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ENCEPHALITISVIRALACTIVITYANDVECTORPOPULATIONSIN

CALIFORNIA PRESENTANDFUTURECONCERNS

WilliamCReevesandMarilynMMilby
UniversityofCalifornia

DepartmentofBiomedicalandEnvironmentalHealthSciencesSchoolofPublicHealth
BerkeleyCalifornia94720

Weappreciatedyourinvitationtopresentreportsonour
studiesthataresupportedbyspecialfundsformosquitore
searchfromtheStateLegislatureOriginallyIplannedtopre
sentanoverviewofthewidevarietyofstudiesourresearch
teamhasdevelopedHoweverdevelopmentscausedmeto
shiftfromthisobjectiveandtodevotetheallotedtimeprimar
ilytotheconsiderationthataresurgenceofmosquitopopula
tionsandvectorbornediseasesinCaliforniacanbeexpected
asadirectresultoftheapproximate60cutinfundsavailable
formosquitocontrol

Youwillstillhaveanopportunitytoacquaintyourselves
withthebreadthofresearchbeingcarriedoutOurstaffispre
senting8papers3onbasicgeneticstudiesonCulextarsalis
andAedessierrensisAinsley1979Asman1979McDonald
19792onmarkreleaserecapturestudiesMilby1979
NelsonandMilby19792onvectorcompetenceKrameret
al1979Meyeretal1979and1onpotentialuseofenzyme
markersforstudiesoffieldpopulationsHouketal1979

BACKGROUNDAprimaryobjectiveofourresearchover
thepast35yearshasbeentoobtainandanalyzerecordson
thelevelsofmosquitovectorpopulationsthatareassociated
withviralactivityandclinicalcasesofwesternequineenceph
alomyelitisWEEandStLouisencephalitisSLEAsyour
programstocontrolCxtarsalisandAedesmelanimonbecame
increasinglyeffectiveencephalitisalmostdisappearedfromour
stateDatafromtheStateDepartmentofHealthServices
dramaticallydocumentedthisachievementFigure1With
thisdevelopmentwereorientedourresearchprioritiesand
focusedattentiononnewresearchareassuchasvectorcompe
tencetotransmitvirusesvectorgeneticsandstatisticalmodel
ingofvariablesthataffectthecontrolofvectorpopulations
andepidemicoccurrencesTheevolutionofthisresearch
effortwasreviewedatyour1976ConferenceReeves1976

Nowanewvariablehasenteredintothefactorsthatmay
leadtoaresurgenceofencephalitisandmalariainCalifornia
andthatisthepassageofProposition13YourAssociationhas
projectedthatthisactionwilldecreasethefundsformosquito

ThesestudiesweresupportedinpartbyResearchGrantAI03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesGeneral
ResearchSupportGrantIS01FR05441fromtheNationalInstitutes
ofHealthandbyUSArmyContractGrantsNoDAMD1774
C4128andDAMD1777C7018USArmyMedicalResearchand
DevelopmentCommandWashingtonDC

1

January28 311979

controlfrom18000000to8000000peryearoncereserve
fundsandstatereliefareunavailableWebelievethataninevi
tableresultofthisdevelopmentwillbearesurgenceofvector
populationsandthatinsomeyearsWEEandSLEcasescould
occuratthelevelsexperiencedinepidemicsinthe1940sand
1950sYourPresidentMrGilbertChalletandIdocumented
theseconcernsintestimonybefore3SenateCommitteeson
November151978

Todaywewishtodiscuss4subjectsthatshouldbeofinter
esttothisaudience

1Theevidencethatfavorsaresurgenceofvectorpopulations
andviralactivity

2Projectionofthenumberofcasesofencephalitistobeex
pectedifthereisarecurrenceoftheattackratesexperienc
edinthe1950s

3Thepossibleneedtoutilizeaportionoflimitedfundsthat
areavailableforaselectivecontrolprogramaimedatcon
troloftheolderagedanddiseasetransmittingadultfemale
mosquitoes

4Theneedtomaintainahighlevelofsurveillanceonmos
quitopopulationsandviralactivityifwearetoanticipate
andpreventepidemicsanddocumenttheimpactofde
creasedrevenuesformosquitocontrol

RESURGENCE OF VECTORPOPULATIONSAND

VIRALACTIVITYExperiencein1978illustratedthecapac
ityofCxtarsalisandtheencephalitisvirusestorapidlyreturn
tohighlevelsofactivityInthespringtheStateDepartment
ofHealthServicesanditsconsultantsrecognizedthatthere
cordlevelsofrainfallsnowpackandriverrunoffwouldposea
challengetoyourcapacitytocontrolCxtarsalisandother
vectorsCaliforniaMorbidity1978Wedidnottakeinto
considerationthattherewouldbeadrasticdecreaseinthetax
baseforvectorcontrolasthatdecisioncamelater

Wehaveanalyzedthelighttraprecordsfrom23Districtsin
theCentralValleyfor19691977and1978withparticular
concentrationontheurbanindicesforwhichthereisacontin
uousrecordThelastyearofamajorwatersurplusinthestate
was1969TheseasonalindexforCxtarsalisfemalesin1978
washigherthanin1969in87oftheCentralValleyDistricts
andhigherthanin1977in80oftheDistrictsInsomeDis
trictstheincreasesrepresenteda5to10foldriseover1977
levelsTable1



400

350

300

250

200

150

100

50

0
1945 50

WesternEncephalitis

StLouisEncephalitis
i

55

WefoundthattheseasonalaveragelevelsofCxtarsalis
werehighenoughinoverhalfoftheCentralValleyDistrictsto
expectWEEvirustobeactiveandinatleast2Districtsthere
weresufficientvectorsthatWEEandSLEcasescouldoccur
Table1WedidnotexperiencethepeaklevelsofCxtarsalis
thatwereassociatedwithhighviralactivityandepidemicsin
the1950sAmajorcreditmustbegiveninthepreventionof
suchincreasesinvectorpopulationstoyourcontroleffortsin
cludingtheuseofamajorproportionorallofreservefunds
andwhateveremergencyrelieffundsbecameavailableinsome
Districts

Asasecondtypeofstudywemaintainsentinelflocksof
chickensinKernGlennButteSutterYubaandPlacer
Countiesasapartofthegeneralsurveillanceprogramonen
cephalitisvirusesinCaliforniaWehaverecordsofviralactivity
andvectorpopulationsintheseareasthatextendovermany
yearsBloodtestsonover400sentinelchickensfromthese
areasin1977gavenoevidencethatWEEorSLEviruseswere
activeInfactsince1973antibodiestoWEEorSLEhad
developedonlyoccasionallyinasinglebirdorafewbirdsat
isolatedsitesintheCentralValleyindicatingthattheviruses
werejustpersistingorwerereintroducedbrieflyIn1978the
situationchangeddramaticallyasWEEinfectionratessoared
Thirtyseven ofchickensbecameinfectedintheSacramento

Valleyflocksand15intheKernflocksTable2Infection
occurredat20of21flocklocationsintheCentralValley
TherewasnoevidencethatSLEviralinfectionoccurredin
thesebirds

Theabovedevelopmentgaveusanotheropportunityto
lookattherelationshipbetweenlighttrapindicesforCxtar
salisfemalesandviralactivitySeasonallighttrapindiceshad
rangedfrom02to200pertrapnightatthe21sitesAnanal
ysisoftherelationshipsofvectorpopulationstothepercent

60
YEAR

2

65 70 75

Figure1NumberoflaboratoryprovencasesofWesternandStLouisencephalitis California1945 1977Source
CaliforniaStateDepartmentofHealth

ofsentinelchickensthathadbecomeinfectedwithWEEvirus
showedaverysignificantcorrelationp 004Table2

DrEmmonsinhispresentationonthisprogramwillreport
thediagnosisof12clinicalcasesofWEEinhorsesItisofpar
ticularinterestthat8ofthe12casescarnefromtheSacramen
toValleywherethehighestlevelsofvectorpopulationand
sentinelchickenconversionsoccurredTheonlydiagnosed
caseofSLEwasfromSouthernCaliforniaandthisfitwiththe

recoveriesofSLEvirusfrommosquitoesinthatregion
TosummarizeWEEvirusresurgedintheCentralValleyin

1978andthelevelsofvectorpopulationrosesignificantlyin
manyDistrictsThesequenceofeventsconfirmedearlierob
servationsReeves19681970Olsonetal1979thatlight
trapindicesareavaluablepredictorforviralactivityandthat
WEEviruswillbeactivewhenvectorpopulationsarebelow
thoserequiredfortransmissionofSLEvirusIftheCxtarsalis
populationsinfutureyearsremainashighorbecomehigher
thanin1978weexpectthatWEEviruswillbeactiveandthat
humanandequinecaseswilloccurWithanyincreaseinCx
tarsalispopulationsSLEvirusshouldreappearintheCentral
ValleyTheisolationsofSLEvirusfromtheImperialValley
indicateitisstillhighlyendemicinCaliforniaEmmonsetal
1978Worketal1977WearenowanalyzingweeklyCx
tarsalislighttrapindicestodeterminehowtheycorrelatewith
viralactivityThiscouldleadtodevelopmentofanearlypre
dictionmodelandincreaseyourabilitytoutilizetherecords
forearlyprogramdecisions

EXPECTEDNUMBEROFHUMANCASESINFUTURE

YEARSWedidaratherinvolvedanalysistodeterminewhat
numberofWEEandSLEcaseswouldoccurifattackratesthat

prevailedforWEEin1952orforSLEin1954occurredagain



Table1SeasonallighttrapindicesofCulextarsalisfe
malesfrom23mosquitocontrolagenciesintheCentral
Valley19691977and1978

Agencyandtraprecord

SacramentoValley
ButteRural
ColusaRural

GlennRural
LosMolinasRural

SacramentoYoloUrban
ShastaUrban

SutterYubaUrban

TehamaUrban

NorthernSanJoaquinValley
EastsideUrban
MercedUrban

NoSanJoaquinUrban
SanJoaquinUrban
TurlockUrban

SouthernSanJoaquinValley
ConsolidatedUrban
DelanoRural

DeltaUrban

FresnoUrban
FresnoWestsideUrban

KernUrban

KingsUrban
MaderaUrban

TulareUrban

WestSideUrban

1969 1977 1978

34 303 446CSW
NA 24 159N
NA 119 456C
NA 06 59W
13 03 41W
08 NA 23W
14 08 38W

107 NA 95W

01 01 01

12 03 07

11 04 11W
02 02 03

03 01 01

04 00 01

NA 05 52W
06 01 02

01 00 01

12 06 28W
41 06 02

15 04 12W
12 NA 03

05 08 17W
46 16 16W

NAnotavailable

WIndexhighenoughforWEEviralactivity
SIndexhighenoughforSLEviralactivity
CIndexhighenoughforhumanencephalitistooccur

inthehumanpopulationthatpresentlyresidesintheSanJoa
quinandSacramentoValleysWetookintoconsideration
that

1ThepopulationoftheCentralValleyhasalmostdoubled
from1831800in1952to3239700in1978

2Inthe1950sinapparentinfectionsproducedhighimmuni
tyratesinolderresidentsCurrentlyinapparentinfections
areuncommoninallagegroupsAsexamplesearlierthe
immunityrateforWEEinsamplesfromthe2049age
groupwasaround19 nowitislessthan4 SLEimmun

ityratesinthesameagegrouphavegonefrom24in
earliersamplestolessthanhalfthatlevelInchildrenless
than10yearsofagetherearefewornoimmunesThis
meansthatamajorityofthepopulationhasbeenprotected
frominfectionsbymosquitobiteforthepast10to20
yearsandtheresultisadecreaseinbothclinicaldiseaseand
immunitylevels

3Theratioofclinicaltoinapparentinfectionsinthediffer
entagegroupsinfutureepidemicswillbethesameasinthe
pastInfantsandtheelderlywillbeparticularlyhighrisk
groupsforWEEandSLErespectively

Ifvectorpopulationsandviralactivityreturnedtothe
levelsofpastepidemicyearswecouldnowexpecttohave
686ratherthan368confirmedWEEcasesasin1952and207
ratherthanthe95confirmedSLEcasesthatoccurredin1954
Table3Ifbothdiseasesoccurredinthesamesummerthere

3

Table2CorrelationsofseasonalfemaleCulextarsalis

lighttrapindicesandproportionofchickensinfectedwith
WEEvirusCentralValley1978

Seasonallighttrapindex Chickeninfections County

9Cxtarsalis
Rank trapnight Rank positive

1 2000 3 61 Butte

2 1145 12 16 Kern

3 1116 17 10 Sutter

4 446 1 80 Glenn

5 289 5 48 Glenn

6 232 75 32 Yuba

7 211 5 48 Yuba

8 183 5 48 Placer

9 155 105 18 Butte

10 148 145 13 Kern

11 94 105 18 Kern

12 68 75 32 Kern

135 62 13 14 Kern

135 62 145 13 Kern

15 40 18 9 Kern

16 39 205 5 Yuba

17 35 2 70 Yuba

18 31 9 25 Kern

19 26 16 11 Butte

20 10 205 5 Butte

21 08 19 8 Kern

22 02 22 0 Kern

tRankcorrelationcoefficient 594p01

wouldbe893casesandthatmeansthat25ofeach100000
residentsoftheCentralValleywouldhaveencephalitisMany
ofthehospitalizedcasesininfantsandelderlypersonswill
haveapermanentdebilitatingbraindamagethatrequirestheir
continuouscareformanyyearsManymorepersonsperhaps
1000ofevery100000residentswouldhavealesssevereun
recognizedinfectionthatdidnotrequireintensivemedical
careandhospitalization

