationlevelsTable5Thepondwastreatedagainonthe
17thdayafterthe1sttreatmentthemosquitopopulation
densitywasreducedto0andnolarvaewereapparentfora
week

Table5alsoshowstherelativeabundanceofplanktonic
organismsbeforeandaftereachofthe2treatments
Cladoceranswereverysensitiveaftereachtreatmenttheir
mortalitywas100andrecoverytook1to2weeksCope
podandostracodpopulationswereaffectedbutneverelim
inatedVerysmallmayflynymphswereverysusceptible
afterthe1sttreatmentthepopulationwaseliminatedand
didnotrecoverduringtheentiretestperiodRotifers
Asplanchnasppwerethemosttolerantorganismsfound

inthepondMostofthetimetheirpopulationwasabsent
atthebeginningoftreatmentbutbloomedsuddenly
followingtreatmentandthendeclinedagainThisphenom
enonwasobservedattheYokohlValleystudysiteTable
2DimilinMiuraandTakahashi1976andchloropyrifos
treatmentHurlbertelal1972againstmosquitolarvae
producedsimilarresultsHurlbertetal1972reported
thattheposttreatmentpopulationincreaseresultednot
fromadirectstimulationofreproductivephysiologybythe
insecticidebutratherfromthemortalityofpredatorsor
competitors andanincreaseinpreyThegenus
Asplanchnaisknownaspredatoryrotiferstheyfeedon
othersmallrotifersallkindsofmetazoaPennak1953
andverysmallimmatureinsectsHurlbertetal1972

Table6showstherelativeabundanceoffreemovingin
sectsinthecheckandtreatedpondsAllinsectsfoundin
thepondweresensitiveespeciallylargesizednymphal
mayfliestheywereeliminatedfromthetreatedpondafter
the1sttreatmentanddidnotrecoverduringthetest
periodAdultinsectsnotonectidsandbeetleswereelimi
natedbythechemicalbutafteraweekormorepopulat
tionsrecoveredtothepretreatmentlevels
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Table4EffectofPydrinonnontargetorganisms
NTOinearlyspringCxtarsalislarvalhabitatsAlistof
NTOcollectedbyaquaticnetsfromthestudyarea

Organisms

MayflyNCallibaetissp
WaterstridersGerrissp
Backswimmers

Notonectaunifasciata
WaterboatmanCorisellasp

Hesperocorixalaevigata
BeetlesAdult

Agabussp
Rhantussp
Tlateralis

Helophorussp
Copelatussp
Laccophilussp
Berosussp
Htriangularis
Deronectessp
Bidessussp
Enochrussp
Hygrotussp
Gyrinussp

BeetlesLarvae
Chironomid

Procladiussp
Chironomusstigmaterus

Shoreflies

Brachydeuteraargentata
Tadpoles
Mosquitofish
Gartersnake

Pretreatment Posttreatment

MiuraTandRMTakahashi1976Effectsofasyntheticpyre
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MullaMSHADarwazehandGMajori1975Fieldefficacyof
somepromisingmosquitolarvicidesandtheireffectsonnon
targetorganismsMosqNews3517985

MullaMSandHADarwazeh1976Fieldevaluationofnew
mosquitolarvicidesandtheirimpactonsomenontargetinsects
MosqNews362516

PennakRW1953FreshwaterinvertebratesoftheUnitedStates
RonaldPressCoNewYork769p

SchaeferCHWHWilderandFSMulliganIII1976Evalua
tionofDimilinBAYMEB6046SD41706andSD43775as
mosquitocontrolagentsProcCalifMosqControlAssoc44
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Table5EffectofPydrinonnontargetorganismsNTORepeatedapplicationsonthesamepondagainstCxtarsalis
Tracypondsconcn01lbAIacre

Organism

Organism

Pretreatment Posttreatmentday
2 1 1 2 4 5

Cladocerans 52 66

Copepods 61 124 8 13 47 48 289 728

Ostracods 89 135 0 18 7 23 23 534

MayflyN 11 9 1 0 0 0 0 0

ChironomidL 0 0 16 4 9 8 18 3

BeetleL 2 2 0 0 0 0 0 0

Rotifers 0 0 48 38 398 453 306 156

2ndtestAugust181976

Cladocerans 550 526 6 6 0 7 4 66

Copepods 40 28 3 15 17 50 131 77

Ostracods 30 24 10 49 36 25 16 29

MayflyL 0 0 0 0 0 0 0 0

ChironomidL 10 4 3 14 0 4 0 5

BeetleL 0 2 0 0 1 1 2 1

Rotifers 90 16 46 77 187 320 425 160

EphydridL 3 2 0 1 0 1 0 0

Numbersinthetableindicatenumbersoforganismsindailywatersamples5literstakenonindicateddays

Table6EffectofPydrinonnontargetorganismsNTORepeatedapplicationsonthesamepondagainstCxtarsalis
Tracypondsconcn01lbAlacre

Pre

treatment

1stapplication Check

Notonectids 56 27

HydrophilidA 26 22 17 21 15 8 8 41 7 24

DytiscidA 9 4 3 20 10 12 6 8 23 13

BeetleL 0 2 1 6 2 0 1 0 1 0

Treated

Notonectids 16 0 0 0 0 0 0 0 0 0

HydrophilidA 12 0 0 0 0 0 0 7 8 13

DytiscidA 0 0 0 0 0 0 0 0 0 0
BeetleL 0 0 0 0 0 0 0 0 0 0

MayflyN 28 0 0 0 0 0 0 0 0 0

2ndapplication Check

Notonectids 5 7 31 11 16 7 11 11 12

HydrophilidA 3 3 41 23 2 31 2 6 3

DytiscidA 9 22 22 28 21 24 43 34 25
BeetleL 0 0 0 0 5 12 8 2 6

Treated
Notonectids 3 0 0 0 0 0 0 0 0

HydrophilidA 3 0 0 1 2 1 1 3 3

DytiscidA 5 0 0 0 0 0 0 0 1
BeetleL 0 0 0 0 0 5 3 8 9

MayflyN 0 0 0 0 0 0 0 0 0

notcountedbutrecordedasmany

1sttesttreatedonAugust11976

0 0 0 0 0 0

Posttreatmentcountdayaftertreatment
1 2 3 4 5 6 9 10 11 12
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Date

1976 PastureLocation

822 Felipe
822 Felipe
822 Felipe
824 Silviera

824 Silviera

831 Costa

831 Costa

831 Costa

FIELDEVALUATIONOFSD43775ANEWSYNTHETICPYRETHROID

FORMOSQUITOCONTROL

LawrenceLLewallenandJonasPStewart

FieldtestsontheShellDevelopmentCompanypyrethroidSD
43775orPydrinTMgaveexcellentcontrolofAedesnigromaculis
larvaeat005lbacrewhenappliedbycompressedairsprayeror
fixedwingaircraftonpastureandalfalfaCulextarsalisCxpeus
andCxpipiensquinquefasciatuslarvaewerecontrolledat01lb

ThesyntheticpyrethroidSD43775orPydrin was

testedonmosquitoesinthelaboratoryandfieldbyMulla
andDarwazeh1976andSchaeferetal1976Thisre
portdescribesanextensionofthepreviousworktodevelop
operationalcontrolproceduresforfieldpopulationsof
AedesnigromaculisCulextarsalisCxpeusandCx
pipiensquinquefasciatuslarvaepupaeandadultsThecur
rentstudieswereconductedtodetermineefficacyandthe
optimumrateofapplicationforcontroloftheabove
speciesinvaryinghabitats

MATERIALSANDMETHODSPortionsofpastures
withheavypopulationsoflarvaeweremeasuredinto132
acreplotsforcompressedairsprayerapplicationsPretreat
mentlarvalpopulationsweredeterminedbytaking20
randomdipswithineachplotwitha4inchdiameter
enameldipperfittedwithalonghandleSuitablealiquots
of24lbgalemulsifiableconcentrateSD43775benzene
aceticacid4chloroalpha1methylethylcyano3phen
oxyphenylmethylesterwereplacedin100mlglassbot
tlesfortransporttothefieldandemptiedintoaonegallon
stainlesssteelcompressedairsprayerthendilutedwithIh
gallonofwatertoformthefinishedsprayThespraywas
evenlydistributedoverthesurfaceareaofeachplotThe
spraywandwasfittedwithan8004Tjetfannozzle
airpressurewasmaintainedatabout30psiWaterdepthin

1CaliforniaDepartmentofHealthVector WasteManagement
Section5545EastShieldsAvenueFresnoCalifornia93727

2KingsMosquitoAbatementDistrictPostOfficeBox907
HanfordCalifornia93230

Table1ResultsobtainedwithcompressedairsprayerapplicationsofSD43775againstAedesnigromaculislarvaein132
acreplotsNomortalitywasobservedinuntreatedlarvae

Dose Larval

lbAIacre StagesPresent

0025

005

01

005

01

0025

005

01

34
34
34

34
34
34
34

34
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acrebycompressedairsprayerandaerialapplicationsinalfalfaand
irrigatedpasturehabitatsCompressedairsprayerapplicationsatthe
rateof025lbacrefailedtogivecompletecontrolofCxpquin
quefasciatuslarvaeindairywasteponds

theplotsvariedfrom inchto6inchesUntreatedpor
tionsofthepastureservedaschecks

Completemortalityoflarvaeoccurredwithinfour
hoursbutmostcountsweremade18to24hoursafter
treatmentPosttreatmentlarvalcountswerebasedonsur

vivinglarvaefrom20randomdipsmadeineachplotPer
centmortalitywasdeterminedbycomparingposttreatment
countswithpretreatmentcounts

Dairywastepondsweretreatedandcontrolevaluatedin
amannersimilartothepastureplots

AerialapplicationsweremadewithaPiperPawneefitted
withD8nozzlesandNos45and46swirlplatesTheair
planewascalibratedtodeliveronegallonoffinishedspray
peracreAreasoftreatedsourceswerecalculatedfrom
KingsMosquitoAbatementDistrictmapsPreandpost
treatmentlarvalandpupalpopulationsweredeterminedin
thesamemannerasforcompressedairsprayerapplications

Adultmosquitopopulationsweredeterminedbyapant
legcountmethodAnobserverspentoneminuteindesig
natedstationareasofpasturesandrecordedthetotalnum
berofmosquitoesrestingoneachlegattheendofthe
designatedtime

RESULTSANDDISCUSSIONCompressedairsprayer
applicationsofSD43775at005lbacrereplicatedthree
timesyielded100mortalityofAenigromaculislarvae
Table1but0025lbacrewasinadequateMixedpopula
tionsofCxpquinquefasciatusCxpeusandCxtarsalis
larvaewerecompletelycontrolledat01lbacreTable2
but0051bacrewasinadequate

24hr
Pretreatment Posttreatment Mortality

164

138

128

169

130

234

328

217

80
0

0

0

0

6

0

0

50

100

100

100

100

97

100

100



Table2ResultsobtainedwithcompressedairsprayerapplicationsofSD43775againstmixedpopulationsofCulex
pipiensquinquefasciatusCxpeusandCxtarsalisin132acreplotsNomortality wasobservedinuntreatedlarvae

Date Dose Larval

1976 PastureLocation lbAIacre StagesPresent

912 Keith

912 Keith

912 Keith

922 Keith

922 Keith

928 Roach

104 Crosepasture005
104 Perriaalfalfa005

Date

1976

104

Dosage
lbAIacre

005

0025 14

005 14

01 14

005 14

01 14

01 4

Location Dosage Larval

1976 andHabitat lbAIacre StagesPresent Species

930 Brazilalfalfa01 4pupae

14

4

4

Station

Number

1

2

3

Thedosagerateof005lbacreisaneffectivedosageon
thepupalstageofAenigromaculisand4thinstarlarvaeof
CulexsppExceptforsomeoilscurrentlyusedinsecticides
willnotcontrolmixedpopulationsofAedespupaeand
CulexlarvaeSincesimultaneouslarvalandpupalcontrol
issometimesdesiredthisfeatureoffers anoperationalad
vantage

The005lbacreaerialdosageappliedtotheCrosepas
tureandthePerriaalfalfafieldwasmadefromexcess01
lbacrespraymixtureusedontheBrazilalfalfafieldfour
dayspreviouslyThesolutionwaskeptinacooldarkplace
duringthefourdayperiodNodeleteriouseffectsonthe
activityofthecompoundcouldbedetectedOperationally
thisisanimportantpointsinceunusedsprayissometimes
heldinspraytanksuntilfavorableweatherconditionsallow
application

Table4indicatesasignificantreductionintheadultAe
nigromaculispopulationattheCrosepastureeventhough
controlwasnotcompleteSinceonlyonetestwasmade
furthertestsareneededtodeterminetheefficacyofSD
43775appliedbyaircraftagainstadultmosquitoes

Aenigromaculis
plus

Cxtarsalis

Aenigromaculis
Aenigromaculis

Pretreatment

15

20

10

142

24hr
Pretreatment Posttreatment

137

224

165

114

106

223

LegCount

4

3

0

20

10

0

7

0

0

Mortality

86

96

100

94

100

100

Table3ResultsobtainedwithaircraftapplicationsofSD43775againstimmatureAedesnigromaculisandCulex tarsalis
Nomortalitywasobservedinuntreatedlarvae

Acres Pre 24hrPost
Treated Treatment Treatment Mortality

2 203

320

10 400

3 402

1Finished spraymixpreparedbydiluting4dayold01lbacreformulationwithequalvolumeofwater

Table4ResultsobtainedwithaircraftapplicationofSD43775againstAedesnigromaculisadults ontheCrosepasture

18hrPosttreatment

1Finished spraymixpreparedbydiluting4dayold01lbacreformulationwithequalvolumeofwater

0 100

0

0

0

100

100

100

Reduction

75

85

100

Treatmentofdairywastepondsbycompressedair
sprayerapplicationsofSD43775at015lbacreand025
lbacreforcontrolof4thinstarCx pquinquefasciatus
resultedinonlyabout50reductionin24hours

Furtherworkmustbedonetodeterminetheefficacyof
SD43775onadultmosquitoesLarvicideapplicationsto
dairywastepondsappeartobeofdoubtfulefficacybut
larvicideapplicationstopasturetypesourcesat005and
01lbacreappearfeasible
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GRANULARDIMILINASPREHATCHTREATMENTFORTHECONTROLOF

FLOODWATERMOSQUITOES

HADarwazehMSMullaandMSDhillon

UniversityofCalifornia
DepartmentofEntomology134EntomologyRiversideCalifornia92502

ABSTRACT

GranularformulationsoftheinsectgrowthregulatorDimilin
wereappliedasprehatchtreatmentstothebreedingsourcesof2
floodwatermosquitoesPsorophoraconfinnisandAedesnigromac
ulispriortofloodingCompletecontroloftheformerspecieswas
obtainedattherateof001lbAIacrearatetwiceasmuchas

INTRODUCTIONFloodwatermosquitoesbelonging
tothegeneraAedesandPsorophorabreedprofuselyinin
termittentlyirrigatedandfloodedagriculturalfieldssuchas
ricepasturesandothersEggsofthesemosquitoeswith
standextremedesiccationandhatchshortlyafterbeing
floodedwithirrigationorrainwaterUnderdesertcondi
tionsinsouthernCaliforniaPsconfinnisLAcomplete
larvalandpupaldevelopmentin34daysduringJune
SeptemberMosquitobreedingsourcesintheagricultural
areasofthelowerdesertarenumerousproducingheavy
populationsatsucharapidratethatattimesthesebreeding
populationsgoundetectedbymosquitocontrolpersonnel
Inadditionlargeacreagesareirrigatedatthesametime
andmosquitoabatementagenciesdonotpossesstheneces
sarymanpowerortheequipmenttolarvicideallthesefields
atthesametimeToprecludemassiveadultemergence
underthesecircumstancestheuseofgranularformulations
oflarvicidesasprehatchtreatmentisemployedroutinely
Thegranularmaterialsareappliedpriortofloodingto
breedingsourcessuchasirrigatedpasturesalfalfafields
duckclubsandothersaspreventivemosquitocontrolmea
sures

The1GRDimilin orTH604014chlorophenyl
326difluorobenzoylurealwasreportedtohavehigh
biologicalactivityagainstmosquitoesMullaetal1975
MullaandDarwazeh19751976Schaeferetal1974
1975Steelmanetal1975againstbothsusceptibleandre
sistantstrainsoffloodwatermosquitoesinricefieldsof
Louisianaandirrigatedpasturesandalfalfafieldsinthe
PaloVerdeValleyandtheSanJoaquinValleyofCalifornia
BasedonthesestudiesDimilinshowedagoodpotentialas
amosquitocontrolagent

Thestudiesreportedherewerecarriedouttoevaluate
thefeasibilityofDimilingranulesasaprehatchtreatment
forthecontroloffloodwatermosquitoesinthePaloVerde
andSanJoaquinValleysofCalifornia

METHODSANDMATERIALSGranularformulations
utilizedwereobtainedfromKernMosquitoAbatementDis
trictBakersfieldCaliforniaandThompsonHayward
ChemicalcoKansasCityTheKerngranules1 were

1Theauthors expresstheirappreciationandthankstoMr
GeraldMDavisonChiefEngineerofthePaloVerdeIrrigationDis
trictforhiscooperationandvaluableassistanceduringthecourseof
thesestudies
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neededforcompletecontrolofthisspeciesatposthatchtreatments
Atthe001and002lbAIacreonlymoderatelevelofcontrolof
AenigromaculiswasobtainedThisspeciesrequireshigherratesof
applicationprobably005lbacreasprehatchtreatments

formulatedonmontereysand1520meshwhileThomp
sonHayward05and10 wereformulatedonFlorex

1530meshgranules
Toobtaingoodcoverageandtoincreasebulkthe

amountofgranulesrequiredforeachplotweremixedwith
blankmontereysandAtotalof6lbsofthemixwere
appliedperplotwithaUSBoraxPCBspreaderModelB
coveringtheentireplotwith4swathsAllplotswereVa
milelongbutvariedinwidthAreaofeachplotineach
testisshowninthetablesTreatedareaswereirrigatedim
mediatelyafterorwithin58hoursaftertreatmentInthe
PaloVerdeValleymaterialswereappliedat23rates
utilizing2plotsperrateand2plotsleftuntreatedas
checks

TestswereconductedinRioRanchoalfalfalocatedon
Defrainand10thAvenueandRobinsonalfalfaon10th
AvenueeastofIntakeBoulevardnearthecityofBlythe
PaloVerdeValleyBothlocationsareknowntoproduce
highnumbersofPsconfinnislarvaeandwereusedinpre
viousstudiesMullaandDarwazeh1975Forthecontrol
ofAedesnigromaculisinirrigatedpasturestheformula
tionswereappliedat2ratesutilizingthesamemethodof
applicationThetestswereconductedinRanchoSanta
MariaSmithPastureinKernCountyInalltestslarval
populationswereassessed12and3daysafterflooding
taking10dipsplotand controlwasdeterminedbased

onthenumberoflarvaerecoveredinthetreatedandun

treatedchecksonthelastsamplingdate23daysafter
flooding

IntestBinthePaloVerdeValleysurvivinglarvaeon
the3rddaywerecollectedfromthetreatedplotsand
checksbroughtintothelaboratoryattheUniversityof
CaliforniaRiversideforadultemergenceassessmentby
placing20larvaeineachof2cupstreatmentEverytwo
daysdeadlarvaepupaeandadultswerecountedandre
moveduntilallorganismseitherdiedoremergedashealthy
normaladultsand reductioninemergencewasdetermin
edbasedonthenumberofadultsemergingfromeach
treatment

RESULTSANDDISCUSSIONOnlymoderatecontrol
ofPsconfinnislarvaewasobtainedattheratesof00025
and0005IbAinthePaloVerdeValleyTable1TestA
Howevercompletecontrolwasobtainedatthehigherrate
001lbAofDimilinappliedasgranulespriortoflooding



Table1EvaluationofDimilingranulesappliedasprehatchtreatmentinalfalfafieldsagainstPsconfinnisinthePalo
VerdeValleyAugustSeptember1976

Rate

Formulation Source lbA

05G

PP1783

Check

10G ThompsonHayward
PP354 Florex1530
10G KernMAD

MontereySand
Check

Table2EmergenceofPsconfinnisadultsresultingfromlarvaeisolatedfromDimilinprehatchtreatmentsinalfalfa
fieldsPaloVerdeValleyAugust1976

Sourceand

Formulation Carrier

10G

PP354

10G

Check

1Plotsize90ft x14mile

INolarvaeinplotstreatedat001lbA seeTable1

Table3EvaluationofDimilingranules10GasprehatchtreatmentagainstAedesnigromaculisinirrigatedpasture
KernCountyAugust1976

Rate

Formulation Source lbA

10G ThompsonHayward 001

PP354 Florex1530
Check

Plotsize50ft xamile

ThompsonHayward
Florex1530

ThompsonHayward
Florex1530
KernMAD

MontereySand1520

Atthisratenewlyhatchedlarvaewereobservedtobedead
orindistressonedayafterfloodingandtheywerecom
pletelyeliminated2dayslaterTable1TestBOfthose
survivinglarvaewhichwerecollectedandisolatedfrom
plotstreatedatthelowerrate0005lbAforadultemerg
enceonly4149emergednormallyAsimilarlevelof
emergence55 wasalsoobtainedfromthoselarvaecol

lectedandisolatedfromthecheckplotsTable2Thesere
sultsindicatethatinhibitionofemergenceEIisprimarily
attributedtoweaknessoflarvaeduetotransportrather
thantothechemicaltreatmentThereforesurvivinglarvae
inthetreatedplotswiththelowerrateshouldreachthe
adultstage

TestA

00025

0005

TestB

0005
0010

0005

0010

Rate

lbA

0005

0005

0025
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1

66

7

28

8

8

33

L

4

7

21

Avgnolarvae10dips
afterfloodingdays

2 3

54

34

152

18 10 36 20

1 2 0 100

9 12 73

0 0 100

35

Avg CumulativeMort

8 33

0 48

0 45

Y A

Avgnooflarvae10dips
afterflooding

days
1 2

15

10

58

45

control

64

78

Reducin

Emerg

18 59

3 51

0 45

control

74

83

Dimilinasprehatchtreatmentsat001and0025lbA
yieldedgoodbutnotcompletecontrolofAenigromaculis
larvaeinirrigatedpasturesTable3Somenewlyhatched
larvaewereobserveddeadorindistriss1and2daysafter
floodingThreedaysafterfloodingtheplotsdriedrapidly
exceptinsmallpuddlesofmudwherelivinglarvaeand
pupaewerefoundinlargenumbersbutitwasnotpossible
tocollectorisolatetheseforadultemergenceItisappar

entthatprehatchtreatmentsatbothratescausedagood
dealoflarvalmortalityinthetreatedplotsasthelarval
densityismuchlowerinthetreatedthantheuntreated
plots



InpreviousstudiesevaluatingposthatchtreatmentsPs
confinnislarvaewerecontrolledatmuchlowerrates
000250005lbAusingseveralformulationsofDimilin
includinggranulesMullaandDarwazeh19751976
Failuretoachieveadequatecontrolattheseratesappliedas
prehatchtreatmentscouldbeattributedtothehighlevelof
dilutionofthechemicalreleasedintoflowingirrigation
water

Thesefindingsindicatethatcompletelarvalcontrolis
notfeasibleinprehatchtreatmentatposthatchtreatment
ratesinirrigatedfieldsandthathigherrateswillbe
requiredTheprehatchtreatmentratesshouldbeincreased
24foldEventhentheratesofapplicationneededfor
completecontrolofPsconfinnismosquitoesarequitelow
notexceeding001lbAofeffectivedosageofDimilinas
prehatchtreatmentagainstlenigromaculis
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EVALUATIONOFDIMILINPYDRINSUMITHIONRESMETHRINANDFENETHCARB

FORTHECONTROLOFCALIFORNIAMOSQUITOES

CHSchaeferTMiuraWHWilderandFSMulliganIII

UniversityofCalifornia
MosquitoControlResearchLaboratory5544AirTerminalDriveFresnoCalifornia92727

DimilinTMprovidesoperationalcontrolofmosquitolarvaeat
ratesof0025004IbAlacrePersistenceoftheactiveingredientin
fieldwatersorinsoilislimitedfollowingtheapplicationofwettable
powderorgranularformulationsHoweveraqueousspraysusedto
dispersethewettablepowderformulationsresultinpersistentand
accumulativeresiduesonvegetationTheseresiduescanbelargely
eliminatedusinga1sandformulationPydrinTMofferspotentialas

DIMILINDimilinalsoknown asTH6040anddi

flubenzuroniscurrentlybeingdevelopedasamosquitolar
vicidebyThompsonHaywardChemicalCompanyItis
knownthat0025lbAlacreisoperationallyfeasible
againstlodesnigronraeulisLudlowandAeriesmelanimon
DyarlarvaeSchaeferetal1975Multipleaerialapplica
tionsof002to0041bAlacreusinga25wettablepow
derformulationresultedinonlylimitedresiduesinpasture
watersSchaeferandDupras1976andproducedno
detectableimpactonnontargetorganismsMiuraand
Takahashi1976Howeverthesesamestudiesshowedthat
therewasabuildupofresiduesonvegetationfollowing
multipleapplicationsofthewettablepowderformulation
andfurthermorethattheseresiduesdidnotreadilydissi
pateTherefore1976studieswereaimedatevaluating
granularformulationsthatmightpenetratethroughthecan
opyofvegetationwithoutleavingundesirableresidues

Comparisonofresiduesfollowingrnultipleapplications
ofwettablepowderand1Attaclaygranules Apasture
FileinFresnoCountywastreated4timesduring1976
Onehalfofthefieldwastreatedwiththe25wettable

powderformulationtogive0035IbAlgallonofwater
acrewhiletheotherhalfwastreatedwith1Attaclay
granules1630meshTheaircraftwascalibratedto
deliver35lbofthe1granulesacreHowevertheactual
amountdispersedwasmeasuredbyweighingthecontents
oftheaircrafttankbeforeandaftereachtreatment

Othertestswiththe1Attaclaygranules Inorderto

obtainefficacydataandtocollectresiduesamplesa
pastureCosterisaninKernCountywastreated3timesat
006to009lbAlacreandapastureLowryinSanJoa
quinCountywastreatedonceat009lbAlacreTable1
summarizedtheapplications

ResultswiththewettablepowderandIAttaclaygran
ules Asfoundin1975theresiduesonvegetationwere
highfollowingapplicationsofthewettablepowderThe1
Attaclaygranulescontainedmanylightparticlesandthese
wereobservedtodriftduringtheapplicationPosttreat
mentvisualexaminationrevealedthatsomegranuleshad
remainedonthevegetationratherthanpenetratingthrough
thecanopyAnalysisofthevegetationrevealedthatresidues
weremuchlowerontheportionofthepasturetreatedwith
the1Attaclaygranulesthanforthattreatedwith
wettablepowderbutsignificantresiduesstillpersisted
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bothalarvicideandapupicideSumithiondoesnotshowpromise
againstOPresistentpopulationsintheSanJoaquinValley
Resmethrinlackedeffectiveadulticidalactivityat001IbAlacre
whenappliedbyaircraftin1galwateracreAnewcarbamate
Fenethcarbshowsloweradulticidalactivityinfieldteststhan
Baygon

SchaeferandDupras1977Evenafter4repeatedapplica
tionsofthe1Attaclaygranulesnodeleteriousimpacton
nontargetorganismswasapparentTable2

Considerabledifficultywasinvolvedinapplyingthe
granulesinboththeKernandSanJoaquinCountytests
Thegranulestendedtoclumpastheypassedthroughthe
slotsbetweenthetankandspreaderthisresultedinastop
pageofflowAlsothesettingsusedtoobtainacalibrated
rateduringagivenapplicationdidnotresultinthesame
rateonsubsequentapplicationattemptsTheTransland
SpreaderModel20180wasusedforapplyingthegranules
attheFilepastureThespreaderallowedapplicationofthe
desiredamountsoftheAttaclaygranulesDriftinlow
winds25mphwasasignificantproblemaswereresidues
onthevegetationVegetationsamplesfromtheCosterisan
pastureshowedsignificantresiduelevelsSchaeferand
Dupras1977Thusthe1Attaclaygranulesdonotpro
videanoperationalalternativetotheuseofthewettable
powder

ONEPERCENTSANDGRANULESThesewerepre
paredbymixing200Ibsofsand20meshwith1pintof
oilGoldenBear1356or1313andthenadding8lbofthe
25wettablepowderand100gmofamorphoussilicaHi
Sil233followedbycarefulmixing

The1sandgranuleswereapplied4timesbyaircraft
Table1Adoseof0044lbAlacreaswellasalater
treatmentonthesamegunclubof0058lbAlacregave
excellentcontrolofCulertarsalisCoquillettlarvaeThe
effectonnontargetpopulationswasrelativelyslightTable
3Thesetreatmentsdidnotproducesignificantorpersist
entresiduesonvegetationMeasurableresiduesonvegeta
tionweredetectedimmediatelyaftertreatmentandwere
apparentlyduetodustwettablepowdernotadheringto
thesandwhichsettledfromtheaircraftApplicationof
0025lbAlacreonapastureCunhagave100controlof
lenirromaeulislarvaeandwhilealowresidueonvegeta
tionwaspresent1hraftertreatmentnoresidueswerepre
sentinsamplesafterthattimeAhigherapplicationof
0074lbAlacreatSmithspasturegave100controlof
AenilgronraeulisandAemelanimonlarvaeandnoresidues
onvegetationwerefound

Thusitispossibletoformulatethe25wettablepowd
erofTH6040ontosandandproduce1granuleswhich
offeroperationalcontrolofmosquitolarvaewithoutpro



Table1Summaryofthe1976aircraftapplicationswithTH6040

Field Date

TestNo 1976 MAD Location Habitat

765 719
765 719
767 730
768 82
768 82
7610 89
7611 816
7611 816

7612 820
7615 823
7619 830
7619 830
7620 99
7621 99
7622 914
7630 924

1MosquitoAbatementDistrict

Consolidated

Consolidated

Kern

Consolidated

Consolidated

SanJoaquin
Consolidated

Consolidated

Kern

Kern

Consolidated

Consolidated

Kern

Kern

Kern

Consolidated

225wettablepowderSuppliedbyThompsonHaywardChemicalCo
31Attaclaygranule1630meshSuppliedbyThompsonHaywardChemicalCo
41Sandgranule20mesh

Table2EffectsofDimilin1Attaclaygranuleson
nontargetorganismsRepeatedapplicationsonthesame
fieldagainstpasturemosquitoesFTNos765811and
19

Organisms

Flatworms

Rotifers

Nematodes

Waterfleas

Copepods
SeedShrimps
Mayflynymphs
Beetleadults1
Culicoidslarvae

Chironomidslarvae

Oribatidmites

Application

1st 2nd 3rd 4th

1
TropisternuslateralisThermonectus

Laccophilusspp
Present Absent

File

File

Costerisan

File

File

Lowry
File

File

Universal

Costerisan

File

File

Costerisan

Universal

Smith

Cunha

basillarisand

ducingaresidueproblemonvegetationFurtherstudiesto
developadustfreesandgranuleareinprogress

PYDRINrMThispyrethroidtypecompoundalso
knownasSD43775waspreviouslyshowntohavepotential
asalarvicideagainstseveralCaliforniamosquitoesSchaefer
etal1976Ratesaslowas005lbAIacregavegood

Pasture

Pasture

Pasture

Pasture

Pasture

Pasture

Pasture

Pasture

GunClub

Pasture

Pasture

Pasture

Pasture

GunClub

Pasture

Pasture
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Acres

Treated Formulation

4 25WP
8 1GAttaclay

10 1GAttaclay
4 25WP

8 1GAttaclay
3 1GAttaclay
4 25WP
8 1GAttaclay

50 1GSand
20 1GAttaclay

4 25WP
8 1GAttaclay

12 1GAttaclay
50 1GSand
20 1GSand
20 1GSand

Rate

lbAIacre

0035

0037

0061

0035

0041

0094

0035

0038

0044

0070

0035

0033
0095

0058

0074

0025

controlofmixedlarvalpopulationsofAenigromaeulis
andAemelanimoninthefieldLaboratorytestsalsoindi
catedpupicidepotentialDuring1976pastureplots005
acrecontainingmixedpopulationsofAenigromaeulisand
Aemelanimonpupaewerehandsprayedusinga241bAI
galECformulationofPydrinSixplotsweretreatedat
05025and01AIacreeachinduplicateAlltreat
mentsresultedin100pupalmortalityThusPydrinin
contrasttomostsyntheticlarvicideshasgoodpotential
againstpupae

Treatmentsofpolluteddairywasteholdingpondswith
ratesof01and02lbAlacreofPydringaveincomplete
5090 mortalityagainstCxtarsalisandCuterpipiens
quinquefasciatusSaypopulationsAllofthetreatedhold
ingpondshaddensevegetationalongtheperimeterand
largeamountsoforganicdebriswerepresentinthewater

SUMITHIONEarliertestshadshownthatorgano
phosphorusresistantstrainsofAenigromaculiswerehighly
crossresistanttoSumithionSchaeferandWilder1970
HoweversinceSumithionisprojectedtobeusedasamos
quitocontrolagentinsomepartsoftheUnitedStatesfield
evaluationsonpastureplotswereconductedA41bAIgal
ECformulationofSumithionwasdilutedwithwaterand

appliedbyhandsprayerto005acrepastureplotscontain
ingmixedpopulationsofAenigromaculisandAemelani
monatratesof0102and03lbAIacreTherewasa
totalmortalityof90ineachcasewithonlyAenigro
maeulissurvivingThelackofincreasedmortalitywithin
creaseddosesshowsthatveryhighcrossresistanceispre
sentandthatSumithionwouldnotbeeffectiveinopera
tionalprogramsintheSanJoaquinValley



Table3EffectsofDimilin1sandgranulesonnontargetorganismsAppliedat00581bAIacreagainstCulextarsalis
September91976FTNo7621

Organism 0

Waterfleas

Copepods
SeedShrimps
MayflyNymphs
DragonflyNymphs
DamselflyNymphs
Beetleadults1
Beetlelarvae
Chironomidlarvae

Shoreflylarvae

15

180

1395

105

59

276

3

5

285

0

Pretreatment

Compound LC50 X90

Fenethcarb 0051 0070

Baygon 0041 0071

AfieldtestwasconductedusinganECformulationdilut
edtogive008lbAIgalwateracrebyaircraftA10acre
pastureinKingsCountywhichhadahighlegcount50
ofAenigromaculisadultsservedasthetestsiteTherewas
somereductionofadultswithinafewminutesaftertreat
mentandthemaximumreductionof65wasobservedat
3hrsposttreatmentAsBaygonisusedoperationallyat

Nooforganisms4500mlofwatersample

Posttreatmentday

0 1 4

0

312

1534

312

95

57

1

4

394

4

1TropisternuslateralisThermonectusbasillarisandLaccophilusspp

2TropisternuslateralisandLaccophilus spp

RESMITHRINThispyrethroidmaterialisaknown
mosquitoadulticidewhichhasbeenappliedbygroundfog
gingequipmentwithvaryingdegreesofsuccessItwasof
interesttodeterminethepotentialofusingResmethrinas
anadulticideusingaerialapplicationsBecauseofcostthe
manufacturerrecommendedarateof0005lbAIacre
Sincethematerialhadnotbeenpreviouslyevaluatedbyair
craftapplicationsahigherrateof001lbAIacrewas
selectedA2lbAIgalECwasdilutedwithwatertogive
001lbAlin1galwateracreTwo40acrefieldsinKings
CountyhavinghighpopulationsofAenigromaculisadults
weretreatedoneat935amandtheotherat1015
amNoknockdownorsubsequentreductionsofadult
numberswasobservedResmethrinisknowntobephoto
unstableandthepossibilityexistedthatbetterresultsmight
havebeenobtainedbyapplyingthematerialbeforesunrise
Thereforeanother20acrepastureinTulareCountyhaving
highnumbersof4enigromaculisadultswasalsotreated
at001lbAIgalacrebuttheapplicationwasmadeprior
todaybreakTheaerialapplicationwasgoodbutstillthere
wasnoknockdownorsubsequentreductioninnumbersof
adults

FENETHCARBThiscarbamate35diethylphenylN
methylcarbamateiscurrentlybeingdevelopedinEurope
whereithasshownpotentialforadulticidingmosquitoes
TestsinthelaboratoryGeorghiouandMetcalf1961
againstadultCxpquinquefasciatusindicatedactivitysim
ilartoBaygonasfollows
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005to007lbAIacreFenethcarbwouldhavetobe
appliedatamuchhigherrateandtheeconomicsofthat
possibilityisdoubtful

SUMMARYOfthechemicalcontrolagentsevaluated
during1976onlytwoshowpotentialforfutureoperation
aluseTheregistrationofTH6040isinprogressandhope
fullywillbeaccomplishedby1977Pydrinalsocontinues
toshowpromiseAsbothofthesecompoundsarealsobe
ingdevelopedforagriculturalmarketstheprobabilitythat
theywillbecommerciallyavailableformosquitocontrolis
enhanced
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FIELDTESTINGOFMETHOPRENEALTOSIDBRIQUETS

FORCULEXMOSQUITOCONTROL

JonasPStewart

KingsMosquitoAbatementDistrict
PostOfficeBox907HanfordCalifornia93230

Varioustypesofmosquitosourcesweretreatedwithmetho
preneAltosid04briquetsThemajorsourcestreatedwereseptic

INTRODUCTIONMethopreneAltosidSR10has
beenusedsince1973inKingsCountyIn1973applications
weredirectedtowardsorganophosphorusresistantAedes
nigromaculislarvaeIn1974experimentswereconducted
inKingsCountywithAltosidSR10tocontrolCulextarsa
lislarvaeThesametreatmentrateasappliedforAenigro
maculis4ozAltosidSR10acrewasusedforCxtarsalis
Altosidwassprayedtwiceweeklyonaseepageareafor
eightweeksOnehundredpercentcontrolwasmaintained
duringthisperiodLewallenandStewartunpublished
data

SinceCxpquinquefasciatuspopulationswerefoundto
beOPresistantinKingsCountyStewart1975Georghiou
etal1975analternateclassofinsecticidewasneeded
Thispapershowstheresultofexperimentswithanew
formulationofmethopreneAltosid4briquetsagainst
CxpquinquefasciatusCxpeusandCxtarsalislarvae

MATERIALSANDMETHODSVarioustypesofmos
quitosourcesweretreatedwithAltosid4briquetsTwo
ofthesemosquitosourceswereexperimentalpondscon
structedattheDistrictyardtotesttheeffectsofthebri
quetsinwaterofhighorganiccontentThepondswere
earthenholes3ftsquareby1ftdeeplinedwithvinyl
plasticandfilledwithwaterfromalocaldairydrainThe
otherareasusedfortestingarelistedinthetablesUntreat
edchecksnotlistedinthetableswereobservedforemerg
enceofadultsAveragecheckemergencewas90

BriquetswerehandthrownintoallsourcesApplication
rateswerebasedonthemanufacturerslabelNonorlow
flowshallowdepressionsupto2ftindepthweretreated
byapplyingonebriquetperhundredsquarefeetFormos
quitosourceswithwatersubjecttoflowordeeperthan2
fttherateofapplicationwasonebriquetper75galof
waterApplicationrateswerechangedwhencontrolfailures
werenoted

TreatedsourcesweresampledatweeklyintervalsTen
dipsweretakenwitha450mlcapacitydipperatsmall
sourcessuchascatchbasinsTwentydipsweretakenper
samplingperiodatlargersourcessuchasdairydrainsAll
sourcestreatedweresampledfortwoweeksfollowingoper
ationalfailureThreeouncesoftreatedwaterandpupae
werecollectedandplacedin6ozwaxcupsThenumberof
pupaecollectedwasdependentuponthenumberofpupae
presentwhenthesamplewastaken

An8ozstyrifoamcupwiththebottomreplacedbya
pieceoforgandyclothservedasanemergencechamber
ThestyrifoamcupwasplacedoverthewaxcupMortality

ABSTRACT
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tanksystemscatchbasinsswimmingpoolsandirrigationditches
Theaveragecontrolperiodwas44days

wasbasedonthenumberofdeadpupaedeformedadults
andadultsthatcouldnotfly

RESULTSANDDISCUSSIONTable1showsthecon
trolperiodforeachcatchbasinAscanbeseenfromthis
tableanumberofcatchbasinshadanincreaseinwater
volumeThisadditionalwatermayhaveshortenedcontrol
periodsforsomebasins

Table2showsthepercentmortalityandcontrolperiod
formosquitosourceswithhighorganiccontentAdditional
waterwasflowingintoallsourcesexceptthetwopondsat
theDistrictyardWhenflowingwaterwasfoundflows
werelowexceptinthetwodairydrainsThelargevolume
ofwaterinthedairydrainsmadenormaltreatmentrates
onebriquetper75galswaterimpracticalOnebriquet
wasplacedeverythreeyardsofthedairydrainperimeterin
Drain1Drains2and3weretreatedattherateofonebri

quetper2yardintervalandoneyardintervalrespectively
SchaeferandDupras1973checkedthepersistenceof
methopreneindifferenttypesofwaterTheyfoundthat
thematerialpersistedinsewagewateraswellasintap
pastureandpondwaterTheorganicdebriswhichsettled
tothebottominsources1 4probablykeptthebriquets
fromreleasingenoughactiveingredienttothesurfaceto
provideformosquitokillAscanbeseenfromTable2
controlwasneverachievedinsources14Incontrastpond
5Table2whichhadthebriquetsuspendedabovetheor
ganicdebriswaskeptfreeofmosquitoesfor14daysMos
quitoesintwoseptictanksystemswerecontrolledatthe
normalrateonebriquetper100ftofsurfaceareaAddi
tionalbriquetswereneededinthreeseptictanksystemsto
achievecontrol

Table3showsthepercentmortalityandcontrolperiod
foranumberofotherhabitatstreatedwiththebriquets
Source1apitsurroundingagrainelevatorwastreated
withfourbriquetsplacedatthecornersofthepitsincethe
elevatoroccupiedthecenterofthepitThethreepools
testedwereexposedtosummersunlightBecauseSchaefer
andWilder1972andSchaeferandDupras1973have
shownthatsunlightreducesthebiologicalactivityof
methopreneanadditionalnumberofbriquetswereadded
overthenormalratetooffsettheeffectsofthesunlight

Table4showsthecontrolforanumberoftreated
ditchesExceptforDitch1allditchescontainedirrigation
tailwaterDitch1wastreatedwith27briquetsBecauseof
theorganicdebrisonthebottomofthisditchalarge
numberofbriquetswereusedWaterdepthwasabout6



Additionalwateraddedtooriginalvolume

lWatersourcedried

2Briquetsuspended5inchesfromwatersurface

1ElevatorPit YoderBlvd 102776

1Pondhad aroofoveritnodirectsunlight

2Water sourcedried

Table1MortalityofCulexpquinquefasciatuslarvaeincatchbasinstreatedwith4AltosidBriquets

Approx NoBriquets 100M
Location Treatment VolGal Applied Days

1NoMaloneStreetHanford 61876 20 1 80

2SoMaloneStreetHanford 61876 20 1 75

3NoCortnerStreetHanford 61876 12 1 84

4SoCortnerStreetHanford 61876 12 1 84

5NWHannaStreetCorcoran 62176 73 1 67

6NEHannaStreetCorcoran 62176 73 1 23

7SWHannaStreetCorcoran 62176 73 1 18

8SEHannaStreetCorcoran 62176 73 1 20

9SoJosephineStreetCorcoran 62176 73 1 39

10SoFolletStreetLemoore 62576 73 1 49

11NoHillStreetLemoore 62576 73 1 41

Table2MortalityofCulexpquinquefasciatuslarvaeinwaterofhighorganiccontent

NoBriquets
Treatment AppliedOver NoBriquets Control

Habitat Location Date SizeofSource NormalRate Applied Days M

1DairyDrain 5400JacksonAve 72076 485000gal 6418 48 7 35

2DairyDrain 610014thAve 72176 225000gal 3340 60 7 25
3Drain 1193419Ave 82776 200sqft 8 10 7 0
4Pond KingsMAD 72076 9sqft 0 1 7 33
5Pond KingsMAD 8276 9sqft 0 1 14 100
6SepticTank 5418PuebloAve 102776 35sqft 0 1 36 100

7SepticTank 2719Omaha 7176 24sqft 1 2 71 100
9aSepticTank 16900JacksonAve 8376 60sqft 2 3 7 25
9bSepticTank 16900JacksonAve 82076 60sqft 6 7 50 100

l0aSepticTank 7043OmahaAve 62176 80sqft 2 3 7 62

10bSepticTank 7043OmahaAve 7176 30sqft 6 7 107 100

Table3MortalityofCulexpquinquefasciatuslarvaeinsourcestreatedwithAltosid4Briquets

Surface NoBriquets
Treatment Area AppliedOver NoBriquets

Habitat Location Date SqFt NormalRate Applied

1ElevatorPit YoderBlvd 102776 64 3 4 36

2GardenPondHarrisStreet 101376 7 0 1 53

3Pool 12thAvenue 10476 120 4 6 23

4Pool LaceyBlvd 10676 324 2 6 50
5Pool WhiteStreet 101376 36 1 2 49
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Table4MortalityofCulextarsalisandCulexpeusinsourcestreatedwithAltosidBriquets

Habitat

1Ditch

2Ditch2
3Ditch

4Ditch

Location

JacksonAvenue

18thAvenue

18thAvenue

11thAvenue

Treatment

Date

62276
62276
9476
61176

Surface

Area

SqFt

300

4050
4050

250

Watersourcedried

280mortalityofAedes vexansinadditiontothe100mortalityofCulextarsalisandpeasfor17days

inchesTheshallowwaterprobablyaccountsforthediffer
enceincontrolasobservedinsources14Table3Sources
14containedatleast1ftofwaterTheamountofbriquets
neededforcontrolwasmiscalculatedforDitch2Table4
ThesecondfloodingofthissourceDitch3showedthat
controlwasachievedwhentherightdosagewasusedDitch
4showedalternateperiodsofflowInadditiontotheflow
ingwatertheditchwasnarrowandlong25ftby100ft
Becauseofthetwocircumstancesanadditionalnumber
ofbriquetswereusedoverthenormalrate

Itappearedthattheratesofapplicationasspecifiedby
themanufacturercontrolledCulexsppinseveralsitua
tionsWhenflowingwaterorganicdebrissunlightand
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NoBriquets
AppliedOver
NormalRate

24

8
1

22

NoBriquets
Applied MDays

27

33

42

25

shapeofthesourcewereproblemsadditionalbriquetswere
needed
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CONTROLOFADULTAEDESNIGROMACULISLUDLOWWITHAEROSOLSOF

PYRETHRINSANDSYNTHETICPYRETHROIDSI

ILABORATORYASSAYS

ErnstPZborayandGaryAMount

INTRODUCTIONCooperativeinvestigationsonthe
evaluationofpyrethrinsandsyntheticpyrethroidsforuse
asaerosolsagainstadultAedesnigromaculisLudlowin
Californiawereinitiatedin1974ParticipatingweretheIn
sectsAffectingManResearchLaboratoryUSDepart
mentofAgricultureGainesvilleFloridatheDepartment
ofEntomologyUniversityofCaliforniaatDavisthe
VectorandWasteManagementSectionCaliforniaDepart
mentofHealthandnumerousmosquitoabatementagen
cies

Thispapersummarizesthreeyearsoflaboratorywind
tunneltestingduringtheperiod1974through1976The
secondWomeldorfandMount1977andthirdWashino
etal1977papersintheseriesdiscussfieldevaluationsof
theeffectsuponAenigromaculisanduponnontargetor
ganismsTheobjectiveofthelaboratoryassayswasto
determinetherelativetoxicityofseveralpotentiallyuseful
pyrethrinsandsyntheticpyrethroidsascomparedwith
malathionandpropoxurstandards

MATERIALS AND METHODSThe tests were

performedwithawindtunnelsystemusingmethodsessen
tiallyasdescribedbyMountetal1976Theadulticides
evaluatedweresynergizedpyrethrinsandthesepyrethroids
tetramethrinresmethrinthedcisisomerofresmethrin
RousselUclafRU11679orbioethanomethrin5benzyl3
furylmethyltrans 3cyclopentylidenemethyl22
dimethylcyclopropanecarboxylate NationalResearchand
DevelopmentCorporationNRDC143orpermethrinm
phenoxybenzylcistrans 322dichlorovinyl22
dimethylcyclopropanecarboxylate andNRDC161S
cyano3phenoxyphenylmethyl cis 322
dibromoethenyl22dimethylcyclopropanecarboxylate
Thesynergistwaspiperonylbutoxide

Aenigromaculiswerefieldcollectedas4thinstarlarvae
sometimeswithpupaeandheldinlaboratoryuntilthey
were2to4dayoldadultsThecollectionsweremade
fromirrigatedpasturesintheSacramentoCountyYolo
CountyMosquitoAbatementDistricttheSutterYuba
MosquitoAbatementDistrictandanuncontrolledarealo
catedbetweentheTehamaCountyandShastaMosquito
AbatementDistricts

Eachinsecticidetreatmentwasevaluatedwith48dis

criminatingconcentrationsand610replicationsof1020
usually15femalemosquitoesperconcentrationThus
concentrationmortalitydataforeachinsecticidewere

1This paperreportstheresultsofresearchonlyMentionofa
pesticideoracommercialorproprietaryproductdoesnotconsti
tutearecommendationoranendorsementbyeithertheCalifornia
DepartmentofHealthortheUSDepartmentofAgriculture

2VectorandWasteManagementSectionCaliforniaDepartment
ofHealth714PStreetSacramentoCalifornia95814

3InsectsAffectingManResearchLaboratory USDepartment
ofAgricultureGainesvilleFlorida
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normallybasedonthetreatmentofatleast360mosqui
toesConcentrationmortalitydatawereanalyzedwitha
probitanalysisprogramwrittenaccordingtotheprocedures
givenbyFinney1971

Mosquitoeshandledinthesamemannerasthose
exposedtotheinsecticidesbutexposedonlytotheacetone
solventaveraged4mortalityat24hourposttreatment

RESULTSANDDISCUSSIONTable1givesthecom
putedLC50andLC90valuesforthepyrethrinsandpyreth
roidsinorderofdecreasingtoxicityattheLC90These
dataweresummarizedwithoutregardtocollectionlocation
andyearsincetherewasnoevidenceofresistancetothe
pyrethrinsandpyrethroidsThemosttoxicpyrethroid
NRDC161was28xand26xmoreeffectivethanpropoxur
andmalathionrespectivelyNRDC161hasalsobeenout
standingagainstcolonizedstrainsofAetaeniorhynchus
WiedemannAeaegyptiLandAnophelesquadrimacu
latusSayMountunpublishedSynergizedRU11679was
equallyastoxicasNRDC161butwasonlyaboutone
fourthastoxicwhentestedunsynergizedRU11679was
potentiated07xbysynergismagainstseveralotherspecies
ofmosquitoesMountandPierce1975Theotherpyreth
roidsandpyrethroidsynergist combinationswere27x
propoxurand310xmalathionResmethrinwaspotentiat
edabout2xbysynergismbuttetramethrinwasunaffected
bytheadditionofpiperonylbutoxideSynergizedresme
thrinwasequallyastoxicassynergizedpyrethrinsbut
whentestedunsynergizedresmethrinwasonlyhalfastoxic

The197475collectionsindicatednoresistancetopro
poxurandmalathionbutthe1976collectionsshowedan
llxand5xdecreaseinsusceptibilitytopropoxurand
malathionrespectivelyTable1Someofthefieldswhere
the1976collectionsweremadehavebeenroutinelyspray

Table1Toxicityofpyrethrinsandsyntheticpyreth
roidaerosolstoadultfemaleAedesnigromaculisexposedin
awindtunnelValuesinpartspermillioninsecticideonly
95fiduciallimitsinparenthesesSynergistwhereshown
ispiperonylbutoxideat5partsto1partinsecticide
Adulticide

SynergizedRU11679
NRDC161

Synergizeddcisresmethrin
Synergizedresmethrin
RU11679

Synergizedpyrethrin
Resmethrin

NRDC143permethrin
Tetramethrin

Synergizedtetramethrin
Propoxur197475
Propoxur1976
Malathion197475
Malathion1976

24hrLC 24hrLC

191623
110914
372456
554A69
544369
786395
151318
866611
201725
151222
564765
642460964
9786109
897316501

7556612
846611
231359
261847
312153
322347
564189
574291
574287
7142190
151123202
172911864220
222190272
10797871915



edwithpropoxurforseveralyearsandoccasionalfield
failureshavebeenreportedHoweverwhytheapparentre
sistanceappearedsosuddenlyisunknownAstomalathion
crossresistanceisalikelypossibilitysincethechemicalhas
notbeenusedinthosefieldsforseveralyears

ACKNOWLEDGMENTSWethankStanleyNShikuma
andMichaelASethVectorandWasteManagement
SectionCaliforniaDepartmentofHealthfortheirable
assistanceinconductingthewindtunneltests
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CONTROLOFADULTAEDESNIGROMACULISLUDLOWWITHAEROSOLSOF

PYRETHRINSANDSYNTHETICPYRETHROIDS

IIFIELDEVALUATIONS

DonJWomeldorfandGaryAMount

INTRODUCTIONCooperativeinvestigationsonthe
evaluationsofpyrethrinsandsyntheticpyrethroidsforuse
asaerosolsagainstadultAedesnigromaeulisLudlowin
Californiawereinitiatedin1974ParticipatingweretheIn
sectsAffectingManResearchLaboratoryUSDepart
mentofAgricultureGainesvilleFloridatheDepartment
ofEntomologyUniversityofCaliforniaatDavisthe
Vector Waste Management Section California

DepartmentofHealthandnumerousmosquitoabatement
agencies

Thispaperreportsuponfieldevaluationsconducteddur
ingSeptemberof1974andAugustof1976Thefirst
ZborayandMount1977andthirdWashinoetal1977
papersintheseriesdiscusslaboratorywindtunneltests
againstAenigromaeulisandfieldevaluationsoftheeffects
uponnontargetorganismsTheobjectivesofthefieldtrials
wereto1gainadditionalinformationonthefeasibilityof
usinggroundappliedaerosolsforthecontrolofadult
pasturemosquitoesand2establishminimumeffective
dosagesforpyrethrinsandsyntheticpyrethroids

MATERIALSANDMETHODSConcentratedformu
lationsofsynergizedpyrethrinsresmethrinandsynergized
resmethrinwereappliedwithatruckmountedultralow
volumeULVaerosolgeneratorLecoHDagainstadult
mosquitoespredominantlyAenigromaeulisinirrigated
pastures

Thetruckmountedaerosolgeneratorwasdrivenata
speedof5mphforallapplicationsNozzleairpressures
usedwere45psidependingonflowrateandformulation
AdropletsizestudyindicatedthattheLecoHDproduceda
volumemediandiameterof15micronswhendispersing
420mlminofwhitemineraloilKlearol at5psinozzle
airpressureThisdeterminationwasmadeaccordingtothe
settlementmethoddescribedbyMountandPierce1972
Insecticideformulationvolumesweremeasuredbeforeand

aftereachapplicationtodeterminetheamountapplied
Eachapplicationwastimedwithastopwatchsothatactual
flowratescouldbecalculatedAttemptedswathwidthsde
pendeduponpasturesizeandrangedfrom18to12mile
ThedoseofeachapplicationwascomputedinlbAIacre
asfollows

IbAIacre galminxlbAIgal
acremin

1This paperreportstheresultsofresearchonlyMentionofa
pesticideoracommercialorproprietaryproductdoesnotconsti
tutearecommendationoranendorsementbyeithertheCalifornia

DepartmentofHealthortheUSDepartmentofAgriculture

2VectorandWasteManagementSectionCaliforniaDepartment
ofHealth714PStreetSacramentoCalifornia95814

3InsectsAffectingManResearchLaboratoryUSDepartment
ofAgricultureGainesvilleFlorida

154

Basicmeteorologicalmeasurementsweretakenat15
minuteintervalsbeforeduringandaftereachaerosol
applicationRelativehumiditywasdeterminedwithasling
psychrometerTemperaturedeterminationsweremadeat3
and10mabovethegroundwithanelectronicthermistor
thermometerAnanemometerwashandheldat152mto

measurewindspeedanddirectionAstabilityratiowas
computedforeachapplicationaccordingtoaformula
adaptedfromHaugenetal1961asfollows

where

Stabilityratio t t1

0

x 10

t temperatureCat10m
t temperatureCat3m

averagewindspeedcmsec

Assessmentoftheeffectsoftheaerosoltreatmentwas

madebypreandposttreatmentlandingcountsofadult
mosquitoesThesecountswereusuallymadebythreeper
sonswalkingtheentirewidthofthetargetpasture
althoughinseveralcasestheobservationsweremadeby
eitherasinglepersonorasmanyasfivepersonsTheob
servationswerealsomadeonuntreatedpastureswhenever
possiblesothatcontroldatacouldbeadjustedfornatural
variationsindensityAdjustmentsweremadebyusing
MullasformulaWillaandDarwazeh1971Driftand
coverageoftheaerosolswerefurtherassayedwithlabora
toryrearedadultCulexpipiensquinquefaseiatusSayplaced
indisposablecagesTownzenandNatvig1973andposi
tionedatvariousdistancesacrosseachpasture

Theapplicationmeteorologicalandcontroldataforthe
pyrethrinsandresmethrinaerosolsaregiveninTables1and
2respectively

RESULTSTheresultsofthe1974testswithsyner
gizedpyrethrinsTable1indicatedthatadosageraterange
of000060001lbAIacrewastoolowforconsistentcon
trolForahmileswathwidththe0001lbAIacreratere
quiringanoutputof318mlminwasnearthemaximum
thatcouldbeappliedusing5pyrethrinsandanunmodi
fiedLecoHDaerosolgeneratorThetwo1976testsusing
12pyrethrinsat0006lbAlacreprovided7576con
trolofAenigromaeulisalthoughtherelativelysmall86
acrepasturewaspartiallyreinfestedthefollowingday

AerosolsofresmethrinTable2providedgoodmosqui
tocontrolatratesof0003and0006lbAIacreintwo
1974testsAlthoughtheratewasincreasedto002lbAI
acreinthe1976testwithresmethrinsomewhatless
mosquitocontrolwasshownbybothkillofcagedCxp
quinquefasciatuspositionedat05ftabovegroundand



Table1Pyrethrins piperonylbutoxideultralowvolumeaerosolsagainstadultAedesnigromaculisinirrigatedpastures
inCalifornia

Date 91074
Hour 2000

LocationMAD Butte

Acreage 145

Formulation 525

Flowratemlmin 318

Nozzleairpressurepsi 5

Swathwidthmiles h h

lbAIacre 0001 00006

Windspeedkn 14 94

Cat1Om
Cat3m

Stabilityratio
Relativehumidity
12hr killofcagedmos
quitoes3ft
12hr killofcagedmos
quitoes05ft
12hrposttreatment
controlofAenigromaculis

235

257

42

58

89 86

83 29

b

91174
0800

Butte

169

525

150

4

202

203

004

55

87

posttreatmentreductionofAenigromaculisTwoapplica
tionsofsynergizedresmethrinTable2atratesof0003
and0006lbAIacreprovidedonly4556controlofle
nigromaculisdespite100killsofcagedmosquitoes

DISCUSSIONSANDCONCLUSIONSOurfieldtrials

didnotclearlydemonstratethefeasibilityofusingground
appliedaerosolsofpyrethrinsandresmethrinforthe
controlofadultAenigromaculisinpasturesObviously
severalofourapplicationsweremadewithinsufficientin
secticiderateshoweverseveralothertestswithhigherrates
appliedduringperiodsoffavorablemeteorologyfailedto
provideahighdegreeofcontrolWethinkthattwoofour
tests82176inTable1and82376inTable2suggested
abasicreasonastowhyhighpercentagecontrolsmayhe
difficulttoachieveinsomepasturesInbothofthesetests
completekillofmosquitoeswasachievedincagesposition
edat3ftabovethegroundbutonly74and79ofthe
mosquitoeswerekilledincagesheldclosetotheground
andaffordedsomeprotectionfromaerosolcontactbyvege
tativecoverThislowerdegreeofkillcoincidedwiththe
percentagecontrolsofAenigromaculis69and76
Thusvegetativeheightanddensityappeartobeimportant
factorsaffectingtheamountofcontrolobtainedwith
aerosolapplications

Ourexperiencealsoindicatedthatsuccessfulaerosol
applicationsdependuponseveralfactorsTheseare1ade
quateinsecticiderate2consistentwindvelocityand
directiontodrifttheaerosolevenlyacrossthetarget
pasture3temperatureinversiontopreventexcessive
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91374
1835

Tehama

168

525

165

4

a

0001

17

303

294

12

28

65

c

91674
1910

Kern

244

525

264

5

h

0001

23

291

28

79

82176
2015

Kings
80

1260

303

5

a

0006

35

253

248

15

62

71 100

26 79

0 76

aAlfalfafieldinsteadofgrasspasture

bHighwindsprevented12hrcount60reductionat36hr
cPosttreatmentcountsindicatedlessthan50reductionbutnearbyemergingadultswereobservedatthistime
d
28and55at12and18hrrespectively75reductionatt4hrposttreatment

82276
1900

Kings
86

1260

163

45

18
0006

25

269

262

42
66

100

100

d

verticalmixingoftheaerosolcloudand4applicationdur
ingtwilighthourswhenAenigromaculisaremostactive

Minimumeffectiveinsecticiderateswerenotclearly
demonstratedbyourinvestigationsApparentlythevaria
tionsinmeteorologicalandenvironmentalfactorsprevious
lymentionedcontributedtoapooroverallrelationshipbe
tweeninsecticiderateandmosquitocontrolTheresults
suggestedthatatleastfaircontrolcouldbeexpectedata
rateof0006lbAlacrewithpyrethrinsorresmethrin

InprevioustestsSjogrenetal1973indicated59and
84controlofAenigromaculisinhmilewidepastures
withcalculateddosesofsynergizedpyrethrinsof0003and
001lbAIacrerespectivelyAlsoWomeldorfetal
1973obtainedhighreductionsofthisspeciesoverah
mileswathwithonlya0002lbAIacrerateofsynergized
pyrethrinsSjogrenetal1973showed5880reductions
of1enigrornaruliswithunsynergizedresmethrinSBP
1382appliedatacalculatedrateof00025lbAIacrein
onemilewidepastures

Onefactorinfavorofgroundaerosolapplicationsis
theireconomicadvantageoveraircraftspraysInsecticide
ratesareusuallylowerwithaerosolsandtheperacrecost
ofapplicationismuchlowerBecauseofthisadvantageit
maybefeasibletoconsidergroundaerosoltreatmentsasan
adultmosquitocontrolstrategyalternativetoaircraftappli
cations
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Table2Resmethrinandresmethrin piperonylbutoxideultralowvolumeaerosolsagainstadultAedesnigromaculisin
irrigatedpasturesinCalifornia

Date

Hour

LocationMAD
Acreage
Formulation

Flowratemlmin
Nozzleairpressurepsi
Swathwidthmiles
lbAlacre
Windspeedkn

91374
2000

Tehama

160

25

71

4

14

0003

ca1

Cat10m 261 303

Cat3m 248 289

Stabilityratio ca48 36

Relativehumidity 33

12hr killofcagedmos
quitoes3ft 100 100

12hr killofcagedmos
quitoes05ft 98 100

12hrposttreatment
controlofAenigromaculis 98 91

Alfalfafieldinsteadof grasspasture

91774
1930

Kings
560

25

291

4

andControlCenterNavalAirStationAlamedafortheir
helpwithapplicationandevaluationmembersofthe
VectorandWasteManagementSectionCaliforniaDepart
mentofHealthforaidinthefieldworktheMcLaughlin
GhormleyKingandSBPenickCompanieswhofurnished
theinsecticidesandtheLowndesEngineeringCompanyfor
loanofthemachine
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82376
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Kings
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1 1

0006 002 0003 0006
12 18 4 1
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77
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2020 1900
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320 80

133 667 133 667

263 272
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CONTROLOFADULTAEDESNIGROMACULISLUDLOWWITHAEROSOLSOF

PYRETHRINSANDSYNTHETICPYRETHROIDS

IIICOMPARISONOFSEVERALTECHNIQUESOFEVALUATINGEFFECTSUPON

MOSQUITOESANDNONTARGETORGANISMS

RKWashinoCKFukushimaGAMountandDJWomeldorf

INTRODUCTIONCooperativeinvestigationsonthe
evaluationofpyrethrinsandsyntheticpyrethroidsforuse
asaerosolsagainstadultAedesnigromaculisLudlowin
Californiawereinitiatedin1974ParticipatingweretheIn
sectsAffectingManResearchLaboratoryUSDepart
mentofAgricultureGainesvilleFloridatheDepartment
ofEntomologyUniversityofCaliforniaatDavisthe
VectorandWasteManagementSectionCaliforniaDepart
mentofHealthandnumerousmosquitoabatement
agencies

ThefirstpaperintheseriesZborayandMount1977
summarizesthreeyearsoflaboratorywindtunneltesting
duringtheperiod1974through1976ThesecondWomel
dorfandMount1977intheseriesdiscussesfieldevalua
tionoftheeffectsuponAenigromaculis

Thispaperreportsonthefieldevaluationoftheeffects
uponnontargetorganismsInadditionobservationsper
tainingtotheuseofthedeZulueta24ftnetcollectionto
furthermonitortheadultmosquitopopulationisnoted

MATERIALSANDMETHODSTheprocedurefor
takingpreandposttreatmentlandingcountsofadultmos
quitoeswaspreviouslydescribedWomeldorfandMount
1977ThedeZulueta24ftnetcollectionsusedinapre
viousevaluationLusketal1976wereutilizedintestsites
bytaking5to6setcollectionsusuallyonatransect
throughtheirrigatedpastureoralfalfafieldAspecificcol
lectionwasinitiatedbyplacinganet8ftx4ftx6ftover
agivensurfaceareaSmokefromabeesmokerwasusedto
forcearthropodsrestingatgroundlevelusuallyonthepas
turegrassandentrappedwithinthecageareatoflyor
crawltotheupperareasofthenetwheretheyweremechan
icallyaspiratedandtransferredtoa1pintcartoncageThe
materialwassubsequentlyreturnedtothelaboratoryfor
identificationandcounting

The16ftpapersheetsinwoodenframestomonitor
theactualknockdownofmosquitoesandnontargetorgan
ismsasusedinthe1977trialsLusketal1976werealso
utilizedinurbansituationsandinsomeoftheearly
pasturetrials

1This paperreportstheresultsofresearchonlyMentionofa

pesticideoracommercialorpropietaryproductdoesnotconsti
tutearecommendationoranendorsementbytheCaliforniaDepart
mentofHealththeUSDepartmentofAgricultureortheUniver
sityofCalifornia

2UniversityofCaliforniaDepartmentofEntomology367
BriggsHallDavisCalifornia95616

3lnsectsAffectingManResearchLaboratoryUSDepartment
ofAgriculturePostOfficeBox14565GainesvilleFlorida32604

4CaliforniaDepartmentofHealthVectorandWasteManage
mentSection714PStreetSacramentoCalifornia95814
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RESULTSDeZuluetanetcollectionsweremadein8

untreatedfieldsinirrigatedpasturesand2inalfalfafields
ResultsofthecollectionaresummarizedinTable1The

varietyofinsectsotherthanmosquitoesfromthesecollect
ionsisexpressedinTable2Thelandingratecountsfrom
12untreatedfieldsaresummarizedinTable3Inatleast4

oftheabovefieldsassessmentoftheaerosoltreatmentwas
madesothatbothapreandposttreatmentdeZuluetanet
collectionwasmadeintheseinstancesTable4Theland
ingratecountsfromthesamefourfieldsaresummarizedin
WomeldorfandMount1977

Table1NumberofAedesnigromaculisfromdeZulueta
netcollectioninuntreatedirrigatedpasturesandalfalfa
fieldsSutterandKingsCountiesCalifornia1976

FieldNo perField

1 6

2 6

3 6

4 5

5 6

6 6

7 6

8 5

Ephemeroptera
Odonata

Orthoptera
Hemiptera
Homoptera
Neuroptera
Coleoptera
Lepidoptera
Diptera
Hymenoptera

Total

deZuluetacollection

NoCountsNoAenigromaculis99percount
range z

232

04

06

06

831

010

031

214

Order Nofamilies

1

2

3

5

4

1

5

5

14

11

51

118
22

33

28

163

45

103

70

Table2InsectfamiliesfromdeZuluetanetcollec

tionsSutterandKingsCountiesCalifornia1976

Intestsites1and3Table4thenumberofAedes
nigromaculis99wasgreaterinposttreatmentthanthepre
treatmentdeZuluetanetcollectionsThistrendisnotcon

sistentwiththe28reductioninTestSite1Womeldorf
andMount1977Table1Kings82276and56reduc



tioninTestSite3WomeldorfandMount1977Table3
SutterYuba81276in12hrsposttreatmentestimates
basedonlandingratecountsReductionintheposttreat
mentpopulationinTestSites2and4Table4werecon
sistentwiththelandingratecountsWomeldorfandMount
1977Table1Kings82176andTable2Kings820
76TheAenigromaculispopulationfromthedeZulueta
netcollectionwasofsuchloworderthatassessingthe
effectoftheaerosoltreatmentappearedunreliableThe
samecanbeconcludedwiththedataonboththeMiridae

andChrysomelidaeSufficientCicadellidaehoweverwere
collectedandwithsufficientconsistencysothatthereduc
tionofthisinsectinTestSites12and3appearstobereal
AnincreasewasnotedinTestSite4

DISCUSSIONMuchoftheemphasisonenvironmental
impactassessmentofmosquitocontrolactivityinCaliforn
iahasbeenindelineatingtheeffectsofchemicallarvicides
onaquaticnontargetorganismsWithgreaterrelianceon
chemicaladulticidingagentsinmanylocalprogramsinre
centyearsthereisrisingconcernthatlittleornoinforma
tionexistsontheimpactofsomeofthenonthermalaerosol
applicationsoftheneweradulticidesontargetandterrestri

Table4MeannumberofAedesnigromaculis99and3nontargetinsectsperdeZulueta24ftcollectionin4fieldsprior
toandwithin24hoursofaerosoltreatmentSutterandKingsCountiesCalifornia1977

Insect

Aenigromaculis
Cicadellidae

Miridae

Chrysomelidae

pre

TestSite1 TestSite2

post pre post

20 71 118 54 22 7

183 62 127 127575 127

08 8 45 23188 18

03 21 00 10 4

alnontargetorganismsinCaliforniaInassessingtheeffects
ofnonthermalaerosolapplicationsofanadulticideontarget
andnontargetorganismsinanurbanareathedeZulueta
netcollectionand16ftpapersheetinawoodenframefor
knockdownestimateswereamongtheseveralmethods
utilizedinanattempttofulfilltheneedforadditional
samplingofpopulationchangesinterrestrialinsectsLusk
etal1976Intheseobservationsthechiefadvantageof
utilizingthesemethodswasinsamplingawidervarietyof
nontargetorganismsthanbytheuseofanyothermethods
Inparticulartheknockdownsheetsprovidedamethodof
samplingonlythosearthropodsdirectlyaffectedbythe
aerosoltreatmentwithoutexpendingmajoreffortsinsam
plingandprocessingarthropodsunaffectedinanacute
fashionbythetreatmentThedisadvantagewashowever
thatrepeatedapplicationswithareferenceorstandard
chemicalagentwouldbenecessarybeforeanacceptable
baselineestimatecouldbemadeofanyinsectpopulationin
theareaIn1976thesameknockdownsheetassessment
wasrepeatedinanurbanandruralsituationbuttheresults
yieldedmoderatelytoconsiderablylessnumbersorvariety
ofinsectsthanthepreviousyearWhetherornotthiscould
beattributedsolelytothedifferentialeffectsofchlorpyri
fosLusketal1976orpyrethroidsremainstobeseen

Table3NumberofAedesnigromaculisadult99in
landingcountsinuntreatedirrigatedpasturesandalfalfa
fieldsKingsCountyCalifornia1976

FieldNo

1

2

3

4

5

6

7

8

9

10

11

12

NoCounts

perfield

72

61

52

48

29

24

74

72

22

70

22

71

xnumbercollectedand SEn6testsite

026

031

021

030

080

080

08

018

0110

0125

093

09

pre

05 2 263 52 448 84

303 97 52 12 10 5

107 21 00 00

15 10 02 2 00
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LandingCount
NoAenigromaculis

range

42

67

71

98

329

262

17

75

540

191

552

30

TestSite3 TestSite4

post pre post

percount
x

32 16 17 7

13089 23276

22 10 23 12

18 7 45 16

IncomparisontothelandingratecountthedeZulueta
netcollectiondidnotyieldconsistantestimatesofAe
nigromaculisadultfemalesWhetherornottheinconsist
encycanbeattributedatleastpartiallytodifferencesin
physiologicalstateandoragecompositionofthepopula
tionsampledbythetwomethodsisasubjectareafor
furthertrialsIffornothingelsethedeZuluetamethod
appearedtooffersomepromiseinassessingnontarget
insectsforfurtherevaluationAnobviousneedexistsfor

greatersamplingreplicatesasindicatedbythehighstandard
errorvaluesinthetreatmentareasTable4

InsummaryourobservationsindicatedthatdeZulueta
netcollectionsinirrigatedpasturescanincludeagoodnum
berofmosquitoesandotherinsectsOneadvantagein
assessingmosquitoesbythistechniquewasthatitincluded
malesandpresumablyfemalesinaphysiologicalstate
otherthanonlythoseseekingbloodmealsCountsperfield
willprobablyhavetobeincreasedconsiderablyhowever
toobtainmeaningfulestimatesForpurposesofassessing
theinsecticideimpactinthetestsitestheresultswerenot
entirelyconsistentwiththeconclusionsbasedonlanding
ratecountsPreandposttreatmentestimationofthenon
targetinsectsdidnotshowconsistentreductioninallsites
butthedatasuggestedimpactinsomeofthesitesSinceno



othercomparablemethodofassessmentoftheinsectfauna
ispresentlyavailablefurthercollectiontrialswiththede
Zuluetanetseemtobeinorder
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OVERCROWDINGFACTORSOFMOSQUITOLARVAE LARVICIDALACTIVITY

OFSUBSTITUTEDALKANOICACIDSANDTHEIRESTERS

YihShenHwangHusamADarwazehandHANavvabGojrati

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

Todevelopnovelchemicalsformosquitocontrolour
researcheffortshavebeenfocusedonthechemistryand
biologyofnaturalproductsinvolvedintheecologyofmos
quitoesOurobjectivesaretostudythechemicalecologyof
mosquitoestoelucidatechemicalcompoundsthatregulate
populationdensityofmosquitoesandtoexploitthe
potentialofsomeecologicalchemicalsasselectivebiode
gradableandrelativelysafemosquitocontrolagents

Oneaspectofthesestudiesrelatestoagroupofself
regulatingchemicalsknownastheovercrowdingfactorsof
mosquitolarvaeThesechemicalsaresecretedbyolderlar
vaeofmosquitoesinresponsetoovercrowdingpressures
Thesechemicalagentsinducemortalityinyoungerlarvae
thusreducingthepopulationpressureIkeshojiandMulla
1974abTheoveralleffectisforregulatingthepopula
tionbelowthesaturationpointtoavoidextinctionofthe
speciesHwangandMulla1976a

Oureffortshavebeendirectedtowardtheelucidationof

structureactivityrelationshipofthesechemicalfactors
Chemicalcompoundswithpossiblebiologicalactivityare
designedsynthesizedandevaluatedinthesestudiesIn
additiontovariousanaloguesoftheovercrowdingfactors
previouslyinvestigatedIkeshojiandMulla1974bHwang
etal1974ab1976abHwangandMulla19751976a
bHwang1976wehavefurthersynthesizedandevaluated
twonewseriesofanaloguestoobtainmoreactivecom
poundsTheyare3methylalkanoicacids2haloalkanoic
acidsandtheirmethylethylandisopropylestersSome
ofthesenewcompoundsshowgoodlarvicidalactivity

2HALOALKANOICACIDSANDTHEIRMETHYL
ETHYLANDISOPROPYLESTERSInstudyingthere
lationshipofstructuralmodificationstobiologicalactivity
oftheseecologicalchemicalswepreviouslyreportedthat
substitutionofthemethylgroupin2methylalkanoicacids
forabromineatomresultedinobtainingmoreactive
2bromoalkanoicacidsHwang1976Thus2methylocta
decanoicacidhadanLC50greaterthan25ppmwhereas
itsbromoanalogue2bromooctadecanoicacidhadan
LC50of06ppmWealsoreportedthesynthesisandeval
uationof2bromoalkanoicacidsfromC10toC22and

theirmethylestersHwang1976HwangandMulla1976b
Toexpandthisaspectofresearchwehavesynthesized

some2haloalkanoicacidsandtheirderivativesTheyin
clude2chlorooctadecanoicacidXC1RH2bromo
octadecanoicacidXBrRH2iodooctadecanoicacid
X1RHandtheirmethylXC1BrorIRCH
ethylXC1BrorIRC2H5andisopropylXC1Br
orIRCHCH32esters

X

CH3CH215CHCO2R

RCH3C2H5CHCH32
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Thesehalogensubstitutedcarboxylicacidsandesters
weresynthesizedasfollowsOctadecanoicacidwasallowed
toreactwithanexcessofthionylchloridetogiveocta
decanoylchloridewhichuponhalogenationwithNchloro
succinimideNbromosuccinimideormoleculariodine
yielded 2chloro 2bromo or2iodooctadecanoyl
chlorideTheacidchloridesweresubjectedtosolvolysis
withwatermethanolethanolorisopropylalcoholtogive
2halooctadecanoicacidstheirmethylethylandisopropyl
esters

FirstinstarlarvaeofCulexpipiensquinquefasciatusSay
wereusedinassessingthebiologicalactivityofthese2
halogensubstitutedalkanoicacidsandestersThebioassay
procedurewaspreviouslyreportedHwangetal1974ab
Thebiologicalactivityofthetestcompoundswasexpressed
intermsoflethalconcentrationsinppminhibitingthe
emergenceof50and90ofthepopulationLC50and
LC90

Thebioassaytestsshowedthatthechloroandbromo
substitutedcarboxylicacidsandestersweremoreactive
thantheiodosubstitutedanaloguesandthattheacidswere
moreactivethantheesters2Chlorooctadecanoicacidand

2bromooctadecanoicacidwerethemostactiveLC50
andLC90beinglessthan1and12ppmrespectively
Ethylandisopropyl2iodooctadecanoatesweretheleast
activeTherestoftheacidsandestersevaluatedpossessed
moderateactivity

3METHYLALKANOICACIDSANDTHEIRMETHYL
ETHYLANDISOPROPYLESTERSInthecourseofin
vestigatingthestructureactivityrelationshipoftheover
crowdingfactorsofmosquitolarvaewefoundthat3
methyloctadecanoicacidshowedahighleveloflarvicidal
activityIkeshojiandMulla1974bHwangetal1974a
Twohomologuesofthisacid3rnethylheptadecanoicacid
and3methylnonadecanoicacidalsoexhibitedthesame
levelofactivityandmethylestersofthesethreeacids
showedconsiderableactivitybutwerelessactivethantheir

correspondingacidsHwang1976
Inordertofullyexporethestructureactivityrelation

shipofthisseriesofcompoundswesynthesized3methyl
alkanoicacidshavingcarbonatomsfrom11to20inthe
mainchainTheyare 3methyltridecanoicacidn9
RH3methyltetradecanoicacidn10RH3methyl
pentadecanoicacidn11RH3methylhexadecanoic
acidn12RH3methylheptadecanoicacidn13
RH3methyloctadecanoicacidn14RH3methyl
nonadecanoicacidn15RHand3methyleicosanoic
acidn16RHMethylRCH3ethylRC2H5and
isopropylRCHCH321estersofthese3methylalkanoic
acidswerealsoprepared

CH

CH3CH2

n910111213141516
RCH3C2H5CHCH32



Theseacidsandestersweresynthesizedfromvarious1
alkenesrangingfrom1dodeceneto1nonadeceneThesyn
theticprocedurewasreportedelsewhereHwang1976
Brieflyoxymercurationof1alkeneswithmercuricacetate
gaveoxymercurialswhichondemercurationwithsodium
borohydrideyielded2alkanolsTosylationofthesecon
daryalcoholsandsubsequentsubstitutionreactionofthe
resultingtosylateswithsodiumbromideproduced2bromo
alkanesMalonicestercondensationofthetosylatesorthe
bromidesyieldedsubstitutedmalonicesterswhichwere
hydrolizedanddecarboxylatedtogivethedesired3
methylalkanoicacids Solvolysisof3methylalkanoyl
chlorideinmethanolethanolorisopropylalcoholgave
methylethylorisopropyl3methylalkanoates