Youwillnotethattheaboveprojectionsdonotinclude
estimatesofcasesinthelargepopulationthatlivesinSouthern
CaliforniaWehaveneverexperiencedanepidemicinthatre
gionandthenumberofsporadiccasesandavailableback
groundinformationdonotallowaccuratepredictionsHow
everweknowthatWEEandSLEviruseshavebeenactivein
partsofthesouthernareainmostrecentyearsEmmonsetal
1978Worketal1977Itistobeexpectedthatastatewide
epidemicwouldincludesomeSouthernCaliforniapopulations
andthisprobablywouldaddsufficientcasestoincreasethe
totalnumbertoover1000cases

InaseparateanalysisOlson1977predictedthatthere
wouldbeatleast100WEEcasesinhorses81per100000in
asingleyeariftheattackratesinpastepizooticsrecurredin
thepresentequinepopulationWewouldremindyouthatthe
StateVirusLaboratoryreported12confirmedWEEcasesin
horsesthispastsummer

Thecostofrespondingtoanepidemicoftheabovemagni
tudewouldbemuchhigherthantheannualcostofpreventing
anepidemicwhichhasbeenourobjectiveforover20years
RecentexperienceisrelevanttoourconcernIn1978there
wasawatersurplusandwewereconcernedtherewouldbean
epidemicAnumberofareasofCaliforniaweredeclared
disasterareasbecauseofphysicaldamagefromfloodingThese
conditions led mosquito control agencies torequest
2700000indisasterrelieffunds392000wasapproved
andthelatestfiguresindicatethat125000finallywas
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awardedThisamountofmoneyinactualityprovidedlittle
ornoreliefitwaspeanuts Thepaperworktoobtainthe
fundsamountedtowhatlookedlikealatespringandearly
summerblizzardTheuseofreservefundsandanunusuallevel

ofdedicatedeffortbythemosquitocontrolstaffsatleastpar
tiallyminimizedtheproblemin1978Howeveraswasindi
catedearliertherestillwasaresurgenceofvectorpopulations
viralactivityandcases

Presentdecreasesinfundingwillleadtoarapiderosionof
ourcapacitytomaintaineffectivecontrolprogramsLosses
thatarealreadyoccurringorcanbeanticipatedarein
1Professionallytrainedstaff
2Equipmentbecomingantiquatedornonfunctional
3Sourcereductionprogramssuchasdrainageanddiking

systemsandwastewatersumpscannotbemaintained
4Decreaseswilloccurincontinuingeducationofwaterusers

andthepopulationregardingmosquitoproductionanddis
easerisk

5Presentlyeffectiveinformationgatheringandwarning
systemsregardingvectorpopulationsviralactivityandclin
icalcasescanbecomelesseffective

Californiahasbeenknownforsometimeasthestatewitha
mosquitocontrolandmosquitobornediseasepreventionpro
gramsecondtononeintheworldThepopulationhasbeen
protectedfromdiseaseandpestannoyanceWehaveheardit
saidthatifanepidemicdoesthreatenwewillnowhaveto
turntoStateandFederalAgenciesforemergencyfundsman
powerequipmentandmaterialsandthattheycanreplacethe
resourceswehavelostonshortnoticeThatisnottrueInthe
eventofanimpendingepidemicofencephalitiswithcasesbe
ginningtooccuritwillprobablytakeover10000000in
emergencyfundstosupplementthepresentlyavailable
8000000inlocalrevenueThiswouldallowustomounta
partiallyeffectiveemergencyprogramManpowerequipment
andmaterialsstillwillhavetocomeprincipallyfromLocal
sourcesoncefundsbecomeavailableNoneofthesupplement
alfundswillbespentonpermanentlongrangesourcereduc
tionprogramsThefundingwillbestoppedoncetheemer
gencyisterminatedbycontrolorbytheonsetofwinterand
associateddecreasesinvectoractivity

Letusturnnoweventhoughbrieflytoaconsiderationof
malaria adiseaseforwhichwehaveevenlessofabasisfor
predictionsMalariausedtobeendemicinCaliforniaThe
vectorsAnophelesfreeborniandAnophelespunctipenniswere
identifiedandproceduresfortheircontrolevolvedThedis
easedisappearedinareaswherecontrolprogramswere
mountedbutanenigmawasthatthediseasealsodisappeared
inareaswherenopurposefulcontrolwasdoneWehaveas
sumedthatreductionsinthedegreeofeffectivecontactbe
tweentheAnophelesandhumanhostswasproducedbothby
vectorcontrolandbysocialchangessuchasimprovedhousing
andtheincreasedavailabilityofalternatesourcesofblood
mealsforthevectorssuchasdomesticanimalsThedisease
wasdeclarederadicatedfromtheUnitedStatessomeyears
agoItisironicthatwiththeresurgenceofmalariainmany
partsoftheworldtheStateDepartmentofHealthServices
hasreported225diagnosedcasesinCaliforniain1978Thisis
over30ofthe694casesreportedintheUnitedStatesFor
tunatelyithasbeenpossibletotraceeachcaseinCaliforniato
arecentexposurewhiletravelingorinresidenceoutsidethe
UnitedStatesBydefinitionthisdiseaseeventhoughcom
monlydiagnosedisstilleradicatedfromourstateHowever
theaboveobservationshavebeenoflittlecomforttoagencies
suchastheSutterYubaMosquitoAbatementDistrictwhen44
ofthecasesoccurredintheirareain1978aloneThatDistrict
hadlittlechoiceeachyearwhencaseswerereportedbutto
followupeachcasewiththeassumptionitcouldbealocally



transmittedinfectionandthattherewasapotentialsourcefor
additionallocaltransmissionThisisacostlyanddemanding
obligationWedonothavetheinformationregardinglevelsof
vectorpopulationhumansourcesofinfectionsusceptibles
exposedandenvironmentalfactorsaswedoforencephalitis
thatwillallowustopredictifmalariawillbecomeendemic
againWehavehadtoassumethatitcouldasitdidinthepast
Wedohaveextensiverecordsofthepopulationlevelsof
Anophelesthroughoutthestatethankstoyouraccumulated
lighttraprecordsTheserecordswillbeavaluableresourceto
determinethelevelsofvectorpopulationassociatedwith
secondarytransmissionifitoccursbutthatwillbeoflittle
consolation

CONSIDERATIONSOFSELECTIVECONTROLMEAS

URESMostagenciesrepresentedinthisaudiencehavebeen
forcedtothedecisionthatthelimitationsinfundsformosqui
tocontrolwillforcearedirectionofprogramsThereprobably
willbeadecreaseinlarvacidingEmphasiswillbegivento
maintenanceandextensionofsourcereductionutilizationof
selfperpetuatingbiologicalcontrolagentssuchasGambusia
andpubliceducationWhennecessarytemporaryprocedures
suchasadulticidingwillbeusedtoreduceunusuallylarge
numbersofadultsthatinvadeurbancentersortoabatean

epidemicTheabovemayevenbethepriorityorderinpro
gramcontinuations

Afewcommentsmayassistwithregardtoselectionofa
methodthatcanhavemaximumusetoabateanimpendingor
inprogressepidemicofencephalitisormalariaThemostim
mediatetargetforcontrolinsuchcircumstancesistheadult
femalevectorpopulationthathaslivedlongenoughtobecome
infectedwithcompleteincubationofandtransmitthepatho
genbytheirbiteThisisaverysmallproportionofthepopula
tionWenowhaveknowledgeofadultfemalevectorpopula
tionsthatwedidntbeforeThemarkreleaserecapturestudies
reportedbyMilby1979revealthatfrom2346oftheCx
tarsalisfemalepopulationdieseachdayduringthesummerIn
earlierstudieswedemonstratedthatonlyabout25ofthe
Cxtarsalisthatwereinfectedwithencephalitisvirusescould
transmitwhentheyfedanditwasassumedtheydiedbefore
theycompletedincubationofthevirusReevesetal1961
StudiesbyDrKramerandassociates1979willreportthat
aproportionofCxtarsalisthatbecomeinfectedwithWEE
virusneverwilltransmitinfectionnomatterhowlongthey
live

Alloftheabovefindingsaswellasexperienceincontrol
ofepidemicsofSLEinrecentyearsmeansthatanemergency
controlprogramisbestaimedatreductionoftheadultfemale
vectorpopulationThekillingoftheolderinfectedandtrans
mittingfemaleswillaccomplishthemostrapidandeffective
cessationoftransmissionofinfectiontosusceptiblehosts
Acceptanceofthisapproachalsoidentifiesnewareasforre
searchNamelywhatarethemosteffectivecurrentmethods
foradulticidingwhatisthestateofresistanceofadultfemale
vectorstothearrayofavailableinsecticidesisthereadiffer
enceinsusceptibilityofdifferentagedfemalestoinsecticides
whatwillbethemosteffectivetimingforsuccessiveadulticide
applicationstosuppresspathogentransmissionandcanwe
expectcasestostopwithinanincubationperiodaftereffective
adulticidingWedonothaveanswerstoalloftheaboveques
tionsbutacceptanceofthisapproachtoemergencyepidemic
controlmaydependontheavailabilityofsuchknowledge

FUTURESURVEILLANCEOFVECTORPOPULATIONS

ANDVIRALACTIVITYWebelievethattheprecedingcon
siderationsleavenoquestionthereisanecessitytomaintain
surveillanceofmosquitopopulationsinyourDistrictsYou
havepopulationindicesonaweeklyandannualbasisthatex
tendinmostDistrictsforovera20yearperiodThesedata
havebeenanalyzedwithreferencetoviralactivitytheoccur
renceofencephalitiscasesandcomplaintsofdiscomfort

5

Thereisahighcorrelationbetweenthelevelsofmosquito
populationandtheseproblemsIfsuchrecordsarecontinued
youcanmakeyourownpredictionseachweekastherecords
accumulateWeintendaslongasyouandtheVectorBiology
andControlSectioncontinuetoamasstherecordstoutilize
ourcomputerandstatisticalresourcesfortheirepidemiologi
calanalysisandtoprovideourfindingsasaguideforyour
actionsSimilarlyacollaborativeeffortoftheUniversitywith
theVirusLaboratoriesoftheStateDepartmentofHealth
Serviceswillprovidecriticalinformationonviralactivityin
vectorpopulationsandsentinelbirdsandtheoccurrenceof
clinicalcasesItisgoingtobedifficulttomaintainthesepro
gramsatthelocalandstatelevelsduetodecreasesinfunds
Howevertomakeepidemicpredictionsanddecisionsonthe
needforcontrolsolelyonthebasisofinformationother
agenciesprovidesuchaswateravailabilityandtemperatureor
thenumberofclinicalcasesofencephalitisandmalariareport
edbyphysiciansandveterinarianswouldbetoignoreandnot
toapplythescientificandprofessionaladvancesmadesince
ourlastmajorepidemicsofencephalitisandmalariain1952
and1954Wealsobelievethatcarefullydocumentedrecords
ofthelevelsofmosquitopopulationsanddiseaseoccurrence
willbethetypeofquantitativeevidencethatwillconvince
lawmakersbudgetarydecisionmakersandresidentsthatmos
quitocontroldeservesthehighestlevelofcommunitysupport
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SURVEILLANCEFORARTHROPODBORNEVIRUSESANDDISEASEBYTHE

ThisistheninthannualreportsummarizingtheDepart
mentsrecentarbovirussurveillanceeffortsArevivalofinter
estindeterminingvectorinfectionlevelsbeganin1969and
reportsofthatandsubsequentyearsactivitieshavebeenpub
lishedinMosquitoNewsSudiaetal1971andinthePro
ceedingsofthisAssociationsannualconferencesEmmonset
al197219731974197519761977and1978Several
otherreviewarticleshavealsobeenpreparedEmmonsand
Grodhaus1976Workmanetal1976andEmmons1979
TheDepartmentsworkiscorrelatedwiththatofthemany
localmosquitoabatementdistrictsUniversityofCalifornia
researchunitscountyhealthdepartmentsandotheragencies
privateveterinariansandphysicianswhohaveinterestsand
concernsinpreventionofarbovirusencephalitis

During1978atleast367patientsweretestedforwestern
equineencephalomyelitisWEEandStLouisencephalitis
SLEaswellasforthemorelikelycausesofencephalitis
mumpsherpesenterovirusesetcThissurveillanceef
fortisincreasinglybeingparticipatedinbythelargerlocal
healthdepartmentlaboratorieswhichhavedevelopedviral
diagnosticcapabilitiesTable1Alargeproportionofthesera
fromcasesnotyetidentifiedastoetiologywillsubsequently
betestedbyDrWCReevesresearchgroup14thyearof
thisstudytosearchforpossiblerelationshipofencephalitis
tomosquitobornevirusesotherthanWEEandSLEviruses
Therewere10humanbrainsamplesand1cerebrospinalfluid
samplefromfatalcasesofencephalitiswhichweretestedin
sucklingmiceduring1978butnoneyieldedarboviruses

Only1caseofSLEwasdetectedin1978a29yearold
manfromLaMesaSanDiegoCountywhowasmostlikely
infectedbymosquitobitesatacountryclubgolfcoursein
nearbyLakesidetheweekendofSeptember30October1A
priortriptoMexicaliandElCentro2weeksearlierwasbe
yondthemaximumincubationperiodOnsetofillnesswas
October20andfeverprogressiveheadachevomitingstiff
neckandsomedisorientationcharacterizedthediseasecourse
HewashospitalizedfromOctober24untilNovember1and
recoveredwithoutapparentsequelaeSerumsamplestaken
October24andNovember7showedrisingSLEantibody
titersconfirmingthediagnosiscomplementfixingCFanti
bodytiterswere14and116intheSanDiegoLaboratory
18and132inthestateViralandRickettsialDisease
LaboratoryindirectfluorescentantibodyIFAtiterswere
132and1128hemagglutinationinhibitionantibodytiters
were120and1160courtesyoftheSchoolofPublic
HealthUCBerkeleyandtheplaquereductionneutraliz
ingantibodytiterswere1128and11024respectively
Mosquitocollectionsmadeatsitesnearbytheapparentsite
ofhisexposureduringthesummerperiodpriortoandsubse
quenttothecaseoccurrencedidnotyieldvirusesHowever
possiblevectorspeciesCulextarsalisCulexpipienswere
present

ViralandRickettsialDiseaseLaboratorySection
2VectorBiologyandControlSection

CALIFORNIADEPARTMENTOFHEALTHSERVICES1978

RichardWEmmonsGailGrodhausandEdmondVBayer
CaliforniaDepartmentofHealthServices
2151BerkeleyWayBerkeleyCalifornia94704

3VeterinaryPublicHealthUnitInfectiousDiseaseSection

Therewere35suspectcasesofencephalitisinequinesre
portedtotheDepartmentfrom18countiesinthestateand
12werefoundtobepositiveorpresumptivepositiveWEE
casesbyserologictestsTable2Thisisasignificantincrease
inthetotalnumberandthepercentpositiveoverthefindings
ofthepastseveralyearsonly6confirmedcasesfrom1972
1977andcorreclateswiththemarkedincreaseinWEEvirus
activityduring1978Of10equinebrainsamplesfromfatal
casesofsuspectedencephalitiswhichweretestedinsuckling
miceallwerenegativeforarbovirusesInaddition7brain
samplesfromsquirrelsdyingofsuspectedencephalitiswere
testedbutnoviruseswereisolatedSuchsquirrelbrainshave
sometimesyieldedWEEvirusinpastyears

Intotal1798mosquitopoolsincluding77914mosqui
toeswerecollectedandtestedinsucklingmiceduringthe
yearTables3and4Therewere187virusesisolatedinclud
ing87WEE39SLE39Turlockand22HartParkTable5
ThelargereservoirofWEEandSLEvirusestheincreasein
equinecasesofWEEandtheprospectsforabundantwater
andpotentialmosquitobreedingsitesduringthe1979sum
merindicatethecontinuingneedforsurveillanceandcontrol
effortstopreventinvolvementofanincreasinglysusceptible
humanpopulation

Theothermosquitobornevirusdiseaseofinterestthisyear
wasdenguewhichwasprovenorpresumptivepositiveinat
least37casesthelargestnumbereverrecordedinmodern
timesinthestateTheseincludedtravelersreturningfrom
Tahiti28PuertoRico3Colombia1ElSalvador2
DjakartaIndonesia1theSeychellesIndianOcean1and
SoutheastAsia1IntheabsenceofAedesaegyptiorother
suitablevectorsinCaliforniathisdiseaseisoflessinterestto
vectorcontrolagenciesthananotherexoticdisease
malaria whichcanbespreadbynativeAnophelesspecies
Atleast226casesofimportedmalariawererecordedduring
1978

Therewereonly6casesofColoradotickfeveralownum
berindicatingthattheviruswasatalowebbinitsnatural
tickrodentcycleorperhapssimplylessinterestbyphysicians
inhavingtheirclinicalsuspicionverifiedbyspecificlaboratory
tests
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Table1HumanstestedserologicallyformosquitobornearbovirusdiseasebytheViralandRickettsialDiseaseLaboratory
SectionCaliforniaStateDepartmentofHealthServicesandbyCountyHealthDepartmentlaboratoriesbycountyandmonthof
illnessonsetCalifornia1978

County TotalsJan Feb March April May June July Aug SeptOct NovDec Unknown

Totals 367 1 2 4 8 36 45 48 57 50 63 23 1 29

AlamedaCounty 2 1 1
Berkeley 6 1 1 2 1 1
Butte 4 1 2 1
ContraCosta 2 1 1
ElDorado 6 1 1 1 1 2

Fresno 27 3 3 10 3 8
HumboldtDelNorte 5 1 2 1 1
Imperial 1 1
Kern 1 1

Kings 1 1

Lake 4 2 1 1
LosAngelesCounty 68 1 2 20 14 26 5
Madera 1 1
Marin 2 1 1
Mendocino 2 2

Merced 8 1 1 1 3 2
Napa 3 1 2
Nevada 2 1 1

Orange 16 3 6 1 1 1 3 1
Placer 6 1 2 2 1

Sacramento 27 1 6 4 4 6 2 4
SanBernardino 11 4 5 1 1

SanDiego 75 2 12 10 11 10 11 17 2
SanFrancisco 7 1 1 2 1 2

SanJoaquin 6 2 1 1 2

SanLuisObispo 4

SanMateo 2

SantaClara 10
SantaCruz 8

Shasta 11

MostorallseratestedbyCountyHealthDepartmentlaboratory

1 1 2
1 1

2 1 2 2 1 1
1 2 2 1 2

2 1 3 1 1

1

3

Solano 5 2 3
Sonoma 4 1 1 1 1
Stanislaus 2 1 1
Sutter 2 1 1
Tehama 1 1

Tuolumne 1 1
Ventura 10 1 1 2 2 3 1
Yolo 5 1 1 1 2
Unknown 9 9
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Table2Positiveandpresumptivepositivecasesofwesternencephalitisinequines California1978

Countyof Ageand Dateof

CaseNoOccurrences Sex Onset

1 Riverside

PaloVerde
2 Yuba

Marysville
3 Butte

Chico
4 Sutter

LiveOak
5 Yolo

Davis
6 Yolo

Davis
7 SanJoaquin

Lodi
8 Tehama

Corning
9 Sacramento

Galt
10 Yolo

Woodland
11 Stanislaus

Oakdale
12 Fresno

Sanger

8yrG

2yrF

2yrM

3yrM

1yrF

3yrF

4yrG

4yrF

2yrF

7yrF

1yrF

3yrG

aComplementFixationTest

bindirectFluorescentAntibodyTest
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062678

071178

072178

072578

082078

090478

092078

092678

092878

100278
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Vaccination SerologicalResults

History

Unknown

None

WEE1977

None

None

None

Unknown

Unknown

None

Unknown

Date

062678

070878

071178

072578

071778

073178

080378

081578

082078
090178

090478
091578

092578

101778

092678

102078

100378

100478

102478

WEEJune 101378

EEE1978 102678

None 102678

110878

cHemagglutmationInhibitionAntibodyTestSchoolofPublicHealthUniversityofCaliforniaBerkeley
dHorseexpiredconvalescentsamplecouldnotbeobtained
NTnottested
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CFa IFAb HAIc

18 18 120
132 164 1160

1256 1256 1160
11024 12048 1160

18 18 1160

164 12048 1160

1512 12048 1160
1512 12048 1160

18 18 140
164 11024 1160

18 18 140
164 11024 1160

1256 1512 1160
1256 12048 NT

18 18 1160
164 11024 NT

1128 1512d 1160

164 1512 NT

1128 1512 1160

132 1256 1160
1128 12048 1160

116 1512 1160
1128 14096 1160
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Table5Viralisolatesfrommosquitopoolstestedduring1978bytheViralandRickettsialDiseaseLaboratorySection
CaliforniaStateDepartmentofHealthServices

Identifying
Number County

RV1513

IV670

IV701

SD302

SB652

SB655

SB656

SB672

SB688

SB710

RV1638

RV1640

RV1645

RV1647

RV1648

RV1653

RV1654

RV1664

V41881

V41882

V41884

V41885

V41886

IV736

IV737

IV745

IV746

IV784

IV789

IV792

IV799

IV803

IV743

SD306

SD308

SD309

V41895

V41899

SB762

SB765

SB770

SB772

SB773

SB779

IV809

V11566

V41908

V41909

V41911

V41912

Riverside

Imperial
Imperial
SanDiego
MojaveAZ
MojaveAZ
MojaveAZ
MojaveAZ
SanBernardino

MojaveAZ

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Tulare

Tulare

Tulare

Tulare

Tulare

Imperial
Imperial
Imperial
Imperial
Imperial

Imperial
Imperial

Imperial
YumaAZ
Imperial
SanDiego
SanDiego
SanDiego
Kern

Kern

SanBernardino

SanBernardino

SanBernardino

SanBernardino

SanBernardino

SanBernardino

Imperial
Glenn

Tulare

Tulare

Tulare

Tulare

Place

Mecca

LagunaDam
LagunaDam
SanDiego
BermudaCity
BermudaCity
BermudaCity
BemudaCity
Needles

BermudaCity

Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Pixley
Waukena

Waukena

Waukena

Waukena

Calexico

Calexico

Brawley
Brawley
LagunaDam
LagunaDam
LagunaDam

LagunaDam
YumaTestStation

Seeley
Bonsall

Oceanside

Oceanside
OldRiver

LostHills
Needles

Needles

Needles

Needles

Needles

Needles

Seeley
Willows

Tipton
Tipton
Tipton
Tipton

Date

Collected Species

419
419
511
516
524
524
524
524
524
524

531
531
531
68
68
68
68
68
68
68

68
68
69
615
615
615
619
619
622
622

622
622
622
622
626
628
628
628
628
628

12

Cxtarsalis

526 Cxtarsalis

526
66

526
526
526
526
526
526 Cxpipiens
531 Cxtarsalis

531

Cxtarsalis
66

Cxpipiens
Cxtarsalis

it

66

6

Cxtarsalis
6

6

66

Cxtarsalis

6

Number Agent
inpool Isolated

50

50

50

15

50

50

50

50

50

50

50

50

50

50

50

50

50

14

41

50

50

50

71

26

5

50

16

50

50

50

50

50

50

20

16

34

36

50

50

50

50

50

50

50

22

50

50

96

50

50

HartPark

Turlock
Turlock

HartPark
Turlock

Turlock

Turlock

Turlock

Turlock

Turlock

Turlock

WEE

WEE

Turlock

Turlock
Turlock

Turlock

Turlock

HartPark
HartPark

HartPark
HartPark

HartPark

WEE

WEE

WEE

WEE

Turlock

WEE

Turlock

WEE

Turlock

WEE

Turlock

HartPark

HartPark

HartPark

HartPark

Turlock

Turlock

WEE

WEE

WEE

WEE

WEE

HartPark
HartPark

HartPark

HartPark

HartPark



Identifying Date Number AgentNumber County Place Collected Species inpool Isolated

V41918 Tulare Alpaugh 628 Cxtarsalis 17 HartPark
RV1675 Riverside Blythe 629

44

50 WEE
RV1677 Riverside Blythe 629

64

50 WEESLE
RV1679 Riverside Blythe 629

46

50 WEE
RV1681 Riverside Blythe 629 35 WEE
RV1683 Riverside Blythe 629

44

50 WEE
RV1684 Riverside Blythe 629 Cxpipiens 21 WEE
RV1687 Riverside Blythe 629 Cxerythrothorax 50 WEE
RV1689 Riverside Blythe 629 50 SLE
RV1690 Riverside Blythe 629 44 WEE

RV1800 Riverside Blythe 629
RV1804 Riverside Blythe 629
RV1807 Riverside Blythe 629
RV1810 Riverside Blythe 629
RV1813 Riverside Blythe 629
RV1815 Riverside Blythe 629
RV1817 Riverside Blythe 629
RV1818 Riverside Blythe 629
RV1819 Riverside Blythe 629
RV1820 Riverside Blythe 629

RV1821 Riverside Blythe 629
RV1822 Riverside Blythe 629
RV1825 Riverside Blythe 629
RV1826 Riverside Blythe 629
RV1827 Riverside Blythe 629
RV1828 Riverside Blythe 629
RV1829 Riverside Blythe 629
RV1830 Riverside Blythe 629
RV1831 Riverside Blythe 629
RV1832 Riverside Blythe 629

RV1834 Riverside Blythe 629 Cxerythrothorax 50 WEE
IV817 YumaAZ YumaTestStation 76 Cxtarsalis 25 SLE
IV822 Imperial Seeley 76 50 SLE
IV824 Imperial Seeley 76 44 ff

37 SLE
VI1591 Tehama WoodsonBridge 710

44

50 Turlock

V41927 Merced Merced 711
V41931 Merced Merced 711
V23002 Sacramento ElkGrove 718
RV1582 Riverside CoachellaValley 719
RV1584 Riverside CoachellaValley 719

13

Cxtarsalis

Cxtarsalis
t

it

Cxtarsalis

4

4

4

4

50 WEE

50 SLE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEESLE
50 WEE

50 WEE

50 WEESLE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEESLE
50 WEE

50 WEE

50 WEE

50 Turlock
50 HartPark
44 Turlock
50 SLE

50 SLE

RV1585 Riverside CoachellaValley 719 Cxtarsalis 50 SLE
RV1588 Riverside CoachellaValley 719 44 If