Thesecompoundswereevaluatedagainstfirstinstarsof
CxpquinquefasciatusuntiladultemergenceThebiolog
icalevaluationshowedthattheactivityoftheseacidsgen
erallyincreasedasthechainlengthofthecompoundsin
creasedHence3methylheptadecanoicacid3methylocta
decanoicacid3methylnonadecanoicacidand3methylei
cosanoicacidweremoreactivethantheirlowerhomo

loguesThesefouracidsexhibitedanLCS0andanLC90
at0305and0406ppmrespectively

Theestersaregenerallylessactivethantheircorrespond
ingacidsTheactivityoftheestershavingthesameacid
moietygraduallydecreasedasthealcoholmoietyofthe
esterschangedfrommethylethyltoisopropylForex
ampletheactivitydecreasedintheorderof3methylocta
decanoicacidmethyl3methyloctadecanoateethyl3
methyloctadecanoateandisopropyl3methyoctadecano
ateTheactivityoftheestershavingthesamealcohol
moietygenerallyincreasedasthechainlengthoftheacid
moietyoftheestersincreasedForinstancemethyl3
methylheptadecanoatewasmoreactivethanmethyl3
methylhexadecanoateandisopropyl3methylnonadecano
atewasmoreactivethanisopropyl3methyloctadecan
oateOftheseestersstudiedmethyl3methyloctadecano
atemethylethylandisopropyl3methylnonadecanoates
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andmethylethylandisopropyl3methyleicosanoatesex
hibitedthehighestlevelofactivitywithanLC50lessthan
1ppm

CONCLUSIONTheactivityof2haloalkanoicacids
andestersisinfluencedbythehalogensattachedtotheacid
moietyTheactivityof3methylalkanoicacidsandesters
weredirectlyproportionaltothechainlengthoftheacids
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CEMETERYMOSQUITOESANDTHEIRCONTROLWITHORGANOPHOSPHORUSLARVICIDES

ANDTHEINSECTGROWTHREGULATORMETHOPRENE

MirSMullaHusamADarwazehandMajorSDhillon

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

Themagnitudeandextentofthemosquitoprobleminalarge
urbancemeteryinLosAngelesCountywasstudiedThreespeciesof
mosquitoesCulexpuesCxpquinquefasciatusandCuliseta
incidenspropagatedthroughouttheyearinflowervasescontaining
stagnantwaterVaseswithorwithoutflowersbutcontainingfresh
waterdidnotproducemosquitoes

Thestandardmethodofcontrolbyapplyingspraysbyboom
sprayeroramistblowerusingtemephosat0188lbin50gal
wateracrewasfoundineffectiveIncreasingtherateto02lbacre
yieldedgoodcontrolbutforonly2weeksChlorpyrifosat02lb

INTRODUCTIONFlowervasesincemeteryplotsif
notemptiedregularlyorturnedafterremovalofwilted
flowersbreedheavypopulationsofmosquitoesInCali
forniaKelley1941focusedattentiononmosquitopro
ductionincemeteryvasesinAlamedaCountyandAarons
1948andSchanafelt1969studiedvariouschemical
treatmentsforthecontrolofcemeterymosquitoesMostof
themethodsevaluatedwerefoundtobecostlyorimprac
ticalLewisandChristensen1973evaluatedtheplace
mentofgridsinvasescontainingwaterandachievedexcel
lentcontrolofonespeciesofmosquitoesHoweverdueto
fluctuatinglevelofwaterplacementofgridstobreakwater
surfacedoesnotseemtoprovidepracticalcontrolmeasures
inlargecemeteryestablishmentsMoreoverduringplace
mentofflowersgridsareremovedfromthevasesanyway

During1975DrJackHazelriggEntomologistofthe
SoutheastMosquitoAbatementDistrictLosAngeles
Countymadeanassessmentofmosquitoproductionand
theircontrolinRoseHillsMemorialParkthelargestceme
terydevelopmentinonelocationAsmentionedinHazel
riggsunpublishedreportthelarvicidingprogramusing
aqueousspraysoftemephosat01lbacreascomplete
coveragetreatmentpracticedbythecemeterymanagement
wasfoundineffectiveThereforethecurrentstudieswere
initiatedtoassessmosquitobreedingincemeteryvasesand
toinvestigatetheefficacyofsourcereductionlarvicides
andslowreleaseinsectgrowthregulatorsIGRsforthe
controlofmosquitoesThispaperpresentsinformationon
theefficacyofchemicalcontrolmeasuresappliedtoflower
vasesinalargeurbancemeteryinLosAngelesCounty
California

EXTENTANDMAGNITUDEOFMOSQUITOPRO
DUCTIONPracticallyallgravesitesinacemeteryarepro
videdwithflowervasescapacityabout1qtTheseare
madeofalloymetalssheetmetalorotherimpermeable
materialsThevasesareplacedinconcreteorothertypesof
sleevesinthegroundThetopofthevaseisflushwiththe
groundsurfacesothatequipmentformowingcleaning
andsprayingcanbedrivenoverthetopVisitorstothesites
emptyandwashthevasesfillthemwithfreshwaterand
placethereinplasticornaturalflowersSprinklerirrigation
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acrein50galwateryieldedexcellentcontrolfor12monthsinthe
vases

Placementof10gmethoprenecharcoalbriquettescontaining
4activeproducedexcellentinhibitionofemergenceofadultsfor
over5monthsItisverylikelythatsmallerbriquetteswillyield
similarresultsSlowreleaseformulationsofmethoprenearespecific
andsafetouseandwillprovidepracticalcontrolofmosquitoesin
cemeterieswheresourcereductionmeasurescannotbeim
plemented

providesaconstantsourceofwaterandkeepsthevases
filledatalltimesThenaturalflowerswiltwithinaweek
andareremovedbythemanagementInsomecemeteries
thevasesareturnedupsidedownthuseliminatingfurther
needformosquitocontrolThispracticehowevercannot
beemployedwheredurableplasticflowersareplacedinthe
vasesorduringbusyvisitingseasonsuchasfromAprilto
JuneduringwhichEasterMemorialDayMothersand
FathersDayfall

ThesequenceofeventsasaruleisasfollowsOnvisi
tationofthesitesandplacementofflowersthevasesare
takenoutwashedrefilledwithfreshwaterthenthe
flowersinsertedandthevasesplacedbackinthesleeves
Withinaweekorsothewiltedflowersnottheplasticare
removedThewaterinthevasesremainfreshforabout2

weeksandduringthisperiodthereisnoovipositionby
mosquitoesBythe3rdweekthewaterbecomesquite
stagnantandattrativetoovipositingfemalesThereforefre
quentvisitationofgravesitesactuallyresultsinsuppression
ofmosquitopopulations

Asurveyof7cemeteriesinLosAngelesandRiverside
Countiesshowedvariousmanagementpracticesforvases
flowerremovalandmosquitocontroltechniquesSome
removethewiltedflowersandletthevasesaccumulate

watertoharbormosquitoeswhileothersroutinelyturn
vasesafterremovalofwiltedflowersInsomecemeteries
thedesignofthevaseandsleeveissuchthatwhenthevase
isuprightitsticksup46inchesabovethegroundinterfer
ingwiththemowersandotherequipmentWhenturned
overintotheirsleevesthevasesareflushwiththeground
Thereforethesetypeofvaseshavetobeturnedafter
flowerremovalinorderforthemowersandotherequip
menttodriveoverthelawns

Managementofsomecemeteriesfeelthatturningdown
ofvasesisdesirablefromthestandpointofsafetyand
aestheticsUprightvasesinsleevescancatchheelsandthus
leadtothefallingofvisitorsAlsovaseswithdebrisand
grassclippingsnotonlysupportmosquitobreedingbut
alsocontainliveearthwormsandotheranimalswhichare
unsightlytovisitorsandproducebadodorsFortheserea
sonsthevasesareturnedupsidedownroutinely



Variousspeciesofmosquitoesbreedincemeteryflower
asesThemostcommononesareCxpquinquefasciatus

CxpeusCulisetaincidensandpossiblyCxtarsalisMost
cemeteryvasesbreedmosquitoesonayearroundbasis
withheavyproductionoccurringfromMarchtoNovem
berTheextentofmosquitopositivevasesvariesdepending
onthelocationandtimeoftheyearbutrangesanywhere
from20100positivefromafewtomorethan200vase

ar Currentchemicalcontroltechniquesconsistoftheappli
cationoflarvicidestemephosorlindaneoroilThe
materialsareappliedasareawidespraysorassquirtsinto
individualvasesThesetreatmentsarebelievedtoyield
controlfor34monthsandthereforetreatmentofvasesis
scheduledonacycleof90120days

Weinitiatedcomprehensivestudiesontheextentand
magnitudeofmosquitoproblemsinRoseHillsMemorial
ParkWhittierLosAngelesCountywhereintensivemos
quitobreedingwasfoundtooccurinmostvasesPresent
controltechniqueswerealsoevaluatedandweconfirmed
DrHazelriggsfindingsInadditionsourcereduction
measuresaswellaschemicalcontrolstrategiesandeffica
cieswereevaluated

Inthiscemetery500outof2700acresaredevelopedas
neededinthefutureThereareabout200thousandgrave
siteswith190thousandvasesThecemeteryislocatedinan
urbanhabitatandmanyresidentialandbusinessestablish
mentsaredevelopedonsitesimmediatelyadjacenttothe
cemetery

CHEMICALCONTROL1LarvalSusceptibilityFor
anefficientmosquitolarvicidingprogramitisessentialto
knowlarvalsusceptibilitytoavailablelarvicidesThisinfor
mationwillaidintheselectionofthemosteffective

materialforoperationalprogramsThethreepredominant
mosquitospeciespresentwerecollectedfromfour
locationsincludingflatgroundshighsteephillsandnew
andoldlawnsLarvalbioassayswereconductedinthe
laboratoryusingtemephoschlorpyrifosandfenthion

Mosquitolarvaewerecollectedfromeachlawnseparate
lyandtransportedtoRiversideinanicechestStocksolu
tions1 oftechnicalgradematerialswerepreparedin
acetoneandserialdilutionsofeachmaterialwereprepared
asneededTen4thstagelarvaewereplacedin4oztreated
dixiecupscontaining100mloftapwaterandtherequired
amountoftoxicantsolutionwasadded0110mlcup
and mortalitywasdeterminedafter24hoursofexpos
ureEachconcentrationwasruninduplicateand34con
centrationswereutilizedineachtestThreetofivetests

wereconductedpermaterialagainsteachspeciesand2
checkswereusedalongwitheachtestThe mortalityat
differentconcentrationswasplottedon3cyclelogprobit
paperandLC50 LC90inppmweredeterminedfroma
linefittedvisuallythroughthepoints

CxpquinquefasciatusSaywasfoundtobesuscepti
bletotemephoschlorpyrifosbutlesssusceptibletofen
thionTable1Similarresultswereobtainedagainst4th
stagelarvaeofCpeusSpieserwhileCulisetaincidens
Thomsonwasmoretoleranttotemephosandfenthion
butsomewhatsusceptibletochlorpyrifosFourthstage
larvaeofthisspeciesarelargerthereforetheLC50LC90
valueswerehigher

2FieldEvaluationofOrganophosphorousLarvicides
Theeffectivenessoftemephosasusedformosquitocontrol
duringthepastseveralyearsinthiscemeterywasassessed
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Location

LakesideGardens

PinewoodGardens

LilacLawn

TerraceofHope
Average

LakesideGardens

PinewoodGardens

LilacLawn

TerraceofHope
TerraceofLight
SkyChurch

Average

inthemanneremployedbythepersonnelofthecemetery
Alongwithtemephoschlorpyrifoswasalsoevaluated

InthefirsttesttemephosEC4attherateof5floz
0188lbAin100galofwateracreappliedbyboom

sprayerstandardtreatmentusedinthiscemeteryyielded
completecontrolofmosquitolarvaeintheflowervases
initiallybutthelevelofcontrolwasverylow2weekspost
treatmentChlorpyrifosEC2waslesseffectiveandyielded
mediocrereductioninthepopulationattherateof4floz
0063lbAin100galofwateracreControlwitheach
materiallastedforlessthan2weeksTable2

Inthesecondtestbothmaterialswereappliedatthe
samerateasintheprevioustestbutusingamistblower
Againtemephoswasmoreeffectiveachieving89percent
reductioninthepopulationcomparedto27percentwith
chlorpyrifosoneweekaftertreatmentTheboomsprayer
seemedtobemoreeffectivethanthemistblowerbutnone
ofthetreatmentsproduceddesiredlevelofsuppression

Whenchlorpyrifosandtemephoswereappliedatabout
equalratesbothmaterialsproducedexcellentcontrolAt
therateof013lbAtemephoswaseffectiveforabout
3weekswhilechlorpyrifosgaveexcellentcontrolfor30
daysTable3

Inanothertesttemephosatahigherrate02lbApro
ducedpoorercontroloflarvaelastingforonly2weeksor
soChlorpyrifoswasmorestableyieldingexcellentcontrol
oflarvaeformorethan54daysTable4Thismaterialre
ducednumbersoflarvaetoaverylowlevelandpupae
werealmostabsentfortheentireposttreatmentperiod

Fromthedataobtaineditseemsthattheoldsprayer
HardieSprayRigismoreeffectiveinmakingtheapplica
tionsthanthenewlyacquiredsprayerMyerMightyMist

Temephos Chlorpyrifos

Table1Susceptibilityofmosquitolarvaebreedingin
cemeteryvasestoorganophosphoruslarvicidesRoseHills
MemorialPark1976

Fenthion

Culexpipiensquinquefasciatus

LakesideGardens 017032 00150025

PinewoodGardens 012030 00140023

LilacLawn 015029 00100030

TerraceofHope 025065 00200065

TerraceofLight 014027 00230040

SkyChurch 012025 00120022

Average 016035 00160030

Culexpeus

025045 00240035

020035 00200030

025060 00800150

025060 00300040

02605 0038007

Culisetaincidens

045070 014025

035060 012021

022038 008015

050085 010022

033052 009016

025044 015025

034058 011021

00090018

00100017

00080015

00200035

00100015

00080015

0010002

00120022

00120023

00100015

00080010
0010017

00230045

00200040

00250050

00300044

00490070

00370080

00310055



Chlorpyrifos
EC2

Temephos
EC4

Check

ofvasesbreedingandavgnooflarvaevase1
Posttreatmentdays

Table2Evaluationofvariousmosquitolarvicidesandapplicationequipmentforthecontrolofmosquitolarvaeinceme
teryflowervases

Material

and

formulation

Chlorpyrifos
EC2

Temephos
EC4

Check

Posttreat

days

Pretreat

5

19

26

30

44

Posttreat

days

Pretreat

5

12

26

40

54

Rate

oz Pretreatment

ECA w wo LV w

4 100

6 94 6

87 13

4 78 22

6 94 6

87 13

36 5

0 0

5 0

6 1

8 1

18 2

27 3

1 0

2 0

1 0
03 01

3 01

Chlorpyrifos01lbA

L P R

Chlorpyrifos02lbA

L P R

formosquitolarvicidingpurposesinthecemeteryHow
everimprovementsintheoldsprayerandmethodofap
plicationareneededforgreaterefficiencyThepresent
systemisextremelyslowandrequires1fulldaytotreat
23lawns

wo

Test1July1976BoomSprayer
83 29 71 14 83 41 29 29 65

57 3 97 03 100 61 39 25 27

45 83 17 49 0 88 12 50 0

Test2July1976MightyMist
41 35 65 30 27 65 35 51 0

55 23 77 6 89 70 30 27 52

51 97 3 80 0 100 0 72 0

1W vaseswithlarvaeW0 vaseswithoutlarvaeLVaveragenolarvaevaseR reduction

Table3Efficacyandlongevityoflarvicidesincontrollingmosquitolarvaeincemeteryflowervases

100

95

87

79

51

97

94

97

99

91

Avgnooflarvaeandpupaevase

L P R

44

4

5

24

22

23

33

3

8

20

19

19
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Temephos013lbA Check

4

0

0

1

3

2

Table4Efficacyandlongevityoflarvicidesincontrollingmosquitolarvaeincemeteryflowervases

Avgnooflarvaeandpupaevase

Temephos02lbA Check

L P R

3

1

2

1

1

1

97

95

48

48

48

89

73

42

44

44

L P R

33

32

39

54

34

38

35

40

36

38

45

37

3

5

1

3

4

3

L P R

4

3

3

4

6

2

0

0

0

0

0

0

0

0

0

0

Itisapparentthatwiththepresentsystemofequip
mentmaterialsanddosagesitisnotfeasibletobringthe
mosquitolarvalpopulationundercontrolinallbreeding
sitesinalargecemeteryestablishmentFrequenttreatments
withtemephosatbiweeklyintervalsandchlorpyrifostreat



Table5Evaluationofmethoprene4 briquettesagainstmosquitolarvaebreedinginflowervasesincemeteryplots
1976

Posttreat

days L

5 13

12 11

24 15

42 16

56 6

70 22

85 9

100 6

115 15

130 9

145 6

Avg cumulativemortalityofstadiaandinhibitionofemergenceinisolatedpopulationsobtained
fromindicatedlocations

TerraceofLight VetsMemorial

P EI L P EI L

84

89

85

83

56

58

90

93

65

90

93

97

100

100

99

62

83

99

99

80

99

100

13

15

7

28

9

4

4

9

5

5

46

78

85

90

71

88

72

93

61

95

95

54

125vasestreatedineachlocationForevaluationlarvaecollectedfrom4treatedand2untreatedvasesfromeachlocationEachsample
runin2replicatesforinhibitionofemergenceOnly4thinstarlarvaewereemployedSlightmortality12 occurredinadultsalso

mentsatbimonthlyintervalshavetobemadeThishow
everisnotpracticalorpossibleatthepresenttimeina
largeestablishmentsuchasRoseHillsMemorialParkTore
ducethefrequencyofapplicationsaslowreleaseformula
tionoftheIGRmethoprenewasstudied

3 SlowRelease Methoprene BriquettesBriquette
formulationsoftheinsectgrowthregulatormethoprene
havebeenshowntopersistinwaterandyieldlonglasting
controlofmosquitoesToevaluatethismaterialone10g
briquettecontaining4methoprenewasplacedineach
vaseandtheinhibitionofadultemergencemonitoredover
a5monthperiodTheseinhibitedmosquitoadultemerg
enceformorethan145daysMostofmortalityoccurredin
thepupalstagewhentreatedlarvaewereisolatedinthela
boratoryfrom3differentlocationsTable5Itshouldbe
notedthatinhibitionofadultemergencewasquitehighin
thechecksattimesThisisprobablyduetothetransferof
larvaetotapwaterfromthatofthevasesinlaboratoryIt
isthusshownthatmethoprenebriquettesprovidelong
lastingcontrolofmosquitoesanditispossiblethatonly
1415quantityofonebriquetteorsmallbriquettesmight
beneededtoprovidetheneededlongevity

Oneachsamplingdatetreatedvaseswereinspectedand
weredisregardedwhenfreshflowerswereobservedinthe
vasesThenumberofvasesdisregardedincreasedgradually
andtheexperimentwasdiscontinuedafter158dayswhen
theextentoftreatedvasesstillcontainingbriquettemate
rialdeclinedto32inVeteransMemorialandTerraceof
Lightand56inSkyChurchMemorialTable6

Ascanbeseentherateofattritionofbriquettesor
otherslowreleaseformulationswilldependontherateof
visitationThehighertherateofvisitationthehigherthe
rateofattritionandlossofslowreleaseformulationsEven
withthisproblemtheslowreleaseformulationsofanin
nocuousmaterialsuchasmethopreneseemstoprovideex
cellentlonglastingcontroloflarvaeinflowervasesThis
methodofcontrolisbotheconomicalandpracticalasthe
vasescanbetreatedatthetimeofflowerremoval
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100 14

100 9

97 0

99 21

97 5

77 10

100 15

71 4

100 11

100 5

100 6
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SkyChurch

P EI L

84

91

91

75

93

89

81

81

89

94

89

98

100

100

96

98

99

96

88

100

99

95

16

7

14

11

11

4

10

13

15

4

3

Check

P EI

12

12

5

23

57

11

9

26

7

2

22

28

19

19

34

68

17

20

39

23

6

25

Table6Prevalenceofmethoprenebriquettesintreated
vases1976

Proportion oftreatedanduntreated

vasesexaminedaftertreatmentdays

Posttreat TerraceofLight VetsMemorial SkyChurch

days w wo w wo w wo

Treat 100 0 100 0 100 0

5 96 4 92 8 100 0

14 84 16 80 20 100 0

23 72 28 80 20 100 0

38 72 28 68 32 100 0

52 72 28 68 32 100 0

67 72 28 64 36 96 4

80 72 28 60 40 96 4

94 72 28 56 44 92 8

108 64 36 56 44 60 40

122 64 36 52 48 60 40

136 56 44 48 52 52 48

158 32 68 32 68 44 56

wwithbriquettes
wowithoutbriquettes

incooperationwiththeSoutheastMosquitoAbatement
DistrictSouthGateCalifTheencouragementandassist
anceofFrankPelsueManagerandDrJackHazelrigg
EntomologistofthatDistrictaregreatlyappreciatedThe
RoseHillsMemorialParkalsorenderedassistanceinthe
courseofthesestudiesSpecialthanksaredueMssrsDon
FlissDelmontGephartandJoeHernandez
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SALTMARSHRESTORATIONINALAMEDACOUNTYANDITSIMPACTON

MOSQUITOCONTROL

MosquitocontrolinAlamedaCountyoffersmanychal
lengesperhapsnonesointerestingandironicasthose
posedbythesaltmarshesIndeedtheDistrictowesitsex
istencetothesaltmarshesTheDistrictwasformedonthe
basisofapetitionbysome30000residentssubmittedto
theAlamedaCountyBoardofSupervisorsin1930The
petitionwasstimulatedbyhordesofviciouslybitingmos
quitoesthatmadeoutdoorlivingveryuncomfortableat
timesThemosquitoeswereprimarilytwospeciesAedes
dorsalisthesaltmarshmosquitoandAedessquamigerthe
wintersaltmarshmosquitoItisnotsurprisingthenthat
theDistrictsoriginalviewofthesaltmarshwasasanenemy
Forthefirst40yearsoftheDistrictopenmarsheswere
simplytobeditcheddrainedordikedReclamationofthe
marshasdikingwascalledatthattimewassupportedby
theDistrictasconducivetomosquitocontrolpractices
Openmarshesthatbecamelandfillsitessaltpondsordry
farmlandswerenotonlybeneficialtothelocaleconomy
butalsobeneficialtomosquitocontroleffortsOfapproxi
mately12000acresofsaltmarshthatexistedinAlameda
Countyin1930onlyabout2300acresremainUSFish
andWildlifeService1976HaywardShorelinePlanning
Agency1973Muchoftheremainingmarshisscattered
throughoutthecountyinstripsandpatchesontheoutside
ofleveesSaltpondshavenowreplacedabout5600acres
ofopensaltmarshanddrydikedareascompriseanother
4100acres

RETURNOFTHESALTMARSHThesaltmarshin

theSanFranciscoBayAreahasrecentlybeendefinedby
thepublicandvariouspublicagenciesasvaluableand
worthyofpreservationThepublichasbecomeawareof
thevarietyofplantsandanimalsespeciallybirdlifethat
inhabitthesaltmarshThefollowingquoteisillustrativeof
thepublicsmodernviewofsaltmarshes salt

marshalongtheHaywardShorelineoccupyaprominent
laceintheoverallenvironmental Theypicture Theysup

portawealthofinterrelated andsometimesspecially
adapted organismsthatrangefrominconspicuousalgae
growing onpickleweedstemstogracefulMarshHawks
soaringoverheadTheyhaveservedasapartofaspecial
evolutionarylaboratorythattodayprovidessanctuaryfor
severalrareandendangeredspeciesAndtheirluxuriant
swathsofcordgrasshavehelpedearnthesaltmarshtheir
positionasthemostproductivetypeofnaturalvegetation
inNorthAmericaFortheecologicalreasonsoutlined
abovesaltmarshesshouldbegivenveryhighenvironmental
priorityinanyplanfortheuseofbayshorelands Hay
wardAreaShorelinePlanningAgency1973

CREATIVEECOLOGYIn1973thetrendtoward
eliminationofsaltmarsheswasreversedinAlamedaCounty
withtheadventofapioneerprojecttocreateasaltmarsh
bytheUnitedStatesCorpsofEngineersThecorpsincon
junctionwithadredgingoperationatthemouthof
AlamedaCreekcreatedasaltmarshof150acresThe
materialfromthedredgeoperationwaspipedtoanoldsalt

FredCRoberts

AlamedaCountyMosquitoAbatementDistrict
3024East7thStreetOaklandCalifornia94601
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pondthatlayparalleltothecreekUnfortunatelytheDis
trictwasnotcontactedbythecorpstoproviderecom
mendationstopreventmosquitoproblemsThelocalflood
districtaskedustocontactthecorpsduringtheproject
howeverandtheDistrictwasabletoprovidehurriedand
partiallyeffectiverecommendationsTheresultwasaseries
ofmistakesthatcouldhavebeenavoidedintheplanning
stages

1Moredredgematerialwasplacedonthesitethanantici
patedOnehundredandtwelveacresofthe150acresite
turnedouttobeabovemeanhighwaterTheresultwas
112acresofpotentialmosquitoproducingareawith
verylittleofthehighlydesiredcordgrassthatgrowsin
thelowerelevationofthemarsh

2Theinboardleveesystemwasnotupgradedtowith
standtidalinundationWhentheoutboardleveeadja
centtothebaywasbreachedtoallowtidalinundations
theinboardleveeleakedandfloodedanadjacentre
claimedmarshtherebycreatingadditionalmosquito
problems

3Thedredgematerialwasallowedtosubsideandcrackin
theupperelevationsofthemarshWhentheleveewas
breachedtidalwaterwastrappedinthecracksandwith
theexpectedinvasionofpickleweedthecrackedground
maybeexpectedtoprovideanideallarvalhabitatfor
saltmarshmosquitoes

4Atopographicalsurveywasnotmadetodetectlow
spotsthatwouldtrapandholdhighttidalwatersThere
forenoditcheswereplannedtopromotecirculationand
therebypreventmosquitoproduction

5Thefinalmistakewascausedbythecorpsbreachingthe
outboardleveebeforeneededcorrectionscouldbe
madeUnfortunatelyourDistrictwasnotcontactedbe
foretheleveewasbreached

CORRECTIVEEcologyThemarshrestorationpro
jectfromthepointofviewofourDistricthadtremendous
potentialfortheproductionofsaltmarshmosquitoesThe
DistrictcontactedtheCoastalRegionoftheCaliforniaMos
quitoControlAssociationandtheStateVectorandWaste
ManagementSectiontoaskfortheirassistanceinthemat
terWiththeirtechnicalassistancetheDistrictrecom
mendedremedialactiontothecorpsFortunatelythecorps
hadequipmentavailableonthesitefortheircordgrass
plantingprogramThecorpsdiskedthecrackedground
andbaseduponanengineeringsurveybyReubenJunkert
oftheStateVectorandWasteManagementSectionthe
corpsalsoexcavatedditchesfromthemainsloughtolow
areasintheupperreachesofthemarshTheditchesserve
toincreasewatercirculationandallowtheentranceof
predatorfish



SubsequenttothemarshrestorationprojecttheCoastal
egionoftheCaliforniaMosquitoControlAssociationhas

preparedadocumenttitledStandardRecommendations
noPreventMosquitoProblemswithSaltMarshRestoration
ProjectsintheSanFranciscoBayAreaCoastalRegion
CaliforniaMosquitoControlAssocition1976Therecom
mendationswereconsiderednecessarysincemanyagencies
haveplansfortherestorationofsaltmarshesintheBay
Area

THEFUTURESaltmarsheswillbereturningto
AlamedaCountyoverthenextdecadeSpecificandgeneral
planshavebeenmadeforthecreationofsome2000acres
ofsaltmarshwithinthecountyincreasingthetotalacreage
fromthecurrent2300acresofopenmarshtoasmuchas
4300acresThemarshesforthemostpartwouldbe
createdbyrevertingdrydikedlandbacktomarshlandThe
marshesareplannedbytheSanFranciscoBayNational
WildlifeRefugeandtheHaywardAreaShorelinePlanning
AgencyTheyarefosteredbythepoliciesofregulatory
agenciesincludingtheCorpsofEngineerstheCalifornia
DepartmentofFishandGametheBayConservationand
DevelopmentCommissionandpossiblytheSanFrancisco
BayRegionWaterQualityControlBoardTherequirement
byregulatoryagenciesofmitigationmeasuresbeforeper
mittingdevelopmentappearstobeacatalysttothecrea
tionofsaltmarshesasmitigationinshorelinedevelopment

Itisessentialthatouragencyprovideinputearlyinthe
planningstagesofmarshrestorationprojectsThestaffof
theplanningagenciesshouldrecognizethatmarshrestora
tionisnotsimplybreachingleveesbutrequiressophisti
catedplanningsitepreparationandlongtermmaintenance
toavoidmosquitoproblemsThealternativetoproperplan
ningisexpensiveremedialactionformosquitocontrolpur
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posesafterthemarshhasbeencreatedThemethodsavail
abletoremedytheproblematthattimemaywellbe
limitedandinimicaltothegoalsoftheplanners

TheDistricthasinvolveditselfwheneverpossibleinthe
planningofmarshesWebelievetheplanningagencieshave
foundtheexpertiseofthestaffvaluablebeyondthatofjust
mosquitopreventionTheDistrictmakesrecommendations
baseduponopenmarshrecirculationsystemsasdescrib
edintheCoastalRegionsRecommendationsField
observationsbyvectorbiologistssuggesttherecirculation
methodofmosquitocontrolisnotonlycompatiblewith
themarshwildlifebutmayevenenhancetheproductivity
ofthemarshTheDistrictneedssolidscientificevidence
howeverForthisreasontheDistrictisinsupportofare
searchprojectproposedbytheCoastalRegiontostudythe
impactofrecirculationditchesinthesaltmarshesWebe
lievetheresearchwouldprovidedatatosupportthecom
patibilityofrecirculationditcheswithdesireableecological
objectivesandwouldprovideouragencywithastrongposi
tionintheplanningprocess
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THEEVALUATIONOFGYPSUMSOILSUPPLEMENTSANDSULFUROUSACIDWATER

TREATMENTFORIMPROVINGWATERPENETRATIONONALKALIPASTURES

CharlesHSchaeferandEmilFDuprasJr

UniversityofCalifornia
MosquitoControlResearchLaboratory5544AirTerminalDriveFresnoCalifornia93727

Atotalof300tonsofgypsumwasappliedatratesof5to15
tonsacretopastureshavingaserioushistoryofmosquitobreeding
Theirrigationwaterofanothersuchfieldwastreatedwithsulfur
ousacidoneveryirrigationfortwoconsecutiveyearsOver1900
quantitativeanalysesweremadetomonitorpossiblechemical

INTRODUCTIONIrrigatedpastureshavelongbeen
recognizedasatoolforreclaimingalkalisoilsKelley
1951statesFromtheforegoinginformationitfollows
thatanirrigatedpasturecanalsobeutilizedasameansof
reclaimingalkalisoilbyincludingintheseedmixturespec
iesofplantsthatarefairlytolerantofalkaliThiscanbe
doneeitherinconjunctionwithchemicaltreatmentor
withoutchemicaltreatmentifthealkaliconditionsarenot

toosevereByirrigatingthepasturefreelytherequired
chemicalreactionswilltakeplacegraduallyAfterafew
yearsinpastureduringwhichtimesomeeconomicreturn
willbeobtainedfromthelandotherkindsofcropscanbe
grownInthiswaythecostofreclamationneedbeonly
minimalBecauseofahistoryofdifficultiesincontrolling
theirrigatedpasturemosquitoAedesnigromaeulisLud
lowinalkalisoilareasoftheSanJoaquinValleyastudy
wasconductedonthepossibleeffectsofalkalinepasture
wateronthestabilityofmosquitolarvicidesSchaeferand
Dupras1969theystatedWeconcludethatwaterquality
ofSanJoaquinValleyalkalinepasturesdoesnothaveany
practicaleffectontheperformanceoforganophosphorus
larvicidesHoweveritisapparentthatthereisasignificant
relationshipbetweenalkalipasturesandcontroldifficulties
Thealkalipasturesinquestionarelocatedonsoilswhich
havepoordrainagetheselandsaredifficulttofarmand
thereforeareusuallymaintainedaspermanentpastures
ratherthanbeingrotatedtootherhigherreturncropsas
occursinotherareasThecontinuedpresenceofpastures
resultsinagivenareabeingtreatedveryfrequentlyseason
afterseasonforthecontrolofAenigromaculisWebelieve
thatthisselectionpressureexplainswhyinsecticideresist
ancefirstappearsinthesealkaliareasandthatinsecticide
resistanceisthesignificantcauseofcontroldifficulties As

organophosphorusresistanceinAenigromaculisworsened
itwasimperativetoexplorenoninsecticidalmeansofre
ducingmosquitonumbersSchaefer1970

Onepositiveapproachseemedtobethepossibleuseof
soilamendmentstoreducethelengthoftimewaterstands
onirrigatedfieldshopefullytoalessertimethanthatre
quiredformosquitodevelopmentSecondlytheuseofsoil
amendmentsmightallowashortertimeintervalforreclam
ationandtherebyallowmorerapidrotationtoahigherre
turncrop

Kelley1951reviewedseveralmethodsforimproving
thealkalisoilshavingahighexchangeableNacontentas

ABSTRACT

168

changesofthesoilThefieldswereobservedandsantpledforupto
sixyearsaftertreatmentNoapparentimprovementsoccurredasa
resultofthesetreatmentsandseriousmosquitoproductionwasnot
reduced

occursinmanyareasoftheSanJoaquinValley 1
GypsumCaSO4canbeappliedandthenwithconsiderable
waterCa willexchangewithNaandthelattercanbe
removedbyleachingThephysicalconditionofthesoilfor
plantgrowthandtillageoperationswouldbeconsiderably
improved2Sulfurcanbeappliedtoalkalisoilshaving
CaCO3presentThegradualoxidationofStoH2SO4by
sulfuroxidingbacteriainthepresenceofCaCO3willallow
foranexchangeofCa ontotheclayasexpressedbythe
followingequationH2SO4 2CaCO3 4Naclay 2Ca

clay Na2SO4 NaHCO33Sulfuricacidcanbeapplied
directlytoachievetheresultsasin2ifCaCO3ispresent

ThesemethodswereemployedbyOverstreetetal
1951inanattempttoreclaimanalkalisoiloftheFresno
soilseriesFresnoCountyThetestareahadbeenplanted
incottonandtheyieldhadbeenpoorSmallplots15x
300feeteachweretreatedwithgypsumat10H2SO4at
57andsulfurat186tonsacreEachplotwasreplicated
sixtimesandtheareawasseededwithamixtureofpasture
plantsFortwoyearsaftertreatmenttheyieldsofgrasses
fromthesulfurtreatedplotswerenotsignificantlyhigher
thanfortheuntreatedplotstheyieldsfromtheH2SO4
treatedplotswerehigherthanthosetreatedwithgypsumor
sulfurApparentlythetwoyearperiodwasnotlongenough
toallowtheoxidationofthesulfurIn1955Overstreet
etalreportedfortheplotsdescribedabovethatafter
fiveyearsfollowingtreatmenttheplotsthathadreceived
noamendmentsweregraduallyreclaimedthroughleaching
aloneandthatbythistimelittledifferenceinyieldwas
apparentbetweenanyoftheplotsInthissecondstudy
Overstreetetal1955anattemptwasmadetoreclaim
soiloftheHaciendaseriesinKingsCountySmallplots30
x145feetweretreatedwithgypsumat422and1247
tonsacreandwithH2SO4at359andat695tonsacre
Eachtreatmentwasmadeintriplicateandtheplotswere
plantedwithalfalfaTheareawasswampirrigatedandthe
plotswereobservedforoverthreeyearsTheauthorscon
cludedthattheH2SO4treatmentsweresignificantlymore
effectivethanthegypsumtreatmentsandthatreclamation
oftheuntreatedplotswasconsiderablyslowerthanfor
treatedplotsAlsotherewasnodifferenceinyieldsbe
tweenthehighversuslowgypsumtreatmentsorbetween
thehighandlowacidtreatementswhichsuggestedthat
thoseusedmighthavebeenequallyeffective



Sincethepotentialofsulfurtreatmentsappearedtobe
veryslowandsincefieldapplicationsofH2SO4hadbeen
discontinuedbecauseofcostandhazardsitappearedthat
gypsumapplicationsofferedthemostrealisticpotentialfor
improvingirrigatedpastureshavingadistincthistoryof
mosquitobreedingproblemsConsultationswithpersonnel
oftheTulareMosquitoAbatementDistrictandtheDelta
VectorControlDistrictandwithcooperativelandowners
ledtotheselectionoftestfieldstoreceivegypsumtreat
mentsTheobjectiveofthisstudywastotreatplotswith
variousratesofgypsumandthentomakeobservationson
waterstandingtimeandmosquitoproductioninsuccessive
irrigationseasonsfurtherevidenceofchangeswerefollow
edbychemicalanalysisofthesoil

Alsobecauseacommercialprocessofgeneratingsulfur
ousacidwasavailabledirectacidificationofirrigation
waterwasevaluatedasmeansofimprovingsoilwaterpene
trationandhopefullyreducingwaterstandingtime

MATERIALSANDMETHODSAftercarefulconsider

ationofnumerouspossibletestfieldsthreepastureswhich
hadanestablishedhistoryofexcessivemosquitoproduc
tionwereselectedfortreatmentwithgypsumToasteSan
chezandGrantandonesimilarpasturewasselectedtobe
treatedwithsulfurousacidAvila

Descriptionsofthesefieldsandthemethodsusedto
treatandevaluatetheeffectsareasfollows

1Toastepasture This16acrefieldislocatedapproxi
mately9milessouthofTulareCaliforniaT21SR
24ES20SW14ThesoilseriesisTraversandyloam
andseriousmosquitoproductionhasbeenaperennial
problemonthispasture

DuringMay1969thefieldwasrippedtoadepthof
about24inchesandthendiscedThefieldwasdivided

into24plots067acreseachandthengypsumwas
appliedatratesof02plots53plots97plots
and152plotstonsacreThefieldwasrediscedirri
gatedandseededwithCoastalBermudaNK37at15
lbsacrebyaircraftThefieldwasirrigatedusingwell
water

Pretreatmentsoilcores175x6inchesweretaken
fromeachplotjustpriortotheapplicationofgypsum
andposttreatmentsampleswerecollectedattheendsof
the196919701971and1974irrigationseasonsAt
eachofthesesamplingintervals3soilcoresweretaken
atrandomoneachplotfromtheupper06inchesand
lower612inchessoildepths

2SanchezpastureThis24acrepastureislocatedapprox
imately8milessouthofTulareCaliforniaT21SR24E
S8NE14thesoilseriesisPondLoamwithamoderate
alkalicontentandithasbeenaseveremosquitoproduc
ingsite

DuringMay1969itwasrippedtoadepthofabout24
inchesanddiscedItcontained20irrigationchecks40
x1320feetor121acreseachandeachwasutilizedas
aplotGypsumtreatmentswereassignedatrandomand
6plotsweretreatedwith5tonsacre4with10tons
acre2with15tonsacreand8werenottreatedThe
fieldwasrediscedirrigatedandseededwithCoastal
BermudaNK37at15lbsacrebyaircraftIrrigations
utilizedditchwater
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Pretreatementsoilsamplesweretakenfromeachcheck
justbeforegypsumapplicationsandposttreatmentsam
pleswerecollectedattheendsofthe196919701971
and1974irrigationseasonsAteachoftheseintervals3
soilcoresweretakenatrandomat3differentlocations

oneachplotfromboththeupper06inchesandlower
612inchessoildepths

3GrantpastureThis18acrefieldis3milesnortheastof
GoshenCaliforniaT18SR23ES1NW14thesoil
seriesisFresnofinesandyloamwithstrongalkalicon
tentThisfieldhadnotpreviouslybeenfarmedandwas
partofalargerfieldundergoingreclamation

DuringAugust1971thefieldwasrippedtoabouta24
inchdepthandleveledIrrigationbordersweremadeto
give4checks60x2600feeteachor358acreseach
Twoofthechecksweretreatedwithgypsum1with5
tonsacreand1with10tonsacretheremaining2large
plotswereutilizedascontrolsThefieldwasreseeded
withamixtureofpasturegrassesWellwaterwasused
forirrigation

Pretreatmentsoilsamplesweretakenbeforegypsum
applicationfromeachcheckandposttreatmentsamples
weretakenattheendsofthe197119721973and
1974irrigationseasons

Triplicatesoilcoresweretakenatrandomandpooledat
5differentsamplinglocationsoneachcheckfromboth
theupper06inchesandlower612inchessoil
depths

4Avilapasture This40acrepastureislocated4miles
westofGoshenCaliforniaT18SR23ES22SE14
ThesoilseriesisFresnofinesandyloamwithamoderate
alkalicontentThisfieldisrepresentativeofoneofthe
worstmosquitoproducersencounteredinthisarea

InNovember1970thefieldwasrippedtoadepthof
about24inchesitwasdiscedandreseededwithamix

tureofpasturegrassesAcommercialsulfurousacid
generatorwasusedtotreattheirrigationwatereach
timethefieldwasirrigatedevery10to14daysfrom
MaythroughOctober1971andagainthroughoutthe
sameperiodof1972Thesulfurburnratevariedfrom
aninitialhighof24lbshrtotherategenerallyusedof
15lbshrIoniccontentofthewellwaterbeforeand
afteracidificationwasdetermined

Soilsamplesweretakenfrom3differentlocationson
eachof5irrigationchecksprovidingrepresentative
samplesfromallpartsofthefieldAteachlocation3
soilcoreswerecollectedatrandomandpooledfrom
boththeupper06inchesandlower612inches
depthsSoilsamplesweretakenbeforethetreatments
startedandattheendsofthe1971and1972irrigation
seasonsendofacidtreatmentsandagainafterthe
1974irrigationseason

GypsumTreatmentswerecontractedwithcommercial
applicators

PosttreatmentObservation Foreachfielddescribed

aboveobservationsontheextentofmosquitoproduction
postirrigationwaterstandingtimesandproductionoffor



ageweremadefollowingthetreatmentanduntiltheendof
the1976irrigationseasonAerialphotographswereperiod
icallytakenofeachfieldtomonitorpossiblechanges

AnalysisofSoilSamples Thesoilsamplesweretaken
intothelaboratorymixedandplacedonpapertoairdry
atroomtemperatureuntilmoisturewasconstantabout
5 ThesoilwasthengroundinaWileymillandpassed
througha60meshTylerscreenEachsamplewasthen
analyzedforpHandelectricalconductivityandbothwater
saturationextractstoshowexchangeableioniccontent
werepreparedandeachwasanalyzedforCl NaMg
andCa asfollows

pHThepHwasdeterminedona125VVsoilwater
suspensiononaCorningModel12pHmeter

ElectricalConductivity Twentygramsofsoilwere
addedto40misofdistilledwaterthesampleswereshaken
vigorouslyforafewminutesandallowedtostandfor1
hourAftersettlingtheliquidwaspouredintotheconduc
tivitycellandmeasuredonaLabLineCFSoilLectro
MHOMeter

PreparationofSaturationExtracts Asaturatedpaste

wasmadebyaddingdistilledwaterto100gmofsoiluntil
thesoilwouldnottakeanymorewaterwithoutpuddling
afterstanding24hoursthesoilwasfilteredthrougha
BuchnerfunnelusingWatmanNo42filterpaperThe
filtratewascollectedandthenstoredincappedtubes

C1inSaturationExtractsChlorideionconcentration

wasdeterminedontheundilutedsaturationextractusing
anOrionchlorideprobeonaCorningModel12pHmeter

NaCaMg inSaturationExtractsAfteradequate
dilutiontheconcentrationsoftheseionsweredetermined
usingaPerkinElmerModel290atomicabsorptionspectro
photometer

PreparationofAmmoniumChlorideExtracts Five

gramsofsoilwereplacedinafiltertubeandleachedwith
INammoniumchloridetogiveafinalvolumeof500mis

NaCa MginAmmoniumChlorideExtractsThe
ammoniumchlorideextractsweredilutedandtheconcen

trationsoftheseionsweredeterminedbyatomicabsorp
tionspectroscopy

WaterAnalysis Samplesoftheirrigationwaterfrom
eachfieldwereanalyzedusingthesamemethodsas
describedaboveCO3andHCO3concentrationswere
determinedon100mlwatersamplesbytitrationwith05
NHCL

RESULTSApproximately1900quantitativechemical
measurementsweremadeduringtheperiodofthisstudy
Thesedatawerecomparedbyttests5levelofthe
meansandofthepaireddifferencesbetweenuntreatedand
treatedmeansBecauseofthevoluminousamountofraw

dataitisnotpracticalforpublicationbutitwillbeheldon
fileatFresnoforinterestedpersonsGeneralresultsfor
eachfieldareasfollows

ToastepastureThewellwaterisalkalineandishighin
NapH81Na14Ca09andMg04meqLFol
lowingapplicationofgypsumthereweresignificantin
creasesinCainthewatersaturationextractsatthe9and

15tonsacreratesbuttheseincreaseswerenolongerappar
entafter3yearsTherewasnoevidenceofincreasesinex
changeableCaammoniumchlorideextractAttheend
of5yearstherewasnochemicalevidencethattheionic
contentwasimprovedfromthepretreatmentlevelsThe
fieldwasmaintainedasapasturethroughoutthestudyper
iod
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Therewasnoapparentreductioninwaterstandingtime
onanyoftheplotstherewasnoimprovementinthe
amountsorqualityofvegetationnorwasthereanyreduc
tioninthemosquitobreedingproblemduringorattheend
ofthestudyWatercontinuedtostandlongenoughafter
eachirrigationtoallowbothAenigromaeulisandCulex
tarsalisCoquilletttocompletetheirdevelopmentalcycles

Sanchezpasture Theditchwaterusedforirrigations
washighlyalkalineandhighinNapH90Na17Ca
04andMg02meqLThereweresignificantincreases
inCainthewatersaturationextractsfromplotstreated
with10andthosetreatedwith15tonsgypsumacrebut
notforthosetreatedatthe5tonacreratetheseincreases
wereapparentonlyinthe06inchdepthforupto2years
aftertreatmentbutwerenotapparentat3and5years
aftertreatmentTheexchangeableCashowedthesame
patternTherewasnodeclineinNainthewatersatura
tionorNH4C1extractsandthusnoevidenceofsodium
leachingthishowevermayhavebeenmaskedbytheinput
ofNafromtheirrigationwaterTherewerenoother
significantchangesinthechemicalmeasurementswhich
weremonitored

During1974theSanchezpasturewasrediscedand
plantedinfieldcornThenumbersandheightsofcorn
plantsshowedextremevariationacrosstheareaoftreated
plotsbuttherewasnocorrelationthatcouldbefoundbe
tweenplantheightordensityandrateofgypsumtreat
ment

GrantpastureThewellwaterisalkalinepH82Na
13Ca03andMg03meqLsimilartothatforthe
otherfieldsFollowinggypsumtreatmentsthereweresig
nificantincreasesinCainthewatersaturationextracts

ofthe06inchsoilsamplesbutnotinthe612inch
sampleshoweverat2and4yearsaftertreatmentthere
werenosignificantdifferencesinCaofthewatersatura
tionextractsNoincreasesofexchangeableCawereob
servedandtherewerenosignificantreductionsofNa
evenafter4yearsTherewerenoimprovementsofforage
productionbetweentreatedanduntreatedplotsnorany
differencesinmosquitoproduction

SummaryofGypsumTreatments Itmustbeempha
sizedagainthatthepasturesutilizedforthegypsumexperi
mentsarerepresentativeofverypoorsoilconditionsThe
qualityoftheirrigationwatercanadverselyaffectreclama
tionWhilethetotalsaltconcentrationoftheseirrigation
watersisrelativelylowtheydonotsupplyenoughCa
orMgReclamationisespeciallydifficultonthesefields
becauseoflowsubsoilpermeabilityTheinformationisstill
importantbecausesuchfieldsexistoverlargeareasofthe
SanJoaquinValleytheirassessedvaluationsarelowand
theyproducepasturemosquitoeswhichareaseriousprob
lemformosquitoabatementdistrictsItisnowapparent
thataddingCatothesesoilsbygypsumapplicationsof
upto15tonsacredoesnotsolvetheproblemSuchtreat
mentsshownosignofNaleachingfromtheuppersoil
layerswhichmaypartlybeduetothecontinualaddition
ofNafromtheirrigationwater

AvilapastureSincetheirrigationwaterwasacidifiedat
thewelltheentire40acresweretreatedStatisticalcom

parisonshadtobemadetothepretreatmentsamplessince
therewerenoconcurrentuntreatedsamplesAnalysisof
thewellwaterbeforeandaftersulfurousacidtreatmentis
showninTable1Acidificationeliminatescarbonatesand



Table1AnalysisofAvilawellwaterbeforeandafter
treatmentwithsulfurousacid

pH
EC
Na
Ca
Mg
C1

CO
HCO

50

100

150

200

250

300

350

400

450

478

3NCnotdetected

Distance

from

irrigation
ditch

feet pH

0 420

430

490

470

490

500

490

510

540

560

600

2ND notdetected

Untreated Acidtreated

950

014
118

004

0002

059

075

135

ECElectrical conductivity in millimhos per

centimeter

2loniccontentsinmilliequivalents perliter

bicarbonateschangingthewaterfromacalciumprecipitat
ingtoacalciumdissolvingfluidProofofthelatteris
obtainedbyanalysisoftheirrigationwaterat50footin
tervalsduringirrigationTable2Itisapparentthatthe
acidicirrigationwateristitratedasitmovesdownthefield
thatCa isdissolvedandfreeNagreatlyincreases

Consecutivetreatmentoftheirrigationwaterwithsul
furousacidproducedsignificantchemicaleffectsThepH
ofthesoilsignificantlyloweredfromabout10toabout85
by1974both06inchand612inchdepthsTherewas
nosignificantincreaseinexchangeableCaattheendof
the1stand2ndyearofirrigationwithacidificationbut
therewaslittleifanydifferenceafter2additionalyearsof
irrigationwithoutacidificationTherewasabigincreaseof
Nainthewatersaturationextractsfollowingtreatments
andby1974therewasareductionofexchangeableNain
bothsoillevels

Table2Qualitativeandquantitativechangesinacidtreate
milliequivalentsperliterECinmillimhospercm

EC HCO Na

043

038

035

032

033

032

035

035

035

039

045

0

0

0

0

0

025

025

040

040

055

060

410

020

121

001

0002

ND
ND

1043

0999

0957

0783

1043

1087

1130

1261

1391

1521

1739
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Unfortunatelytherewasnoreductioninthewater
standingtimenorreductionofmosquitobreedingAlso
productionofpasturegrasseswasveryspottyandafter2
yearsinpasturethefieldwasrediscedandplantedwithSu
dangrasstheyieldwassolowthatonlysmallpatchesca
15ofthefieldsurvivedAnattemptthenextyearto
growalfalfaalsoresultedinasimilarfailureofplantre
sponseThereforeacidificationwhichcostabout10
acreyearin1972didnotreducetheproblemunderthese
verydifficultsoilconditionsandthefieldcontinuestobea
lowyieldpasturewhichproducesmosquitoesregularlydur
ingtheirrigationseason

DISCUSSIONIneachcasenopracticalimprovements
resultedfromtreatmentsofgypsumat510or15tons
acreorfrom2successiveyearsofacidificationofthewater
usedforeachirrigationThequestionarisesastowhythese
resultsaresonegativeandyetOverstreetetal1951
1955wereabletoshowimprovementsofalkalisoilsin
theSanJoaquinValleyTheanswerapparentlyisthatOver
streetetalworkedwithmuchbettersoilconditionsinitial

lytheyworkedwithfieldsthathadbeenfarmed one

fieldwasdescribedashavinggivenapooryieldofcotton
Thefieldsdescribedinthisstudywerenevercultivatedbe
causeoftheirpoorqualityandtheiruseaspasturesdidnot
providereclamationsothathighercropscouldbegrown

Unfortunatelyinsomecasesofsuchdifficultconditions
theannualcostformosquitocontrolisgreaterthanthere
turnobtainedbythegrowerThisisofcourseridiculous
butwhatelsecanbedoneOnepossibilitywouldbeto
evaluatetheapplicationofevenlargeramountsofsoil
amendmentsincludinggypsumacidandmanureorother
organicbyproductshowevertheeconomicsofmaking
suchlargeinvestmentsinsuchpoorconditionsarenotin
vitingandconsiderationmustbegiventoretiringsuchland
fromproductionandmakingreclamationinvestmentsin
bettersoilsButhowcanamosquitoabatementdistrictef
fectretirementofsuchpropertiesItcouldeitherrentor
buyandretireproductiononsuchlandsbutsuchaction

dirrigationwaterduringirrigationioniccontentsin

Ca

0100

0125

0195

0215

0229

0394

0434

0419

0409

0400

0519

Mg

0010

0016

0039

0046

0046

0085

0102

0131

0125

0151

0174

Cl CO
0037

0034

0082

0048

0062

0056

0124

0180

0180

0395
0733

1Samplescollected35hoursafterirrigation wasstartedonthischeckandhadprogressed478feetfromtheditch

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND



wouldcauseittobecomeownerorlessorofallsubstand

ardpropertieswhichfewtrusteeswouldacceptThusit
seemsthattheonlyreasonableapproachistotakeaposi
tiveattitudeandattempttocooperateinsourcereduction
programsprovideeducationalassistancethroughfarmad
visorsandprovidemosquitocontrolatcostorwithout
costdependingonpolicywhenitisapparentthatserious
attemptstoresolvetheproblemarebeingmadeHowever
insituationswheretheownershavelostincentiveafter

fightingverydifficultwaterandlandqualityobstaclesand
thereafterapplyminimalmanagementeffortwhichresults
inmosquitoproductioncausingeithernuisanceorhealth
hazardsamosquitoabatementdistrictsonlyalternative
becomesuseofthelegalprocessIndealingwiththemost
difficultoflandsonwhichmanagementisbeingattempted
sourcereductionisnotnecessarilyasolutionincontrastto
thosewhopreachtoitssimpleanswerformosquito
control
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OVERWINTERINGBIOLOGYOFCULEXNEOCULEXBOHARTIBROOKMAN

ANDREEVESINNORTHERNCALIFORNIAAPROGRESSREPORT

Duetotheincreasingevidenceoftheeuryphilicnature
ofsomediseasesBurtonetal1966Adamsetal1970
HoffandTrainer1973theirbiocenosisisrealizedasa
morecomplexphenomenonWiththisincreaseincomplex
itythereisalsoanincreaseinthenumberofspeciesin
volvedandthesubsequentsumtotalofhostrelationships
usuallyrequiresecologicalinformationonspeciesformerly
unexaminedThepossibleinvolvementwithdiseasetrans
missionofimplicatedspeciescannotbeassesseduntiltheir
biologyisunderstood

Theisolationofwesternequineencephalomyelitisvirus
fromseveralvertebrateectothermshasfocusedinterest

ontheirpossibleroleinarbovirusecologyGebhardtetal
1964Spalatinetal1964Burtonetal1966McLintock
etal1967Bowen1977Theinvolvementofectothermal
vertebratesashostsofthevirushasindirectlyimplicated
certainmosquitospeciesconsideredtobebothamphibian
andreptilianfeedersaspossiblemaintenancecyclevectors
Murphyetal1967Edman1974Templis1975How
everspeciesofthesubgenusNeoculexinregardtoNorth
Americanfaunahavenotbeenexaminedintermsofpos
sibleinvolvementwithvirustransmissionandtherolethey
mayplayinthemaintenancecycleofwesternencephalitis

Inthefallof1975aninvestigationwasinitiatedto
determinespecificaspectsofthebiologyoftheCalifornia
speciesofthesubgenusNeoculexThewinterabsenceof
adultCulexbohartiBrookmanandReevesevenfrom
overwinteringrestingsiteswheresympatricallyoccurring
CulexapicalisAdamsisreadilycollectedapparentlysug
gestsapossiblevariationinthenormaloverwintering
biologyoftemperatewesternNorthAmericanCulex
CarpenterandLaCasse1955

Sincenospecificadulttrappingmethodhasbeen
developedformembersofthesubgenusNeoculexquantifi
cationofadultpopulationsmustbeinferredfromdata
gatheredfromimmaturecollectionsTheobjectiveofthis
studywastodeterminetheoverwinteringbiologyofCulex
bohartibymonitoringalarvalpopulationthroughoutthe
year

METHODSThestudyareawaslocatedinaruraldis
trictfivemileseastofRosevilleCaliforniainthelower
foothillwoodlandplantcommunityInthefallof1975six
larvalhabitatswereselectedwithinaquartermileradius
Samplingstationsconsistedof1onedredgerpond2
twovernalpondsand3twotemporarystreamsTwosta
tionswereselectedonthedredgerpondapproximately
200by222wherethedominatevegetationconsistedof
AzollafiliculoidesPolygonumspLemnaspandTypha
latifoliaThepresenceofOndatrazibethicaandRanacates
beianasuggestedapermanentpondsituationeventhough
theponddriedupinearlyAugustduring1976Thecom
pletedryingofthepondmighthavebeenduetotheun
seasonallylowrainfallinthatyearBothvernalpondsone
approximately12by40andtheotherapproximately12
by90wereformedinconjunctionwithdredgertailings

TLMcKenzieRPMeyerandRKWashino

UniversityofCalifornia
DepartmentofEntomology367BriggsHallDavisCalifornia95616
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MajorflorarepresentativesofthevernalpondswereTypha
latifoliaandCarexspThefinaltwostationswerelocated
intemporarystreamsoneanoverflowareaapproximately
20by60wherethedominateplantsconsistedofRumex
spXanthiumspCarexspandHordeumspandtheother
astreamimpoundmentapproximately14by72created
byarestrictedoutflowandthedominatefloraconsisted
ofLemnasp

Biweeklysamplesweretakenassoonaspossibleafter
thestationswerefloodedinthefallandcontinueduntil
thestationsdriedupinlatespringorearlysummerThree
20dipsamplesweretakenforeachstationonallsampling
datesoruntildryingprecludedsamplingAlllarvaeand
pupaecollectedwerecountedandclassifiedastolarval
instarsandpupae

Waterqualitymeasurementsconsistedofconductivity
andpHreadingstakenfromeach20dipsampleoneach
collectiondateWatertemperaturewasmeasuredwitha
maximumminimumthermometerovera14dayperiodat
eachstationClimatologicaldataonatmospherictempera
tureandprecipitationwasobtainedfromtheUSWeather
BureauStationatFolsomDamSacramentoCounty

RESULTSANDDISCUSSIONCulexbohartilarvae

werepresentthroughoutthefallwinterandspringof
197576Figure1Duringthisperiodlarvaewerenotpre
sentinsomehabitatsbutpresentinothersFigure2The
increasingratiooflatertoearlierinstarsofCxboharti
throughoutfallandearlywintercollectionsFigure3indi
catedadecreaseinovipositionduringthattimeperiod
Howeverthecontinuedpresenceofsmallnumbersof1st
instarlarvaeinthecollectionsuntilmidDecemberindicat

edthatovipositioncontinuedthroughoutfallandearly

Oct NovDecJan Feb MarApr May

Figure1AveragenumberofCulexbohartilarvaeper
dip197576Arrowsindicatelastcollectionof1stinstar
larvaeinDecember
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Figure2AveragenumberofCulexbohartiperdipin
selectedlarvalhabitats197576

winterTheincreasingshortdayconditionsbetweenSep
temberandmidDecemberdoesnotapparentlyinitiatedia
pauseinCxbohartiasitdoesinCulextarsalisCoquillett
andAnophelesfreeborniAitkenintheCentralValley
ofCaliforniaHarwoodandHalfhill1964Depnerand
Harwood1966Washinoetal1971Thepresenceof
larvalCxbohartiduringthewintermonthsperhapsin
dicatesthatoverwinteringisaccomplishedby1dia
pausinglarvae2slowlydevelopinglarvaefromlatefall
generationorby3quiescingadultsthathaveemergedin
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Figure4Culexbohartiaspercentoftotalmosquito
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latefallandwinterAnincreaseinovipositionwasshown
bythelatewinterpresenceofasubstantialnumberofearly
instarlarvaeLarvalcollectionsinmidMarchtoAprilindi
catedabalancestatebetweenovipositionandemergence
Figure3Theobserveddeclineinthelatespringpopula
tionmaybearesultofthedryingofprincipleovipositional
sites

Larvalpopulationsshowedhabitatseasonalreversals
thoselarvalhabitatswhichsupportedthelargestpopula
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tionsinthefalldidnotsupportthelargestpopulationsin
thespringFigure2Todetermineiftheseasonalpopula
tionchangesinCxbohartiinthepondsituationswasdue
tochangesinculicidproductionthetotalnumbersofmos
quitoescollectedweretabulatedintheIoticenvironments
Figure4Thetotalmosquitoproductionbetweenfalland
springinthepondhabitatswasnearlyequalsupportingthe
premisethattheCxbohartipopulationvariationwasnot
duetohabitatnutritionalchangesbetweentheseasons
Thisassumptionwouldbesupportedifresourcepartition
ingwasnotamajorfactorbetweenmosquitospeciesoccu
pyingthesamelarvalhabitatThechangeinpercentcom
positionwasprobablyduetochangesinovipositionalstim
ulusmortalityratesorhostavailability

Thedisappearanceofthe1stinstarCxbohartiin
Decemberdemonstratedforbothyearsseemstohave
beencorrelatedwithadropinthemeandailytemperature
toapproximately15CFigure1Theeffectperhapsre
sultedinaninducedadultquiescenceorasimilarpatternin
availablehostactivityInitialhostpreferencestudiesindi
catedthatCxbohartifeedspredominatelyonreptilesun
publisheddateFieldobservationsonassociatedlepi
dosaurianpopulationsindicatedthatThamnophiselegans
ThamnophissirtalisandSceloporusoccidentaliswerethe
dominatereptilianspeciesobservedinthestudyareaSte
wart1965determinedthatThamnophissirtalisand
Thamnophisordinoideshaveavoluntaryminimumtemper
aturebetween10and17CSceloporusoccidentalisenters
dormancyduringOctoberandNovemberGarrick1972
Thedisappearanceof1stinstarlarvaewhichoccurredafter
themeandailymaximumtemperaturefellbelowapproxi
mately15Cinconjunctionwiththeeffectofthethermal
dormancylimitationsonhostpopulationsisaprobableex
planationofthecessationofovipositionduringlate
DecembertomidFebruaryThemoreobviousexplanation
adultquiescencecannotbedetermineduntilfieldandla
boratorystudiescanbeconductedTheabsenceoflarge
numbersofimmaturestagesofCxbohartifromlate
DecembertoJanuaryindicatesthatlarvaldiapauseisnot
theoverwinteringmechanism
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FALLANDWINTERPOPULATIONSOFMOSQUITOESSAMPLEDBYDRYICEBAITED

CDCMINIATURELIGHTTRAPSINCENTRALCALIFORNIA

INTRODUCTIONAspartofatwoyearstudyonthe
biologyofCulisetainornataWillistoninCentralCalifornia
MeyerandWashino1976fallandwinterpopulationsof
associatedmosquitospeciesweremonitoredbyCDCmini
aturelighttrapbaitedwith5lbsofdryiceOtherthanC
inornataandCulextarsalisCoquillettHayesetal1958
fallandwinteractivityofmosquitoesmeasuredbysupple
mentallighttrapshasnotbeenreportedInmoststudies
BellamyandReeves1963WashinoandBailey1970col
lectionsofadultmosquitoeswerethosetakenfromeither
artificialornaturalsheltersTodeterminetheactivityand
abundanceofmosquitospeciesassociatedwithdiscrete
habitatsinCentralCaliforniatheCDCminiaturelighttrap
wasselectedfor1portabilityandeaseofoperationSudia
andChamberlain1962and2necessityforlivetrapping
adultsfromwhichphysiologicalageparameterscouldbe
determinedConsideringtheinfluenceofairtemperature
onadultactivityBidlengmayer1970dryicewassupplied
toincreasemosquitoresponsetotrapselectivityandassure
moderatesamplesizesThuspopulationtrendscouldbe
attributedtoeitherchangesintemperatureorshiftsinthe
dominanceoftheprinciplespeciesbeingcollected

MaterialsandMethodsFromOctoberthroughJanu
ary197576and197677mosquitopopulationsassociated
withSuisuinMarshCentralValleyandSierraFoothill
habitatsweresampledbyCDCminaturelighttrapsbaited
with5lbsofdryiceTrapswereoperatedduringthis
periodforonenighteverytwoweeksateachlocation
Table1AdultsweresequesteredinstandardCDCmesh
bagsattachedtothebottomofeachtrapAnylonscreen
conewasfittedtothebaseofeachtraptopreventescapein
caseofeithertraporbatteryfailureCollectionswereevalu
atedfortotalnumberandspeciesforallmosquitoes
collected

Table1LocationandclassificationUurbanRrural
oflighttrapstationssampledbiweeklyforonenightonly

Location

SuisuinMarshCoast
GrizzlyIslandR
JoiceIslandR
FairfieldU

SacramentoValleyValley
DixonR
SutterUR
KnightsLandingUR

SierraFoothillFoothill
FolsomR
RosevilleR
FairOaksR

RPMeyer

UniversityofCalifornia
DepartmentofEntomology367BriggsHallDavisCalifornia95616

Date

197576 197677

0

0
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EachlocationwasdesignatedaseitherurbanUorrural
RTable1dependinguponlocationandecologicalchar
acteristicsofthesurroundingareaTwolocationswereused
todeterminemosquitodiversityandactivityforruralareas
whileonlyonelocationwaschosenforurbanareasValley
collectionsfromSutterSutterCountyweretakenduring
the197576seasononlySurveillancewasdiscontinuedin
197677with2alternativelocationsselectedatKnights
Landing

RESULTSANDDISCUSSIONIntwoseasonsoftrap
operationatotalof12918mosquitoesrepresenting15
specieswerecollectedindryicebaitedCDCminaturelight
trapsoperatedatalllocationsTable2Coastalcollections
principallytheJoiceandGrizzlyIslandcomponents
accountedformorethan84ofthetotalnumberofmos
quitoescollectedBothCulextarsalisandCsinornatare
presented72ofthetotalnumberforallspeciescollected
Cxtarsalis369 andCsinornata357

Consideringspeciesdiversitymorespecies13were
collectedfromfoothillhabitatsthanfromeithervalley9
orcoastal7locationsFivespeciesofCulexcollectedin
theSierrafoothillTable2representedthelargestassem
blageofcongenericsFourspeciesofAedesandthreespec
iesforbothAnophelesandCulisetacontributedtothere
mainingspeciesrecovered

Table2Totalnumberandspeciesofmosquitoesmale
andfemalecollectedindryicebaitedCDCtrapsoperated
ineachregionofCentralCalifornia197577

Species

Anopheles
Anfranciscanus
Anfreeborni
Anpunctipennis

Culiseta

Csincidens

Csinornata

Csparticeps
Aedes

Aedorsalis

Aemelanimon

Aenigromaculis
Aevexans

Culex

Cxervthrothorax

Cxpeus

Cxpipiens
Cxtarsalis

Cxthriambus

R
0

1

0

1707

0

0

0

Coast Valley Foothill

456 0

0 0

0 33

4652 35

0

numbercollected

U R U
1 1 0

0 30 17

0 0 0

0 0 0 0 10

3926 94 450 33 111

0 0 0 0 18

1

0

0

0

0 0

35 18

1 0

1 1

5 0

0 0

72 1

19 6

0 0

R U
0 0

6 0

2 0

0

2

0

702

4

11

0

0

0

1

2

137 0

85 13

90 6

50 6

66 0

Total 10742 164 614 76 1279 43



Theaveragenumberofmosquitoescollectedaturban
andruralstationsforbothseasonsisillustratedinFigure1
Irrespectiveofregionsignificantlyhighernumbersofmos
quitoeswerecollectedatrurallocationsbycomparisonto
thetotalrecordedforurbanlocationsBothurbanandrural

collectionsfromcoastalareasweresubstantuallyhigher
thanthosefromeithervalleyorfoothillregionsInrelation
toseasonalityandtemperaturepopulationtrendsinall
areasshowedacontinualdeclinefromOctobertoJanuary
Theobserveddecreasesinmosquitoescollectedwhichbe
ganinlateNovemberandearlyDecemberMeyerand
Washino1976wereprobablyattributedtodecreasingair
temperaturesrecordedforeachlocationBidlingmayer
1967showedthattrapefficiencyrelativetothenumber
ofmosquitoescollectedwasdirectlycorrelatedtobothair
temperatureandrelativehumidityconditionscoincident
withtheperiodoftrapoperationSimilarlytheresultsof
thisstudyindicatethatactivityinmosquitoesassociated
withallthreeregionsdeclinedabruptlywiththeonsetof
coldertemperaturesinDecemberDuringthemonthof
JanuarypartialwarmingoccurredHoweverthehigherair
temperaturesandincreasedactivitywereobservedonlyfor
theSuisuinMarshpopulationsprincipallyCsinornata
Figure2Apparentlymosquitoactivityatbothfoothill
andvalleylocationswasnotaffectedTemperatureshow
everwerenoticablycoolerinbothregionsthanintheSui
suinMarshduringJanuary
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Figure1Averagenumberofmosquitoesmaleand
femalecollectedaturbanandrurallocationsforcoast
valleyandfoothillregions197577
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ThecollectionsfrombothJoiceandGrizzlyIslands
whichweresignificantlyhigherthanintheremainingtwo
regionswerepossiblyattributedtoacombinationof2
majorfactors1temperaturesatthetimeoftrapopera
tionimplicationsofwhichhavebeenpreviouslydiscussed
and2thecontinuedpresenceofanextensivelarvalbreed
ingsourcesfromwhichlargeadultpopulationscouldbe
producedInrelationtothelatterfallfloodedgameponds
whichcoverasubstantialportionofbothislandsprovided
theprinciplesourcefortheadultpopulationbeingsampled
Equivalantareasofbreedinghabitatwerenotpresentin
valleyorfoothillareaswheretrapswerebeingoperated
AccordinglyaveragecollectionsizepriortoDecember
wasnoticablysmallerintheseareas

Droughtconditionswhichhavepersistedinnorthern
Californiaforthe197576and197677seasonmayhave
significantlyinfluencedthebreedingpotentialWinter
SpringinbothvalleyandfoothillareasMostfoothilllarval
habitatswhichareproducedunderconditionsofnormal
rainfallwerenotfloodedoronlypartiallysoduringboth
seasonsBreedingwasrestrictedtowatersourcesavailable
primarilyinlowlanddrainageareasandmanmadeem
poundmentsValleyhabitatstoacertaindegreeareless
vulnerabletodroughtconditionsconsideringwidespread
irrigationpracticesinmostareasHowevermanydryfield
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Figure2TotalnumberofCulisetainornatacollectedat
SuisuinMarshlocationsfor197576and197677



swaleswereobservedthatnormallycontainedwaterin
yearspriortothisstudy

Collectionsweregroupedbymonthandthepercentage
contributionforeachspeciescalculatedThemaximum
numberofmonthlycollectionsforbothseasonsfromrural
locationsonSuisuinMarshrangedfrom10Octoberand
Novemberto8DecemberandJanuaryAtotalof12col
lectionsforOctoberand8foreachremainingmonthwere
takenatlocationsintheSierrafoothillThetotalnumber
ofurbancollectionsaveraged4foralllocationswiththeex
ceptionofthe6collectionstakenbothseasonsatFair
Oaks

CoastalPopulationsSuisuinMarshFairfieldDuring
themonthofOctoberCxtarsalis580wasthedomi
nantspeciescollectedTable3For197677amarkedre
ductioninthetotalnumberoffemalescollected1279
wasobservedrelativetothe3372femalescollectedthepre
viousyearAsimilarpatternwasshownforCulexerythro
thoraxDyarEarlyfloodingofprinciplebreedingsources
followedbyaerialULVapplicationsofpesticidetocon
trolAedesdorsalisMeigenandanincreaseinsalinityasa
resultofdroughtconditionsmayhavecontributedtothe
reductionoflarvalpopulationsforeachspeciesNumbers
ofAedorsalisandCsinornatadidnotdifferappreciably
foreachseasonTherewashoweveramarkedincreasein
thenumberofCsinornatacollectedonGrizzlyIslandFig
ure2ActivityofAedorsalisandCxtarsalisdeclined
sharplyfromOctobertoNovemberforeachseasonBoth
specieswerenotrecoveredinCDCtrapsoperatedduring
DecemberandJanuaryCsinornatawasthedominant
speciescollectedfromNovember833 toJanuary
995 ForNovember1976oneAnophelesfreeborniAit
ken05 andoneCxerythrothorax05 inJanuary
1976werecollectedintheCDCtrapoperatedonGrizzly
Island

BothCulexpipiensLinnaeus405 andCxtarsalis

390accountedforthelargestportionofcollectionsat
FairfieldforOctoberTable3Activityforeachspecies

Table3Mosquitospeciescollectedatcoastallocations
during197577andexpressedasthepercentofthetotal
numbercollectedforeachsetofmonthlycollections

Species

Aedesdorsalis
Aedesdorsalis

Anophelesfreeborni
Culexerythrothorax
Culextarsalis
Culisetainornata

Oct

UrbanFairfield 54

Aedesdorsalis

Anophelesfranciscanus
Culexpipiens
Culextarsalis

Culisetainornata

RuralGrizzlyandJoiceIslands

ofmonthlycollection
nocollected

Oct Nov Dec Jan

73893083 61 192

220 113 00 00
00 002 00 00

28 05 00 05

580 48 00 00

175 833 1000 995

00

15
405

390

195

Nov Dec Jan

97 3 11

10

00

110

120

760

00

00

00

00

1000

00

00

90

180
730
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declinedinNovemberwithnorecoveriesshownforDecem
berOfthetotal11adultscollectedduringJanuary2
femaleCxtarsalis1976andoneCxpipiens1977were
collectedTheremainingadultsconsistedofCsinornata
Theserecoverieswereconsistantwiththewarmerairtem

peraturesexperiencedonthemarshNovembercollections
werelarger97thanthoserecordedforOctober54The
contributionofCsinornataincreasedfrom195inOcto
berto760forNovemberThreefemaleCsinornataac

countedforthetotalnumberofmosquitoescollectedin
Decemberforbothseasonsonly9femaleswerecollected
inJanuaryOneAnophelesfranciscanusMcCrackenwas
collectedduringOctober1975

ValleyCollections DixonKnightsLandingSutter
AlthoughCxpipiensrepresented335ofthenumberof
mosquitoescollectedatrurallocationsforOctoberTable
4thevalueistheresultofasinglecollectionie71fe
malestakenatDixonDisregardingthenumbercollected
forthatsamplingperiodCxpipiensaccountedforless
than20ofthecollectionstakenattheremaining2rural
locations

ThetotalnumberofmosquitoescollectedfromOctober
throughNovemberincreasedfrom156to362respectively
ThenumberofCsinornatarecoveriesatbothDixonand

Sutterlocationswhichaccountedfor86ofallspecies
collectedforNovemberincreaseddramaticallyandwas
consistantforbothseasonsTheprimarysourceforthe
DixoncomponentCsinornatawhichalsocontributedto
producingtheCxpipienscollectedduringOctober1976
consistedofaseriesoflargeoxidationpondswhichwere
locatedapproximately1mileSWoftheDixonlocation
FewerCsinornatawerecollectedattheruralstation

locatedatKnightsLanding
Priortotheonsetofcoldernightlytemperaturescharac

teristicforDecemberthespecieswhichcontributedprinci
pallytoOctobercollectionswereAemelanimon135
Anfreeborni124 andCxtarsalis155 ByNovem
bertheactivityforthesespeciesdeclineddramaticallyOf
thethreespeciesnonewerecollectedinCDCtraps
operatedinDecemberandJanuaryatallvalleylocations
forbothseasons

ResultsfromvalleyurbancollectionsareshowninTable
4FemaleAemelanimonDyar405 comprisedtheprin
cipleportionofOctobercollectionstakenatSutter1975
Theapparentabundanceofthisspeciesinearlyseasoncol
lectionswasprobablyattributedtothepresenceofirrigated
pasturehabitatslocatedtothesouthandeastofSutterAe
melanimonactivitydeclinedsignificantlyinNovemberwith
norecoveriespresentineitherDecemberorianuarycollec
tionsAnfreeborni243 Cxtarsalis108 andCs

inornata216contributedtotheremainingcomponent
ofcodominantspeciescollectedinOctoberOfthetotal
numberofAnfreeborniandCsinornatacollectedslightly
morefemalesweretakenatKnightsLandingUnlikeCx
tarsalisactivityfortheAnfreeborniremainedhighduring
NovemberTable3Neitherspecieswastakenincollec
tionsafterNovemberforbothseasonsCsinornatawasthe

dominantspeciescollectedinbothNovember552 and

December1000withnorecoveriesrecordedforeither
seasoninJanuary

FoothillPopulations FairOaksFolsomRoseville
Resultsforspeciescollectedatallfoothilllocationsis
showninTable5DuringOctoberandNovemberAe



Table4MosquitospeciescollectedatValleylocations
during197577andexpressedasthepercentofthetotal
numbercollectedforeachsetofmonthlycollections

Species

Aedesmelanimon

Aedesnigromaculis
Aedesvexans

Anophelesfreeborni
Culexerythrothorax
Culexpipiens
Culextarsalis
Culisetainornata

Aedesmelanimon

Anophelesfreeborni
Culexpipiens
Culextarsalis

Culisetainornata

RuralDixonKnightsLandingSutter

135

09

00

124

35

335

155

215

ofmonthlycollections

nocollected
Oct Nov Dec Jan

156 362 94 5

80

00

05

46

02

02

05

860

00

00

00

00
00

00

00

1000

00

00

00

00

00

00
00

1000

UrbanKnightsLandingSutter
Oct Nov Dec Jan

37 29 9 0

405 103 00 00

243 275 00 00
27 00 00 00

108 69 00 00

216 552 1000 00

vexanswastheprinciplespeciescollectedatbothrurallo
cationsFemaleAevexansaccountedfor415and395

ofthetotalnumbercollectedforeachmonthrespectively
RemainingspeciesconsistedofCxerythrothorax128
218 Cxtarsalis13700 andCsinornata105
218 Atenfolddecreaseinthetotalnumberofmosqui
toescollectedoccurredbetweenOctober1132and
November113TheproportionofAevexansandCulex
peasSpeiserremainedrelativelyunchangedTherewas
howeveratwofoldincreaseobservedinthepercentageof
CxerythrothoraxcollectedTable5Theflightactivity
ofthisspeciesisperhapslessrestrictedbylowertempera
turesthanthatobservedfortheremainingspeciesWiththe
exceptionofCsinornatanoactivitywasrecordedfor
theremainingtwelvespeciesforeitherDecemberorJanu
aryAccordinglytheeffectoftemperatureonadultactiv
itywasmostpronouncedmthefoothillregion

RainswhichoccurredduringearlySeptember1976re
sultedinthefloodingofmosttemporaryvernalbreeding
sourcesthatarenotusuallyfloodeduntilnormalprecipita
tionpatternsbegininOctoberandNovemberAsaresult
larvaeof11specieswererecoveredfromonewoodland
vernalpondlocatednearRosevilleSpeciesconsistedof
bothspringandsummerandfallandwinteractiveforms
Bycomparisonto1975thenumberofAevexansCxery
throthoraxandCxthriambusDyarcollectedinCDCtraps
operatedatRosevilleduring1976weresignificantlyhigher
Duringthefall1976thenumberofAevexanscollected
atFolsomwassubstantuallylowerthanrecordedforthe
previousyearFloodingwhichoccurredalongWillowCreek
inOctober1975butnotduring1976hadprobablycreat
edfloodwaterconditionsfavorableforAevexansdevelop
ment
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Table5MosquitospeciescollectedatFoothillloca
tionsduring197577andexpressedasthepercentofthe
totalnumbercollectedforeachsetofmonthlycollections