50 Turlock
RV1845 Riverside Blythe 719 50 SLE
RV1846 Riverside Blythe 719

44 ff

50 SLE
RV1849 Riverside Blythe 719

44 ff

32 SLE
RV1850 Riverside Blythe 719

it II

50 WEE
RV1851 Riverside Blythe 719

46 ff

50 SLE
RV1852 Riverside Blythe 719

it ff

35 WEE
RV1855 Riverside Blythe 719 Cxerythrothorax 50 SLE
RV1865 Riverside Blythe 719 Cxtarsalis 50 WEE



Identifying
Number County

RV1868

RV1870

RV1879

RV1881

RV1882

RV1883

RV1885

RV1886

RV1888

RV1890

SD324

V11640
V22787

V22800

SB795

SB796

V11656

IV837

V23007
V23008

IV834

IV835

V41962

RV2001

RV2002

RV2003

RV2004

RV2005

RV2006

RV2007

RV2016

RV2017

RV2019

RV2022

RV2023

V23011

V41968

V23022

V11664
V11667

V42034

V23025

V23029

V23031

V23034

V23038

V23040
V23044

V42040
V42044

Riverside
Riverside

Riverside
Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

SanDiego
Butte

Sutter
Placer

SanBernardino

SanBernardino

Shasta

YumaAZ
Sacramento

Sacramento

Imperial
Imperial
Tulare

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside
Riverside

Riverside

Sacramento
Fresno

Sacramento

Butte

Butte

Tulare

Stanislaus

Stanislaus
Stanislaus

Stanislaus

Stanislaus

Stanislaus
Sacramento

Kings
Kings

Place

Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe

SanDiego
GrayLodge
EastNicolaus
Lincoln

Needles

Needles

PersimmonOrchard

YumaProvingGround
ElkGrove

ElkGrove

Bard

LagunaDam
Tipton
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe
Blythe

Blythe
Blythe
Blythe
Blythe
Blythe
ElkGrove

Firebaugh
ElkGrove

GrayLodge
GrayLodge

Tipton
Newman

CrowsLanding
CrowsLanding
CrowsLanding
CrowsLanding
HillsFerryRoad
ElkGrove

Hanford

Hanford

Date Number Agent
Collected Species inpool Isolated

719
719
719
719
719
719
719
719
719
719

720 Cxtarsalis

726
if

727
727
82
82
83
87
88
88

88
88
88
810
810
810
810
810
810
810

810
810
810
810
810
814
815
821
822
822

822
824
824
824
824
824
824
829
830
830

14

Cxtarsalis 50

50
71

13
77

50

12

50

50

50

16

Cxerythrothorax 35

it

Cxtarsalis

18 Turlock

50 Turlock
50 Turlock

65 Turlock HartPark

50 WEE

50 WEE

58 Turlock
22 SLE
50 WEE

50 WEE

10

59

60

50

50

50

50

50

50

50

50
50

5

50

50

50

57

43

50

50

50

50

50

50

50

50

50

42

50

50

WEE

WEE

SLE

WEE
WEE

SLE

SLE

SLE

WEE

WEE

SLE

SLE

WEESLE
SLE

SLE
SLE

SLE

SLE

SLEWEE
SLE

SLE
SLE

SLE

SLE

SLE

HartPark

Turlock

HartPark

WEE

WEE

WEE

WEE

WEE

WEE

WEE

WEE

WEE

Turlock

WEE

HartPark



Identifying Date Number Agent
Number County

V42046

SB801

SB806

SB813

SB870

SB886

SB889

IV859

V33040

V42063

RV2035

V11704

VI1706

V11708

V11717

V11720

V11721

RV2043

RV2065

RV2111

SB929

SB933

SB936

SB937

SB938

SB940

V42073

V42074

V42079

V42104

Kings
SanBernardino
SanBernardino

SanBernardino

SanBernardino

SanBernardino

SanBernardino

Imperial
Solano

Merced

Riverside

Butte

Butte

Butte

Butte

Butte

Butte

Riverside

Riverside

Riverside

SanBernardino

SanBernardino

SanBernardino

SanBernardino

SanBernardino

SanBernardino

Kern

Madera

Madera

Tulare

Place

LemooreNAS

Needles

Needles

Needles

Needles

Needles

Needles

LagunaDam
Dixon

Gustine

Riverside

GrayLodge
GrayLodge
GrayLodge
GrayLodge
GrayLodge
GrayLodge
Blythe
Blythe
Blythe

Needles

Needles

Needles

Needles

Needles

Needles

OldRiver

Chowchilla

Madera
Allensworth

Collected Species inpool Isolated

830 Cxtarsalis 50

830
46 If

50

830 50

830 50

830 50

830 50

830
64 ff

50

830
46 17

16

96
44 7f

50

912 Aenigromaculis 95

914 Cxtarsalis

920
920
920
920
920
920
922
922
922

15

922 Cxtarsalis

922
922
922
922
922
926
103
105
1012

50

50

50

50

50

50

50

50

50

50

52

50

50

50

50

50

50

50

50

20

WEE

Turlock

Turlock

Turlock

WEE

WEE

Turlock

WEE

Turlock
WEE

SLE

WEE

WEE

WEE

WEE

WEE

WEE

SLE

Turlock

Turlock

WEE

WEE

WEE

Turlock

WEE

WEE

WEE

WEE

WEE

WEE



COMPARATIVEVECTORCOMPETENCEOFSANJOAQUINANDIMPERIALVALLEY

POPULATIONSOFCULEXPIPIENSQUINQEFASCIATUSSAYANDCULEXTARSALIS

COQUILLETTFORSTLOUISANDWESTERNEQUINEENCEPHALITISVIRUS

RichardPMeyerJamesLHardyandSallyBPresser
UniversityofCalifornia

ABSTRACT

Studiesweredonetoassessthesusceptibilitytolaboratory
infectionwithStLouisencephalitisSLEandwestern
equineencephalomyelitisWEEvirusesoffieldpopula
tionsofCulexpipiensquinquefasciatusSayandCulextarsalis
CoquillettcollectedintheSanJoaquinorCoachellaand
ImperialValleysofCaliforniaAdultfemalesusedinex
perimentalinfectionswereobtainedbyeitherCO2light
trapsorrearedfrompupaecollectedfromprinciplebreeding
sourcesInthelaboratoryfemaleswereinfectedbypiedget
feedingusingserialtenfolddilutionsofvirussuspendedina

ArbovirusFieldStationPostOfficeBox1564Bakersfield
California93302

2SchoolofPublicHealthEarlWarrenHallBerkeleyCalifornia
94720
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defibrinatedrabbitbloodsucrosemixtureRelativetovirus
endemicityregionalisolatesofSLEviruswereroutinelyused
forinfectingtestpopulationsfromthesamegeographicalarea
OnlyasinglestrainofWEEvirushoweverwasusedinour
evaluations

Preliminaryresultsindicatednomajordifferencesin
susceptibilitiesbetweeneithermosquitospeciesfromtheSan
JoaquinorCoachellaandImperialValleysforSLEvirusPop
ulationsofCxtarsalistestedfromthelatterregionswereap
parentlytwofoldmoresusceptibletoinfectionwithSLEvirus
thansympatricCxpipiensquinquefasciatusandslightlymore
susceptiblethanCxtarsalisfromtheSanJoaquinValleyIn
alltestsCxpipiensquinquefasciatuswashighlyrefractoryto
infectionwithWEEvirusregardlessofgeographiclocation



ARBOVIRUSSURVEILLANCEANDCONTROLINMINNESOTA

INTRODUCTIONMosquitobornevirusactivityinMin
nesotahasbeenwidelyrecognizedsincetheseverewestern
equineencephalitisepidemicduringthesummerof1941when
794humancasesofencephalitiswerediagnosed324casesof
whichweresubsequentlyproventobewesternencephalitisby
serologyorautopsyfindingsEklund1946

MosquitobornearbovirusactivityinMinnesotaisanannual
problemusuallyoflowincidenceinvolvingCalifornia
LaCrosseEncephalitisCEwesternencephalitisWEEand
rarelyStLouisencephalitisSLE

CEvirusisgenerallyconfinedtoeastcentralandsouthern
MinnesotawherethevectorAedestriseriatusdevelopsinbasal
treeholesinoakwoodlandareasTherestrictedflightbehavior
ofthisspeciesconfinesthevirustothesewoodedareasThe
virusisanoccasionalcauseofcasesofclinicalencephalitisin
children

ThevectorWEECulextarsalisoccursinthecentraland
northwester23rdsoftheStateBarr1958whereitspopula
tiontypicallycompriseslessthanonepercentofallmosqui
toesexceptinyearsofabovenormalspringandsummerrain
fallDuringperiodsofheavyrainfallnormallyintermittent
Aedesproducingdepressionsbecomesaturatedandretain
watermakingafavorablehabitatforthedevelopmentof
CxtarsalisDuringsuchyearsthismosquitocanrepresentup
to11percentofthemosquitopopulation

SLEoccursinfrequentlyinMinnesotaincontrasttoother
regionsoftheMidwestwhereepidemicsmayoccurinyearsof
highrainfallCulexpipienshoweverdoesnotdevelophigh
populationsinMinnesotaandrarelybitesmanasindicatedby
adultbitingcollectionstakenovertheyearsOnlyoccasional
isolatedruralSLEcaseshavebeenreported

WESTERNEQUINEENCEPHALITISIn1975unusually
heavyspringandsummerrainfallcreatedfavorableconditions
forthedevelopmentofhighCulextarsalispopulationsIn
MayequineencephalitiscaseswerediagnosedintheAlexan
driaareaandsubsequentfloodingintheRedValleyresulted
inawidespreadoutbreakofWEEduringthemonthsofJune
throughSeptemberWEEvirusactivitywaswidespreadacross
MinnesotaNorthDakotaSouthDakotaandManitobathat
yearwith65casesofwesternencephalitisconfirmedin
humansandapproximately700suspectequinecases

Thefollowingyear1976broughtextremedroughtand
nohumancaseswerereportedDuring1977abovenormal
rainfallagainoccurredandWEEvirusactivitywasagainre
portedinMinnesotawithninehumancasesconfirmedand105
suspectequinecases

MetropolitanMosquitoControlDistrict1802ComoAvenueSt
PaulMinnesota55108
2MinnesotaDepartmentofHealth717SEDelawareMinneapolis

Minnesota55440

RDSjogrenandJohnWashburn
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InNovember1977theMinnesotaArbovirusSurveillance
AdvisoryCommitteewasformedtodevelopacoordinated
approachtoarbovirussurveillanceandserveinanadvisory
capacitytotheMinnesotaDepartmentofHealthandthe
MetropolitanMosquitoControlDistrictThecooperative
effortsincludedstaffofthefollowingDepartmentofEnto
mologyUniversityofMinnesotaDepartmentofVeterinary
MedicineUniversityofMinnesotaLivestockSanitaryBoard
StateDepartmentsofAgricultureandHealthStateofMinne
sotaandtheMetropolitanMosquitoControlDistrictIn1978
veterinariansandphysiciansacrossthestatewererequestedto
increasecasereportingnestlingbirdbleedingwasinitiatedand
increasedmosquitosurveillancestatewidewasinitiatedAl
thoughverylowWEEvirusactivityoccurredin1978eastof
theRockyMountainstheextensivesurveillancesystemdid
detectfourofthefiveWEEcasesinhumansreportedinthe
UnitedStatesin1978

CALIFORNIALACROSSEENCEPHALITISHistorical
lyLaCrosseEncephalitiscasesinchildrenoccurannuallyin
southeasternMinnesotaandtheadjacentWisconsinregion
Increasedphysicianawarenessresultingfromimprovedcom
municationswithphysiciansviaanArbovirusSurveillance
NewsletterdistributedbytheMinnesotaDepartmentof
Healthincreasedthereportingofclinicalencephalitiscases
Theincreasedreportingcoincidedwiththeabovenormalrain
fallinendemicregionscontributingtoanincreasedpublic
awarenessofmosquitotransmitteddiseaseAtotalof24cases
ofLaCrosseEncephalitiswereconfirmedinMinnesotaand
anadditional40casesattheGundersonClinicinLaCrosse
Wisconsinin1978

STLOUISENCEPHALITISTheextensive1975Midwest

outbreakofSLEvirusresultingin1815casesofSLEdidnot
spilloverintoMinnesotaonlytwocaseswereconfirmedbe
tween1975and1978bothoccurringinthedroughtyear
1976

Interstatediscussionsonarboviralencephalitiswereheldin
LaCrosseWisconsinonNovember14and171978todevelop
unifiedrecommendationsforthesurveillanceandcontrolof

LaCrosseEncephalitisSixtyfiveparticipantsfromfivestates
attendedthemeetingandbrokeintofourcommitteestore
spondtoassignedchargesdealingwithLaboratorySupport
HumanDiseaseSurveillanceInsectandAnimalSurveillance
andDiseaseControlPolicyrecommendationsfromeachof
thecommitteesarecurrentlybeingcompiled

InterstatediscussionsonWEEareplannedforfall1979in
FargoNorthDakotawithpolicyrecommendationsforpre
ventionandcontroltobepublishedinthespringof1980

REFERENCESCITED

BarrAR1958TheMosquitoesofMinnesotaDipteraCulicidae
CluicinaeUnivofMinnAgricExpStaTechBull228154pp

EklundCM1946Humanencephalitisofthewesternequinetypein
Minnesotain1941Clinicalandepidemiologicalstudyofserologi
callypositivecasesAmJHyg4317193



TOXICITYOFCHEMICALSUSEDINCALIFORNIARICEFIELDSTOTHIRDINSTAR

Sevenpesticidesregisteredforuseinricefieldsweretestedagainst
thirdinstarlarvaeofHydrophilustriangularisSayandTropisternus
lateralisFabriciusinthelaboratoryFlitMLOMCPAandpara
thionprovedtobemosttoxicpropanilandcarbarylrelativelyless

ThelarvaeofwaterscavengerbeetlesespeciallyHydro
philustriangularisSayandTropisternuslateralisFabricius
havebeenshowntopreyuponmidgelarvaeandmosquito
larvaeinCaliforniaricepaddiesVeneskiandWashino1970
Zalometal1978Gerhardt19541955foundthatmos
quitolarvicideshadanegativeeffectonricefieldpredators
LaterLewallen1962reportedthatotherpotentiallarvicides
adverselyaffectedTlateralislarvaeInJapanItoetal1962
noticedthatinsecticidesusedinfieldapplicationsagainstrice
pestsloweredthenumberofpredatorswithasubsequentin
creaseinthepestpopulationsAnumberofpesticidesare
registeredandappliedtoCaliforniaricepaddiesduringthesea
sonThisstudyanalyzeseffectsofmanyofthosechemicals
Table1onthirdinstarsoftwospeciesofhydrophilids