RuralFolsomRoseville

Oct

Species 1132

Aedesmelanimon 13

Aedesvexans 415

Anophelesfreeborni 11

Anophelespunctipennis 01

Culexerythrothorax 128

Culexpeus 85

Culexpipiens 48

Culextarsalis 137

Culexthriambus 40
Culisetaincidens 08

Culisetainornata 105

Culisetaparticeps 18

Aedesnigromaculis
Aedesvexans

Culexpeus
Culexpipiens
Culextarsalis
Culisetaincidens

Culisetainornata

ofmonthlycollections

nocollected
Nov Dec Jan

113 9 4
00

395

20

20

218

95

23

00

00

18

218

08

30 00

65 250

345 00

125 00

180 00

85 125

180 625

00

00

00

00

00

00

00

00

00

00

1000

00

UrbanFairOaks
Oct Nov Dec Jan

35 8 1 0

00

00

00

00

00

00

1000

00

00

00

00

00

00

00

00

00

00

1000

00

00

00

00

00

00

00

00

Relativetobothphenologicalpatternsandspeciesdiver
sityinmosquitocommunitiesassociatedwithdiscretehabi
tatsintheSierrafoothillthenumberofspecies13
recordedfromcollectionsatrurallocationsespecially
Rosevillereflectedtheobserveddiversityinmajorlarval
microhabitatsPrinciplebreedingsourcesconsistedof1
temporaryandpermanentpondswoodlandandfield2
dredgerponds3streamswithnegligeableflow4tree
holesand5rockholesDisregardingtreeandrockhole
habitatsvariationsintheabovewereaffectedbythe
amountofexposuretodirectsunlightandphysiognomyof
associatedaquaticplantcommunitiesInconjunctionwith
thespeciescollectedinCDCtrapslarvalsurveysbeingcon
ductedconcurrentlyhaveshownthatanadditional9
specieswerefoundassociatedwiththeabovelarvalhabi
tatsAedesbicristatusThurmanandWinklerAenigro
maculisAeincrepitusDyarAesierrensisLudlow
AnophelesfranciscanusMcCrackenCoquillettidiaMan
soniaperturbansWalkerCulexapicalisAdamsCxbo
hartiBrookmanandReevesandOrthopodomyiasignifera
CoquillettTemporaldifferencesinseasonalactivityand
lowtemperaturesduringtimesoftrapoperationarepossi
blereasonsexplainingtheabsenceofthesespeciesinthe
adultcollections

Atotalof44mosquitoeswerecollectedin18nightsof
trapoperationatFairOaksTable5Ofthese35werere
coveredduringOctoberforbothseasonsFemaleCxpeas
345 comprisedthemajorportionofallspecies7
takenforthatmonthBothCxtarsalisandCsinornata



180eachaccountedforthenextlargestcomponentof
speciescollectedByNovemberthenumbercollectedtotal
ed8ofwhich5wereCsinornataoneCxincidensand
twoAevexansOnefemaleCsinornatawascollectedin

DecemberNomosquitoeswererecoveredinthe4collec
tionstakeninJanuary
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Managersandentomologistsofmosquitoabatementdis
trictsareawarethattheplacementoflighttrapshasagreat
effectonthecatchSitescanbeselectedsoastocatcha
minimumnumberofmosquitoesandthusimpresstrustees
andthepublicwiththeefficiencyofthecontrolprogram
Sitescanalsobeselectedthatwillcatchmaximumnumbers

ofmosquitoesandthesecanbeusedtoimpressonthe
fieldworkershowmuchmoreneedstobedoneIdeally
sitesshouldbeselectedwhichwouldreflectaccuratelymos
quitopopulationschangesinthemthroughouttheseason
andthroughouttheareabeingsampledUnfortunatelythe
idealishardtorealizeandweareoftenifnotalwaysun
abletobecertainexactlywhatourlighttrapdatameans
ThispaperreportssomeoftheproblemstheSouthSalt
LakeCountyMosquitoAbatementDistricthashadin
evaluatinglighttrapdataandhowsmallchangesinlocation
toapparentlyequallysuitablesitescausesgreatchangesin
thecatches

ThefirstlighttrapsoperatedinwhatisnowtheSouth
SaltLakeCountyMosquitoAbatementDistrictwereset
outbyDonReesandmein1952theyearbeforecontrol
operationsweretostartinthedistrictThepurposewasto
obtaindataonadultmosquitopopulationsbeforecontrol
In1952threetraplocationswereusedThesametraplo
cationswereusedin1953andthedatacomparedDrRees
1954concludedthatthelighttrapsindicatedcontrolpro
cedureswereresponsiblefora98reductioninthemos
quitopopulation

Thesethreetrapswereplacedmoreorlessinastraight
linefromnorthtosouthclosetotheJordanRiverwhere
manyofthemosquitoproblemswerelocatedbutalsowere
placedclosetopopulatedareasspecificallythecitiesof
MurrayMidvaleandSouthJordanAtthetimewerecog
nizedthatmoretrapswereneededbutneitherthetraps
northemanpowerwereavailable

Since1953controlhasbeengreatlyimprovedandall
threeoftheoriginallighttrapsiteshavebeenabandoned

Table1Averagenumberofmosquitoescaughtpertrappernight19731976

TrapNumber Total Female Total Female Total Female Total Female

1

2

3

4

5

6

7

8

9

10

11

AllTraps

SOMEOBSERVATIONSONLIGHTTRAPPLACEMENTINSALTLAKECOUNTYUTAH

JayEGraham

SouthSaltLakeCountyMosquitoAbatementDistrict
PostOfficeBox367MidvaleUtah84047

1976 1975

219 49

08 02

30 13

17 08

44 09

44 19

226 63

04 02

56 20

62 45

167 55

80 26

115 40

24 03

38 16
43 16

12 04

54 25

212 59

04 02

103 40

27 18

129 73

69 27
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becausetheytaketoofewmosquitoesThenumberofsites
nowusedis11andthefinalsiteswereselectedoveraper
iodofyearstocatchthegreatestnumberofmosquitoes
selectedpossibleintheareaswherethenuisanceofmos
quitoeswouldbemostimportantDuringtheprocessof
trapsiteselectionanumberofsiteswereselectedthatwere
usedforafewyearsandthenabandonedbecausetoofew
mosquitoeswerecollectedSomeofthesitescollectedfair
numbersofmosquitoesatfirstbutcalledattentiontoa
controlproblemwhichwasresolvedandthecatcheswere
reducedtoalmostzero

Ofthe11lighttrapsitesnowusedtwoTraps1and7
takemanymoremosquitoesthanisexpectedconsidering
theirlocationandthelevelofcontrolTrap11alsotakesa
relativelyhighnumberofmosquitoesbutthisisexpected
becausethetrapislocatednearachickencoopattheedge
ofanextensiveoverirrigatedpastureTheaveragehereis
highbecauseofsmallcontrolfailuresnearthetrapThese
areusuallydiscoveredandcorrectedafterthetraptakesan
unusuallyhighnumberinanight

Table1summarizeslighttrapcollectiondataforthedis
trictfrom1973through1976

Instudyingthedatafromtraps1and7itwasapparent
thatmanymoremalesthanfemalesweretakenandthat
theyweremostlyCulextarsalisIntensiveinspection
aroundthetrapsfailedtoexplaintherelativelyhighnum
bersResidentsoftheareaandparticularlytheownersof
thehouseswherethetrapswerelocatedwerequestioned
MrRayDemkeownerofthehousewheretrap7islocat
edreportedthatnomosquitoeswereseenduringtheyear
andstatedthatseverallawnpartieswereheldatnightwith
peoplebeingintheimmediatevincinityofthetrapandno
mosquitoeswerenoticed

FrankPetersonownerofthehousewheretrap1is
locateddidreportsomenuisanceduringtheyearbutthe
mosquitoeshedescribedwereAedesdorsalisOnlytwoof
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Figure1Locationofalternatelighttrapsightsaround
trap7

theseweretakeninthetrapduringtheyearbutotherevi
denceindicatedtheyweremorenumerousthanthecatch
wouldindicated

Theindicationfromlighttrapcatchesattraps1and7
intensiveinspectionintheareasandthecommentsofresi
dentswerethatthecatchesinthetrapdidnotreflecttotal
mosquitopopulationsinthewaythatothertrapsitesdid
andthatthetraplocationsmightbeparticularlysuitedto
collectingmosquitoesparticularlymales

Totestthishypothesisthreeadditionallighttrapsites
wereselectedclosetotraps1and7insituationsasnearly
identicalaspossibletotheoriginalsitesTwoofthethree
additionalsitesaroundtrap1encounteredproblemsand
hadtobeabandonedAtrapwasoperatedattheothersite

Table2Speciestrapped197648nights

Aedesdorsalis

Aedesnigromaculis
Aedesvexans

Culexerythrothorax
Culexpipiens
Culextarsalis

Culisetainornata

Culisetaincidens
Others

Totals

TrapNo1 TrapNo1A TrapNo7 TrapNo7A TrapNo7BTrapNo7C
M F

2 11 2

0 1 0

0 0 0

0 0 0

21 33 3

709 132 56

84 56 0

0 1 0

0 0 0

M FM F M F M F M F

2

0

0

0

andnumberedas1AItwas400yardsfromtrap1inasitu
ationthatappearedtobeidenticaltotrap1Allthreeaddi
tionaltrapswereoperatedneartrap7Figure1andwere
labeled7A7Band7CBeforecontrolstartedanestimate
wasmadeastohowthecatcheswouldcomparewithtrap
7Itwasfeltthat7Ashouldcatchasmanyas77Bshould
catchmoreand7Cless

TheactualresultsareshowninTable2Thecatchesin

allofthenewlocationsweredramaticallylowerAlsoinall
thenewlocationsmoremalesweretakenthanfemalesbut
thepercentageofthecatchthatwasmalewasnotashighas
attheoriginalsites

Whythesites1and7areespeciallyattracitvetomosqui
toesparticularlymalesisunknownBothsiteshaveculti
vatedflowersNielsenandStireman1976haveshown
mosquitoesareattractedtoflowersThismaybeafactor
butothersitesalsohaveflowersnearthem

SUMMARYANDCONCLUSIONSAtthepresent
timeitisnotpossibletotellinallcaseswhichsitesaresuit
abletoplacetrapssothatcatcheswillreflectpopulations
accurately

ThetrapsintheSouthSaltLakeCountyMADwere
placedwhereinthejudgementoftheprofessionalstaff
thecatchwouldreflectpopulationsYetintwoof11light
trapsitecollectionsitdidnotappeartodosoandchanges
oflocationofonlyafewhundredyardsreducedcatches
dramaticallyusuallymorethan90Thenewsitesappear
edtotheprofessionalstafftobeassuitableastheoriginal

Inthedistrictitwouldbepossibletoreducetheaverage
numberofmosquitoestakenpertrappernight6065
simplybymovingtraps1and7afewhundredyardsand
eliminatingtrap11Thismayimpresstrusteesbutwould
notprovideneededinformationMorestudiesareneeded
todetermineexactlywhatlighttrapcatchesmeanand
whichsitesarebest
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ReesDM1954ReporttotheBoardofTrusteesoftheSouthSalt
LakeCountyMosquitoAbatementDistrict

StiremanJDandLTNielsen1975Observationsonnectar
feedingandswarminginsnowpoolAedesmosquitoesinthe
mountainsofUtahProcNJMosqControlAssoc6294

0 0 0 0 2 0 0 0
0 0 0 0 0 0 0 0

40 6 2 0 0 0 0 0

0 0 0 0 0 0 0 0
5 154 106 31 28 7 16 9 13

13 567 27 63 11 23 3 11 0
6 17 145 1 22 1 3 1 2

0 4 14 0 1 0 0 1 0
0 4 2 1 1 0 0 0 0

816 234 61 26 786 300 98 63 33 22 22 15

1050 87 1086 161 55 37

Reductionfrom
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POSTAESTIVALADULTACTIVITYINCULISETAINORNATAWILLISTONINRELATIONTO

LARVALBREEDINGANDCHANGESINSOILTEMPERATURE

DonaldRBarnardandMirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

IntheCoachellaValleyofsouthernCaliforniaadult
populationsofCulisetainornataWillistonpeakduringthe
latefallandwintermonthsAppersonetal1974Subsi
denceofgeneralactivityoccurspriortotheonsetofhot
summerswhereinmaximumdailyairtemperaturesaverage
40CduringJunetoSeptemberDuringearlyfallCsinor
natareappearsinlighttrapcollectionsaspostaestivating
adultfemalesBarnardunpublishedobservationsThrough
thesummermonthsabovegroundrestingsitescapableof
providinglongtermrelieffromthepervasiveeffectsof
summerheatdonotexistSincehibernationofCsinor
nataisknowntotakeplaceintunnelsandmammalianbur
rowsatmorenortherlylatitudesShemanchuk19591965
itseemsprobablethatthisspeciesaestivatesatsouthern
latitudesinsimilarbutrelativelycoolundergroundhabitats

Theeffectsofsoiltemperaturefluctuationontheactiv
ityofdormantinsectsparticularlytherelationshipbe
tweensoiltemperatureinversionandtheappearanceof
posthibernatingindividualshasbeenstudiedforCsinor
nataShemanchuk1965CulextarsalisBenningtonetal
1958andotherinsectspeciesMcCollochandHayes
1923Holmquist1928Mail1930Toassesstherelation
shipbetweenthefallrecrudesenceofgeneralactivityin
Csinornataandsoiltemperaturechangesthelatterwere
monitoredbeginning71076andlighttrapcollectionsfor
adultsandlarvalsamplingforimmatureswasinstituted
beginning82576Theobjectofthisstudywastodocu
mentthefallappearanceofpostaestivaladultCsinornata
inrelationtochangesinsoiltemperatureandintheabsence
ofbreedingactivitybythisspecies

METHODSANDMATERIALSTheLaQuintaareain
theCoachellaValleyofCaliforniaannuallyexhibitshigh
levelsofadultactivityintheearlyfallandwastherefore
selectedasthestudysiteSoiltemperaturereadingswere
taken using a ColeParmerthermistorthermometer

Model851020withthermistorprobesburiedat30cm
90cmand180cmdepthsinalocationprotectedbya
denseoverstoryoftamarisktreesTamariskpentandra
PallasTheinitialexcavationwasmadeusinga180cmsoil
samplingtubeandhammerThreethermistorprobeswere
attachedtowoodendowelplacedintotheholeandthen
coveredwithearthToprotectagainstvandalismallprobe
leadswereconcealedwithina05litercanwithremovable
lidburiedjustbelowgroundlevel

Soiltemperatureswererecordedevery710daysby
locatingtheburiedprobeleadcanandconnectingeach
probetoathermistorinputsocketSurfacesoiltempera
turewastakensimultaneouslybyinsertingafreeprobeinto
thesoil25cmbelowgroundlevelfor10minutesAll
temperaturereadingsweretakenatapproximately0800h

1Thisstudywasmadepossibleinpartthroughfacilitiesprovided
bytheCoachellaValleyMosquitoAbatementDistrictThermal
CaliforniaandthroughmoniesobtainedfromtheChancellors
PatentFundUniversityofCalifornia

183

PreviousstudiesBarnardunpublishedobservations
haveshownthatforCsinornatacollectingefficiencyof
theNewJerseylighttrapcanbeincreasedbyincreasing
traplightintensityAsaresultNewJerseylighttrapsem
ploying100WbulbsweresetoutattheLaQuintasitebegin
ninginmidAugust1976Foursuchlighttrapswereoper
atedoneeachatdistancesof35mdueeast22mdue
south30msouthwestand800mduenorthofthesoil
temperaturemonitoringsiteTosupplementlighttrapping
tothenorthofthestudyareafourCObaitedCDCmina
turelighttrapswererun2nightsperweekalonganeast
westdirectedtransectlocated35mtothenorthofthe

temperaturemonitoringsite
Alldiscerniblebreedingsitesweresampledweeklyfor

larvaeofCsinornatabetween82576and102576For
logisticalreasonsregularsamplingwasrestrictedtotheLa
Quintaareaboundedbymountainson3sidesandto
withinaradiusof1600mofthetemperaturemonitoring

31
APO

15
SEPT

31 15
OCT

1976

31 15
NOV

Figure1Soiltemperaturesrecordedfrom3depthsLa
QuintaCaliforniaSolidbarsrepresenttotalpostaestivating
Csinornataadultfemalescollectedpertrapweekfrom4
NewJerseylighttrapsArrowindicatespointatwhich1st
fallgenerationadultsbegantoemergefrombreedingsites



siteandlighttraplocationsBreedingsitesbeyondthisdis
tanceweresampledfortuitouslyandadultactivitywas
monitoredvalleywidebyCoachellaValleyMosquito
AbatementDistrictlighttraps

RESULTS AND DISCUSSIONSoil temperature
trendslighttrapcollectionsandtheoccurrenceoflarval
breedingduringthelatesummerfallof1976areshownin
Figure1Soiltemperaturesatalllevelsrosesteadily
throughoutthesummerAswouldbeexpectedtempera
turesatthe180cmdepthwerethemoststablechanging
nomorethan10Cduringany14dayperiodTempera
turesatthe90cmlevelwerealsoquitestablebutchanged
morerapidlythanathepreceedingdepth 20Covera
14dayperiodwhiletemperaturesatthe30cmdepth
weretheleaststablefluctuatingbyasmuchas3Covera
2weekperiodTemperaturesatalldepthspeakedduring
theearlypartofOctoberandduringtheweekof1012the
30cmand90cmdepthtemperaturesinvertedtheformer
becomingcoolerthanthelatterSimilarlyduringtheweek
of1026soiltemperaturesatthe30cmthrough90cm
levelfellbelowthosemeasuredatthe180cmlevel

IntensivelarvalsamplingintheLaQuintaarearevealed
theabsenceofCsinornataimmaturesbetween825and
1019despitethewidespreadavailabilityofbreedingsites
Breedingwasfirstdetectedon1019withtheobservation
offirstandsecondinstarlarvaeinstandingwaterindate
groves100mdueeastofthetemperaturemonitoringsite
and65mdueeastofoneoftheNewJerseylighttrapsOne
weeklater1026thissamesitehad3rdand4thinstar
larvaeandpupaeandtheassumptionwasmadethatsome
firstfallgenerationadultsofCsinornatahademerged

Lighttrapcollectionsweremadebetween825and
1026CDCminaturelighttrapswereunsuccessfulinthe
collectionofCsinornataandwerediscontinuedafter

1012inlieuofcollectionsmadefromthemoreefficient
NewJerseytrapsThenonexistanceofmaleCsinornatain
anyofthelighttrapcollectionsduringthecourseofthis
studyisnoteworthysincelighttraprecordsoftheCoachel
laValleyMosquitoAbatementDistrictrevealsuchabsence
tobeanannuallyreoccurringphenomenoniemalesare
nottakenintheearlyfalluntilafterbreedingisestablished
andemergenceofthe1stgenerationhasoccurred

ThefirstadultfemalesofCsinornatawerecollectedby
lighttrapsintheLaQuintaareaduringtheweeksof915
and928buttheappearanceoftheseindividualsbearsno
relationtothesoiltemperaturechangesobservedsome
weekslaterThemostlikelyexplanationfortheiroccur

renceisbaseduponaprobablesoiltemperatureinversion
inducedtemporarilyandatscatteredlocationsinthestudy
areabybothincreasingtemperaturesatthe90cmdepth
andthesuddendepressionof30cmdepthtemperatures
thelatterhavingoccurredasaresultofheavyrainsfrom
twotropicalstormsvisitingtheareaon91013and924

Inthenearlytwoweekperiodbetween107and1019
thenumbersoffemaleCsinornatacollectedbylighttrap
increasedsteadilyThisactivitycorrelateswellwiththe
loweringofsurfaceandsubsurfacetemperaturesandthe
subsequentdeepeningofthecoollayerdowntothe90cm
depthbytheweekof1019Onthisbasisitistheorized
thatsoiltemperatureinversionssuchaswereobservedat
thissitestimulateaestivatingadultstorenewedactivity
duringthelatesummereachyear

Table1showsthenumbersofadultCsinornatacollect
edbetween915and1019includinggonotrophicstatus
andoviparityoffemalesAsisapparentfromthisdata
postaestivatingindividualsoccurasbothgravidandempty
femaleswiththelattercategoryrepresentedbyparousin
dividualsonlyThesedatacomparefavorablywiththose
determinedforposthibemtingCsinornatainWeldCo
ColoradoDowetal1976inwhichpostdormantfemales
consistedofbothgravidandnongravidparousindividuals

Inconclusionthesignificanceofthepreceedingobser
vationscanbesummarizedasfollows1Soiltemperatures
increasedslowlythroughoutthecourseofthesummerof
1976andinversionoftemperaturesatdifferentsoildepths
occurredoverashortperiodoftimeonceaveragedailyair
temperaturesbegantofall2PostaestivatingadultsofCs
inornatawerecollectedbyNewJerseylighttrapasearlyas
915763Greatestpostaestivatingadultactivityasmeas
uredbythesesamemeansoccurredsimultaneouslywithan
inversionofsoiltemperaturesatthe30cmand90cm
depths4Larvalbreedingoccurredbeginning1018and
1stfallgenerationadultsdidnotappearuntilaweekorso
later

InourstudiesadultCsinornatahavebeenobserved

restingatentrancestomammalianburrowsinareasadja
centtothestudysitedescribedinthispaperItthus
appearslikelythatthesesamesitesmaybeamongthose
utilizedbyCsinornataforpurposesofaestivationInaddi
tionawidespectrumofmammalianspeciesinhabitthe
CoachellaValleyareaincludingcoyotestripedskunkkit
foxwoodrat2speciesofrabbitssomeorallofwhose
burrowsmayprovidepotentialaestivationsitesforadult
Csinornataduringthesummermonths

Table1PostaestivatingadultfemaleCsinornatacollectedfrom4continuouslyoperatingNewJerseylighttraps91576
to101976LaQuintaCalifornia

Date

91576 5

92276 0

92876 1

10276 1

10776 25

101976 68

No

collected Empty Blooded

5

0

2

5

21

0

0

0

0

0
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Gravid

0

1

12

20

47

2

3

18

Oviparity1
Parous Nulliparous

5 0

0

0

0

1Discrepanciesbetweennumberscollectedandnumbersdissectedforoviparity determinationarearesultofspecimen
damagebylighttrap
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THEPERSISTENCEOFMINORMOSQUITOSPECIESINSOUTHSALTLAKECOUNTY

KeithWagstaffandJayEGraham

SouthSaltLakeCountyMosquitoAbatementDistrict
PostOfficeBox367MidvaleUtah84047

TheSouthSaltLakeCountyMosquitoAbatement
DistrictMADincludes217squaremilesinthesouthern
twothirdsoftheCountyThehumanpopulationinthe
Districtislargelyurbanizedbutthereisaconsiderable
amountoflandstilldevotedtofarmingTheeasternside
oftheDistrictisboundedbytheWasatchMountainswhich
supplythewaterforthevalleyandfromwhichseveral
mountainstreamssomelargeandsomesmallissueintothe
valleyThevalleyisdrainedbytheJordanRiverwhich
runsnorthwardandemptiesintotheGreatSaltLakeMost
ofthemosquitosourcesaresmallusuallylessthanone
acrebutallareclosetohumanhabitationThereareap
proximately2000sourcesintheDistrictwhicharein
spectedweeklyfromMarch1toSeptember30andtreated
whennecessary

TheDistricthasconductedanongoingdetailedlarval
surveysince1956Datacollectedincludepooltypewater
sourcedepthpercentshadeandsourceofshadesizeof
poollarvalinstaranddensitypercentemergentvegetation
airandwatertemperaturetimeofdayandarepresentative
sampleoflarvaecollectedforlateridentificationfromeach
positiveinspectionThisdataisrecordedatthetimeofin
spectionandtakeslittleaddedtimeThedataistransferred
tosheetsforcompilationbytheUniversityofUtahCom
puterCenterSomeresultshavebeenreportedelsewhere

Themajorobjectivesofthelarvalsurveyaretodeter
mineseasonalhistoriesoflarvalpopulationsintheDistrict
todeterminetherelativeimportanceofeachspeciestoob
taininformationthatwillaidinpredictingunusualin
creasesinlarvalpopulationstodeterminetrendsinmos
quitolarvalpopulationsandtoobtainmoreknowledgeof
larvalhabitatspreferredbyeachspeciesGraham1959a

ThesourcesarelocatedthroughouttheDistrictoften
alongstreamsidesandparticularlyalongthesidesofthe
JordanRiverMuchoftheproblemisrelatedtotherem

Table1YearlytotalsofpoolsfoundtocontainlarvaeofminormosquitospeciesinSouthSaltLakeCountyUtah

Aedesflavescens 0 0

Aedescataphylla 0 0

Aedesspencerii 0 0

Culisetaincidens 0 0

Aedesfitchii 1 0

Aedesniphadopsis 11 5

Aedescampestris 2 3

Culexerythrothorax 14 14

Aedesnigromaculis 11 5

Anophelesfreeborni 58 39

Aedesincrepitus 11 17

Totals 108 83

nantsoffarmingactivityDispersedpiecesoffarmingland
arescatteredamongurbanhousingdevelopmentswith
waterrightsthatarefrequentlyadequatetoirrigatethe
originallargefarmacreageTheusersoftheseareasareno
longerfulltimefarmersandareconsequentlylaxintheir
controlofthemorethanamplesupplyofwater

ThenatureoftheDistrictissuchthatahighlevelof
controlisdemandedbecauseallsourcesareclosetopeople
Thenatureofthecontrolproblemandthefundingforit
makesahighlevelofcontrolnotonlypossiblebutreadily
achievedwithavigorouswellsupervisedprogram

Themosquitocontrolprogramisprimarilyconcerned
withfivemajorspeciesofmosquitoeswhichaccountfor
morethan98ofthemosquitoproductionThesespecies
areAedesdorsalisAevexansCulextarsalisCxpipiens
andCulisetainornataInadditiontothefivemajorspecies
11minorspecieshavebeenfoundTheseareAeflavescens
AecataphyllaAespenceriiAefitchiiAeniphadopsis
AecampestrisAenigromaculisAeincrepitusCuliseta
incidensCulexerythrothoraxandAnophelesfreeborni

Therelativeabundanceoftheseminorspeciesinthe
larvalsurveyisshowninTable1inwhichthespeciesare
listedinorderofabundanceWhentheyarefoundaslarvae
theyareoftenfoundwithoneoranotherofthefivemajor
speciesandarenotusuallyalargecomponentofthelarval
populationinthesiteForthemostparttheminorspecies
donotcreatenuisancesanddonotconstituteaproblemfor
theDistrictTheyarehowevercontrolledalongwiththe
majorspeciesandaresubjectedtointensivecontrolpres
sure

OftheminorspeciesonlyAeincrepitusandAenigro
maculiscausenuisancesAeincrepitusisusuallyfound
alongstreamsnearthemountainsinheavyvegetationwhere
inspectionandcontrolisdifficultAenigromaculisis
foundinopenpasturesLarvalpopulationsofbothspecies

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 Total

0 0 0 0 0 0 0 0 1 0 1
0 1 0 1 1 1 1 0 0 2 7
1 1 0 2 3 1 4 0 0 0 12
0 6 1 2 0 0 2 3 1 1 16
0 5 5 3 8 3 3 5 1 0 34
0 3 5 3 1 19 7 9 51 12 126
4 3 2 6 14 12 13 21 24 28 132
3 11 41 9 11 20 4 7 5 12 151
7 5 2 25 19 31 17 8 35 29 194

52 55 52 33 13 25 7 10 19 21 384
5 11 9 49 21 25 44 51 98 79 420

72 101 117

186

133 91 137 102 114 235 184 1477



arerelativelydenseandwhenasourceismissedbyinspec
torsorsprayersthenuisancecanbesignificant

AenigromaculishascausedconcerninUtahoutofpro
portiontoitsnumbersprimarilybecauseofCaliforniasex
periencewiththisspeciesandbecauseitwilloccasionally
move considerabledistancesunderUtah conditions

GrahamandCollett1972Concernhasbeenexpressed
thatthisspecieswouldincreaseinnumbersasithasin
CaliforniabutaccordingtoGraham1959bitwasappar
entthatnomajorchangeinpopulationswasapttooccur
andnonehas

AefreeborniaslarvaearefoundmoreoftenthanAe
nigromaculisbutthedensitiesarelowandthespecieshas
notbeenreportedasanuisanceforatleast15yearsThere
wereexpectationsthatthisspeciesmightbeeliminatedin
theDistrictbyintensivecontrolpressureGrahametal
1958butby1962HavertzandMinsonhaddetermined
thatthepopulationfluctuatedandwasnotapttodisappear
becauseofcontrolmeasures

AeniphadopsisAecampestrisandCxerythrothorax
overtheperiodreportedhereareroughlyequalinnumbers
oflarvalsourcesAeniphadopsisappearstooearlyinthe
seasontobeanuisancetomanandisnotabundantinany
event4ecampestrisisnotusuallynoticedasanuisance
butisfoundwithAedorsalisandmaybeconfusedwithit
insuperficialfieldobservationsCxerythrothoraxisa
viciousbiterbutisnoticedonlyrarelyaswhenonegoes
intoareasofcattailsTyphasporsedgesSeirpussp

Aeflavescenswascollectedin1975asasinglelarva
ThisspecieshadnotbeencollectedintheDistrictsinceits
originin1953andaccordingtoDonMReespersonal
communicationhadnotbeencollectedintheCountyin
morethan30years

Theotherminorspeciesaresorarethattheyarenot
notedinthefieldbutonlyfoundinunusualinstancesin
collectionsidentifiedinthelaboratorybuttheydopersist
inspiteofintensivecontrolpressure

TheDistrictoperates11lighttrapseachyearonMonday
andThursdaynightsfromMay1toOctober15Duringthe
periodofthelarvalsurveyreportedherethelighttraps
collected6ofthe11minorspeciesThesewere4e
campestris4einerepitusAenigromaculisAnfreeborni
CxerythrothoraxandCsinornataInthis12yearperiod
onlyonefemaleAecampestriswastakenNoneofthe
minorspecieshasbeentakeneveryyear
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Thecorrespondenceoflarvaldatatolighttrapdatais
notclosebutingeneralthemoreoftenlarvaeofaspecies
arefoundinthesurveythemoreoftenadultsaretakenin
trapsToobtainlighttrapdataasgoodasthelarvaldata
wouldrequireamuchlargernumberoftrapsthanis
practical

Aeniphadopsisisfoundmoreoftenthansomeminor
speciesinlarvalsurveysbuthasnotbeentakeninlight
trapsbecausetheadultsaremostlygonebythetimethe
trapsareoperated

Cxerythrothoraxlarvalsiteshavebeenremarkablycon
stantthroughoutthesurveywithonly1969beingmuch
differentwhen41sourceswerefoundTheother11years
averaged10positivesitesLighttrapcollectionsofCxery
throthoraxwereupin196943adultsweretakenbut
theywerealsoupin196744and196881Inallyears
thecatchwasalmostcompletelyfemalesyetin1975and
1976withlarvalsitespositiveforCxerythrothoraxbeing
essentiallythesameas1967and1968noneofthisspecies
wastakeninthetraps

SUMMARYANDCONCLUSIONSAstudyofadult
andlarvalpopulationsofmosquitoesinSouthSaltLake
Countyfrom1965to1976inclusiveshowsfivespeciesto
beofmajorimportanceThesituationintheDistrictissuch
thatintensivecontrolpressurecanandinfactmustbe
exertedonalllarvalpopulationsInspiteofintensivecon
trolpressurethroughoutthemosquitoproducingseason
specieswhicharerarecontinuetopersistandinsomecases
haveapparentlyevenincreasedinnumberItappearsthat
chemicalcontrolmeasureswillnoteradicateevenminor

speciesandonlyecologicalchangesthatdestroythe
habitatwilleliminatemosquitospeciesinSaltLake
County
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CURRENTSTATUSOFAEIESTEXANSINSOUTHSALTLAKECOUNTYUTAH

KennethLMinsonandJayEGraham
SouthSaltLakeCountyMosquitoAbatementDistrict

PostOfficeBox367MidvaleUtah84047

In1967weMinsonandGrahamreportedthatAedes
vexansMeigenpopulationsinSaltLakeCountyUtah
hadshownprogressiveincreasesfrom1963through1966
Theincreasewasreportedintermsoflarvalpopulationsbe
causedataonadultpopulationsremainingaftercontrol
measureshavebeenappliedarenotadequatefordetermin
ingchangesaccuratelyInadditiontechniqueshavebeen
developedformeasuringchangesinlarvalpopulationsin
theareathataremoreprecisethanthoseformeasuring
adultpopulationsIncreasesinpopulationreportedatthe
timewereinthenumberofpoolsproducingthisspecies
inthenumberoftimesindividualpoolscontainedlarvae
andasanincreaseindistributioninthecountyintoareas
nottypicalofthelarvalhabitatofAevexansinUtahWe
alsofound1968thatthisincreasecontinuedthrough
1967

Intensivelarvalsurveysinwhichasampleoflarvaeis
takenfromeverypositivesourceforlaboratoryidentifica
tionhavecontinuedinthecountyThepresentstudy con

sidersthedatathrough1976Forconveniencesomeofthe
datainthefigureshavebeenconsolidated
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PopulationofAevexansasmeasuredbythenumberof
positivelarvalsourcescontinuedtoriseuntil1970whena
totalof1022wasfoundThiscompareswithanaverageof
lessthan80positivelarvalsourcesforthefirstfiveyearsof
thesurveyAedesdorsalisMeigenandAevexansareboth
floodwaterspeciesandsharesimilarhabitatsHoweverAe
dorsalispopulationshavenotshownsimilarchangesFigure
1comparesaveragelarvalpopulationsofAedorsalisand
Aevexansfortwoperiodsthefirst11years195666
andthesecondof10years196776WhileAedorsalis
populationsstayedalmostthesameinbothperiodsthein
creaseinAevexanswaslargeAfter1970larvalpopula
tionsofAevexansdroppedbutstillremainedhighwhen
comparedwiththefirst10yearsofthestudyIn1976the
numberofsourcesdroppedto374whichisalmost150be
lowtheaverageofthefivepreviousyearsbutstillhigher
thananyofthefirst11yearsofthestudyTousthis
appearstobeafluctuationratherthanatrendbutfuture
studieswilldeterminethis

ThechangesinAevexanspopulationsbasedon5year
periodsfromthebeginningofthestudyin1956through
1975areshowninFigure2
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Figure1LarvalproductionoftwospeciesAevexansandAedorsaliscomparing atenyearandanelevenyearspan
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ChangesinthedistributionofAevexanslarvalhabitats
areshowninFigure3Aevexanswasreportedasabundant
inSaltLakeCountybeforethepresentstudystartedRees
1939Grahametal1958reportedithadbecomemuch
lessabundantandwouldbeonlyaminornuisanceifleft
uncontrolledThereasonforthechangegivenwasthatur
banizationintheareahadgreatlyreducedstreamside
sourceswhichweretheprimarylarvalhabitatofthe
speciesWhentheincreaseoccurredbeginningin1963the
mosquitospreadfromshadedstreamsidehabitatstoopen
pastureswhichweretypicallysourcesofAedorsalisLT
NielsenpercomreportsbeingabletofindAevexansin
suchlarvalhabitatsbeforetheincreaseoccurredandthis

hasalsobeenobservedinthelarvalsurveyprogramTheob
viouschangehasbeenintheabundanceofthespeciesin
thiskindofhabitat

GrahamandBradley1962notedthatonefactor
determiningmosquitopopulationswasthenumberoftimes
aspeciescouldoccupyalarvalhabitatwithoutothermos
quitospeciesbeingpresentThechangeinthisimportant
factorovertheyearsisshowninFigure4Theyears1959
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19661970 19711975

Figure2ComparisonofthenumberofpositivesourcesforAevexansdividedinto5yearperiodsfrom19561975

1967and1970werechosenbecausetheyeachsignifieda
particularpointinthestudytimeframeThedatain1959
isadequatetousetocomparetheinitialpopulationofAe
vexans1967showstheyearinwhichthecomparisonsare
equaland1970representsthehighyearofproductionto
date

AsthenumberofpositivepoolsincreasedforAe
vexansitbecamepossibletodetectrelationshipsofpopula
tionsofthisspeciestoAedorsalisFigure1Aevexans
larvaealwaysappearlaterintheseasonandareneveras
abundantasAedorsalisAevexansreachesitsfirstlarval
populationpeakthefirsthalfofJuneatwhichtimeitis
almostequaltoAedorsalisFortherestoftheseason
populationsofthetwospeciesarecloseandbothreach
anotherpeakthelasthalfofJuly

BradleyandGraham1973investigatedthetendencies
offivecommonspeciesofmosquitoestoinhabitthesame
ordifferentlarvalhabitatsOfthetenpossiblecombina
tionsoftwospeciesofmosquitoesoccupyingonehabitat
onlythecombinationofAedorsalisandAevexansshow
edapositivecorrelationThispatternwouldindicatethat
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Figure3AdiagrammaticmapcomparinglarvalhabitatsofAevexansduringtheyear1959withtheyear1970
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theyoccupysimilarhabitatsandareaffectedbythesame
conditionsonceAevexanspopulationsgetstarted

SUMMARYANDCONCLUSIONSAstudyofmos
quitolarvalpopulationsinSouthSaltLakeCountyUtah
from1956through1976showsthatAevexanspopula
tionsincreasedgreatlyfromthefirst5yearperiodto1970
whenthepopulationofthisspecieswas13timesasgreat
asatthefirstofthestudyOtherspeciesdidnotshowsuch
anincreaseAfterthepeakyearof1970thepopulation
hasapparentlystabilizedataboutfivetimestheoriginal
populationandappearstohavereachedaplateauatthis
higherlevelAtthestartofthestudythespecieslarval
habitatwasmostlyalongwoodedstreamsidesTheincrease
inthepopulationoccurredasaresultofthespeciesincreas
ingitslarvalhabitatbybeingabletooccupyopenpastures
inmuchgreaternumbers
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1967 1970 1970

Figure4ComparisonofpercentagesofproducingareasforAevexansoccurringwithAedesdorsaliscomparedwithAe
vexansoccurringalone
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Species Totals

of

Total Jan FebMar Apr May Jun Jul Aug Sep OctNov Dec

Culexerythrothorax8912 9086 198 12 34 1993 1429 1961 2472746 67
Culisetainornata 418 426 32 5 8 1 40 I 56258 17

Culisetaparticeps 383 390 52 11 18 37 45 62 39 97 22

Anophelesfreeborn 67 068 1 27 6 30 1 3

Culisetaincidens 13 013 4 4 5

Culextarsalis 8 008 5 1 1 1

Anopheles
franciscanus 7 007 1 1 3 2

Totals 9808 283 28 602059 1530 2058 25731111 107

MOSQUITOESOFBIGMORONGOOASISSANBERNARDINOCOUNTYCALIFORNIA

ANDTHEIRPUBLICHEALTHSIGNIFICANCE

INTRODUCTIONMorongoValleyislocatedinthe
LittleSanBernardinoMountainsaboutfifteenmilesnorth
ofPalmSpringsEarthmovementsalongtheMorongo
Valleyfaulthaveforcedundergroundwatertothesurface
toformadesertoasisTheavailablewaterintheformof

twoopenpondsamarshandasmallstreamhasallowed
manyplantsandanimalstoexistthere

Weknowencephalitisispresentinthebirdpopulation
aroundtheNeedlesareaoftheColoradoRiverandsince

thesebirdsaremigratorywethinkthatsomeofthemuse
theMorongoValleyOasisasastoppingpointintheirmi
gratorypathflightupthroughtheSanBernardinoValley
andtherestofCalifornia

Sinceover235speciesofmigratoryandresidentialbirds
visitMorongoValleyWildlifePreservethroughouttheyear
wehypothesizedthatifthecorrectmosquitoeswerepre
sentalongwiththemigratorybirdpopulationwecouldex
pecttofindencephalitisvirusesIfwecouldfindthemat
thislocalityandifthemosquitoeswerepresentwewould
hopethatbymonitoringthemosquitoesattheMorongo
ValleyWildlifePreservewecouldinterceptandpredictthe
introductionofencephalitisvirustotheSanBernardino
ValleyandthemajorpopulationcentersofourCountyIn
ordertotestthishypothesisaplanwasproposedtosample
themosquitopopulationseveraltimesduringtheyearusing
CDCminiaturelighttrapsbaitedwithdryice

PROCEDURESFivetrapswereplacedinvariousloca
tionsaroundtheOasisTrap1wasplacedinathickgrowth
ofcattailsandbulrushesTrap2wasplacedinawillowtree
besidetwolargepondsandtheedgeofaclearingTrap3
wasplacedinatreebesideaboggymarshinoneofthe
lowerpondsTrap4wasplacedapproximately150meters
fromthepondsinadryravineinordertotesttheflight
rangeofthemosquitoesthatwerecaughtandTrap5was
placedmidwayinadensemarshyareawherewaterapprox
imately5cmdeepflowsacrossthesurfaceoftheground