METHODSThirdinstarlarvaeofHtriangularisandT
lateraliswerecapturedinuntreatedpaddiesatthericeresearch
foundationfieldstationnearBiggsButteCountyCalifornia
onJune317and241978andtransportedincoolerstoa
greenhouseatDavisToavoidcannibalismduringtheexperi
mentthelarvaewerekeptinseparateglassjarseachcontain
ing100mlofdistilledwaterThejarswerekeptinalargepan
containingwatertomaintainuniformtemperatureThe25
replicatesofeachtreatmentforbothspecieswerearranged
withinrandomizedcompleteblocks

Afterallinsectswereestablishedinthecontainersenough
pesticidewasintroducedtoequaltherecommendedratefor
ricefielduseata6waterdepthEachinsectwasmonitored
every15minfor2hreveryhalfhourforthenext4hrand
every3hrfortheremainderofthe24hrperiodoruntildeath
wasdeterminedfollowinglackofresponsetoprodding

Resultsforeachtreatmentwerecomparedtothecontrol
bya2x2chisquarecontingencytest

RESULTSThetestresultsTable2indicatethatunder
ourexperimentalconditionsallofthecompoundsscreened
exceptformolinateandcoppersulfatesignificantlyP0005
increasedthemortalityofthirdinstarlarvaeofbothhydro
philidspecieswhencomparedtocontrolsThelarvaeofthe
smallerspeciesTlateraliswereaffectedfasterandhada
higherpercentmortalitythanthelarvaeofHtriangularis

ItisinterestingtonotethatFlitMLOMCPAandethyl
parathionweresimilarwithrespecttopercentmortalityand
killingrateeachprovingtobehighlyeffectiveagainstthese

ColeopteraHydrophilidae

HYDROPHILIDLARVAE

FGZalomAAGrigarickandMOWay

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

ABSTRACT
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toxicandCuSO4andmolinatenontoxicUnderfieldconditionsen
vironmentalfactorsatthetimeofapplicationcouldmodifyeachchem
icalseffect

predatorsTheoilFlitMLOapparentlycoatedthewatersur
faceinterferingwiththeabilityofhydrophilidlarvaetoobtain
atmosphericoxygenAsimilarmilkycoatingwasseenfollow
ingMCPAapplicationindicatingthesolventintheECformu
lationcouldhavebeenresponsiblefortheobservedmortality
Itisdoubtfulthattheseresultswouldbeduplicatedinfield
trialswithMCPAastheherbicideisappliedonlyaftertherice
plantcanopyisestablishedandmanybroadleafweedshave
emergedNdayspostfloodwhichwouldtendtoconfine
muchofthematerialtotheaerialpartsofplants

Propanilandcarbarylkilledfarfewerlarvaethantheother
groupofpesticidesAlthoughthepercentmortalitiesofboth
weresignificantlygreaterthanthecontrolP0005they
werealsosignificantlylessthanFlitMLOMCPAandpara
thionP00005Furtherthemeantimetodeathwas3to6
timeslongerforthepropanilandcarbaryltreatments

DISCUSSIONSeveralfactorsmustbeconsideredwhen

analyzingtheeffectsofchemicalsappliedforthecontrolof
aquaticorganismsinricefieldsTheseincludethetoxicityto
theorganismsatfullapplicationrateswaterdepththerelease
ofpaddywaterbeforeandafterapplicationtheextentofthe
plantcoveratthetimeoffapplicationtheextentoftheplant
coveratthetimeofapplicationtherelativedensityoftheor
ganismsatthattimeandtheenvironmentalpersistenceofthe
materialUnlessapesticidereachesanindividualatsufficient
strengththeorganismmaysurviveeventhoughitisconsider
edhighlytoxictotheorganisms

Table2liststherelativetoxicityofvariousregisteredchem
icalstothirdinstarlarvaeofHtriangularisandTlateralis
whichhavebeenshowntobethemostefficientpredatory
stageofeachspeciesZalometal1978Inthesamepaper
theauthorsshowpeaklarvalabundancetooccurfrommid
MaythroughearlyJulyThereforethemostdamagingtimeof
applicationofatoxiccompoundwithrespecttothelarvaeof
thetwohydrophilidspeciesisfromtheinitialfloodingto
earlyJunebeforeadenseplantcanopyformsOfthepesti
cidesconsideredonlyFlitMLOandparathionappeartomeet
mostofthecriteriaincludingpotentialuseatthetimeofpeak
hydrophilidlarvalabundanceTheotherpesticidesshould
affecthydrophilidlarvaetoalesserextentduetolackoftoxi
citytothelarvaeCuSO4andmolinaterelativelyminor
toxicitytothelarvaepropanilandcarbarylortreatment
aftertheplantscoverthewaterMCPA



Table1Pesticidestestedforhydrophilidlarvalmortality

Pesticide

CuSO4

FlitMLO

MCPA

Molinate

Parathion

Propanil
Carbaryl

CuSO4

FlitMLO

MCPA

Molinate

Parathion

Propanil
Carbaryl
Carbaryl
Untreated

Type

InorganicCopper
Oil

Phenoxy
Carbothioate

Organophosphate
Analide

Carbamate

Pesticide Dosage Mortality

1501bs 4

20gal 92

1Olb 72

3Olbs 0

01lb 88

4Olbs 28

1Olb 24

2Olb 44

Water 0

P00052x2Xcontingencytest

REFERENCESCITED

Total

Acreage
Treated

TargetOrganisms In1977

TadpoleShrimpAlgae 6097

Mosquitoes
BroadleafWeedsSedges 303278

BarnyardgrassBroadleafWeedsSedges 255905

MosquitoesTadpoleShrimpRiceLeafminer 153246

BarnyardgrassBroadleafWeedsSedges 13763

WesternYellowStripedArmywormTadpoleShrimp
RiceLeafminer 1183

Table2Thirdinstarlarvalmortalityoftwospeciesofhydrophilidsfollowingpesticideapplication

Htriangularis

xTimeto50

MortalityOccurring
in24hrs

StandardDeviation Mortality

543450

336270

381108

1457658

2200310

2155480

ACKNOWLEDGMENTSWethanktheCaliforniaCooper
ativeRiceResearchFoundationfortheirsupportofourre
searchDrDESeamanprovidedtechnicalinformationand
assistancewiththeherbicides
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4

96

85

0

92

40

36

68

0

Tlateralis

xTimeto50

MortalityOccurring
in24hrs

StandardDeviation

226355

188156

278122

1320681

1367737

1256631
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ControlAssoc408284
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ProcMosqandVectorControlAssoc468284



Thelarvicidalactivityofvarioustypesofsubstitutedali
phaticcarboxylicacidsandestersagainstlarvaeofthesouth
ernhousemosquitoCupipiensquinquefasciatusSaywas
previouslyreportedHwangetal1974ab19761978and
reviewedHwangandMulla1976Thesecarboxylicacidsand
estersarerelatedtoautoregulatingcompoundsproducedby
larvaeofthisspeciesandconsistof2alkylalkanoicacids3
methylalkanoicacidsandtheirestersThelarvicidalactivity
ofthesetypesofcompoundswasknowntobestronglyinflu
encedbythepositionandthesizeofsubstitutentsaswellas
bythelengthofthecarbonchain

Anumberofinsecticidalisobutylamidesofunsaturatd
aliphaticstraightchainC1018acidshavebeenisolatedfrom
plantsofthefamiliesCompositaeandRutaceaeTheseiso
butylamidespossessquickknockdownandkillingeffectson
flyinginsectsExamplesofthistypeofinsecticidalamideare
spilantholandaffininSpilantholwasisolatedfromSpilanthes
oleraceaeJacqandidentifiedbyJacobson1957tobe
Nisobutyl268decatrienamideThesameworkeralsore
portedthatpurespilantholwashighlytoxictoAnopheles
larvaeaswellastoadulthousefliesAffininisolatedfrom
HeliopsislongipesAGrayBlakeandlatershowntobethe
samecompoundasspilantholAcreeetal1945abCrombie
etal1963hadknockdowneffectsonfemalesofAedes
aegyptiLJacobson1971Thesestudiesindicatethat
somealkanamidespossessinsecticidalactivity

Toexpandourknowledgeofthebiologicalactivityofde
rivativesoftheabovementionedsubstitutedcarboxylicacids
andtodevelopnewtypesofeffectiveenvironmentallyaccept
ablemosquitolarvicideswerecentlysynthesizedandevaluat
edstraightchainandbranchedchainalkanamidessomeof
whichwithcertainstructuralrequirementswerefoundtobe
larvicidallyactiveInthisreportwebrieflydiscussourprelim
inaryfindingsonthelarvicidalactivityandthestructure
activityrelationshipofthealkanamides

ALKANAMIDES NEWMOSQUITOLARVICIDES

Thealkanamidesinvestigatedherewerereadilysynthesized
asfollowsAcarboxylicacideitherstraightchainor
branchedchainwasdissolvedinanexcessamountofthionyl
chlorideThesolutionwasheatedunderrefluxfor12hours
Theexcessthionylchloridewasremovedbyevaporationto
giveanacylchlorideIntoacooledaqueoussolutionofam
moniaaprimaryaminesuchasmethylamineorisolbutyla
mineorasecondaryaminesuchasdimethylaminetheacyl
chloridewasaddeddropwiseTheresultingmixturewasstirred
atroomtemperatureforseveralhoursAnexcessamountof
waterwasaddedtothemixturewhichwasthenextracted
threetimeswithetherThecombinedetherextractswere
washedwithwateranddriedEvaporationofetheryieldeda
crudealkanamidewhichwaspurifiedbyrecrystallization
fromethanoloracetone

YihShenHwangMirSMullaandHusamADarwazeh

UniversityofCalifornia

DepartmentofEntomologyRiversideCalifornia92521
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Thesynthesizedalkanamidesincluded3methylalkanamides
andstraightchainalkanamideswhicharerepresentedbythe
generalstructuresasfollows

CH3

RCHCH2CON
ND

3Methylalkanamides

whereinRisalongchainalkylandR1andR2arehydrogenor
shortchainalkylsuchasmethylorisolbutylWhenR1andR2
arebothhydrogentheamidesareprimaryWhenRiisan
alkylandR2ishydrogentheamidesaresecondaryWhen
bothRiandR2arealkylstheamidesaretertiary

Thesealkanamideswerebioassayedagainstfirstinstarsof
CxpquinquefasciatusaccordingtotheprocedureofHwang
etal1974aBriefly20firstinstarlarvaewereplacedin200
mlwaterinPyrexcustarddishesandfedwithamixtureof
groundrabbitpelletsandyeastSeriallydilutedacetonesolu
tionsofthetestcompoundswereaddedtothedisheswhich
werethenkeptat271Cunderaphotoperiodof14hrThe
bioassayswereruninduplicateandrepeatedatleasttwice
Mortalitieswereassessedeveryotherdayuntiladultemerg
enceThelarvicidalactivitywasexpressedintermsof4050
andLC90inppmWhenbothvaluesofacompoundwere
largerthan10ppmitwasconsideredtobeinactiveWhenthe
valuesfellbetween10and1ppmitwasmoderatelyactive
IfLC50wassmallerthan1ppmandLC90wassmallerthan
3ppmitwasconsideredtobeactive

Thefirstamidesinthisstudywerethoseinthegroupof
3methylalkanamidesTheycanbeconsideredasderivatives
of3methylalkanoicacidspreviouslyinvestigatedHwanget
al1978Thetertiaryamidesofthistypepossessthefollow
ingstructure

H3 H3

RCHCH2CON
CH3

1
RCH2CH2CON

R2

Straightchainalkananmides

RnC16H33ornC17H35

NNdimethyl3methylnonadecanamideRnC16H33show
ed moderate activity howeverNNdimethyl3methyl
eicosanamideRn17H35wasinactive

Thesecondaryamidesof3methylalkanamidetypecanbe
expressedasfollows

CH3
R1

RCHCH2CON

RnC11H23nornC17H35

R1CH3orisoC4H9



Allsecondary3methylalkanamidesincludingNisobutylal
kanamideandNmethylalkanamidedidnotpossessanylarvi
cidalactivityintherangeofconcentrationstested

Theprimary3methylalkanamidespossessthestructure

CH3

RCHCH2CONH2

Rn11H23n14H29n15H31nH33orn17H35

Theyinvariablydemonstratedahighleveloflarvicidalactivity
Theseincluded3methyltetradecanamideRnC11H233
methylheptadecanamideRnC14H293methyloctadecan
amide RnC15H31 3methylnonadecanamide Rn
C16H33and3methyleicosanamideRnC17H35

Conclusivelythesecondaryandtertiary3methylalkana
midesweregenerallyinactiveaslarvicideswhereastheprimary
3methylalkanamidesmanifestedexcellentactivity

Thesecondtypeofamideswasagroupofstraightchain
alkanamidesContrarytotheprimary3methylalkanamides
theprimarystraightchainalkanamidewhichpossessthefol
lowingstructure

RCH2CH2CONH2

RornC16H31

didnotshowanylarvicidalactivityagainstCxPquinque
fasciatus

Thesecondarystraightchainalkanamidesarerepresented
bythestructure

R1
RCH2CH2CON

H

RnC13H27ornC15H31

111H3orisoC4H9

ThesesecondaryamidesincludingNisobutylalkanamidesand
Nmethylalkanideswereallinactive

Thetertiarystraightchainalkanamideshavethefollowing
structure

RI

RCH2CH2CON
R2

RnC3H27orn

R1R2CH3

TheseamidesincludingNNdimethylhexadecanamideand
NNdimethyloctadecanamideexhibitedahighleveloflarvi
cidalactivity

Inconclusiontheprimaryandsecondarystraightchain
alkanamideswereinactivewhereasthetertiarystraightchain
alkanamidesdemonstratedgoodactivity
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Ifthestructureofthealkanamidesisrepresentedbythe
followinggeneralformula

R1
R2

RCHCH2CON
R3

thestructuralrequirementsforthealkanamidestopossess
goodlarvicidalactivityare

1RshouldbealongchainalkylfromC11toC17
2WhenR1isamethylR2andR3shouldbothbehydrogens
3WhenRiishydrogenR2andR3shouldbothbemethyls

Wehavethuspresentedpreliminaryresultsshowingthat
sometypesofalkanamidespossessgoodlarvicidalactivityThe
useoftheamidesaslarvicideshassomeadvantagesThe
alkanamidesaresimpleandeasilysynthesizedbysimplemeth
odsaspreviouslydescribedParticularlythestartingmaterials
forpreparingstraightchainalkanamidesareinexpensivecom
merciallyavailablestraightchainfattyacidsanddimethyl
amineBecauseofusinginexpensivestartingmaterialsand
simplesyntheticmethodsourfindingsmaythusprovidein
expensivelarvicidesformosquitocontrolFurthermorethe
chemicalstructuresofthesealkanamidespointoutthatthey
arehydrolyzableinnaturetoproducenaturallyabundant
nontoxicfattyacidsandaminesorammoniaTheamideswill
thereforehaveminimalenvironmentalimpactwhenusedas
larvicidesforthemanagementofmosquitopopulations
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LARVICIDALACTIVITYOFODDNUMBEREDBRANCHEDCHAINFATTYACIDSAGAINST

CULEXPIPIENSQUINQUEFASCIATUS
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DepartmentofEntomologyRiversideCalifornia92521

Evennumberedbranchedchainfattyacidsareknowntopossess
larvicidalactivityagainstfirstinstarsofCulexpipiensquinquefasciatus
SayToascertainwhetheroddnumberedbranchedchainfattyacids
wouldhavethesamebiologicalactivity2hexylundecanoicacid2
ethylheptadecanoicacid2ethylnonadecanoicacidandmethyl2
hexylundecanoateweresynthesizedandbioassaycdThesynthesisof
thesefattyacidswerecarriedoutbytreatinganevennumberedfatty
acidwithmercuricoxideandbromineincarbontetrachloridecondens

Duringthecourseofourinvestigationsonlarvicidal
branchedchainfattyacidswefoundthatevennumbered2
ethyl2butyland2hexylsubstitutedfattyacidsfromC14to
C18generallyexhibitedgoodlarvicidalactivityagainstfirst
instarsofCulexpipiensquinquefasciatusSayHwangetal
1974bMethylestersofthesefattyacidsalsoshowedahigh
leveloflarvicidalactivityHwangetal1976Theeven
numbered2substitutedfattyacidsweresynthesizedfrom
readilyavailableevennumberedalkylbromidesBecausethe
availabilityofoddnumberedalkylbromideswasscarceodd
numbered2substitutedfattyacidswerenotstudiedatthat
time

Asthestructureactivityrelationshipofthesesubstituted
fattyacidshadbeengraduallyelucidateditbecamenecessary
forustodeterminewhetheroddnumbered2substituted
fattyacidswouldmanifestthesamebiologicalactivityastheir
evennumberedhomologuesHerewereportthesynthesisand
larvicidalactivityofsomeoddnumbered2substitutedfatty
acidsagainstCxpquinquefasciatus

MATERIALS ANDMETHODSSynthesisThe odd

numbered2substitutedfattyacidsweresynthesizedas
followsAnevennumberedfattyacidwastreatedwithmer
curicoxideandbromineincarbontetrachlorideCristoland
Firth1961Underthisconditionthefattyacidunderwenta
Hunsdiekertypereactiontogiveanoddnumberedalkylbro
mideThealkylbromidewasallowedtoreactwithdiethyl
alkylsodiomalonateinanhydrousethanoltoyielddiethyl
dialkylmalonatewhichuponsaponificationandsubsequent
thermaldecarboxylationproducedthedesiredoddnumbered
2alkylalkanoicacidEsterificationwaseffectedbytreatinga
fattyacidwithetherealdiazomethane

Allmeltingpointsandboilingpointswereuncorrected
Allsubstitutedacidssynthesizedwereracemateshowever
theprefixdlisomittedforconvenienceElementalanalysis
datawerewithin 02 Allspectrometricdatawerein
accordancewiththestructures

1BromononaneAmixtureofredHg0823g038mol
anddecanoicacid86g05molinCC14250mlwas
heatedundergentlerefluxIntotheboilingmixtureasolution
ofBr2799g05molinCC1450mlwasaddeddropwise
Themixturewaskeptrefluxingduringtheadditionandfor

ABSTRACT
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ingtheresultingoddnumberedalkylbromidewithadeithylalkylsodio
malonateinanhydrousethanolandsaponifyingandthermallydecar
boxylatingthethusobtaineddialkylmalonicesterAlthough2hexyl
undecanoicaciddidnotshowgoodactivityagainstmosquitolarvaeits
methylestermethyl2hexylundecanoatepossessedconsiderablelarvi
cidalactivity2Ethylheptadecanoicacidand2ethylnonadecanoicacid
werehighlyactivewithLC50of054and075andLC90of12and15
ppmrespectively

anadditionalhouraftertheadditionThemixturewasfilter
edandthefiltercakewaswashedwithCC14Thesolventwas
evaporatedTotheresidueether500mlwasaddedThe
ethersolutionwaswashedconsecutively3timeswithaq
Na2S03solution6timeswith5aqKOHsolutionand3
timeswithH20AfterdryingoverNa2SO4theetherwas
evaporatedTheresiduewasdistilledunderreducedpressure
togivepure1bromononane48gbp1089C20mm

DiethylHexylnonylmalonateSoldium22g0097g
atomwasaddedintoabsoluteEtOH50mlThesolution
wascooledto4050CIntothissodiumethoxidesolution
diethylhexylmalonate236g0097molwasaddedwith
stirring113romononane195g0097molwasthenadded
dropwiseintotheresultingclearsolutionThereactionmix
turewasrefluxedwithstirringfor5hranddistilledtoremove
EtOHWaterwasaddedintotheresidueandtheresulting
mixturewasextracted3timeswithetherThecombinedether
extractswerewashedoncewithdiluteHC1and3timeswith
H2OAfterdryingoverNa2SO4etherwasevaporatedThere
siduewasdistilledinvacuotogivepurediethylhexylnonyl
malonate266gbp16872C10mm

2HexylundecanoicAcidAmixtureofdiethylhexyl
nonylmalonate251g007moland50aqKOHsolution
200gwasheatedunderrefluxwithstirringfor10hr
EnoughH2Owasaddedintothemixturetodissolvetheacid
saltTheresultingsolutionwaswashedoncewithetherand
acidifiedwithHC1Theseparatedoilysubstancewasextract
ed3timeswithetherThecombinedetherextractsweredried
overNa2SO4Evaporationofethergavecrudehexylnonylmal
onicacidwhichwasheatedtoabout180Cuntilevolutionof
CO2ceasedTheremainingliquidwasdistilledinvacuotogive
pure2hexylundecanoicacid17gbp16973C085mm

Methyl2Hexylundecanoate22Hexylundecanoicacid
2gwasdissolvedinether30mlIntothissolutionanex
cessamountofdiazomethaneinetherwasaddedEvaporation
ofthesolutiongavearesiduewhichupondistillationinvacuo
yieldedpuremethyl2hexylundecanoatebp11721C025
mm

1BromopentadecaneAccordingtothemethodpreviously
describedfor1bromononane1bromopentadecane858g
bp1535C24mmwasobtainedfromhexadecanoicacid



1282g05molHg0823g038molandBr2799g
05molinCC14490ml

Diethyl EthylpentadecylmalonateAccording to the

methoddescribedfordiethylhexylnonylmalonatediethyl
ethylpentadecylmalonate202gbp1508C01mmwas
obtainedfromNa23g01gatomdiethylethylmalonate
188g01moland1bromopentadecane291g01mol
inEtOH100ml

2EthylheptadecanoicAcid3Accordingtothemethod
for2hexylundecanoicacid2ethylheptadecanoicacid85g
bp15863C01mmandmp434Clitmp446C
BreuschandUlusoy1953wasobtainedbytreatingdiethyl
ethylpentadecylmalonate202gwith50aqKOH200g
andsubsequentlydecarboxylatingtheresultingethylheptade
cylmalonicacid

1BromoheptadecaneFromoctadecanoicacid1422g
05molHg0823g038molandBr2799g05molin
CC14600ml1bromoheptadecane963gbp15460C
04mmwasobtained

DiethylEthylheptadecylmalonateFromNa23g01
gatomdiethylethylmalonate188g01moland1
bromoheptadecane319g01molinEtOH100ml
diethylethylheptadecylmalonate22gbp1805C015
mmwasobtained

2EthylnonadecanoicAcid4Bytreatingdiethylethyl
heptadecylmalonate20gwith50aqKOH200gand
subsequentlydecarboxylatingtheresultingethylheptadecyl
malonicacid2ethylnonadecanoicacid144gmp534
litmp545CBreuschandUlusoy1953wasobtained

BIOASSAYPROCEDUREThebioassaytestswerecon
ductedaccordingtotheprocedureofHwangetal1974a
whichisterselydescribedhereTwentyfirstinstarlarvaeof
CxpquinquefasciatuswereplacedinPyrexcustarddishes
containing200mltapwaterandfedwithamixtureofground
rabbitpelletsandyeastThelarvaldisheswereplacedina
roomkeptat271Candunderaphotoperiodof14hrThe
testingcompoundsweredissolvedinacetoneandserially
dilutedMortalitieswereassessedeveryotherdayuntiladult
emergenceThelarvicidalactivitywasexpressedintermsof
LC50andLC90inppm

RESULTSANDDISCUSSIONThelarvicidalactivityof
theoddnumbered2substitutedfattyacidsareshownin
Table12Hexylundecanoicacid1showedweakactivity
withLC50andLC90at10and20ppmrespectivelyAsimilar
levelofactivitywaspreviouslyfoundforitsimmediateeven
numberedhomologues2hexyldecanoicacidand2hexyldode
canoicacidHwangetal1974b

InourearlierpaperHwangetal1976wereportedthat
thelarvicidalactivityofevennumbered2alkylalkanoicacids
couldLeincreasedbyesterificationoftheacidstotheircor
respondingestersWethereforehypothesizedthatthiswould
alsoholdtruefortheoddnumbered2alkylalkanoatesand
proceededtomakeestersofsomeoftheseacidsEsterification
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Table1Larvicidalactivityofoddnumbered2substitut
edfattyacidsagainstfirstinstarsofCxpquinquefasciatus

R1

CHCO2R3
R

Compd R1

1 nC6H13
2 nC6H13
3 C2H5
4 C2H5

Activityppm

R2 R3 LC50LC90

nC9H19
nC9H19
nC15H31
nC17H35
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H 10 20

CH3 08 50

H 054 120

H 075 151

of2hexylundecanoicacid1producedmethyl2hexylunde
canoate2whichshowedincreasedactivitywithLC50and
LC90at08and50ppmrespectivelyThismethylestersim
ilarlydisplayedthesameleveloflarvicidalactivityasitsim
mediateevennumberedhomologuesmethyl2hexyldecanoate
andmethyl2hexyldodecanoateHwangetal1976

2Ethylheptadecanoicacid3and2ethylnonadecanoic
acid4exhibitedahighleveloflarvicidalactivityTheformer
displayedLC50andLC90of054and120ppmrespectively
andthelatterof075and151ppmrespectivelyTheywere
moreactivethantheirimmediateevennumberedhomologues
2ethylhexadecanoicacid2ethyloctadecanoicacidand2
ethyleicosanoicacidHwangetal1974b

Wehavethereforeproducedexperimentalresultsproving
thatoddnumbered2substitutedfattyacidsareaslarvicidal
lyactiveastheirevennumberedhomologuesInsomecases
theformercompoundsaremoreactivethanthelatterThedis
coveryofsuchsimpleevenandoddnumberedsubstituted
fattyacidsandtheirestersprovidesanovelapproachtomos
quitocontrolusingsimpleandrelativelyinnocuousmaterials
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STATUSOFDEVELOPMENTOFALTERNATIVECHEMICALS

FORCONTROLOFRESISTANTPESTS
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Itisgenerallyacknowledgedthatthepossibilityofdiscover
ingcompoundswhichwouldbeimmunetoresistanceisbe
yondourimmediatereachHoweverwithincertainnewor
novelgroupsofpesticidesprogresshasbeenmadetowardthe
synthesisofcompoundswhicharehighlyactiveandwhichare
affectedonlyslightlybyknownresistancemechanismsSince
thesecompoundsarenotimmunetoresistancethechallenge
incontinuedeffectivepestcontrolassumesadualorientation
athesynthesisofcompoundswithhighactivityandminimal
crossresistanceinfluencesandbutilizationofsuchcom
poundsinwayswhichdonotleadtoresistanceDuringthe
firstthreedecadesofcontrolbysyntheticinsecticidesthe
challengewastotallyinthehandsofthesyntheticchemist
nowitmustbesharedatleastequallybythepestmanager