LyleMStotelmyre

SanBernardinoCounty
EnvironmentalHealthServicesDepartment

1111EastMillStreetSanBernardinoCalifornia92415

Table1Summaryofpresenceandfrequencyofmosquitospecies
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coveringanareaapproximately25meterswideatthis
point

FINDINGSTrap1 consistentlycaughtthemajority
ofCulexerythrothoraxDyaraspeciesknowntoinhabit
cattailandbulrushvegetationCxerythrothoraxisastrong
andpersistentbiterItistheprimarynuisancemosquitoin
theareaChewandGunstream1970suggestthatlight
trapsarenoteffectiveincapturingthisspecieshowever
theadditionofdryicemakestheCDCtrapanefficientcol
lectingdevice

Trap2 wasthenextclosesttothecattailvegetation
andalsocollectedmanyCxerythrothorax

Trap3collectedavarietyofmosquitoesduetoitslo
cationontheedgeofseveralecosystems

Trap4locatedintheravinecollectedalargemajority
ofCulisetaspeciesCulisetaarepresumedtobestrong
flyersandtoventurefartherthantheothermosquitoes
fromtheaquatichabitat

Trap5inthemarshcollectedavarietyofmosquitoes
throughouttheyear

SPECIESDISTRIBUTIONSINTIMECxerythrothor
axwasbyfarthemostabundantmosquitocomprising91
ofthesamplepopulationThisspeciesdominancewascon
sistantineachmonthoftheyearlowestduringFebruary
andincreasingtoapeakinOctoberthendroppingrapidly
withtheonsetofcoldweatherThepopulationofthis
speciescloselyfollowsthegrowthcycleofthecattailswith
whichitisassociated

CulisetainornataWillistonnormallyacoolweather
mosquitoexhibitedanunexpectedpeakduringJunebut
wasmostabundantinadramaticpeakduringNovember
followingthedieoffofCxerythrothoraxItpersisted
throughouttheyear

CulisetaparticepsAdamsthethirdmostabundant
speciesshowedaremarkableconsistencythroughoutthe



yearoccurringinnumbersequaltoatleast11ofits
peakinNovember

AnophelesfreeborniAitkenhadearlyandlatesummer
peaksandlikethefollowingspecieswasnotactiveduring
thewinterCulisetaincidensThomsonwaspresentin
smallnumbersinsummerandfallEightCulextarsalisCo
quillettwerecollectedduringthelasthalfoftheyearand
AnophelespseudopunctipennisfanciscanusMcCracken
showedasimilarpattern

MorongoValleyWildlifePreserveisalsointerestingbe
causeitcontainsanaturallyoccurringpopulationofmos
quitoesthathasneverbeeninfluencedbytheintroduction
ofinsecticidesThemosquitofishGambusiaaffinisBaird
andGirardwasintroducedafewyearsagointothetwo
largeclearpondsonthewildlifepreserveThisistheonly
controlmeasurethathasbeenexertedagainstanyofthe
mosquitoesGambusiaiseffectiveinthoseareaswhereit
canreachhowevermuchofthepreserveismarshyandnot
suitedforfish

Acommunityconstructedonbayfillcreatesunique
mosquitocontrolproblemsFosterCityCaliforniaislocat
edonBrewerIslandatthewestanchorageoftheSan
MateoHaywardBridgeapproximatelyeightmilessouthof
theSanFranciscoInternationalAirportTheCityiscon
structedonreclaimedsaltevaporatorpondsLeslieSalt
Cofilledbaymarshandabandonedfarmlands

TheCityhasacentrallagoonsystemwhichreceives
catchbasinrunoffwaterTheselagoonwaterstheoretically
circulatethroughthesystemandthenaredischargedinto
SanFranciscoBayThiscirculationsystemprecludesthe
useofheavylarvicidingoilsandorganophosphoruscom
poundsthatmayhaveadeleteriousaffectonthebiotaas
wellastheaestheticsofthelagoonsystemThesystemcan
fluctuatefromalowof97fttoahighof992ftbasedon
1929USCoastandGeodeticsurveywith1000elevation
equalingmeanhightidelevelThewaterinletatthesouth
eastoftheCityisfromBelmontCoveanarmofSanFran
ciscoBayThedesiredwaterlevelismaintainedbyuseofa
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CONCLUSIONThediseasevectorsCulexpipiensquin
quefasciatusSayandCxtarsaliswereconspicuouslyab
sentThefewindividualsofCxtarsaliscollectedindicate

eitherthatalowpopulationwasmaintainedthroughoutthe
yearorthatthesemosquitoessporadicallyflewinfrom
otherareasBecauseofthevirtualabsenceofthesetwo

specieswecanconcludethatthereisminimalriskofcon
tactingorspreadingarbovirusencephalitisfromthe
MorongoValleyWildlifePreserve
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MOSQUITOPROBLEMSINADEVELOPINGBAYSIDECOMMUNITY

DennisJJewell

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

floatsystembothattheinletanddischargepointsTide
gateswiththree42inchpipesallowwatertomoveintothe
lagoonathightideandtwo48inchevacuationlinesare
utilizedatthenorthsideoftheCitytodischargewaters
backintothebayThissystemisdesignedtohandleaone
inonehundredyearstormfloodconditionWinterwater
levelsaremaintainedat975ftwhilethesummerlevels
fluctuatefrom985to99ftelevationThecatchbasin

stormdrainlineselevationgradefrom97fttoamaximum
atthe100ftelevation

Theselagoonlevelscreateaconditionofverypoorwater
exchangewithinthestormdrainsystemandthusmake
mosquitocontroleffortsextremelydifficult

Someoftheareasoftheislandthatwerehydraulically
filledapproximately18000000cubicyardsaswellas
dryfilloveroldsloughbedsandsaltpondsareshowing
signsofsoilsubsidenceItisthisdynamicconditionwhich
hascreatedhavocwiththesystemsdesignedtobestatic
suchasthestormdrainlines



METHODSUSEDTOSUPPRESSMOSQUITOPOPULATIONSINABAYSIDECOMMUNITY

RobertFSchoeppner

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

Laterthisafternoonapaperwillbepresenteddealing
withtheformationandsubsequentdevelopmentofFoster
CityaBaysidecommunityAtthistimeIwouldliketo
presenttoyouareviewofourmosquitocontroleffortsin
thisdevelopingareaEarlycontroleffortspriortodevelop
mentofthiscommunitywerehandledwithDDT
malathionandlaterbyfenthionAsthisareawasaltered
weexperiencedachangeinthespeciespresentwithAedes
dorsalisandAesquamigerbeingreplacedbyCulexpipiens

TheuniquenessofthisareasurroundedbyBaywater
andinterwovenwithcanalsthatdraintoacentrallagoon
andultimatelyemptyintoSanFranciscoBayhascom
pelledtheSanMateoCountyMosquitoAbatementDistrict
tobeevervigilantSinceallrunoffwatereventuallyfinds
itwayintothecanalsandlagoonsoftheCityweare
markedwithasystemofsignificantlymarginalwaterqual
ityExceptforisolatedlocationsthecatchbasinlinesare
filledwithandreplenishedbyfreshwaterrunoffyear
around

Catchbasininspectionfrequentlyishamperedbythe
assortmentofbasincoverswithwhichwehavetocopeThe
conventionalgratetypecoverthatcanbeopenedeasily
occursonlyinlimitednumbersThemostcommoncover
isaroundconcreteplateThenewestcoverisametallid
boltedtothebasewithatrashbaroverthecurbopening
Samplingintheareawherethenewbasinshavebeen
installedisvirtuallyimpossible

InitialeffortstoeffectacontroloftheCulexpipiens
populationincatchbasinswashandledbythemosquito
abatementsworkhorseinsecticidefenthionEarlycontrol
successesin1964werefollowedbyaneverincreasingnum
berofareasthatshowedrapidlydeterioratinglevelsofcon
trolIn1973therecognitionoftheonsetofresistancein
theCxpipienspopulationpromptedustoconductanarea
widebioassayevaluationThishassincebecomeastandard
partofourprogramThethresholdlevelofpotentialfail
ureforCxpipiensestablishedbytheCaliforniaBureauof
VectorControlwasanLC50of005ppmWefoundthe
LC50offenthionforthepopulationrangedfrom18to32
ppmfarabovetherecognizedthreshold

Sinceitbecameobviousthatfenthionwasnolongerof
useasoneofourcontroltoolswewereanxioustoexplore
othercontrolorsuppressivemethodsTheresultsofthe
testsareasfollows

Mid1974Evaluationoflightoils

GB1010GB1111GB1356 andFlitMLOwere

testedincatchbasinsFlitMLOalthoughmoreeffective
thantheotheroilsdidnotprovideanadequatelevelof
controlFrequentlyaninspectionofthecatchbasins
revealedthewatersurfacewascompletelycoveredwith
gardenlitterandgarbagewhichprecludesaneffective
insecticidalpenetration
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March211975 FlushbasinswithBaywater

Weconsideredthatasaltwaterexchangeinthecatch
basinlines15inchesto18inchesindiameteratthedistal
endincreasingto54inchesdiameteratthelagoonatotal
distanceof1400feetfromtheBaytothelagooncould
sufficientlydisruptandeliminatetheCxpipienspopula
tionTheFosterCityStreetDepartmentvolunteeredtheir
equipmentandmanpowerThirtythousandgallonsofBay
waterspgr10135werepumpedintothelinebyasingle
340gallonminutepumpDyewasintroducedatthefirst
basinand17secondslaterwasdetectedatthenextcatch
basin300feetfromthepointofintroductionDyedwater
wasnotdetectedbeyondthatpoint

June101975 SecondflushwithBaywater

WiththeassistanceofpersonnelfromFosterCitya
secondattemptwasmadetoflushthebasinsThesamepro
cedurewasfollowedexceptthree340gallonminutepumps
wereutilizedPreflushspecificgravityreadingsweremade
andthepresenceorabsenceofmosquitolarvaewasrecord
edApproximately200000gallonsofBaywaterwasintro
ducedwithinathreehourperiodShortlyaftercompletion
ofthetestthewaterintheheadbasinwasvirtuallyfresh
Twentyfourhoursafterspecificgravityreadingswere
madeatseverallocationsinthelineWaterinallthebasins

exhibitedspecificgravityreadingsneartofreshwaterindi
catinganincursionoffreshwaterfromanothersource
Suchunusualfindingsindicatedtousapossibleseparation
inthelineAtmeetingswithStreetDepartmentpersonnel
oursuspicionsoflineseparationswereconfirmed

August141975toJanuary211976 Introduction

ofmosquitofishinthebasins

MethodOnelineof16preselectedbasinswasstocked
withGambusiaaffinisApproximatelytwodozen
maturefishwereplacedintoeachbasinElevenbasins
werebreedingandsubsequentlytreatedwithFlitMLO
priortoplantingfishFivebasinshadnobreedingwhile
onebasinwascoveredwithcrankcaseoilFivemonths

afterplantingtheGambusiaaffinissomefishwere
notedtohavesurvivedinasinglebasin

ConclusionFishmayprovetobeasuccessfultoolif
usedinlargernumbersandwherebasinsarerelatively
clean

March171976PyrocideIntermediate57andFlit
MLO13ozPyrocide 5galFlit

ThroughouttheCitytheadultmosquitopopulationin
thecatchbasinsystemcontinuedtobeabundantand



Applications Pretreat 1 2 3 4 5 6 7 8 9 10

FosterCity
No1treated 96 36 22 23 62 38
No2treated 38 22 50 58 34 30 55 28

treatedbreeding 94 96 74 90

No3treated 28 30 46 10 45 18 50

treatedbreeding 90 29 0 88 59 59

SanMateoPark

No1treated 100 4 0 4 14 26 42
No2treated 42 12 18 34 8 6 16 21

SanMateoSunnybrae
N

N

No1treated 97 10 0 2 40 43
No2treated 43 9 20 16 0 10 6 59

Table1AltosidBriquetTests

TestSites Treatment Duration

FosterCity 1st 5wks

2nd 7wks

3rd 6wks

SanMateoPark 1st 7wks

8wks

SanMateoSunnybrae 1st 7wks

3rd 10wks

troublesomeFourbasinswereselectedandpretreatment
countsweremadeAnisolatedareaof106basinswas
selectedfortreatmentwiththePyrocideFlitmixtureThe
materialwasblownintothecatchbasinopeningsforatwo
seconddurationwithaKWHmodelTTno60backpack
mistblowerTheexperimentwasterminatedafter17days
whenlargeadultnumberswerenotedintwoofthefour
samplingbasins

ConclusionAlthoughofshortdurationthecombina
tionadulticideandlarvicidemixturewasveryeffective

April211976ShellNoPestStrips20Vapona
inbasins

Bothfullandhalfstripsweresuspendedinbasins
approximately12inchesabovethewaterlevelTherecom
mendedairspaceis1000cuftstripthebasinsaverage64
cuftLittleairexhangeisnotedwithinthebasinsThelife
expenctancyoftheNoPestStripisconsideredtobefour
monthsbutweexperiencedfailurewithinfiveweeksinan
areaoflessthan10therecommendedairspace

Conclusion Thematerialandlaborcostsassociated

withtheNoPestStripsmadetheitemuneconomicalfor
theirperiodofeffectivecontrol

May111976AdditionofsaltNaC1tothecatchbasins

Abioassayanalysisindicatedtheadditionofapproxi
mately15poundsofsalttoacatchbasinshouldproducea
100mortalityintheCulexpipienslarvalpopulation
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Bothfineandrocksaltwasevaluated

Afterintroductionofsaltintothebasinsthewaterwas
thoroughlyagitatedtogiveauniformdistributionAfter
boththe7thandthe14thdaysamplesfailedtoexhibitany
reductioninthelarvalpopulationthetestwasterminated

ConclusionNonecouldbedrawn

Table2AltosidBriquet400mgevaluationincatchbasinsAdultemergence

June111976toNovember11976AltosidBriquets
inbasins

Material ZoeconCorporationsuppliedtotheSan
MateoCountyMosquitoAbatementDistrictexperimental
materialtobetestedincatchbasinsThebriquetsconsisted
ofAltosid impregnatedincharcoalandeachbriquet
formedintocylinders1inchindiameterand1inchlong

TestareasTwoareaswereselectedforevaluationof

thebriquetsFosterCityandSanMateoPriortoselection
eachbasinwasopenedandsampledinordertodetermine
thelarvaldensityUponselectioneachbasinwasmarked
andtreatedwithone400mgAltosidBriquetTheZoecon
Corporationestimatedthelifeoftheslowreleasebriquetto
beapproximately30days

ChemicalEvaluationBasinsineachtestlocationwere

sampledrandomlyinordertoobtainacrosssectionofthe
populationAneffortwasmadetoobtainatotalof50
pupaefromthetreatedbasinsandasimilarnumberfrom
checkbasinsinareasadjacenttothetestsitesInsomein
stanceswewererequiredtoacceptalessernumberof
pupaeSamplesweretakenthreeandsevendaysaftertreat
mentThereaftersamplesweretakenweekly

Theeffectivenessofthechemicalwasmeasuredby
countingemergentadultsineachsampleFailureofthe
materialinthelaboratorywassignifiedwhentheemergent
adultpopulationrosesharplyfromalowsuppressedlevel
Whenthisoccurredtheentireareawasretreated

Weeks



IntheFosterCitytestsiteonetreatedcatchbasinre
actedasifnotreatmenthadoccurredthusprovidinga
pictureofpoorcontrolfortheentiretestsiteDuringthe
firstweekafterthesinglebasinwasseparatedfromthetest
wenotedemergenceinthetreatedbreedingbasinat94
whiletheremainingbasinshad34emergenceTable2
Thisparticularcatchbasindisplayederraticresults
throughouttheentiretestprogramWereferredtothis
basinastreatedbreeding

Watersamplesfromthesinglebasinandonesample
fromtheinebasintestsiteweresubmittedtotheSan
FranciscoWaterCompanyforevaluationTheresultsare
showninTable3

Theunusuallyhighreadingsinthetreatedbreedingbasin
maybeindicativeofanintrusionofbrackishwaterthrough
aseparationinthecatchbasinline

ConclusionOurdatadealingwiththeareaofAltosid
Briquetsespeciallyinareasofhighlyorganicwaterhas
beenveryencouragingTheperiodofeffectivepopulation
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Table3Waterqualityevaluationfortestbasins

pH
Electricalconductivity
Alkalinity
Hardness

Chlorides

Treated

724

501

114

118

95

TreatedBreeding

667

2801micromhos

466 ppm
580 ppm

560ppm

suppressionof810weeksisconsiderablylongerthanthat
suggestedbytheZoeconCorporationTable1

Insummaryitisreadilyapparentthatregardlessofthe
intendedcontrolpracticeoftheDistrictwhetheritbe
chemicalorbiologicalneithermethodwillperformtoits
utmostunlessbasinsaremaintainedinadebrisfreemanner
Bykeepingtheresidentsofthedistrictinformedasto
whatwhyandwhenwedowhatwedotheircooperation
inavoidingdebrisaccumulationsmaybeattained



ENTOMOLOGICALEVALUATIONSFOLLOWINGTROPICALSTORMKATHLEEN

IMPERIALCOUNTY1976

HarveyIMagyDonaldLRoheClaireVThomasMoiseBMizrahi3
RobertMillerandRobertaJBebout 1

FollowingTropicalStormKathleenwhichstruckIm
perialCountyonSeptember111976anevaluationofthe
stormseffectsonthemosquitopopulationoftheImperial
Valleywasmadebycooperatinglocalstateandfederal
agenciescoordinatedbytheCaliforniaStateHealthDe
partmentThestormdumpedthreeinchesofrainwithina
fewhourscausingflashfloodsinthewesterndesertpartof
thevalleycausingdeathandextensivedamagetobuildings
inthesmalldeserttownofOcotilloandcutmainhighways
andrailroadsTherunoffwaterfromthebarrenhillsand
mountainsbrokethroughtheWestsideMainCanalflooding
thelandwestoftheNewRiverwhichisamajordrainage
channelseemapFigure1andalsofloodingtheplainsof
theNewRiver

AnaerialinspectionoftheImperialValleyfivedays
afterthestormrevealedwidespreadfloodingofagricultural
landsoverflowingagriculturaldrainswaterimpoundments
innormallydrydesertswalesstrandedimpoundmentsof
desertrunoffwateradjoiningleveesandextensiveponding
insidecattlefeedlotsWithinthecitiesofElCentroHolt
villeandImperialtherewasextensivefloodingofback
yardsandstormdrainsTherewereprobablynumerouscol
lectionsofwaterinbackyardsflowerpotsbucketstires
fishpondsandothercontainersAllofthesesourcescan
producemosquitovectorsofStLouisEncephalitisSLE
suchasCulextarsalisandCulexpipiensquinquefasciatus
complexwiththelattermoreoftenfoundinurban
sourcesForpurposesofthisreportthelatterspecieswill
bereferredtoasCulexpipiens

Withintendaysofthetropicalstormtherewereaddi
tionalscatteredstormsinthevalleycreatingpoolsofwater
inpreviouslyunaffectedareasThesestormsreplenished
poolsofwaterthatweredryingupthusperpetuatingand
extendingthemosquitoproblemaddingtothethreatof
anSLEdiseaseoutbreak

MosquitocontrolandsurveillanceactivitiesbytheIm
perialCountyHealthDepartmentwererapidlyaugmented
byequipmentandpersonneloftheCaliforniaStateHealth
DepartmenttheSanDiegoCountyHealthDepartmentthe
USNavalVectorControlSectionatAlamedatheCoa
chellaValleyMosquitoAbatementDistrictandtheSouth
eastMosquitoAbatementDistrict

DISEASECONSIDERATIONSImperialCountyhas
hadacontinuinghistoryofarboviraldiseaseinhumansand
horsesforatleasttwentyyearspriorto1973Olson1977

CaliforniaStateHealthDepartmentVectorandWasteManage
mentSection1449WestTempleStreetLosAngelesCalifornia
90026

2lmperialCountyHealthDepartment935BroadwayElCentro
California92243

3SanDiegoCountyHealthDepartment1600PacificHighway
SanDiegoCalifornia93101

4AlamedaNavalAirStationVectorControlFacilityAlameda
California94501
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Withmoreintensivestudysince1971arboviruseswerere
coveredalmostyearlyinmosquitoesasreportedbyWork
1974Emmonsetal1973197419751976and
Madon1973Therewasampleevidencetoalertpublic
healthofficialsaboutarealthreatofSLEtohumansin
1976InJune1976SLEviruswasrecoveredbyaState
HealthDepartmentsurveyteamfrompoolsofmosquitoes
nearthetownsofCalexicoSeeleyandBrawleyEmmons
1977whicharelocatedadjacenttotheNewRiverWebb
etal1977reportedextensiveSLEvirusactivityinCx
tarsalismosquitopoolsinJuneJulyandAugustatcollect
ingsitesinaspecialarbovirologystudyareaalongtheNew
RiverextendingfromtheMexicanborder10milesnorth
towardsSeeley

DuringthecourseofthisevaluationfollowingTropical
StormKathleenapprehensionwasheightenedwhenword
wasreceivedonSeptember18thataSanDiegowoman
hadapparentlyacquiredSLEwhilefishingneartheWest
sideMainCanalseveralweekspriortothestormHerhus
bandsubsequentlydevelopedapositivetiterforSLEal
thoughwithoutclinicalsymptomsEmmons1977

Inlightofthe1975outbreakofSLEin22statesofthe
UnitedStatesinwhichCxpipienswasconsideredtobethe
primevectortherewasconcernaboutthetransferrenceof
thediseasetoCxpipienswhichwasknowntohaveoccurr
edinsignificantlylargenumbersintheurbanagricultural
areasoftheImperialValleyMagyetal1976Bownand
Work1973alsodemonstratedsignificantSLEinfection
ofCxpipiensalongtheMexicanborderintheAlamo
River

OBJECTIVESANDMETHODSEntomologicalevalua
tionsofthemosquitopopulationfollowingthestormwere
made1Todeterminetheeffectofthestormonthemos
quitopopulationandthenumberofcomplaintsdirectedto
theImperialCountyHealthDepartment2Todetermine
theseverityofthethreatofCxpipiensasapotential
vectorofSLEintheagriculturalandurbanareasofImper
ialValley3TodetermineiftherewasaSLEvirusmove
mentfromtheNewRiverintofarmingandurbanizedareas
tobedemonstratedbymeansofrecoveringSLEvirusin
adultfemaleCxtarsalisandCxpipiensmosquitoes

METHODS1LarvalsurveysweremadebytheImper
ialCountyHealthDepartmentthroughouttheurbanand
adjacentfarmingareasofthewesternandsouthernpartof
ImperialValleyfromSeptember18untiltheconclusionof
thetreatmentprograminNovemberThiswasdoneincon
junctionwithaprogramofmappingsourcestoassistin
directingcontroloperationsSpecimenswereidentifiedto
speciesandtabulatedbyplaceandtypeofsourcefor
ecologicalevaluations

2ACDCcarbondioxideCDCCO2lighttrapwas
placedineachofthirteensemiurbanandagriculturalsites
andcollectedseveraltimesaweekfromSeptember27
throughNovember4SeemapFigure1FemaleCx
pipiensandCxtarsalisweremadeupintopoolsofamaxi
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Figure1AdultmosquitosurveyImperialValley1976

mumof50femalesperpoolfrozenandshippedtothe
StateDepartmentofHealthlaboratoryforvirusdetermina
tion

3FemaleadultmosquitocountsmadefromMarch
throughDecember1976fromnineNewJerseylighttraps
oneineachofninecommunitiesSeemapFigure1were
compiledandanalyzedforseasonalpopulationfluctuations
andthepossibleeffectoftemperatureandhumidityasit
mightreflectSLEvirustransmissionandmosquitocom
plaints

RESULTSANDDISCUSSIONThesummaryofthe
mosquitocollectionsofnineNewJerseylighttrapsitesin
urbanareasofthevalleyisgiveninFigure2whichalso
graphicallydepictstherainfallasreportedbytheImperial
IrrigationDistrictatImperialThisalsodemonstratesthe
typicalbimodalpeakpreviouslyreportedbyMagyetal
1976withasummerslumpexceptforonehighweekly
collectioninAugustAsanticipatedCxpipienshadalow
countThehighCxtarsalispopulationinthelatespring
andearlysummerpeakisconsistentwiththesubsequent
recoveriesofSLEpositiveCxtarsalispoolsinJuneJuly
andAugustWork1977Followingthetropicalstormand
subsequentrainsCxtarsalisnumbersincreasedItisof
interestthatallthepeaksasdescribedwereabovetheaver
agetenpertrapnightwhichhasbeensuggestedbyReeves
1968asthenumbersoffemaleCxtarsalisadultsthat
seemtoberequiredfortransmittingarbovirusesin
California
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Figure2NewJerseylighttrapcollectionsandrain
ImperialValley1976

WhencomparingtheoccurrenceofPsorophoracolumbii
withcomplaintspriortoduringandafterTropicalStorm
KathleenasshowninFigure3itisnotedthatpriortothe
stormtheAugusthighofPsorophorabroughtamoderate
numberofcomplaintsbutfollowingthestormthecom
plaintsmorethantripledwithinseveralweeksHowever
theactualnumberofPsorophoracollecteddidnottriple
andwasmuchlowerthantheprestormpeakinAugust
ThismightbeexplainedbyexaminingthedatafromNew
JerseylighttrapsatElCentrowhenplottedwithtempera
tureandhumidityFigure4Fortwoweeksfollowingthe
stormthehumidityremainedhighandthetemperature
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Figure4MosquitoesvscomplaintsElCentro1976

droppedfromthesummerhighsofthe90F tothe

mediantemperaturesof80FFigure3probablyresult
inginmorefavorablebitingconditionsandaccountingfor
anincreaseincomplaintsdirectedtothehealthdepart
mentHoweversomeofthecomplaintswereprobablydue
tothesubsequentemergenceofCxtarsalisandCxpipiens
whichwerewidespreadthroughouttheurbanareasand
urbanfringefarmlandswheretheNewJerseylighttraps
wereplaced

PositivelarvalcollectionsofCxtarsalisandCxpipiens
obtainedinafiveweekperiodinlateSeptemberwerecom
paredtoadultfemalescollectedbyNewJerseylighttraps
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andCDC0OlighttrapsTable1Thiscomparisonindi
catesthattheratioofCxtarsalistoCxpipienswereabout
twotooneinthelarvalcollectionswitharatioof15to1

withtheNewJerseylighttrapsandover31to1withthe
CDClighttrapsThisstronglysuggeststhattheexisting
lighttrapcollectingproceduresmaynottrulyreflectthe
amountofCxpipiensthatmaybeproducedinanarea
whereSLEisofgreatconcernTheamountofCxpipiens
breedinginthisurbanizedagriculturalareawouldindeed
haveposedamoresignificantthreathadSLEvirusentered
theecosystemthansuggestedbytheadultnumberscol
lectedbyNewJerseyorCDClighttrapsItshouldbe



Table1CollectionsofCxtarsalisandCxpipiens
September1976ImperialCounty

Collection

Larval

Sept27Oct2 144

9NJlighttraps
Sept27Oct22 3338

226trapnights

13CDC0Olighttrap
Sept28Oct23 20381

130trapnights

Species Ratio

Cxtarsalis Cxpipiens CtCp

68 211

228 1481

655 311

pointedoutthattheratiooftwotooneofCxtarsalisto
Cxpipienslarvalcollectionsreflectscollectionsinthe
largelyagriculturalareanearurbanareasItispossiblethat
ifthesesourcesweremoreurbanastheywerein1954
accordingtoMagyetal1976theratioofCxtarsalisto
CxpipiensmightbealmostonetooneItisnoteworthy
thatattemptstocollectCxpipiensinrestingstationsin
culvertsunderbridgesgaragesetcwerenotsuccessful
duringthisperiod

Themosquitocollectionsof13CDC0O2lighttraps
thatwereplacedSeemapFigure1intheurbanand
semiagriculturalareasofthevalleythatweresetupwithina
weekafterthestormaregiveninTable2Byfourweeks
followingthestormCxtarsalisnumberspeakedtenfold
withSLEvirusbeingrecoveredfromonepoolthefirst
weekinOctoberShortlyafterthenumbersdeclinedrapid
lythroughearlyNovemberThenumbersofCxpipiens
pooledremainedlowasexpectedbecauseofpoorattrac
tiontolighttrapsasdiscussedinthispaperOneCxtarsalis
poolpositiveforTurlockViruswasalsocollectedinlate
October

Toaccountforthelownumbersofmosquitopoolsposi
tiveforSLEitispossiblethatthestormdestroyedlarge
numbersofinfectedmosquitoesanddispersedtheavian
reservoirofSLEthusinterferingwiththecycleofdisease
transmissionAlsoanintensivemosquitolarvalandadult
controlprogrammountedbytheImperialCountyHealth
DepartmentandaugmentedbyotheragenciesThomas
1977probablyhadasignificantimpactoninterferingwith
SLEtransmission

SUMMARYANDCONCLUSIONS1Extensivemos

quitobreedingconditionswerecreatedinImperialValley
followingTropicalStormKathleenCxpipiensandCxtar
salislarvaewerefoundinlargenumbersinurbanandagri
culturalareasthatarenormallydryinSeptemberandOcto
berTheinitialincreaseofmosquitobitingcomplaintsto
thehealthdepartmentwasprobablyduetothemorefavor
ablehumidityandtemperatureforbitingmosquitoeswith
Psorophoracolumbiiprobablybeingtheprincipalbiting
mosquitoatthattimewhileCxtarsalisandCxpipiens
hadamoreimportantroleseveralweeksfollowingthe
storm

2ThelargenumbersofCxtarsalisandCxpipienslar
valsourcesinruralandsemiurbanareasadjacenttothe
NewRiveranareaofsignificantlyhighrecoveryofSLE
virusinCxtarsalisinthesummerwasarealthreattothe
inhabitantsoftheareaCxpipiensagoodbiterofman
couldconceivablypickupthevirusfromsuspectavian
hostsandtransmitittomanThisthreatwasconfirmedby
theincreasingnumbersofadultfemalesofthesespecies
collectedinNewJerseyandCDC0O2mosquitolighttraps
throughSeptemberOctoberandearlyNovember

3ThelowlevelofSLEvirusinmosquitopoolsfollow
ingthestormwaspossiblyduetothedispersalofsuspect
avianhostsandinfectedmosquitoesduringthestormbut
alsoduetotheveryintensiveadultandlarvalmosquito
controleffortlaunchedbytheImperialCountyHealth
Department
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Table2MosquitoescollectedfromCDC0O2baitedlighttrapsat13sitesinImperialValley1976

Date

Sept2224
Sept2829
Oct23

Oct56
Oct1213
Oct2223

Nov34

Trap Cxpipiens AvgTrap
Nights Pools Night

29

26

26

26

26

26

26

11

20

9

15
15

10

27

36
47

68

158

122

80
132
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Cxtarsalis
Pools

31

43

48

68

55

20

37

AvgTrap
Night

102

544

848

1264

894

230
50

VirusRecovered

1SLEnearSeeleyct
1Turlock ct
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DEVELOPMENTSINIMPERIALCOUNTYFOLLOWINGTROPICALSTORM

KATHLEENINSEPTEMBER1976

ClaireThomas

ImperialCountyHealthDepartment
935BroadwayElCentroCalifornia92243

OnSeptember101976tropicalstormKathleenstruck
SouthernCaliforniacausingextensivedamageinImperial
andRiversidecountiesThestormdepositedeightinches
ofraininthemountainswestofImperialValleycausing
flashfloodsinthevalleyThewesternsideofImperial
ValleywasinundatedwipingoutpartofthetownofOco
tilloTheWestsideMainCanalspilledoverintomilesof
agriculturallandLocalizedrainfallinImperialValley
swampedwaterremovalsystemssimplybecausethecapaci
tycouldnotaccommodatetheinput

DuringtheweekfollowingthestormImperialCounty
HealthDepartmentreceivedasmanycomplaintsabout
mosquitoesashadbeenregisteredintheprevious10weeks
beginninginJulyusuallyaseasonofhighhumidityand
highmosquitoactivityHighhumidityandsomewhat
coolertemperaturesresultingfromthestormgreatlyin
creasedmosquitoactivity

PsorophoraconfinnispopulationsintheValleyareal
wayslargeinthelatesummerIncreasedhumanbiting
activitycausedextremeannoyanceRainfallinthecenter
oftheValleyaweekearliermayhavebeenpartlyresponsi
bleforanincreasedPconfinnispopulationSeptemberdid
exhibitanunusualprecipitationpatternRainfellinthe
Valleyonsevendifferentdayswithmanyareasreceivingin
excessofayearsaveragewithinthelasttwoweeksofthe
monthInfactthewholeyearsrainfallwashighlyunusual
especiallyatthenorthernendoftheValleywhereBrawley
CalipatriaandNilandreceivedabouttwoandahalfyears
worthofrainalmostallinSeptemberOctoberand
November

ThefirstworkdayafterKathleentheregularmosquito
controlstaffoftheImperialCountyHealthDepartmentin
creasedeffortstotreatknownproblemareasThisstaff
consistsoftwovectorcontrolspecialistsoperatingtwo
InternationalScoutsequippedforlarvicidingandadulticid
ingunderthesupervisionofonevectorbiologistImperial
Countycontains500000acresofirrigatedlandinaddition
tononirrigatedmosquitoproducingacresalongthe
ColoradoRiverwheretheprimaryuseisforrecreational
purposesThetotalImperialCountypopulationisonly
83000Ofthesevenincorporatedcitiesandeightunincor
poratedcommunitiesonlythreehavemorethanfourthou
sandresidents

Asthemosquitocomplaintsincreaseditwasrealized
thatthescopeoftheproblemwasgreaterthananticipated
Itbecameobviousthattheavailableequipmentandman
powerweregrosslyinadequateSanitarianswerepressedin
toserviceaslarvalsourcelocatersandequipmentoperators
Thisfreedthetrucksforalmostaroundtheclockservice
aslongastheequipmentwasoperableAttemptswerealso
madetoobtainadditionalequipmentCaptainGeorge
StainsmanagerofCoachellaValleyMADofferedinvalu
ableadviceHealsoloanedImperialCountyaJeep
equippedwithanoilsprayerforLarvicidingStilllaterhe
providedanultralowvolumecoldfogger
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FrankPelsuemanagerofSoutheastMADprovideda
ScoutequippedwithanewMicrogenULVunitWithina
weekfollowingthestormthisequipmentwasinusebythe
mosquitocontrolpersonnelOurrequesttoourneighbor
SanDiegoCountyresultedinassignmentofbothmenand
equipmentTheyhadjustreceivedinformationthataSan
DiegowomanwashospitalizedforStLouisEncephalitis
Therewassubstantialevidencethatshehadbeeninfected
duringoneofseveralfishingtripstothewestsideofthe
ImperialValleyearlierinthesummerEmmons1977
ManythousandsofSanDiegoresidentsroutinelyvisit
ImperialCountyeachweekendJerryQuickChiefofEnvi
ronmentalHealthandSanitationSanDiegoCountyHealth
Departmentrespondedimmediatelywithhelpwhichcon
sistedofMoiseMizrahitheirvectorecologistandtwomos
quitocontroloperatorswithatruckandoillarvicidal
equipmentTheyaugmentedouroperationsforthreefull
weeks

ArequestwasalsoextendedtotheNavyforhelpfrom
theirvectorcontrolunitatAlamedaCaliforniaCaptain
ChewCommandingOfficeroftheNationalParachuteTest
RangenearElCentrorequestedassistancetoprotectthe
basepersonnelAlthoughittookafullweekofnegotiations
afterourinitialrequestpermissionwasfinallygrantedto
senddownthreementwotrucksandfourULVunitsLt
RobertMillerEntomologistHaroldUrenMasterMechan
icandChiefNormanStewartwerethemenwhowere
sent

TheCityofElCentroreleasedoneoftheirserviceequip
mentoperatorstodoadulticidingTheImperialCounty
ManpowerServicesofficealsosuppliedfivementodolarvi
cidingandsourcelocation

SouthernCaliforniaRegionalSupervisorHarveyMagy
mobilizedexpertvectorcontrolpersonneloftheCalifornia
StateDepartmentofHealthtomaintainclosesurveillance
ofvirusactivitytohelpwithsourcelocationandtopro
videadviceandotherassistanceIncludingsummerhelpers
eightpersonsparticipatedatvarioustimesTheincreased
surveillancewhichwasconductedwascloselycoordinated
withtheworkbeingdonebytheUCLAresearchteamso
thattheresultingdatawouldnotberedundant

Aerialsprayingofeitherlarvicideoradulticidewasfirst
consideredwithinafewdaysfollowingthestormBecause
ofthenatureofthemosquitosourceswhichweremainly
agriculturalcoveringvastareasandbecauseofthewidely
scatteredhumanpopulationtheideawasrejectedatthat
timeastoocostlyandinappropriate

BeginningthefirstMondayfollowingthestormandcon
tinuingforsixweeksthereafterasevendayaweekfogging
andlarvicidingschedulewasmaintainedfoggingboth
morningandeveningwhenweatherandequipmentper
mittedLarvicidingwasaccomplishedalmosttotallywith
FlitMLOandadulticidingwasdonewithResmethrin
PyrenoneDursbanandMalathionchoicedeterminedmain
lybyavailabilityQuantitiesusedarelistedinTable1



Table1ChemicalusagefollowingTropicalStorm
KathleenSept101976toNov301976

Chemical Gallons

FlitMLO

SBP1382Resmethrin
Pyrenone
Dursban

Malathion

700

93

115

30

30

Withabudgetallocationforthe197677fiscalyearof
10600forchemicalsandequipmentitdidnottakelong
forthisincreasedworkloadandexpandedcrewtouseup
thatmuchmoneyTheImperialCountyBoardofSupervis
orsgrantedarequestforanadditional15000which
provedtobesufficienttocoverthecostofthechemicals
actuallyusedbutwasinsufficienttoallowforanaerial
sprayprogramwhichwasstillunderconsideration

Oncetheareawasdeclaredinastateofemergencyand
thenafederaldisasterareaitwasanticipatedthatfunds
wouldbecomeavailableformosquitocontrolThisdidnot
turnouttobethecaseThereseemedtobeagooddealof
confusiononthepartofallconcernedastowhetherfunds
couldbemadeavailableforthispurpose

Atfirsttheproblemconsistedofshowingthatthestatus
ofthemosquitopopulationanddiseasethreatweredirectly
duetothestormIfdatafrompreviousseasonshadbeen
availablethiswouldhavebeenasimplematterUnfortun
atelyowingtothefactthatthemosquitocontrolprogram
itselfwaslessthantwoyearsoldandnovectorbiologist
hadbeenemployedduringthecorrespondingperiodthe
previousyearsuchinformationwasunavailableItseemed
thatitshouldbeintuitivelyobviousthatthestormshad
greatlyincreasedmosquitoproductionanddiseasetransmis
sionpotentialbutintuitionisnotasoundscientificbasis
fromwhichtodrawconclusions

DuringthethirdweekfollowingKathleenDrRobert
TaylorCDCAtlantawasinvitedinbyMrTerryHouse
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ofFDAAtomakeanevaluationofthesituationinregard
toapotentialencephalitisepidemicAfterhehadtakena
flightoverthevalleytoobservetheextentoftheremaining
standingwaterandbeenfullyinformedoftheeventsthat
hadtranspiredofthesituationthathadexistedpriortothe
stormandofthecurrentcircumstanceshecametothe
conclusionthattherewasinsufficientpotentialforanepi
demictowarrantspendinganyemergencymoneyonitat
allHisconclusionswereindirectconflictwiththoseof
HarveyMagyandotherCaliforniaStateHealthDepartment
personnelandwithDrTelfordWorkaswellaswithopin
ionsofmembersofourownHealthDepartmentHowever
sincetheOESdiscountedallotheropinionsandwentonly
byDrTaylorsnofundsweremadeavailableformosquito
controlThiseffectivelyruledoutanylargescaleaerial
sprayprogramItalsohadtheeffectofcurtailingthelength
oftimethattheNavypersonnelcouldremain