Recentdevelopmentsintheareaofalternativechemicals
forcontrolofresistantarthropodsarediscussedbelow
1PyrethroidsConsiderableemphasishasbeenplacedon

thesynthesisofpyrethroidspossessinggreaterintrinsictox
icitytoinsectsandgreaterphotostabilityBecauseinsecticidal
activitywasfoundtobegreatlyinfluencedbythegeometrical
featuresandopticalformoftheacidicandalcoholiccompon
entsofthemoleculeElliottetal1974Elliott1977much
efforthasbeendevotedtomethodsforpreparingpyrethroids
inaspureastereoisomericstateaspossibleOneproductof
thiseffortisdecamethrinNRDC161anexceptionally
potentinsecticideElliottetal1974LD50onMusca
domestica 00032y9LC50onCulex5fasciatus 00001

ppmFurtherworkhasrevealedanotherequallytoxic
pyrethroid Scyano3phenoxybenzyl1Scis 322
dichlorovinyl22dimethylcyclopropanecarboxylateElliott
etal1978a1978bAsmallnumberofpyrethroidsarenow
marketedforfielduseinvariouscountriesandthereislittle
doubtthatthisclassofinsecticideswillplayanimportantrole
inpestcontrolduringthenext510years

Despitethebrieftimesincetheirintroductioncasesof
crossresistancetocertainpyrethroidshavebeendetectedin
severalinsectspeciesTheseincludea30xcrossresistanceto
permethrininAedesaegyptiPrasittisukandBusvine1977
10xtobioresmethrininthesamespeciesChadwicketal
197710xtocypermethrininBoophilusmicroplusNolanet
al19772000xtopermethrininSpodopteraexiguaHold
en1978personalcommunicationandothersFurthermore
intensivefielduseofbioresmethrinagainsthouseflieshasin
duceda105xlevelofresistancetothisinsecticideKeiding
1976LaboratoryselectionofCulex5fasciatuswithtrans
permethrinhasproducedtheextremelyhighlevelof4000x
resistanceinlarvaePriesterandGeorghiou1978

Thereisevidenceindicatingthatpyrethroidresistanceis
polyfactorialPriesterandGeorghiou1979Farnhamand
Sawicki1976andthatitscomponentsincludeafactorcaus
ingreducedsensitivityinnervetissueprobablyKdrwhichis
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alsoafactorinDDTresistanceaswellasfactorscontrolling
oxidativeandhydrolyticdetoxification

Ofconsiderableconcernisthepotentialmagnitudeofre
sistanceandtheextentofcrossprotectionimpartedbythe
KdrcomponentInstudiesonabioresmethrinselectedstrain
ofMuscadomesticawefoundthatcrossresistanceatlevelsof
14100xextendstoallofthe16pyrethroidswehavetested
DeVriesandGeorghiou1978Thereisthusadistinctpossi
bilitythathighresistancetoonepyrethroidonceestablished
mightstronglyaffectthefieldusefulnessofmanyifnotall
othermembersofthisclassofchemicals

2CarbamateswithhighactivityoninsensitiveAChE
AmechanismofresistancetoOPsandcarbamateswhichhas

causedconsiderableconcerninrecentyearsinvolvestheselec
tionofindividualspossessingformsofacetylcholinesterase
thatarefarlesssensitivetoinhibitionbythesechemicalsthan
normalformsUntilrecentlysuchtargetsiteinsensitivity
wasknowntooccuronlyincertaintetranychidmitesandthe
cattletickHoweveritnowoccursinseveralinsectspecies
eggreenriceleafhopperhouseflyAnophelesalbimanus
Itssignificanceliesinthehighdegreeofprotectionandrela
tivelybroadspectrumofcrossresistancewhichitconfersIn
Anophelesalbimanusitisknowntoaffectallcarbamatesand
alargenumberofOPsAyadandGeorghiou1975Ariaratnam
andGeorghiou1974

Apotentiallysignificantdevelopmentistherecentdiscov
erybyJapaneseworkersthatacetylcholinesteraseofthegreen
riceleafhopperwhichisinsensitivetoNmethylcarbamates
isreadilyinhibitedbyNpropylcarbamatesregardlessofthe
ringsubstituentsofthelatterYamamotoetal1977Ithas
alsobeenshownthatNmethylandNpropylcarbamates
demonstrateconsiderablesynergisticactivityagainstthisinsect
Takahashietal19771978UnfortunatelyNpropylcarba
matesarenottoxictoresistantAnalbimanusandtheydonot
synergizeNmethylcarbamatesinthisspeciesGeorghiou
1978unpublished

3Carbamateswithhigherlipophilicityandgreatermam
malianselectivityWorkbyFukutoandhisassociatesatUC
Riversidehasledtothediscoveryofmodifiedcarbamates
whichdisplayhighinsecticidalactivitywhilebeinglesstoxic
tomammalsthantheparentcompoundsThesechemicalsare
mostlyNsubstitutedbiscarbamoylsulfidesFahmyetal
1974andNNthiodicarbamatesFahmyetal1978ofN
methylcarbamatesBecauseoftheirhigherlipophilicitythey
penetratefasterthroughtheinsectcuticleandthusdisplay
greatertoxicityThisisespeciallymarkedinmosquitolarvae
anditresultsinlowerlevelsofresistancethanarefoundto
wardtheparentcarbamateSomeofthesemodifiedcarba
matesarebeingdevelopedcommercially
4InsectdevelopmentinhibitorsaDiflubenzuron

DimilinAlthoughhighresistancetothischitinsynthesisin



hibitorhasbeeninducedinhousefliesbydirectselection
OppenoorthandvanderPas1977Pimprikar1977Pimprikar
andGeorghiou1978prolongedselectionofCulextarsalis
failedtoinduceresistanceInfieldteststhischemicalhas

shownhigheffectivenessagainstOPresistantmosquitolarvae
andisbeingtestedfurtherunderlimitedlicensing
bMethopreneAltosidProspectsfordevelopmentare

cloudedbyalimitedmarketandthedemonstrationofcross
resistanceandinducedresistanceinhousefliesmosquitoes
andseveralotherspeciesResearchisbeingcontinuedonanti
juvenilehormonesofplantoriginBowersetal1976and
otherpioneeringworkofpotentialsignificanceinvolvesthe
identificationoftoxicnaturalproductswhichregulateplant
hostselectionbypestspeciesBerenbaum1978

Itisapparentthatconsiderableresearchiscurrentlybeing
pursuedtowardthediscoveryofnewandnovelchemicalsfor
insectcontrolCoupledwithresearchonmethodsformore
sophisticatedutilizationofinsecticidesthisbringsrenewed
hopethatproceduresforeffectivecurtailmentofresistance
maybeavailableinthenearfuture
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INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA

STATUSOFORGANOPHOSPHORUSRESISTANCEINLARVALCULEXTARSALIS

THROUGH1978WITHNOTESONMITIGATINGTHEPROBLEM

ErnstPZborayandMichaelCGutierrez

CaliforniaDepartmentofHealthServices
VectorBiologyandControlSection

INTRODUCTIONThedevelopmentofresistanceisacon
tinuingprobleminCaliforniawiththemainreasonpresumed
tobeinsecticidalpressureexertedonthepopulationsunder
controlThepurposeofthisstatusreportistwofold1to
updatetherecordoftheseverityofresistanceineachcontrol
agencyand2tosummarizethestatusofresistancetothere
presentedchemicalsineachcontrolagency

METHODSANDMATERIALSTestresultswereobtained

asdescribedbyGilliesandWomeldorf1968Alldatawere
processedthroughacomputerizedprobitanalysisprogram
Testswereconsideredinvalidiftherewerefewerthanthree
datapointslackofmortalityaboveorbelow50 mixed

speciespupationorstatisticallysignificantheterogeneity
RESULTSTodemonstratetheseverityoftheresistance

problemTable1showsthehighestLC50recordsforeach
mosquitocontrolagencyMalathionparathionfenthionand
chlorpyrifosareincludedtorepresenttheorganophosphorus
OPlarvicidesTable1liststhedataforeachagencybychem
icalyearoftestIC90LC50ratioandtheLC50andits95
confidencelimitsTheinclusioncriteriacausedsometestdata
tobeleftoutsothatnotallchemicalsoragenciesarelisted
althoughtestswereperformedinsomecasesThefailure
thresholdsareasfollows

Parathionandfenthion LC50 0005 kndLC90 001
chlorpyrifos LC50 00025andLC90 0005

malathion LC50 01andLC90 02

Tosummarizethestatusofresistanceineachzontrol
agencytotherepresentedchemicalslettershavebeenusedin
Table2TheletterSmeansthatnormalcontrolshouldbe
achievedatthelegaldosagerateTheletterBindicatesthat
resistancehasprogressedtotheextentthaterraticcontrol
shouldbeexpectedifapplicationsweredoneunderlessthan
perfectconditionsTheletterRdepictsthatdevelopmentof
resistancehasreachedthepointthatfieldfailuresshouldoccur
evenunderperfectapplicationconditionsThedetermination

714PStreetSacramentoCalifornia95814
25545EastShieldsAvenueFresnoCalifornia93727
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oftheresistancestatusineachcontrolagencywasbasedon
theexaminationofalltestdatafrom1973through1978
knowledgeofthetestedsourcespesticideusagepattersand
theagencysresistancehistoryThisadmittedlysubjectiveview
oftheresistancestatusisintendedtobeaguidetotheprob
ableeffectivenessofthelistedchemicalsCurrentlychlorpyri
fosistheonlyOPexpectedtoachievesuccessfulcontrolof
mostCulextarsalispopulations

DISCUSSIONInformationextractedfromannualpesti
cideusereportsshowsthatinthelastfiveyearsusageofOPs
declined50 yetacomparisonwithour1973reportGillies
etal1974indicatesthatCxtarsalisinseveralagenciescon
tinuedtoshowincreasedresistancelevelsAlthoughfewer
mosquitopopulationsarebeingtreatedwithOPsresistance
continuestoincreaseinthosepopulationsstillunderOPcon
trolThereforeitisamisconceptiontoassumethatreduced
totalpesticideuseissynonymouswithreducedinsecticidal
pressure

Topreventordelayfurtherresistancedevelopmentlarvi
cidesmustbeappliedinsuchawaythatsusceptiblemosqui
toesaregivenachancetosurviveandserveasasourceto
dilutetheresistancepoolThiscanbedonebynottreatingthe
entiresourcebutdeliberatelyleavingpartofitcompletely
untreatedTheuntreatedportionwillprovidesusceptiblein
dividualstomixgeneticallywiththeresistantsurvivorfrom
thetreatedportion

Thedifficulttaskwillbetoestablishathresholdofallow
ablenumbersofmosquitoesfromtheepidemiologicalstand
pointIftheviruslevelofencephalitisisknowntobelow
higherpopulationsofCxtarsaliscanbeallowedConversely
ofcourseifthereisagreatdealofvirusactivityfewerCx
tarsaliscanbetolerated

REFERENCESCITED

GilliesPAandDJWomeldorf1968Methodologyemployedinthe
CaliforniamosquitolarvicideresistancesurveillanceprogramCalif
VectorViews154550

GilliesPADJWomeldorfEPZborayandKEWhite1974
InsecticidesusceptibilityofmosquitoesinCaliforniaStatusof
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Table2InsecticideresistancestatusofCulextarsalistoorganophosphoruslarvicides19731978

AlamedaCounty
ContraCosta

NorthSalinasValley B

SanMateoCounty R

SantaClaraCounty

MALATHION PARATHION FENTHION TEMEPHOS CHLORPYRIPHOS

B

B

R

BurneyBasin S B S

ButteCounty B R
Colusa B B B S
Corning B S B S
LosMolinos S S B S

PineGrove S B S
Shasta B B R S
TehamaCounty B B B S
Eastside R R

MercedCounty R R

SanJoaquin R R R B S
Turlock R B
Consolidated S

Delano R R B B
Delta S R S

FresnoWestside R R B B
Kern B R R R B
Kings R B R B B
MaderaCounty R
Tulare R R R B B

Westside R B B S
CoachellaValley B R B R
GoletaValley B

ImperialCounty R R R S B
InyoCounty S

LosAngelesCoWest S B S

OrangeCounty B S R

SanBernardinoCounty
SanDiegoCounty B B B B
Southeast S B R

VenturaCounty B

S NormalControl
B Anticipateerraticcontroliftreatmentconditionsarelessthanoptimum
R Anticipatecontrolfailures
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B R

R B S

B S

S

S

S



ANEXPERIMENTALSOLIDFABRICATIONOFMETHOPRENEALTOSIDAND

ITSAPPLICATIONINANURBANFLOODCONTROLCHANNEL

INTRODUCTIONThelarvicidalefficacyandresidual
characteristicsofmethopreneAltosidarewelldocumented
inbothlaboratoryandfieldstudiesonvariousmosquito
speciesSchaeferandWilder1972and1973Schaeferetal
1974Sincethe1973EPAexperimentalusesanctionofAlto
sidandatthiswritingthisinsectgrowthregulatorIGRhas
beenavailablefromZoeconCorporationonlyasSR10the
microencapsulatedliquidandBriquetthesolidcontrolled
releaseformulationHoweverrecipeanddirectionsforthe
makinganduseofAltosandagranularsustainedrelease
formulationfromSR10areavailablefromZoecon

OftheseavailableformulationsonlytheBriquetmaybe
usedinlimitedslowflowsituationsusuallyditcheswithshal
lowdepthsandnarrowwidthshavingminimalflowItwas
designedprimarilyforcatchbasinswhereithasbeenused
successfullySchoeppner1978Inlargerflowsituationseg
streamsandurbanfloodcontrolchannelsitsapplicabilityis
costlyandefficiencyquestionable