Sofarwehavenotreceivedonepennyoftheemergency
reliefmoneythatwasmadeavailableAsfaraswehave
beenabletodeterminewearenotgoingtoreceiveany
Thislackofconcernaboutdiseasepreventioninthefaceof
aclearlydefinedpotentialfordiseasetransmissionwas
mostdishearteningIneffectandinfacttheysaidShow
usbodiesandwellgiveyoumoneyThisattitudeonthe
partofpersonssupposedlyengagedinthepracticeofpre
ventivemedicinewasappalling

Thereisdefiniteneedforbetterplanningandtraining
ofpublicservicepersonnelatthestateandcountylevelsas
totheirresponsibilitiesintheeventofanemergencyAlso
thereshouldbeclearguidelineswrittenanddistributedto
allwhoneedthemexplaininghowtofilloutalltheforms
thatarerequiredinordertoavoiddelaysandwastedtime
whentimeismostprecious

IntheImperialValleymosquitopopulationsandcom
plaintsremainedhighuntilmidNovemberSprayopera
tionswerecontinuedtotheextentthatavailablepersonnel
andequipmentpermitteduntilthattimeNoadditional
casesofencephalitiswerereportedWefeelthatourefforts
significantlyreducedmosquitopopulationsandreducedthe
potentialfordiseasetransmission



Aswesitinthisplushmeetingroomorgazefromthe
topoftheloftySanJacintoMountainsthereliesbeforeus
afertileandsunnywarmvalleytheCoachellaValley
whichoncewasnomorethanapicturesquepieceofthe
SonoranDesertSanddunesandwindswepthillsaddedto
thebeautyofthisdeepvalley

Itwasnotuntiltheturnofthe20thcenturythatman
begantotapthesubsurfacewaterresourcesandtocultivate
thesanddunesputtingthedesertintodategardensveget
ableandfieldcropsWithinafewyearstinylittleinsects
knownthenasbuzzgnatsbutmostcommonlycalled
eyegnatsbegantopesterhumansandtransmitpatho
genicorganismstomananddomesticanimalsSincethe
datepalmcultureandeyegnatsappearedonthesceneatal
mostthesametimeitwascommonlybelievedthateye
gnatswereintroducedalongwithdatepalmtreesfromN
AfricaThisnotionasweknowitnowisfalsebecause
therearenoHippelateseyegnatspresentinNAfrica
MoreovereyegnatplagueswerereportedfromFloridaas
earlyas1895Schwarz1895andthesameyearTownsend
describedourmajorpestspeciesHippelatescollusoras
OscinuscollusorfromCaboSanLucasBajaCaliforniaWe
knownowthattheeyegnatswerehereinCalifornialong
beforetheintroductionofdatepalmcultureFarmingand
establishmentofgolfcoursesprovidedidealbreeding
sourcesandharboragegroundsforthesegnatsDueto
mansownactivitytheeyegnatshavefoundahaveninthis
valleyespeciallyaftertransportofwaterfromtheColora
doRiverinthemid1940swhichbroughtaboutphenom
enalincreaseinfarmingandrecreationTodrivetheper
sistentpeskygnatsawaychildrenadultsandpeopleofall
walksoflifewavetheirhandsandarmsinselfdefenseand
thusperformtheFriendlyCoachellaValleySalute

WhataretheeyegnatsandwhatdotheydoTheeye
gnatsbelongtothegenusHippelatesFamilyChloropidae
OrderDipteratheyareveritablepestsofmanandvectors
ofpathogenicorganismstomanandanimalsinsouthwest
ernsouthernandsoutheasternstatesandelsewhereThis
genusaccordingtoSabrosky1941isneotropicinorigin
withecologicalhomologsoccurringintheorientalregion
Therearebetween3040speciesinthegenusHippelates
whicharehighlypestiferoustomanandhigheranimals
Theseinsectsfeedfrequentlyandhaveapredilectionfor
feedingonthemoistsecretionsoftheeyesearsmouth
nosefaceandotherexposedportionsoftheirhostsDue
totheintermittentbutpersistentvisitationbytheseinsects
theycauseahighlevelofphysicalandmentaldiscomfort
forhumansresidingworkingorpursuingleisureandrecre
ationineyegnatinfestedareasThemostcommontypeof
reactionexhibitedbyhumanstoeyegnatannoyanceis
theytheeyegnatsdrivemecrazy Onecannotvisualize

theextentofphysicalandmentaldiscomfortunlessonehas

EYEGNATSPESTANDPLAGUEOFMANKIND

THEFRIENDLYCOACHELLAVALLEYSALUTE

MirSMulla1andGeorgeSStains

lUniversityofCaliforniaDepartmentofEntomologyRiverside
California92521

2CoachellaValleyMosquitoAbatementDistrict83733Avenue
55ThermalCalifornia92274
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livedineyegnatinfestedlocationsorhasexperienced
attacksbytheseinsects

Asidefrombeinghighlypestiferoustheeyegnatsare
provenvectorsofseveralcausalagentspathogenictoman
andanimalsThespirochaeteTreponemapertinueproduc
ingyawsinmanhasbeenfoundinmotilestateinthegutof
HippelateseyegnatsCuellar1941Kumm1935Kumm
andTurner1936Kummetal1935Otherspirochaetal
organismscausingmaldelpintoweretransmittedtovolun
teerhumansthroughtheagencyofHippelateseyegnats
BlancoandParra1941Circumstantialevidencegathered
inCaliforniaDawson1960Schneider1927inGeorgia
Bengston1933DowandHines1957TexasDavisand
Pittman1950andothercountriesVargas1941incrimi
natesthemembersofthisgenusaspossiblevectorsof
KochWeeksbacilluscausingacuteconjunctivitisinhumans
MorerecentlyTaplinetal1967consideredHippelates
flavipesLoewtobethemostprobablevectorofstaphylo
coccalinfectionsofmaninPanamaBassett1967report
edHippelatesperuvanusBeckertobethemostpersistent
feederonimpetiginousskinlesionsinTrinidadandrecover
edQhaemolyticstreptococcifromthesegnatsthusincrim
inatingtheminthedisseminationofacutenephritis

Themostimportantspeciesofeyegnatsaffecting
humanhealthandqualityoflivingintheUnitedStatesare
HippelatescollusorTownsendHdorsalisLoewandIL
impressusBeckerwhichprevailinlargenumbersinthe
southwesternstatesHcollusorisbyfarthemostabundant
andimportantspeciesinthesouthwestandMexicoInthe
southcentralstatesHpusioLoewandHdorsalisarequite
importantThesoutheasternstatesareplaguedwithH
pusioandHpallipeswherehumansareattackedby
myriadsofthesegnatsinthewarmermonths

Consideringthedistributionseasonalabundance89
monthsyearandpestiferousnatureandvectorpotential
ofeyegnatsintheUnitedStatesonecanpointtoHcol
lusorandHpusioastherealproblemspeciesintermsof
theintensityoftheirattacksandvoraciousnesswithwhich
theyfeedonhumanhostsThesetwospeciesarequitedis
tinctfromeachotherbiologicallyandecologicallybut
basedonmorphologicalfeaturestheyhavebeenattimes
calledthesamespeciesSabrosky1941howevergave
themspecificorsubspecificstatusAlthoughthesetwo
speciesareveryimportantfromthestandpointoftheir
widespreaddistributionandanthropophilicbehaviorthis
doesnotimplythatotherspeciesmaynotbeequally
importantincertainsituations

Eventhougheyegnatsposeaseriousthreattohuman
healthandwellbeingintheinfestedareasnopracticaland
economicalcontrolmeasureswereathandWiththeadvent
ofsyntheticinsecticidesamoderatelevelofsuppression
wasachievedforashorttimebytheapplicationofsoil
insecticidestothebreedingsourcesofeyegnatsDowand
Willis1959Mulla1960ab1961Mullaetal1960Tink
ham19511953Howeveritwaswithinashorttimethat
eyegnatsdevelopedahighlevelofresistancetomostofthe
chlorinatedhydrocarboninsecticidesinCaliforniaGeorg



hiouandMulla1961Mulla1962By196263theCoa
chellaValleyMosquitoAbatementDistrictinCaliforniaon
recommendationsoftheseniorauthorceasedalllarvicidal
programsusingorganochlorineinsecticides

Asasubstitutetopersistentchemicalsforeyegnatcon
trolhabitatmanagementprovidedapartialsolutiontothe
eyegnatprobleminsouthernCaliforniaMulla1962
1963Thispracticeconsistingofweedandcovercrop
controlinperennialcropswhereeyegnatsbreedprofusely
inthesoilcouldnotbeadoptedinallthebreedingsources
inagivenareaForexamplevegetationcontrolin
numerousbreedingsourcessuchasgolfcourseshousehold
lawnsandflowerbedsandannualcropscouldnotbeex
peditedThesebreedingsourcesalsocontributetothepro
ductionofHippelateseyegnatsinsouthernCaliforniaand
elsewhere

Researchontheinfestationandpropagationofnatural
enemiesofeyegnatsandtheirreleaseoftheseinsouthern
Californiadidnotproduceanynoticeableeffectsonthe
equilibriumlevelofeyegnatpopulationsinthisregionBay
andLegner1964Bayetal1964LegnerandBay1964
1965Legneretal1966Ultralowvolumeapplicationsof
quickknockdowninsecticidessuchasdichlorvosnaled
andothersalthoughcausingmortalityincagedeyegnats
didnotproduceanyreductioninfieldpopulationsofeye
gnatsinNorthCarolinaandCaliforniaAxtellandEdwards
1970Mullaetal1969unpublisheddataChemicalrepel
lentshavebeenstudiedbutnosuitablesafeandeffective
compoundshavebeenfoundAxtell1967Mulla1963c

Itthusappearsthattheeyegnatsposinganimportant
publichealthmenacehaveescapedallcontrolmeasures
andmethodologiesstudiedthusfarThequalityofliving
laborefficiencyonthefarmsandconstructionprojects
pursuitofoutdoorrecreationsandtheenjoymentofout
doorlivingareseverelyaffectedbythepresenceofhordes
ofeyegnatsininfestedareas

HowlonghavethegnatsbeenaproblemintheValley
andelsewhereFloridawasplaguedafewyearsearlierthan
CaliforniaSchwarz1895Intalkingwiththeoldtimersin
theCoachellaValleygnatsbecamepestiferoussometimes
duringthe19081910periodBy1913theyprevailedin
pestiferousproportionsbutitwasnotuntilthe1920sthat
thegnatsbecameapublicmenaceandwerebelievedtobe
involvedinthetransmissionofpinkeyeorgnatsoreeye
intheCoachellaandImperialValleyswhereschoolshadto

Year

1935

1940

1945

1950

1955

1960

1965

1970
1975

1976

Table1FiveyearaverageofcropacreageinCoachellaValley

Citrus Deciduous

2700
2800
2700
2500
3500
9400
14800
18000
19900
19200

5100
5700
6700
10500
13800
16200
16600
14000
11700
11800
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beclosedonaccountofpinkeyeepidemicsSchneider
1927Thegnatsbecamesointolerablethatthecommunity
requestedhelpfromtheUniversityofCaliforniaWB
HermsandhisstudentRWBurgessinitiatedstudiesin
19261930onHippelateseyegnatsusinganadobehouse
builtforthemastheirlaboratoryHerms19261928
HermsandBurgess1930TheUnitedStatesCongress
appropriatedanannualemergencybudgetof12000
equaltosome120000nowforinvestigatingthegnat
probleminthisValleyDCParmanandDGHallfrom
theUSDepartmentofAgriculturejoinedtheresearch
groupfromtheUniversityThisteamdevelopedagreatdeal
offundamentalinformationregardingthebiologyecology
andfeedingbehaviorofthegnatsBurgess19351951
Breedingsourcesweredeterminedlifehistorywasstudied
andalargescalebaittrappingprogramemployingchopped
liverwithureawasinitiatedintheearly1930sParman
1932BythistimetheCoachellaValleyMosquitoAbate
mentDistrictorganizedin1928specificallytoabateeye
gnatswasinfulloperation

Duringthisperiodthetotalfarmlandwasnomorethan
10000acresascomparedtosome65000acrestodayFig
ure1andTable1Therewerenogolfcoursesmotelsand
resortestablishmentsofthetypeoneseesintheValleyto
dayAtthepresenttimetherearemorethan43country
clubsandgolfcoursesFigure2andmanymorearesched
uledfordevelopmentinthisValleyprovidingidealbreed
ingandharboragehabitatsforthegnatsandpresenting
optimumconditionsforencounterbetweeneyegnatsand
theirhostsmananddomesticanimalsAdditionallythein
fluxofcityfolksintotheValleyfromnearandafarand
thephenomenalincreaseinpermanentresidentpopulation
duringthepast25yearshavegivenadifferentdimension
tothegnatproblemThistremendousgrowthoffarming
thedevelopmentofgolfcoursesandcountryclubsandthe
greatinfluxoftouristsandvisitorssince1950intothe
CoachellaValleyhasimmenselyincreasedtheproblemof
pestiferouseyegnats

Limitedbaittrappingcontinuedtobethemajorabate
mentpracticeuptotheearly1950sHoweverwiththead
ventofresidualorganochlorineinsecticidessoillarviciding
wasinitiatedusingaldrinattherateof1520lbAIacre
Thismaterialwasdiskedintothesoilanditwasbelieved
thatonetreatmentprovidedcontrolofeyegnatsfor12

Acreageofl Total

Truck Field average

3900
4100
6800
8800
11100
12200
14800
13900
14200
18400

2500
2600
2000
5500
16400
15400
14000
11200
11400
12900

14200
15200
18200
27300

44800
53200
60200
57100
57200
62300

1CitrusincludesorangesgrapefruittangerinesandlemonsDecidiousfruits includedatesgrapespeachesfigsandolivesTruckcropsincludeallvegetablesFieldcropsincludealfalfacottonsugarbeetsandpastures
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Figure1Acreageoffarmlandirrigatedandtilledsince1935intheCoachellaValley ofsouthernCaliforniawherethe

eyegnatHippelatescollusorbreedsprofuselyinthecultivatedsoil
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Figure2ThegrowthanddevelopmentofgolfcoursesandcountryclubsintheCoachellaValley ofsouthernCalifornia

Hcollusorapestiferousgnatbreedsandrestsinthesehabitatsandannoyspeopleseekingoutdoor leisureandrecreation



yearsEyegnatpopulationsweremarkedlysuppressedby
theapplicationofneworganochlorineandorganophos
phorusinsecticidestocropswhereeyegnatspropagated
andprevailedNotwithstandingthisheavypopulationsof
gnatsreappearedin195456In1956theseniorauthor
withassistancefromtheCoachellaValleyMosquitoAbate
mentDistrictwasgiventheresponsibilitytostudythe
HippelateseyegnatproblemThesuccessfulcolonizationof
eyegnatsinthelaboratoryMulla1962bmadeitpossible
tostudytheirresistancetoinsecticidesMulla1962aThey
werefoundhighlyresistanttoaldrindieldrinandothers
Theuseofthesecompoundswasdiscontinuedin1958

DDTstillseemedsomewhateffectivebuteventhis
materialatratesashighas20lbacredidnotproducea
highlevelofcontrolItsusewasdiscontinuedin196263
Atthistimesomeorganophosphorusinsecticideswereem
ployedasresidualsoillarvicidesTheirusewasalsotermi
natedby196566asdevelopmentofresistancetosoillar
vicideswasquiterapid

Sincenoeffectiveinsecticideswereathandforeyegnat
controlfarmmanagementpracticiessuchasnoncultiva
tionorcultivationofgroundthatisdryishandthe
applicationofweedoilstocovercropsandcropresidues2
25dayspriortodiskingprovidedsomedegreeofsolution
Thesepracticieshoweverwerecostlyandcouldnotbeim
plementedovertheentirebreedingandharborageareas

WiththeencouragementandassistanceoftheCoachella
ValleyMosquitoAbatementDistrictanewresearchpro
gramonthedevelopmentofchemicalattractantsandtheir
formulationswasinitiatedin1968DrYSHwanganor
ganicchemistjoinedtheresearchgroupofthesenior
authorattheDepartmentofEntomologyUniversityof
CaliforniaRiversideandstartedtoisolateandidentifythe
chemicalnatureofattractantsproducedonputrefactionof
wholechickeneggsuspensioninwater

Theuseofchemicalattractantsandthedevelopment
oftheirformulationsweretheonlypracticaloptionleft
forthemanagementofeyegnatpopulationsAsdes
cribedearliereyegnatsareattractedtoavarietyofputre
fyingproteinsamongwhichfermentedaqueoussus
pensionofchickenwholeeggpowderwasfoundtobehigh
lyattractiveMullaetal1960bcSomephysicochemical
factorsinfluencingtheattractancyofthefermentedaque
oussuspensionanditsdistillatewerestudiedHwangand
Mulla1973aAsaresultofthesestudiesanattractivema
terialpreparedbylyophilizingthefermentedaqueoussus
pensionofwholeeggpowderwasdevelopedagainsteye
gnatsanditsefficacywasdeterminedMullaetal1973
Mulla1973Variousattractiveformulationscontainingthe
putrefiedfreezedriedeggpowderandtoxicantswereform
ulatedandevaluatedMullaandAxelrod1974abThey
producedgoodattractancykillandknockdownoftheeye
gnatsThesebaitshoweverarequitevariableinefficacy
andhaveanumberofdisadvantagesinareawidecontrol
programs

Duringthecourseofourinvestigationsonthechemical
natureofattractantsemanatedfromfermentedaqueous
suspensionsofwholeeggpowderoleicandlinoleicacids
wereisolatedandidentifiedfromthefermentedwholeegg
slurrySincethesetwounsaturatedfattyacidspersewere
notattractivebutenhancedtheattractancyofthemain
attractantspresentinthewatersolublefractionofthedis
tillatetheyweredesignatedascoattractantsHwangand
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Mulla1971Thewatersolublefractionshowedweakat
tractancyagainsttheeyegnatsthereforeitwasconcluded
thatthemainattractantsexistedinthisfractionFromthe

watersolublefractionacrystallineresiduepossessingweak
attractancywasisolatedHwangandMulla1973abAll
ofthechemicalsrequiredforahighlevelofattractancy
againsteyegnatswerefinallyisolatedfromfermentedegg
andchemicallyidentifiedHwangetal1975

Progressinresearchonthechemicalnatureofvolatile
attractantsproducedonputrefactionandprobablythe
samevolatilesthatareemanatedfromthehumanbodyhas
beensignificantItisknownnowthat5chemicalsinproper
proportionsareneededtoproducehighlybioactiveattract
antformulationsfortheeyegnatsMullaetal1977The
compoundsandtheirconcentrationsare

Trimethylaminehydrochloride 25
Ammoniumsulfate 40
Indole 02
Linoleicacid 10
nButyricacid 20
Inertfishmeal 903

nButyricacidhasabadodorandisnottobeused
whereodorisaproblemThisformulationwhenplacedon
dampgroundorsubstrateliberatesgaseoustrimethylamine
andammoniaandtheotherattractantsoveraperiodofa
weekorsoTheformulationpriortoapplicationismixed
withadichlorvossugarbait11Themixtureisappliedas
spottreatments25gabout5060metersapartGnatsat
tractedbytheformulationarekilledwithinsecondsafter
theycomeinthevicinityoftheattractanttoxicantformu
lationThisnewformulationcontainingchemicalattract
antsandtoxicantisappliedtomostofthebreedingand
harboragegroundsintheCoachellaValleyCompletecover
ageisnotathandasyetTheprogramhashadgreatsuccess
intheresidentialandrecreationalestablishmentswherethe
attractantswereappliedAgriculturalbreedingsourceswith
moderateeyegnatproductionhavealsoshowndeclinesin
populationsfollowinginitiationoftheprogramHowever
eyegnatpopulationsinheavyproducingareashavenot
beenmateriallydepressedasyetInthesehabitatseyegnat
populationissohighthatthepresentsystemofcoverage
andspottreatmentshasnotproduceddesiredeffects

Researchisunderwaytointroduceimprovementsinto
theprogramandtodevelopmoreeffectiveandlonglasting
formulationsofthechemicalattractantsToxicantswith
stabilityandhighactivityarebeinginvestigatedThe
physiologyandattractionbehaviorofthetargetinsectwill
alsobeinvestigatedwhichhopefullywillleadtomoreeffi
cientuseofchemicalattractantsagainsteyegnats
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POPULATIONDYNAMICSOFCHIRONOMIDMIDGELARVAEINWESTLAKECALIFORNIA

WLKramerMSMullaandRLNorland

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

Populationtrendsofchironomidmidgelarvaeinamanmade
lakeWestlakeCaliforniawerestudiedduring19721975West
lakehaving160surfaceacres1012ftdeepwith9milesofshore
lineislocated40mileswestofLosAngelesCaliforniaataneleva
tionof870ftabovesealevelThislakewasfilledanddeveloped
during196769

Chironomidmidgelarvaldensitywasassessedbytakingbenthic
samplesat14stationsinthelakeLarvaeweresegregatedintothe
subfamiliesChironominaeandTanypodinae

INTRODUCTIONThenumberofresidentialrecrea

tionallakesdevelopedinsouthernCaliforniaisrapidlyin
creasingTheselakessoonafterfillingexperienceweed
phytoplanktonandnuisancemidgeproblemsTheselakes
aregenerallyshallowanddrainagefrombothstreetsand
lawnsintroduceslargequantitiesofnutrientsandorganic
materialintotheaquaticsystemTheintroductionofnutri
entsandtheresultingphytoplanktongrowthisparticuarly
favorablefortheproductionofnuisancechironomid
midgesasphytoplanktonconstituteanimportantfood
itemformidgelarvaeAsthelakesbecomemoreproductive
andthelowerwaterstrataundergoperiodsofoxygenreduc
tionandincreasesinmetabolicproductsofmicrobialde
compositionthenumberofanimalsadaptedtothesecon
ditionsdecreasesmarkedlyTheresultantabsenceofcom
petitionfrommanygroupsofaquaticanimalsplusthe
abilitytosurvivelowoxygenconditionswhichmayexist
forextendedperiodsduringthewarmermonthshas
allowedchironomidmidgestoexploitthesebenthichabi
tatsinshallowmanmadelakes

Duringthesummerlargenumbersofchironomid
midgesemergefromtheselakesbecominganuisancedue
totheirmatingswarmsandinvadingresidentialareasthat
havebeenconstructedalongtheshorelinesTheyalso
createaneconomicproblemforcommercialandindustrial
facilitieswhichmaybelocatednearbyChemicalandcul
turalcontrolmeasureshavebeenusedinthepasttokeep
populationsatatolerablelevel

ProblemscreatedbychironomidmidgesinsouthernCali
forniaandmeasuresemployedtocontrolthemhavepre
viouslybeenreportedMullaetal197119741975The
studiesreportedherewereinitiatedin1972atWestlake
Californiaaspartofa4yearstudytogatherinformation
onseasonalpopulationtrendsThisinformationmightbe
usefulinfuturelakemanagementprogramsandintiming
neededinsecticidetreatments

METHODSANDMATERIALSWestlakeFigure1
wasformedbytheconstructionofaconcretecovered
earthfilleddamin1966andthelakewasfilledtocapacity
in1967Thewaterlevelismaintainedbyunderground
springssurfacerunoffandtwowellsInthecenterofthe
lakethereisanislandToincreasethetotalshorelinefor
lakefronthousingandbusinessesfingersorinletsofwater

210

ABSTRACT

Overthe4yearperiod2significantchangeshaveoccurredin
themidgefaunaofthislakeFirstthenumberof larvaesteadilydeclinedfromayearlyaverageof391sample156ftin1972
to13855ftin1975Thesecondchangeinvolvedaswitchin
compositionofthe2subfamiliesfrom17Chironominaeand83
Tanypodinaein1972to79Chironominaeand21Tanypodinae
in1975Thesechangesareprobablynaturalphenomenataking
placeinresponsetochangesinthequalityofwaterandphysico
chemicalconditionsatthelakebottom

Figure1MapofWestlakeCalifornia

WESTLAKECALIF

SCALE1 1 500

extendintotheislandandthemainlandfromthetwomain

channelsofthelakeTheaveragewidthofthesefingersis
90ftandtheaveragelength750ft

Thetotalsurfaceareaofthelakeis160acresandthe
lakehas9milesofshorelinewhichisnowtotallydeveloped
withresidentialcommericalandrecreationalfacilitiesThe
averagedepthofthelakeis12ftinthemainchannelsand
8ftinthefingersThebottomsubstrateismudthroughout
mostofthelakebutincertainsmallareasthesubstrates
rangefromgraveltosandWestlakeliesatanelevationof
870abovesealevelandislocated40mileswestofdown
townLosAngelesCaliforniaand12milesinlandfromthe
PacificOcean



SporadiclarvalsamplesweretakeninWestlakeduring
theyears196871butduring1972aprogramwasdevel
opedtocollectmorecompleteinformationonseasonal
populationtrendsInJanuary197214samplingstations
aroundthelakewereestablishedandlarvalsampleswere
takenatthesesitesatregularintervalsthroughDecember
1975WatertemperaturedissolvedoxygenandpHwere
measuredatthesurfaceandmonitoredduring1972and
1973whilein1974and1975onlywatertemperaturewas
monitored

Forsamplingthebenthiclarvalchironomidmidgesan
Ekmandredge6x6x2inwasusedEachsamplewastrans
ferredtoaplasticbucketandmixedthoroughlywithwater
Thesamplewasthensievedthrougha52meshscreen
Mullaetal1971transferredtoapintplasticcontainer
andplacedonicefortransportationtothelaboratoryThe
larvaewerefloatedusingproceduresdevelopedpreviously
Mullaetal1971Aftersegregationintothe2subfamilies
ChironominaeandTanypodinaethelarvaewerecounted
usinga5Xmagnifyinglamp

RESULTSANDDISCUSSIONThespeciesofadult
midgescollectedfromWestlakeincludethefollowingtany
podinespecies ProcladiussubletteiRobackProcladius
freemaniSublettePsilotanypusbellesLoewTanypus
punctipennisMeigenandTanypusnubiferCoquillett
grodhausiSubletteAdultchironominespeciescollected
wereChironomusfrommeriAtchleyandMartinChiron
omusdecorusgroup attenuatusgroupDicrotendipescal
ifornicusJohCryptochironomusdarbyiSublettePara
chironomustenuicaudatusMallochCladotanytarsusviri
diventrisMallochandTanytarsusdendyiSublette
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Thepopulationtrendsoflarvaeinthebenthosarepre
sentedinFigure2andinsecticidetreatmentsmadeduring
thecourseofthisstudytoreducelarvalchironomidsare
alsoindicatedTreatmentsweremadewhencountswerebe

tween4050larvaepersampleandmidgeswereemerging
Inboththe1972and1973treatmentsofchlorpyrifos
Dursban1500lbsofthe2granuleformulation19
lbsAIsurfaceacrewasusedandinthe1974temephos
Abatetreatment1600lbsofthe2granuleformula
tion20lbsAIsurfaceacrewasusedTheefficacyof
thesetreatmentsvariedgreatlywithregardtothedegreeof
suppressionandlengthofactivityasisillustratedbylarval
populationtrendsfollowingtreatmentsExceptforthe
secondchlorpyrifostreatmentmadeduring1972alltreat
mentsyieldedasatisfactorydegreeofcontrolTheinactivi
tyofthesecondchlorpyrifostreatmentof1972remains
unexplained

LarvalBiologyLarvaeofthesubfamilyChironominae
buildtubesinwhichtheyliveonorinthesubstrateThese
tubesorcasesconsistofsubstrateparticleswhichare
bondedtogetherbysilklikethreadssecretedbythesalivary
glandsFeedingtakesplaceatthesubstratesurfaceChiro
nominaelarvaearemicrophagousconsumingmainlyphyto
planktonanddetritus

TanypodinemidgesinhabitingWestlakearealsobottom
dwellingbutincontrasttotheChironominaeare
atubiculousTheselarvaearefreeswimmingandgenerally
movefreelyoverthesubstratesurfaceThemouthpartsof
thisgrouparestrongandmodifiedforacarnivorousdiet
andaccordingtoMorgan1949fellowmembersofthe
familymakeupthemajorityoftheirdietAmongcarnivor
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Figure2ChironomidlarvalpopulationtrendsinWestlakeCaliforniaduring19721975
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oustanypodinelarvaetheyoungfirstinstarsarelargely
detrivoresKajakandDusage1970butbeyondthesecond
instartheyshifttofeedingonchironomidlarvaeostra
codsandothersmallcrustaccaandoligochaetesAlthough
tanypodinelarvaearepredaceoustheirdietismostlikely
variabledependingonpreyaccessibility

LarvalPopulationTrendsThepopulationdynamicsof
larvalchironomidmidgescollectedintheEkmansamples
duringthefouryearstudyarepresentedinFigure2and
thephysicalparametersmeasuredduringthesameperiod
areshowninFigure3

InWestlakemidgesoverwinterinthelarvalstagema
stateofinactivityinducedbylowertemperaturesandre
ducedprimaryproductionwhichstartinthefallAlthough
larvalpopulationsmaybehighduringthewinterFigure2
197273generallynoadultemergencetakesplaceSome
emergencehoweveroccursinthewintermonthsduring
limitedperiodsofwarmweatherwhenthelakeswater
temperatureincreasessubstantially

Chironomidemergenceusuallybeginsinthespringand
adultmidgesarepresentuntilOctoberorNovemberIfa
particularyearischaracterizedbyasynchronousemergence
suddenincreaseintemperaturesfor23weeksoftheover
winteringpopulationthelarvalpopulationmayexhibita
declineasillustratedin1974inFigure2Iftheemergence
ofoverwinteringmidgesisasynchronousyounglarvaeof
thenewyearmaybalancethenumbersofthosemidges
emergingfromtheoverwinteringpopulationthuspreclud
ingadrasticdeclineinthelarvalpopulation

Densityofchrionomidlarvalpopulationsisgovernedby
weatherphysicochemicalfactorsandpredationbyother
organismsTanypodinelarvaefeedonchironominelarvae
andfishalsoareimportantpredatorsthatfeedonlarvaeof
bothsubfamilies

InstudiesonaeutrophiclakeinIndianaGerking1962
showedthtmidgelarvaeconstituted45ofthedietofthe
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bluegillsunfishLepomismacrochirusRafinesqueandthat
anestimated50ofthemidgeproductionduringthe
summermonthswasconsumedbythisfishAlthoughthe
effectofLepomispredationhasnotbeenstudiedinWest
lakethisspeciesmakesupthemajorportionoftheWest
lakefishfaunaOtherWestlakefishspeciesincludelarge
mouthbassMicropterussalmoidesblackcrappiePomox
isnigromaculatuschannelcatfishIctaluruspunctatus
bullheadcatfishIctalurusmelascarpCyprinuscarpio
andmosquitofishGambusiaaffinis

Itisveryinterestingtonotetheswitchinbenthicfauna
ofmidgelarvaesampledinWestlakeduring197275Figure
4In1972thetanypodinefaunawasdominantbutby
1975tanypodineshaddeclinedandwerereplacedbya
chironominefaunaThisswitchinfaunaasillustratedby
Figure5issignificantinviewofitsimplicationsforlake
managementIn1975noinsecticidetreatmentswere
necessaryduetolowlarvalpopulationsbelow4050Larvae
persampleandtheresultinglowemergenceItisdifficult
topinpointtheprecisecausesofthelarvaldeclineandthe
compositionalswitchbutitmaybeexplainedbythepro
cessofeutrophication

Thetermeutrophicationreferstotheadditionofnu
trientsEutrophicationisanaturalprocessthatoccursat
varyingratesinalllakesInWestlakeandothermanmake
lakesthisnaturalprocesshasbeengreatlyaccelerated
bytheadditionofnutrientstotheaquaticsystemThese
nutrientsaremostlyintheformoffertilizersfromlawns
andstreetdrainsIncreasingthenutrientsupplyofthelake
increasestheproductionofphytoplanktonThismayresult
inadevelopingoxygendeficitforthebenthoswithpro
longedperiodsofbenthicoxygendeprivationWithinthe
limitsofautochthonusproductivitytheproductionofben
thicorganismsincreaseswithgreatereutrophicationUnder
theseconditionsfoodisgenerallyabundantandoxygen
becomesthelimitingfactor
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Figure3PhysicalfactorsmeasuredinWestlakeCalitrniaduring19721975
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Figure4Changesinrelativeabundanceofmidgelarvae
during197275inWestlakeCalifornia

LarvaeinthesubfamilyChironominaepossesshemo
globinintheirbloodwhichallowsthemtofunctionatlow
oxygenconcentrationsandforperiodsoftimetosurvive
anaerobicconditions

Tanypodinelarvaearelimitedindistributionbylow
oxygenconcentrationswhichareknowntooccuratthe
bottomduringcertaintimesinthesummerTosurvive
shortanaerobicperiodsperiodicallyoccurringatthebot
tomthehighlymotiletanypodinelarvaemayswimtoa
higherstrataofwaterwheretheconcentrationofoxygenis
probablyhigherOliver1971buttheydonotpossess
hemoglobinwhichwouldallowthemtosurviveinpro
longednearanaerobicconditionsatthebottomAscanbe
seenfromFigure2exceptfor1972tanypodinelarvae
poulationsforanygivenyeararegreaterinthefallwinter
andspringsincehigherconcentrationsofoxygenatthebot
tomareavailabletothelarvaeduringtheseperiodsascom
paredtothesummerIn1972oxygenconcentrationsap
parentlywerenotalimitingfactorandtanypodinelarval
populationswerehighthroughoutthesummer

Withfurtherincreasesineutrophicationaswellaspro
longationoftheperiodofoxygenreductionandassociated
chemicalchangestheratesofrespiratoryactivityofthe
adaptedbenthicanimalsmaybereducedIftheorganic
loadingbecomessogreatthattheconditionsatthemud
waterinterfaceareintolerabletothemostadaptedfauna
asoccursinextremelyhypereutrophiclakesproductivity
oftheanimalsdecreasesOligochaeteannelidsareoneof
thefewgroupsofbenthicfaunaadaptedtothesemostex
tremeconditionsAlthoughthescopeofthisstudydidnot
permitquantitativestudiesonoligochaetepopulations
largenumbersoftheseorganismswerecollectedinbenthic
samplesthroughoutthecourseofthestudy

TheextentandnatureofeutrophicationinWestlakeare
notpreciselyknownatthistimeAlthoughtherehasbeen
areductioninabsolutenumbersoflarvaetakenduringthe
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Figure5Changesinrelativeabundanceofthesub
familiesChironominaeandTanypodinaeinWestlakeCali
forniaduring19721975expressedasapercentageofthe
totalnumberofspecimenscollectedineachyear

studyperiodasshowninFigure4thelakeproductivityin
termsofbiomasshasprobablynotdeclinedsincemost
chironominelarvaearesubstantiallylargerandheavierthan
tanypodinelarvaeMostlikelythelakeisreachingsome
equilibriumstatewithregardtochironomidproduction
butfurtherstudieswillbenecessarytomonitorthepop
ulationlevelsinthecomingyears
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BITINGFLIESINTHELOWERCOLORADORIVERBASINIIADULTACTIVITIESOFTHE

BLACKFLYSIMULIUMVITTATUMZETTERSTEDTDIPTERASIMULIIDAE

LawrenceALaceyandMirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

Studieswereconductedthroughoutthesummerof1974and
thenperiodicallyuntilNovember1976ontheadultactivityof
SimuliumvittatumZetterstedtintheMohaveValleyofthelower
ColoradoRiverBasin

Duringthesummermonthsfliesdidnotdispersemorethan14
milefromtheriverRestingfliesshowedapreferenceforshoreline
vegetationespeciallysaltcedarDuringthecoolermonthsSvitta
tumadultsdispersedasfaras30milesfromtheriverNodefinite
preferenceforanyparticularrestingsubstratewasobservedduring
coolerweather

Twopeaksoffemalehostseekingactivityoneintheearlymorn
ingbeforesunriseandtheotherintheearlyeveningaftersunset
wereobservedduringthesummerFliesweremostactivebetween

INTRODUCTIONInanyareainhabitedbyanumber
ofSimuliumsppwidevariationsinadultbehaviormaybe
observedBradburyandBennett1974reportedaspec
trumofcolorpreferencesbydifferentspeciesofhostseek
ingadultfemalesAndersonandDeFoliart1961reported
differenthostspreferredbyseveralblackflyspeciesThe
literatureisrepletewithotherexamples

Variationsinthebehaviorofasinglespeciesmaybeob
servedindifferentenvironmentsSimuliumvittatum

Zetterstedthasoneofthewidestgeographicalandecologic
aldistributionsoftheSimuliidaeinthewesternhemisphere
ItisfoundthroughoutCanadaShewell1958andthecon
tinentalUnitedStatesStainsandKnowlton1943includ
ingAlaskaStone1952Itfeedsonavarietyofhosts
UndercertainconditionsitbitesmanreadilyReesand
Peterson1953oronlyoccasionallyMullaandLacey
1976butisreportedtopreferlargeungulatesespecially
cattleandhorsesPeterson1956AndersonandDeFoliart
1961Itismainlyanonbitingpestofmancausingdis
comfortbyswarmingaboutthefaceandearsHockingand
Pickering1954MullaandLacey1976

FewstudieshavebeenconductedonSimuliumsppin
thearidsouthwesternUnitedStatesThispaperpresentsin
formationontheadultstageofSvittatumintheMohave
ValleyareaofArizonaCaliforniaandNevadawithempha
sisonrestingsitespestiferousnessandswarmingbehavior
Thestudywascarriedoutduringthesummerof1974and
sporadicallythereafteruntilNovember1976

METHODSANDMATERIALSRestingSites
Initiallyseveralsitesandshorelineplantsweresampled
fromDavisDamtoParkMoabiCaliforniaonbothsidesof
theColoradoRivertodetermineoptimalrestingsites
Adultfliesweresampledbytaking5sweepsofthevegeta
tionwitha12inchinsectsweepnetOnceaweekinmid
morning910amrestingbehaviorwasstudiedatasite
justbelowDavisDamCollectedflieswerecountedsexed
andtheirnumbersreportedpersweepSincethesummer
heatrestrictedflypopulationstoshorelinevegetationsam
plesweretakenonlyfromshorelinetonotmorethan50ft

ABSTRACT
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lightintensitiesof1to1000ftcandlesVerylittleactivitywasob
servedduringthesummerheataftersunriseandbeforesunsetAs
thetemperaturedeclinedinthefallthetwoactivityperiodslength
eneduntiltheyeventuallycoalescedLowtemperaturesandhigh
windswerethemaininhibitoryfactorsgoverningfemaleactivity
duringthecoolermonths

Maleswarmingactivitywasinfluencedbythesamefactorsthat
governedfemalebehaviorInthesummerthedensestswarmsoc
curredintheeveningatlightintensitiesof1570ftcandlesInthe
coolermonthswhentemperaturewassufficientlyhighandwind
velocitywaslowswarminginlooseaggregationstookplace
throughouttheday

inlandfromthewaterAvarietyofplantsonwhichthe
fliesrestwereinitiallysampledhoweverpreliminarystud
iesrevealedanoticeablepreferenceforsaltcedarTamarix
pentandraPellsothereaftersamplingwasrestrictedtothis
plantStandarizedwintersamplingforrestingadultswas
omittedduetotheextremelydispersedpopulationand
brevityofourstudyvisits

FemaleFlyPestiferousness Inourstudyduetothe
lackofactuallandingandbitingbythehostseekingfemale
fliesfliesthatcamewithinoneandahalffeetofthe
samplersheadoverasixtysecondperiodwerecollected
withaninsectnetInquantitativestandardizedsampling
thesamplerremainedinsideanautomobilepriortothe
samplingperiodandbetwenindividualsamplesNon
standardizedsampleswerealsotakenwherethesampler
wascontinuouslyexposedtofliestoprovideanindexof
whatanexposedfishermancamperorworkertypically
encounters

Atthebeginningofthestudyseveralsitesalongthe
riverweresampledbothqualitativelyandquantitativelyfor
hostseekingfemalefliesSincetheareajustbelowDavis
Damwasfoundtohavethelargestpopulationofthese
fliesastandardizedweeklysamplingprogramwascarried
outthereWhenpossiblesamplingwascarriedoutoverthe
entirerangeoftheactivityperiodbothmorningandearly
eveningduringthesummerof1974Samplesweretaken
every15minutesfrom0530hrsjustbeforelightuntil
activityceasedsoonaftersunriseinthemorningandfrom
justbeforesunsetuntildarkatapproximately2000hrs
Thesamehostbaitwasusedforallquantitativepestiferous
samplings

Incidentlightintensitywindvelocityandambientair
temperatureweremeasuredjustpriortoeachsamplingwith
aGossenLunaProlightmeterDwyerwindmeterand
Cthermometerrespectively

MaleSwarmsandMatingActivity Duringthesummer
of1974maleswarmingactivitywasmeasuredconcurrently
withsamplingoffemalefliesintheDavisDamareaweekly
bothearlyinthemorningandeveningQuantitativesampl



ingofswarmswasconductedbysweepingthroughthe
swarmwitha12ininsectnetFliescollectedwerecounted
andcheckedforthepresenceoffemaleslighttemperature
andwindvelocityweremeasuredinthemannerdescribed
aboveThemajorityoftheinformationgatheredonmale
swarmingbehaviorwasqualitativesincerepeatedsampling
ofevenlargeswarmsresultedindissipationoftheswarm

ObservationsweremadenotonlyattheDavisDamsite
butalsoatLaughlinandSouthPointNevadaandatBull
headCityArizona

Informationwasalsogatheredonovipositionactivity
andnectarfoodsources

RESULTSANDDISCUSSIONRestingSites
SamplestakenbetweenDavisDamandapoint33miles
downstreamshowedthatshorelinevegetationneartheDam
harboredthedensestpopulationofSvittatumadultsMore
fliesweretakenbetweensunriseand10amthanwere

takenlaterduringthedayIntheafternoonsfliesmoved
downfromthevegetationtothemoistrocksespecially
whenthewaterlevelwaslow

In25samplingsofsaltcedarandarrowweedRuchea
sericeaatvarioussitesandtimesattheshorelinean11to
1preferenceforsaltcedaroverarrowweedwasfound
1549to145Thesetwoplantsmakeupthemajorityof
streamsideflora

Inadditiontopreferringshorelinesaltcedarinsects
chosetheshadedsideArizonaAMofthisplantfacingthe
riverovertheunshadedsidefacingtheland103to425to
1in2samplesSaltcedarispreferredasasummerresting
sitebecauseofitshightranspirationratewhichprovides
optimumhumidityforrestingadults

AdultSvittatumalsoshowedaheavypreferencefor
MesquiteProsopisjuliflorawhenitwaspresentbutthe
numbersofthisplantwererelativelylowalongtheshore
lineInadditionitprovedvirtuallyimpossibletosample
withaninsectnetbecauseitisthorny

Samplestakenatahighpopulationdensity30Aug
fromshorelineandatdistancesinlandyieldedthefollowing
results 366fliessweepfromtheshadedshoreline
Tamarix217fliessweepfromshadedTamarix30ftfrom
shore69fliessweepfromshadedTamarix40ftfrom
shoreAtalowerpopulationdensity5Septsamplingat
thesamesiteandtimeofdayfromthesamevegetation
yieldedthefollowingresults31fliessweepatshoreline
1flysweepat30ftinward0fliessweepat40ftinward
Thenegativecorrelationmeanr097betweenresting
flydensityanddistancefromtheriverislikelytobeafunc
tionofdecreasedhumidityandincreasedtemperature
Manmadestructuresattheshorelinealsoprovidedsuitable
restingsitesforthefliesBoatsdocksandthecementwalls
ofthedamforebayandspillwaysharboredrestingflies
Densitiesofrestingfliesbecamegreatenoughatpeakpopu
lationstoobscurethesurfacebelowthem

Flightactivityisinitiatedatthesesitesandfromvegeta
tiondisturbedbycontactwithmanorwavesfrompassing
boats

Theheaviestrestingpopulationsweregenerallyfound
nearthedensestlarvalpopulationsTwoofthemostpopu
latedareaswereDavisDamandRivieraBeachArizona
Converselytheportionsoftheriverwithscantlarvalpopu
lationsyieldedfewrestingadultsinthenearbyvegetation
ParkMoabiCaliforniaandtheHavasuWildlifeReserve
ArizonaharboredonlyafewofthesefliesResultsof
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quantitativesamplingatDavisDamfromAugust6toSep
tember211974duringtheperiodof910AMareshown
inFigure1AlthoughadultSvittatumemergedcontinu
ouslydefinitepeaksinpopulationdensitywereapparent
Restingfemalefliesinthisregionoftheriveroutnumbered
males129to1

Thesummerheatrestrictedbothlateralandverticaldis

persalofSvittatumfromtheriverandinthevegetation
alongthebanksseeTable1fortemperatures

Fliesremovedfromthevegetativeprotectionandexpos
edtosunlightinaveragesummerafternoontemperatures
diedwithinminutesandusuallyinlessthan60seconds

Strongwindsoccasionallyalteredrestingpopulation
densitiesbydrivingfliestoalowerpositiononthesub
strateWindsduringthesummermonthshoweverwere
generallymildandfromthesouthHighwindsinspring
fallandwinterundoubtedlyfacilitatedthedispersalof
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Figure1PopulationdensityofadultSvittatum
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adultflies2030milesfromtheriverNosuchdispersal
wasobservedinthesummer

Latefallandwinterrestingpopulationsprovedmore
difficulttoquantitatetheyweremoredispersedbutthey
werefoundingreaternumbersalongtheshorelinevegeta
tionNodefinitepreferenceforanyonetypeofrestingsub
stratewasevident

FemalePestiferousness Thepeaknumbersoffemale
fliesattractedtohumanbaitduringthesummerperiod
standardizedsamplingaregraphedinFigure2Theactual
numberofhostseekingfemaleSvittatummaybeconsider
ablyhigherundernonstandardizedconditionshostcontin
uouslyexposedAlthoughupto645werenettedmin
Sept161974withthestandardizedmethod1256flies
minweretakenduringsamegeneralperiodwhenthesamp
lerwascontinuouslyexposedFrommidAugustuntilSep
tember91974thedensityofhostseekingfemalesroughly
paralleledthedensityofrestingfliesFigure2Aparallel
ofthetwodensitieswasnotobservedpriortoorafterthis
period

Whilemanyfactorsinfluencethepestiferousbehaviorof
femaleSvittatuminthesummerontheColoradoRiver
ourstudiesindicatethatlightintensitytemperatureand
relativehumidityexertthemajorinfluencesWinds6mph
orhigherreduceactivity

Temperatureslowenoughtoinhibitadultactivitywere
notobservedduringthesummermonthsHightempera
turesinhibitedpestiferousactivityconsiderablybutactivi
tyusuallyceasedshortlyafterlightintensitiesof1000ft
candleswerereachedandbeforetemperaturesabove27C
werereachedEarlyeveningtemperaturesover35Cdid
notinhibitthefemaleflies

Webelievethatlightexertsthegreatestinfluenceonthe
hostseekingactivityofthefemalesduringthesummer
monthsPriortosunrisethetemperaturechangedvery
graduallyasthelightintensityincreasedgeometricallyIna
fewcasesmorningairtemperaturedeclinedasthelightin
tensityincreasedThiswasduetothechangeinwinddirec
tioncomingfromtheriverratherthanfromthedesert
Sometimesthereverseoccurredduringtheeveningsampl
ingsInbothcasesthereversetrendintemperaturesasre
latedtolightintensitydidnotaffectfemaleactivityappre
ciably

Thegraphicalexpressionoffemaleattractiontohuman
baitasrelatedtolightintensityisshowninFigure3
PeriodsofmoderatetohighAug7andlowtomoderate
Aug21pestiferousactivityareshownTheearlymorning
andeveningpeaksofactivityasshowninthisFigurewere
apparentthroughoutthesummerTherangeoflightinten
sitiesduringafullperiodofactivitywasgenerallybetween
1ftcandleto1000ftcandlessimilartothefindingsof
ShogakiandYoshida1956Intheirstudythebiting
activityofSnacojapiwasinfluencedbyanoptimalillumi
nationofca1001800ftcandles

Aslatesummertemperaturesdroppedtoarangeof
21C372CmaximumfortheperiodofSeptember1121
pestiferousactivitypersistedpastthe1000ftcandlelight
intensityinearlyandmidmorningAlsoduringthisperiod
therangeofhostseekingactivitywasextendedfromshore
linetoapproximatelyhmileinlandAstemperaturesde
clinedfurtherinearlyfallthetwopeaksofactivitybecame
extendedandeventuallycoalescedFigure4depictsa
typicalactivitypatternwhenaboveminimumtemperatures
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arereachedandwindvelocityisnotsufficientlyhightoin
hibithostseekingactivitylightappearstoexertlessinflu
enceonthelatefallwinterandearlyspringactivity
pattemActivityduringthisandothersamplingperiods
throughoutthecoolermonthsincreasedsharplyaftersun
risewithasubsequentriseintemperatureThelateafter
noondeclineinhostseekingfemalesFigure4wasproba
blyduetoanincreaseinwindvelocity79mphandnot
toanincreaseinlightintensityortemperaturewhichre
mainedfairlystable

Inadditiontominimumtemperaturehighwindwasob
servedtobeanothermajorfactorcontrollingtheactivity
ofpestiferousfemalefliesTable2presentsdataobtained
thedayafterthatshowninFigure4Theincreaseinwind
velocityclearlyinhibitedthehostseekingactivityof
vittatumTheactivityinwindshelteredareaswascompar
abletothatobservedthepreviousdayThroughoutthe
winteranduntilmidspringhighwindsarenotuncommon
intheMohaveValleyareaWindwasfoundtobeamajor
inhibitorofSimuliumhostseekingactivitiesinstudiescon
ductedbyGuttman1972
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Table1TemperaturesintheMohaveValleyduring
JulylstSeptember111974

Avglow
Month C

July
Aug
Sept

HumansareoccasionallybittenintheMohaveValley
butequinesandbovinesarereadilyattackedMullaand
Lacey1976Owingtothepaucityoflargemammalsin
thevalleyandthelargenumberoffliesthatareunableto
obtainabloodmealitislikelythatSvittatumisauto
genousinthisareaAutogenywasprovedforthisspecies
underlaboratoryconditionsbyWu1931andDaviesand
Peterson1956

Inadditiontothebloodmealstakenbythefemaleflies
maleSvittatumhavebeenobservedtakingnectarfrom
saltcedarblossomsArrowweedbloomsprobablycontri
buteasourceofcarbohydrateearlierinthesummerand
throughoutthespringShorelinemesquitebloomsthrough
outthesummerandprobablyprovideslocalizednectar
sourcesAlthoughfemaleflieswerenotobservedtaking
nectaritisprobablethattheyalsoexhibitthisbehavior
DuringtheactoftakingbloodmealsfemaleSvittatum
wereobservedemittingadropletofclearfluidpossibly
nectarfromtheanusSeveralothernectarsourceswerere

portedforthisspeciesbyDaviesandPeterson1956

Table2AttractionofSvittatumtohumansinhigh
windsandshelteredareasatDavisDamMohaveValley
February271976

Wind

Velocity
mph

1015

03

913

04

89

03

715

03

260
205

250

Time

0645

0647

0715

0717

0930

0932

1115

1117

Protectedfromwind

Avghigh Peak temp

C C

42

42

42

Temp
C

140

140

145

145

165

165

205

205

483

450

444

Flies
min

0

35

0

85

0

52

0

4

MaleSwarms Formationofthemaleswarmisgovern
edbyseveralphysicalfactorssimilartothosethatinitiate
andinfluencefemalehostseekingactivityAlthoughmale
swarmingactivityoccursduringthesamegeneraltimeas
femalepestiferousactivitymalesaremorenumerousand
activeinearlyeveningthantheyareinthemorning

Inthesummermaleswarmsformedjustbeforeorsoon
aftersunset18451915hrAtfirsttheyarediffuseaggre
gationsoffliesstartingatshorelineandextendingapproxi
mately15ftinlandVerticallythefliesmayoccupya
space4to30ftabovethegroundTheyarealloriented
intothewindIfthereisnobreezethefliesfacethedirec
tionofthelastgustdetectedAtthistimetheflightofthe
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individualmaleisaslowbouncingmotionusuallywith
movementoflessthanafewcentimetersinanydirection
Theinitialswarmdensitywas1to3malespersweepAs
theeveningprogressed15to30minaftertheinitialaggre
gationofmaleswarmswasformedtheswarmsbecame
largeroccupyingaspacefromshorelinetoapproximately
50ftinlandAtthistimesmallindividualswarmsbeganto
condenseovermarkersbushespeoplevehiclesLightin
tensityduringthisclumpingperiodrangedfrom75to115
ftcandlesMaleactivityincreasedconsiderably

Thesexrecognitionbehaviorwassimilartothatcited
byPeterson1962inthatthemalescollidedwithone
anotherconstantlyduringthecourseoftheirbouncing
flightpatternwithintheswarmAsmaleencounteredmale
therepulsionwasinstantaneouswithafewobservedexcep
tionswheremalesactuallypairedanddroppedfromthe
swarmOurobservationsdifferfromthoseofPetersons

withregardtomalefemalecouplinginthatthepairedflies
didnotflyverticallyoutoftheswarmbutdroppedtothe
groundorwaterUponhittingthesubstratethefemale
activelywalkedaroundwiththemalepassivelybeing
carriedincopulaIngeneralcouplinglastednotmorethan
30secondsPairsthatlandedonthewaterfloatedincopula
forafewsecondsbeforereturningtotheairseparately
Swarmdensityduringthisperiod19151930hrranged
from2to10fliespersweepandaveraged5fliespersweep

Fromlightintensitiesof70to15ftcandles19302000
hrstheswarmsbecameevendenserMalesbecameincreas
inglymoreactiveandmatedpairswereformedintheir
greatestnumbersFemalesweredetectedintheswarmsat
from05duringthisperiodThelargestanddensest
swarmsyieldedasmanyas133fliespersweepAtlightin
tensitiesoflessthan1ftcandleswarmsbegantodissipate
asfiniteentitiesalthoughmanyfliescouldbeobserved
readilyinflightafterdarkbyilluminatingtheareaUpon
illuminationhowevertheflieswereattractedtothelights

Morningswarmsfollowedasimilarpatternbutin
reverseorderandweremuchsparserthaneveningswams
Contrastedtofemalehostseekingbehaviormaleswarming
isinitiatedslightlyearlierinthemorningandoccasionally
intheeveningAlsoitendslaterca5minintheevening
andislessaffectedbywindvelocitiesof6mphorlower

Malefliesactivelyfightwindgustsof6to8mphtostay
overtheirmarkersbuttheswarmoftencondensesand
lowersinwindWindvelocitieshigherthan8mphbeginto
inhibitswarming

Asmalesgenerallyshowpreferenceformarkerson
whichtofixtheirswarmatshorelinetheybecomean
annoyancefactorattheboatingdocksandmanyotherlo
cationsPassengersdisembarkingfromtheshuttleferriesor
boatsareinundatedwithseveralthousandfliesduringpeak
populationToworsenthesituationthefliesactively
orientonmovingmarkersandpassengersaccumulateflies
astheyproceedalongthedockramps

Duringthecoolermonthsmalesaggregateinloose
swarmsgoingashighas2030ftabovegroundintheab
senceofwindMatingwasobservedtotakeplaceinthe
middleofthedayandliterallythousandsofpairswereob
servedtodropfromthelooseswarmstothegroundThese
typesofswarmsdonotoccurinthehotsummermonths

Anonhostseekingtypeofpestiferousnesswasobserved
duringthehoursofdarknessinthewarmermonthswhen
Svittatummalesandfemalesaswellaschironomid
midgeswereattractedtoindoorincandescentlightingThe



numbersoffliesattractedcorrespondedroughlytothepop
ulationdynamicsoftherestingadultsDuringpeakpopula
tionsfliesattractedtoartificiallightingbecamequite
bothersomeinterferingwithcookingandotherindoor
activitiesnearlighting

Oviposition Throughoutthesummerfemaleflies
wereobserveddippingtheirabdomensintothesurfaceof
thewaterduringflightinamannersimilartothatdescribed
byDaviesandPeterson1956andevenalightingonthe
surfaceoftheriverItwassuspectedthatthismayhave
beenapossibleovipositionalbehaviorIncoolerweather
moistrocksattheshorelineandobjectstrailinginthecur
rentdockropesetcwereobservedasovipositionsites
Oftenseveralfemaleswereobservedovipositingatthe
samesitepriortoandshortlyaftersunsetTheireggmasses
frequentlywereseverallayersthickattheselocationsFe
malesfoundaliveanddeadadheringtothestickyegg
masseswerenotuncommonUpondissectionmanyofthe
deadfemaleswerefoundwithwelldevelopedeggsstillin
theabdomenThisobservationwasalsomadebyWu
1931

OvipositionbySvittatuminlenticwaterwasobserved
byDaviesandPeterson1956Indirectevidenceforthis
activitywasthediscoveryoflarvaeinthedarknessofthe
waterchamberofaturbineatDavisDambelowLakeMo

haveTheturbinehadbeenunderrepairfor2monthsand
onlyasmalltrickleofwaterranthroughitfromtheplacid
forebayabove
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PREVALENCEOFNUISANCEMIDGESONPREMISESADJACENTTOTHE
SANTAANARIVERSPREADINGSYSTEM

ArshadAliMirSMullaMajorSDhillonandStuartJLong
UniversityofCalifornia

DepartmentofEntomologyRiversideCalifornia92521

InurbanandsuburbanareasofsouthernCaliforniashal
lowandopenfloodcontrolchannelscollectingdomestic
andindustrialwastewaterandstormwatermanmade
residentialrecreationallakessewageoxidationandpercola
tionpondsandshallowwaterspreadingstructuresusedto
percolateandreplenishsubsurfacewateraresomeofthe
typicalaquatichabitatswhichproducelargenumbersof
nuisancechironomidmidgesThesemidgesalthoughnon
bitingposepestproblemstohumansresidingneartheir
breedingsourcesbecausetheyswarmandrestinand
aroundnearbyresidentialandindustrialstructuresduring
thedaytimeAtnighttheadultmidgesareattractedtoin
doorandoutdoorlightsThenuisanceandeconomicas
pectsofthevariedproblemscausedbyadultmidgesinCali
fomiawerereportedbyAndersonetal1965Grodhaus
1963andMulla1974

InvestigationswereinitiatedinJune1974onthesea
sonalcycleabundanceandcontrolofthenuisancemidge
faunaintheSantaAnaRiverSpreadingSysteminOrange
CountyTheprogressofthisstudywasreportedinseveral
papersAliandMulla19751976ab1977abThispaper
presentsinformationgatheredduringthesestudiesonthe
speciescompositionandabundanceofadultmidgesinand
aroundvariouspremisessituatedadjacenttothewater
spreadingsystemSuchbasicinformationisnecessaryfor
developingpracticalcriteriaforthecontrolofnuisance
midges

MATERIALSANDMETHODSTheSantaAnaRiver

SpreadingSystemisdescribedelsewhereAliandMulla
1976aItcoversca300haofwaterspreadinggroundsand
consistsofanumberofshallowbasinsandafloodcontrol

channelextendingoveran11kmlongareainAnaheim
OrangeCountyCaliforniaAlongmostofitslengththis
spreadingsystemislinedwithsmallandlargebusiness
establishmentsresidencesandalsoahospitalCanyonHos
pitalca3050mawayfromthewatersedgeAliand
Mulla1975Peopleresidingorworkinginthisareaexper
iencediscomfortandsuffereconomiclossduetotheheavy
outbreaksofadultmidgeswarmsThemidgesinvademanu
facturingfacilitiesswarminsideandgetimbeddedinpaint
finishesplasticsandothermanufacturedgoods

TostudytheprevalenceofadultmidgesNewJersey
lighttrapswereusedtoattracttheadultsduringthenight
Thesetrapswerefittedwith40wattbulbsandwere
equippedwithautomatictimeswitchadjustedasneeded
tooperatethetrapsfromsunsettosunriseAtotalof3
trapsabout1kmapartfromoneanotherwereusedinthe
areabetweenImperialHighwayandRiversideFreeway

1DipteraChironomidae
2ThesestudieswerepartiallysupportedbytheOrangeCounty

WaterandMosquitoAbatementDistrictsCalifornia

3OrangeCountyVectorControlDistrictPostOfficeBox87
SantaAnaCalifornia92702
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AliandMulla1976aOneofthesetrapswaslocatedon
thepremisesofFieldHeadquartersoftheOrangeCounty
WaterDistrictoneintheCanyonHospitalandtheother
inasmallcementfactoryEachtrapwashung12mabove
theground

Midgecollectionsfromeachtrapweremadeatweekly
intervalsfromApril1975toJune1976Surfacetempera
tureofstagnantwaterinspreadingbasinsandslowlymov
ingwaterinthefloodcontrolchannelatthetimeofadult
samplingsusuallybetween8to10amalsowasmeas
uredThedailymaximumandminimumairtemperature
datawereobtainedfromrecordsoftheOrangeCounty
VectorControlDistrictspermanentweatherstationlo
catedinthearea

Inthelaboratoryadultmidgesweresegregatedinto
generaSIFrommerofDeptofEntUniversityofCali
forniaatRiversideconfirmedidentificationofsomeofthe

adultmidgesbyusingDarbyskeysDarby1962and
countedSamplescontaininglargenumbersofadultshadto
besubsampledbyweightHoweveratleast4portionof
largesampleswassegregatedtogenusandcounted

RESULTSANDDISCUSSIONAlthoughintheavail
abletimeitwasnotpossibletoprocessexamineandidenti
fytospeciesallweeklycatchesofadultmidgesarepre
sentativenumberofadultsofthemonthlycollectedgenera
wasprocessedaccordingtoBorroretal1976formicro
scopicexaminationofthemalegenitaliaThefollowing
speciesofadultmidgeswererecognizedinthelighttrap
collectionsfromApril1975toJune1976Chironomus
decorusJohannsenChironomusfrommeriAtchleyand
MartinTanytarsusnsp2and3afterSubletteDarby
1962TanytarsusdendyiSubletteProcladiussublettei
RobackProcladiusfreemaniSubletteCricotopusbicinctus
MeigenCricotopussylvestrisFabrDicrotendipescali
fornicus Johannsen Paralauterborniella subcincta

TownesCryptochironomusfulvus Johannsenand
Cryptochironomus chaetoala Sublette Adults of

PentaneuraspTanypusspPsectrotanypusspPolypedi
lumspandTribelosspdidnotoccurinthespecimens
examinedalthoughtheirlarvaewerefoundinsmallnum
bersinthespreadingsystemAliandMulla1975

Amongthespeciesofmidgeslistedaboveonlyadultsof
TanytarsussppCricotopussppChironomussppand
Procladiussppinthatorderwereofquantitativeimport
anceSeasonalabundanceofadultsofthese4generaand
thetotalmidgeadultsareshowninFigure1alongwithair
andwatertemperaturerecordsThewatertemperaturere
presentsthedaytimemeanofaminimumof5readings
takenindifferentspreadingstructuresatthetimeofadult
collectionsusuallybetween810amTheairtemperature
representsthemonthlymeantemperatureintheareade
rivedfromthedailyminimumandmaximumairtempera
tures
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ItcanbeseenfromFigure1thatadultsofTanytarsus
spppredominantlyTanytarsusnsp3afterSublette
Darby1962werepresentyeararoundandwerenumer
icallydominantthroughouttheyearChironomusspp
mostlyCdecoruswerealsopresentthroughoutthe
studyperiodbuttheirnumbersinweeklycollectionswere
muchlowerthanthoseofTanytarsussppFigure1
AdultsofCricotopusspppredominantlyCbicinctuspre
vailedinlargenumbers5004000trapweekonlyinthe
monthsofMayandJunewhilemaximumnumbers50
115trapweekofProcladiusspppredominantlyPsub
letteioccurredfrpmAugusttoOctoberCricotopusspp
trappedinlownumbersduringthewintermonthswereab
sentfromtheareaduringDecemberJanuarywhileProclad
iussppwereabsentintrapsfrommidDecemberuntilthe
firstweekofFebruaryFigure1

AdultsofTanytarsussppformed72 Chironomusspp
11Cricotopusspp15 Procladiusspp1 andtheother
midgegenera1ofthetotalchironomidadultscollected
fromApril1975toJune1976Themonthlycomposition
ofTanytarsusspprangedfrom3792 whilethatofChi
ronomusspp461 Cricotopusspp131 andProcladius

spp07ofthetotaladultstrappedeachmonthSeveral
sharppeaksofTanytarsussppwerenoticedbetweenMay
JuneandAugustSeptemberwhentheiraverageweekly
numbersrangedfrom30006000trapFigure1Tanytar
sussppdeclinedinthemonthsofJulyandearlyAugust
andalsoduringthewintermonthsNovembertoFebruary
whiletheiraveragenumbertraprangedfrom11250week
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Figure1SeasonalabundanceofadultnuisancemidgesinthevicinityoftheSantaAnaRiverspreadingsysteminOrange
CountyCalifornia

ChironomussppweremostabundantonceduringMay
JuneandthenagaininNovemberDuringthesemonths
theiraveragenumbersincreasedupto1100trapweek
Figure1BetweenDecemberandMarchadultsofChiro
nomussppdidnotexceed50trapintheweeklycatches
Overallthetotalmidgeadultsweremostabundantinthe
studyareaduringthemonthsofMayJuneandAugust
Septemberwhenthepopulationsinweeklycatchesreached
upto8000trapFigure1AdultsofDicrotendipescali
fornicusParalauterborniellasubcinctaandCryptochirono
mussppnotshowninFigure1weretakenonlyinsmall
numbersfromApriltoOctober

Figure1alsoshowsthattheabundanceofthe4midge
generawasseasonallyvariableLargernumbersofadults
occurringfromApriltoNovemberingeneralcoincided
withhigherairandwatertemperaturesduringthese
monthsSimilarlythedeclineinadultpopulationsduring
wintermonthsDecembertoFebruarywasinfluencedby
thedecreasingairandwatertemperaturesThereasonfor
lowernumberscollectedfromJulytoAugustof1975and
ApriltoJune1976mayhavebeenduetotheimplementa
tionoffieldtrialsduringtheseperiodsonchemicalcontrol
ofmidgelarvaeinsomespreadingstructuresintheareaAli
andMulla1976a1977aAlsotheperiodicdryingand
floodingofthespreadingstructuresAliandMulla1975
1977bmighthavereducedbreedingsourcesintheareaat
thesetimes

ThesestudiesshowthatTanytarsussppCricotopus
sppChironomussppandProcladiusspparethe4main



groupsofmidgesprevailinginlargenumbersinandaround
residentialbusinessandindustrialpremisesalongtheSanta
AnaRiverspreadingsystemThequantitativecomposition
ofsomeofthesegroupsdidnotnecessarilycorrespondwith
theirlarvalabundanceinbenthicmudofvariousspreading
structuresduringthesametimeperiodAliandMulla
1976ab1977abThiswasespeciallytrueforCricotopus
sppLarvaeofCricotopussppattimeswerenotas
commoninthebenthicmudinthespreadingstructures
floodcontrolchannelorspreadingbasinsasweretheir
adultsinthelighttrapcatchesandexactlytheopposite
wastrueforProcladiussppAdultsofProcladiussppeither
remainveryclosetothewaterietheirsiteofemergence
orperhapsarenotasmuchattractedtolightasdothe
othermidgegroupsTheabundanceofCricotopusspp
adultsinlighttrapsattimeswhentheirlarvaewerenotso
abundantinthespreadingstructurescanbeattributedto
thehigherlarvaldensitiesofCricotopussppintheup
streamareasofthemainriverthaninthespreadingstruc
turesandthedownstreamtransferoftheirpupaeinthe
driftAliandMullaunpublishedobservationsTheriver
watercarriesthesepupaetothespreadingstructureswhere
theadultsemerge
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SPATIALDISTRIBUTIONPATTERNSANDSAMPLINGVARIABILITYINTHE

BENTHICCHIRONOMIDFAUNAOFCLEARLAKECALIFORNIA

GaryALambertiandVincentHResh
UniversityofCalifornia

DepartmentofEntomologicalSciences137GianniniHallBerkeleyCalifornia94720

INTRODUCTIONThebenthicdipteranfaunaofClear
LakeCaliforniahasreceivedconsiderableattentionfrom
aquaticbiologistsoverthepastseveraldecadesmainlybe
causeofnuisanceproblemscreatedbythenonbitingchao
boridgnatChaoborusastictopusDyarandShannonPrine
etal1975Thepurposeofthepresentstudyistoexamine
spatialdistributionpatternsandtheirinfluenceonsampling
variabilityinthebenthicmidgepopulationoftheOaks
ArmofClearLakeSeveralinvestigatorshaveidentified
substratepreferencesasinducingnonrandomnessindistri
butionalpatternsinloticecosystemsScott1958Ulfstrand
1967Allan1975Howeverthedistributionalpatterns
thatoccurwithinanareaofuniformsubstratesuchas
foundintheprofundalhabitatsoflenticenvironments
havenotbeenexaminedindetail

AlleyandAnderson1968examinedthespatialdistri
butionpatternsofLakeMichiganmacrobenthosand
reportedthatlarvalchironomidswererandomlydistributed
inanareaofsanddetritussubstrateatadepthof17m
LikewiseRicker1952reportedarandomdistributionfor
larvalchironomidsinCultusLakeBritishColumbiaHow
everbothstudiesexaminedthespatialdistributionsofthe
benthosatthefamilyratherthanatthespecieslevelPater
sonandFernando1971reportednonrandomdistribu
tionsforseveralspeciesofchironomidsaswellasforthe
familyinshallowwaterhabitats05 30mindepthof
severalCanadianlakesTheysuggestedthattherandomdis
tributionsreportedinpreviousstudiesmayactuallyhave
beennonrandompatternsifthechironomidshadbeenex
aminedatthespecieslevelPatersonandFernando1971
identifiedhabitatheterogeneityoftheshallowwaterenvi
ronmentsastheprimaryfactorcontributingtonon
randomnessindistribution

Thefailuretoexaminemidgelarvaeatthespecieslevel
inpreviousstudiesisprimarilycausedbydifficultiesin
identifyinglarvalchironomidstothespecieslevelHowever
underlyingspeciesspecificdistributionalpatternsmaybe
maskedwhenlarvaeofdifferentspeciesarecombinedinto
asingletaxonThelarvalstagesofClearLakemidgesare
relativelywellknownandspecieslevelidentificationswere
usuallypossibleforfourthinstarindividualsThereforein
thisstudydistributionalpatternsforbothspeciesand
familylevelclassificationswerecompared

MATERIALSANDMETHODSClearLakeisa

shallowhighlyeutrophicnaturallakeofapproximately
16200haandanaveragedepthofabout65mCook
1967TheOaksArmislocatedattheeasternendofthe
lakeandisapproximately7kmby25kmatitswidest
pointandaveragesabout11mindepthGoldmanand
Wetzel1963

Atotalof136quantitativesampleswerecollectedfrom
theOaksArmoverfivesamplingdatesfromJune211976
toOctober71976Twolargeseriesofsamplesn30
fromsinglesitesweretakenonJuly13andOctober7in
ordertodetermineconformanceofthebenthicspeciesto
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variousspatialdistributionmodelsTable1Bothsites
werelocatedintheprofundalareanearthegeographical
centerofthearmThesiteswerecharacterizedbyauni
formsiltandmudsubstrateasdeterminedbyWentworth
ScalemeasurementsSampleswerecollectedwithan
Ekmangrabsampler0004matadepthof12mAny
grabswhichfailedtofillthesamplertocapacitywithsedi
mentwerediscardedEachsamplewassievedinthefield
withaUSSieveNo3510meshespercmretaininglar
vaewithheadcapsuleslargerthan05mmindiameter
whichwereprimarilyfourthlastinstarchironomids
Somelatethirdinstarlarvaewerealsoextractedbutthose
werenottreatedintheanalysisSampleswerepreservedin
5formalin

Thebinomialfamilyofdistributionswhichdescribes
thedispersionoforganismsinspaceservedasthemodel
forthedistributionalpatternsdisplayedbythebenthiclar
vaeRandomdistributionsaredescribedbyaPoissonseries
ofnumberswhichrequiresthatthereisequalprobability
ofanorganismoccurringatanypointinspace

x X
Px e

x
wherePXistheprobabilityofxindividualsinasampling
unitXisthemeanofthepopulationandeisthebaseof
naturalNapierianlogarithmsElliot1971

Clumpedorcontagiousdistributionsaredescribedby
negativebinomialorlogarithmicdistributionsTheexpon
entkofthenegativebinomialdistributioniscalculated
foreachtaxonusingthemaximumlikelihoodequation
Southwood1966Alsocalculatedistheindexofdispers
ionI thevariancetomeanratio

Samplesizestatisticsarecalculatedtoquantifythe
numberofsamplesrequiredtoobtainasamplemeanwithin
aspecifiederroroftheestimatedpopulationmeanwitha
chosenprobabilitylevelThesamplesizeNiscalculated
bytheformula

N

wherexisthearithmeticmeansisthestandarddeviation
Disthedesiredlevelofaccuracyasadecimelandtisthe
tstatisticforthechosenprobabilitylevelandn1degreesof
freedomSouthwood1966

RESULTSFauna ThezoobenthosiftheOaksArm

consistedofChironomidaeandChaoboridaeDiptera
Table1variouscrustaceansandhighdensitiesofoligo
chaetesIndividualsofProcladiusChironomidaecouldnot
beidentifiedbutatleastthreespeciesPfreemaniSublette
PsublettiRobachandPbellusLoewareknowntoco
existinClearLakeGGrodhausperscommChirono
musChironomidaelarvaeinthefourthinstarcouldbedis



Table1DescriptivestatisticsresultsofKolmogorovSmirnovandchisquaregoodnessoffittestsforaPoissonseries
andsamplesizestatisticsforChironomidaeandChaoboridaeoftheOaksArm 05foralltestsIindexofdispersion
kclumpingstatistic0approachinginfinityNsamplessizestatisticDspecifiederrorofthemean

Chaoborus

astictopus
Statistic July Oct

Chironomus

plumosus
July Oct

Chironomus

frommeri
July Oct

X Sx 033 010 1020 050 1613

013 0056066 016 089

S 051 009 1313 074 2364

152 093 129 148 146

k 063 y0 00 070 0

Kolmogorov
Smirnov

criticalvalue 024 024 024 024 024 024 024

teststatistic 068 087 008 057 011 087 006

Chisquare
criticalvalue 384 384 1692 384 1692 384 2368

teststatistic 077 006 357 156 1333 006 651

X
pvalue p04 p80 p90 p20 p15
N 469 931 13 296 10

D20

tinguishedtospeciesbycharactersoftheheadcapsuleand
twospeciesCplumosusLinnaeusandCfrommeri
AtchleyandMartinwerethepredominantrepresentatives
ofthegenusintheOaksArmTable1

SpatialDistribution Spatialdistributionpatternsof
theOaksArmbenthicfaunawereexaminedforJulyand
Octobersamplesforspecificgenericandfamilytaxonomic
groupingsThedistributionalpatternsofthebenthicmidges
inJulyweretestedforagreementwithPoissonseriesof
numbersorrandomdistributionalpatternsbyvarious
statisticaltestsincludingthechisquaregoodnessoffittest
Elliot1971andtheKolmogorovSmirnovtestSkaland
Rohlf1969Table1Thedistributionalpatternsofall
chironomidtaxainJulyconformedtoPoissonseriesof
numberswhichindicatedrandomdistributionsforthe
speciesCplumosusandCfrommerithegeneraProcladius
andChironomusandforthetotalmidgebenthosFigure1
Table1Twodispersioncoefficientstheindexofdisper
sionIandtheexponentKalsoindicatedrandomdistribu
tionsforthechironomidtaxaApproximationtounityfor
theindexIimpliesarandomdistributionasdoesavalueof
kgreaterthan80Maximumcontagioniealogarithmic
serieswouldbeindicatedatkequalszeroSouthwood
1966

InOctoberayoungerageclassstructurewaspresentin
thechironomidcommunitywhichresultedinagreater
numberofearlyinstarlarvaeandfewerfourthinstarlarvae
beingcollectedTable1ThegeneraChironomusandPro
cladiusdisplayedspatialpatternsapproachinglogarithmic
distributionsduetothefrequencyofzerocountsbeingre
cordedforthesamplesandtheconsequentskewingofthe
distributionsFigure1Thechisquaretestforgoodnessof
fittoaPoissonseriesindicatedthatthosegeneraandtotal
midgebenthoscouldberandomlydistributedinOctober
Table1HowevertheKolmogorovSmirnovtestfor
agreementwithaPoissonseriesindicatedthatthosedistri
butionswerenonrandomAgainthelowdensitiesofthose

010 2633

0056112

009 3747

093 142

00 400
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Chironomus

spp

July Oct

060

016

080

133

128

Procladius

spp

July Oct

2370

124

4704

198
00

113

021

129

114

895

Total

Benthos

July Oct

5037 193

180 023

10079 165

200 085
00 400

024 024 024 024 024

052 012 029 020 026

384 2236 781 2887 949

129 733 075 2145 088

p90 p95 p25 p85 p85 p25 p90
931 6 220 9 102 4 45

taxaandofthespeciesCplumosusandCfrommerimay
beresponsibleforthisindicationofcontagiousdistribution
inOctoberasmeasuredbytheKolmogorovSmirnovtest
whichismoresensitiveatsmallersamplesizesn100
TheClearLakegnatChaoborusastictopuswaspresentin
verylowdensitiesthroughoutthesamplingperiodTablel
andalsodisplayedaspatialpatternapproachingalogarith
micdistributionUnlikethechironomidbenthosnodis
tinctdifferenceinageclassstructurewasdetectedbetween
JulyandOctoberbyoursamplingtechnique

Thenumberofsamplesrequiredtoproducean
estimatedmeanwithin20ofthepopulationmeanwith
95probabilityarangesuggestedbyElliot1971as
appropriateforbenthicsamplingwascalculatedforeach
taxonTable1InJulytherequiredsamplesizeamongthe
chironomidbenthosvariedfromN4forthetotalbenthos

toN13forCplumosusIncontrasttherequiredsample
sizeforOctobervariedfromN45forthetotalbenthosto

N931forCfrommeriExtremelylargenumbersof
sampleswouldhavebeenneededtoestimatethemeanof
ChaoborusastictopusduringeithersamplingdateN469
931

DISCUSSIONSubstrateheterogeneityhasbeenidenti
fiedascontributingtononrandomnessinthedistribution
ofzoobenthosinrunningwaterenvironmentsScott1958
Ulfstrand1967Egglishaw1969BarberandKevern1973
TherelativelyuniformsiltandmudsubstrateoftheOaks
ArmofClearLakemayindicatethatrandomdistributional
patternsforthezoobenthoswouldbeexpectedduetothe
reductioninmicroenvironmentalvariationContagiousdis
tributionsofChironomidaeasnotedforshallowwater
benthosPatersonandFernando1971mightindicateone
orbothoftwothings1microenvironmentalvariationre
sultinginaggregationinpreferredhabitator2abehavior
alcomponenttoaggregationIntheOaksArmaggregation
duetomicroenvironmentalvariationappearstobelacking



Noinformationisavailabletotestthesecondpossibility
buttherandomdistributionalpatternssuggestthatbehav
iorisnotamajorfactorinfluencingthespatialpatterns
withinthebenthiccommunityoftheOaksArm

ThecontagiousdistributionsexhibitedbyCastictopus
throughoutthesamplingperiodandbythechironomid
benthosinOctoberwereapparentlyproducedbythe
changingageclassstructureofthecommunitywhichisa
functionofthephenologyofthosespeciesSomeinterest
ingphenologicalpatternsorspatialdistributionsmight
emergewithmoreintensivesamplingofthezoobenthosAn
alternativemethodtoincreasingthesamplesizeduring
thoseperiodswouldincludeincreasingthedimensionsof
thesamplingunittoincludelargernumbersoflateinstar
larvaethusreducingthenumberofzerocountsordecreas
ingthemeshsizeoftheseivetoretainearlierinstarlarvae
Itisevidentfromthisstudythatabenthicsamplingregime
orprocedurethatisappropriateduringonepartofa
specieslifecyclemaynotbesuitableduringotherperiods

Theaccuracyofquantitativebenthicsamplingandthe
reductionofsamplingvariabilitymaybelargelydependent
onsubstrateheterogeneityUndoubtedlythismayonlybe
oneofamultitudeofextrinsicandintrinsicfactorsthatin
fluencethespatialdistributionofapopulationHowever
theestablishmentofthespatialdistributionpatternofa

NUMBEROFLARVAEPERGRAB004m

Figure1FrequencydistributionsforselectedspeciesofChironomidaeintheOaksArmofClearLakeABC July
distributionsD Octoberdistributions
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speciescoupledwithitscorrelationwithasignificantfactor
suchassubstratecanprovidethebasisforastatistically
soundandrepresentativesamplingprogram
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