AttheSoutheastMosquitoAbatementDistrictour1000
plusmilesoffloodcontrolchannelsrepresentextensivebreed
ingsourcesTheyareroutinelysprayedatconsiderable
expenseonaperiodiccycleof7to10dayswithlarvicideoil
andoccasionallyorganophosphorusmaterialsusingaforceof
3vehiclesanda4mancrewOurconcernwastoimprovethe
costeffectivenessofthissprayprogramwithoutsacrificing
ourcontrolsuccessWefeltthatcouldbebestaccomplished
withacontrolledreleasecompoundcapableofoneormore
monthslarvicidingactivityWechosenottouseorganophos
phorusgranulesbecauseoftheirrelativelypoorresidualnon
specifictoxicityanddifficultyofapplicationWeknewthat
applicationoftheAltosidBriquetwasnoteconomicallyfeasi
blebutfeltalargerformofthismaterialplacedstrategically
atpointsofwaterinflowintothechannelsmightworkWith
thisthinkingandthecooperationofZoeconsRobertLucas
SalesandMarketDevelopmentManagertheAltosidpieor
discwascreatedandpreliminarilytestedbytheauthors

MATERIALSANDMETHODSInmidMay1978the
DistrictreceivedfromZoeconthreebucketsof4Briquet
materialtailingsfromtheBriquetmanufactureFig1This
materialweighedatotalof59kgsThebucketswereprocess
edinto12discsofvariousweightsrangingfrom1980to
7229gX 4928 1543gtaggedforidentificationenclosed
in14inchmeshhardwareclothandplacedonMay30atstra
tegicflowandinflowlocationsalongafloodcontrolchannel
Figs2and3

BoutonCreektheselectedfloodcontrolchannelisa
steepsidedcementlinedslowflowchannelapproximately45
to9mwideand15kmlongthatflowseasterlyandterminates
aspartofamarineestuarysystemFig4Watervelocity
averages03msecbutflowisheterogeneousduetoaccumul
ateddebrisandsomeplantgrowthDuringourinvestigation
pHfluctuatedbetween705and74Becauseofitsestuarine

JEHazelriggandFWPelsue

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280
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natureBoutonCreekissubjecttotidalflowsandbackwash
ing

BymidMaymosquitobreedinginthischannelisextensive
withCulexpipiensquinquefasciatusthepredominantspecies
CulextarsalisCulexpeusandCulisetaincidensalsooccur
throughoutthewarmermonthsLarvaeareusuallyconfinedto
theedgesofthechannelasinmostfloodcontrolchannels

Figure1Oneofthreebucketsof4AltosidBriquet
materialreceivedfromZoeconThismaterialwastailings
fromthecompanysBriquetmanufacturingprocess

Figure2Exampleofoneofthediscsobtainedfrom
cuttingthebucketsintoapproximatelyequalquartersHard
wareclothenclosureswereusedtominimizediscmovement

butlaterremovedandfoundtobeunnecessary



Figure3BoutonCreekthefloodcontrolchannelselected
forthisstudySeenisupperBoutonwithtulegrowthand
channeldebrisAnAltosiddiscnotseenwaslaterplaced
betweenthetuleclumpsinthemiddleofthephotograph

Figure4Illustrationofhandsamplingformosquito
pupaeThecapturedevicewasapieceof14inchmeshfiber
glassscreencutUshapedPupaewererandomlycollected
alongtheentirechannellengthandreturnedtothelaboratory
forobservation
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butwherealgalmatsordebrisaccumulatelarvaealsoconcen
trateInadditionseveralpestiferouschironomidmidgespecies
occurinthechannelBoutonCreekusuallygeneratesseveral
tomanycomplaints7complaintsloggedfor197677during
thepeakmosquitoseasonandisconsideredtobewithina
moderatecomplaintareaofmostlyresidences

Discswereplacedinthechannelbeginningupstream
accordingtoweightandsiteHeavierdiscsplacedfirstwere
followedbylighterdiscsalongthechannelatactiveoutfalls
andconstrictedflowsitestomaximizeexposuretowaterper
mittingoptimummaterialreleaseanddistributiondown
streamThe12discsextendedadistanceofapproximatelyone
kilometerInaddition300Briquetswereusedinthechannel
inareasbelievedmoreorlessisolatedfromchannelflowand
waterexchangeThreedaysafterplacementofthediscsand
atperiodicintervalsforaperiodof56daysMay31toJuly
25theupperandlowerhalvesoftheentirechannelwereal
ternatelysampledformosquitopupaePupaewerecollected
byhanddippingwithapieceof14inchmeshfiberglassscreen
returnedtothelaboratoryandobservedforsubsequent
emergenceWehadintendedtomonitortheBriquetsfor
positionalchangesandlongevitybutthisbecametoolabor
iousfollowingashiftpresumedduetotidalactivityinslight
lymorethan50oftheBriquetsafterthefastsampling
weekOnestandardNewJerseylighttrapwasinstalled15
daysafterdiscplacementJune15ataresidencedirectlybe
hingthechannelsmidpointtomonitoremergingadultpopula
tionsTrapswerenotavailablepriortothisdate

RESULTSANDDISCUSSIONTheresultsofthisstudy
aresummarizedinFigures5and6Thepupalmortalityis
illustratedinFigure5Thesedatareflectabsolutemortality
ofpupaeTheydonotincludethecharacteristicIGRrelated
postemergentphysicalandphysiologicalaberrationsobserved
insomeoftheadultswhichpreventthemfromflyingfeeding
andreproducingThefewestpupae37werecollectedonthe
lastdayofpupalsamplingThegreatestnumberofpupae
411werecollectedonday13ofthestudyTheaveragenum
berofpupaecollectedwas197104Numbersofcollected
pupaereflectedtheavailabilityofmosquitoimmaturesThe
highestrateofpupalmortality98 occurred13and14days

followingplacementofthediscsandapparentlynolessthan
80mortalityoccurredduringthefirst30daysoftreatment
Theseresultsexceededourexpectationsforaminimumofone
monthofcontrol

Confirmingthesehighlysatisfactoryresultsweredatacol
lectedfromthelighttrapFig6Althoughpretreatment
emergencedataarenotavailablenumbersofadultsarepre
sumedhigherforthatperiodThe148averagefemalesper
trapnightvalueafter20daysposttreatmentprobablyrepre
sentsadiminishedpopulationbutthedegreeisspeculative
Thelighttrapdataindicateadefinitetimelagbetweenthe
onsetofpeakpupalmortalityandfewesttrappedfemalesper
night025firstcollectedonthe42posttreatmentdayThe
survivingadultsemergingpriortotreatmentmightexplainthis
observation

Thelongevityofthediscswasafunctionoftheirweight
andplacementTwodiscsofapproximatelyequalweight
about500gweremonitoredformateriallossatdifferentflow
exposuresWherewatermovedatabout05msecoverone
disciterodedcompletelywithin32daysWaterflowingat
slightlylessthan015mseccompletelydissolvedthesecond
discin79days



Figure5Illustrationofthepercentmortalityofvariousspeciesofmosquitopupaecollectedfromanurbanfloodcontrol
channelexperimentallytreatedwithanewsolidformulationofAltosidCulexpipiensquinquefasciatuswasthepredominant
species

Althoughuniformspatialarrangementofthediscswas
consideredthevariousweightsandsizesofthediscsmadethis
impracticalHoweverfutureuseofuniformweightandsize
discsmaydemandkeepingparticulardistancesbetweenthem

Ofalltheobservationsmadeduringthisstudytwoarepar
ticularlyinteresting1nomosquitoormidgecomplaintsor
servicerequestswereloggedfortheBoutonCreekvicinity
and2noadultmidgeswereobservedortrappeddespitethe
abundantlarvalmidgepopulationsobservedinthechannelIf
midgeswerecontrolledbyAltosidinthisformitrepresents
abonusweintendtoinvestigatefurther

AsaresultofthisstudytheCaliforniaDepartmentof
FoodandAgriculturehasregisteredanAltosiddiscformula
tiontomeetaspeciallocalneedSLNItisregisteredasCali
forniaSLN780183

DAYS
POST TREATMENT
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PERSISTENCEOFBAYSIR8514INAPONDTREATEDFORTHECLEARLAKEGNAT

A05sandgranuleformulationwasusedtotreatafarm
pondwithSIR8514at5ppbTheactiveingredientwasre
leasedfromthesandgranulesintheupperandmidlevelsof
thepondnonewasmeasuredinthedeepestwater14ft4
hrsaftertreatmentAt24hrstheaverageconcentrationin
pondwaterwas46ppbTheresiduesinwaterthensteadily
declinedto03ppbat21daysandwerebelowdetectable

CharlesHSchaefer

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

limits02ppbat28daysNoresidueswereeverdetected
inanyofthesedimentsamplesBothmosquitofishandblue
gillsunfishaccumulatedSIR8514residuesfromthewaterto
about400ppbintissueswithin48hrsofthetreatmentthese
thensteadilydecreasedandnodetectableresiduesinfish
tissueswerepresentat28days

EFFECTSOFBAYSIR8514ONTHECLEARLAKEGNATANDNONTARGETORGANISMS

AnapplicationofBAYSIR8514yieldinganinitial
concentrationof5ppbinanexperimentalpondresultedina
95reductionintheemergenceofadultClearLakegnats
for4weeksEmergenceofadultchironomidsdeclinedandre
mainedbelowthe95reductionlevelfor6days

AEColwell

LakeCountyMosquitoAbatementDistrict
410EsplanadeLakeportCalifornia95453

ABSTRACT
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Majortemporaryreductionsinpopulationsofcladocerans
andcopepodsoccurredafterthetreatmentDamselflynum
bersalsodeclinedanddidnotreturntopretreatmentlevels
until8weeksposttreatmentLessseverechangesoccurredin
populationsofwaterstridersbroadshoulderedwaterstriders
waterboatmenvelvetwaterbugsrotifersdinoflagellatesand
aquaticsnailsfollowingtheapplicationofBAYSIR8514



PRELIMINARYSTUDYOFGAMBUSIAPRODUCTIONANDHOLDINGPONDS

COMPARINGSECONDARYEFFLUENTWITHFRESHWATER

GaryTReynolds

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702

INTRODUCTIONOurobjectiveatOrangeCountyVector
ControlDistrictistoincreasethecapacityforholdinglarge
numbersofGambusiaaffinisBairdandGirardduringthe
winterandearlyspringGambusiaareusedextensivelyinour
biologicalcontrolprogramforstockingfloodchannelsorna
mentalaquatichabitatsdepressionspondsetcprimarily
duringthespringandsummermonthsInadditiongravid
Gambusiaareseparatedfromvariousfishpopulationsusinga
minnowgraderthenplacedinculturecagesforourmassrear
ingprojectReynolds1977Gambusiaarenotavailablefrom
thefieldinsubstantialnumbersduringthewinterduetoen
vironmentalconditionsThereforeamajorityofthesefish
mustbecollectedduringlatesummermonthswhentheyare
abundantinthefieldthenconfinedinlargeholdingponds
untiltheyareneededTwotypesofpondsarebeingevaluated
inthisstudyoneutilizingwellwaterandtheothersecondary
effluent

METHODSANDMATERIALSOurevaluationisnota
truecomparisonsincethepondusingwellwaterhasa20mil
PVClinernoshorelinevegetationsupplementaryfeedingand
effectivealgaecontrolwhilethesecondaryeffluentponds
havenolinerheavyshorelinevegetationnosupplementary
feedingandalgaecontrolonlytoreducetheformationof
heavymatsInadditionmakeupwatertomaintainthewater
levelinthepondswas1316Cforwellwaterand1821C
forsecondaryeffluentduringthesummer

OnOctober91975asmallholdingpondwasconstructed
atourDistrictThedimensionswere49feetinlength18feet
inwidthwithadepthslopingfromtwofeettooneinch
Figure1Thedeependofthepondhasa1inchdraincom
pletewithanoverflowpipeandshutoffvalvetomaintaina
constantwaterlevelFigure2Askiploadertractorwitha
scraperwasusedtoexcavatethebasicoutlineofthepond
Finalcontourofthepondwasobtainedusingshovelsand
rakesApondlinerwasrequiredduetoextremelysandysoil
Threetypesofmaterialswereconsideredforthepondlining
compactedclayshotcretecementandaplasticlinerA20mil
PVClinerwaschosenonthebasisofcostsoiltypeeaseof
applicationseiningcleaningandaquaticweedcontrolPVC
plasticwilldecomposerapidlyapproximatelysixmonthsto
twoyearswhenexposedtotheultravioletraysofdirectsun
lightbutwhenitisunderwaterorcoveredwith6to8inches
ofsoilattheshorelineitshouldlastforapproximatelyseven
totenyearsThereareothertypesofplasticsheetingthatare
extremelyresistanttoultravioletlightsuchasCPE30milor
HypalonDupont36milbuttheyaremoreexpensiveWin
Bachelderpersonalcommunication

Beforeplacingthelinerintothepondareaa1hinchdrain
andoverflowsystemwasinstalledatthedeependAfterthe
linerwassetinplacetheedgesofthelinerwerefoldedback
aboutfivefeetandaonefootdeeptrenchwasdugaroundthe
perimeterofthepondEdgesofthelinerwereplacedintothis
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trenchandcoveredwithsandtopreventliftingduringheavy
windsandtostabilizethebermA34inchinflowpipewasin
stalledtofillthepondwithanestimated6600gallonsof
waterfromourDistrictwellFivepoundsofGaffiniswere
stockedinthispondonAugust41977Gambusiafrywere
stockedinthispondduring1976toobservewintersurvival
potentialbutnospecificdatawererecordedOnApril17
1978Aquazinewasappliedtothepondforalgaecontrolat
1ppmAblendof50PurinaTroutChowand50wheat
branwasfeddailytothefishatarateof10oftheestimated
biomass

Thesecondaryeffluentpondswerebuiltonasiteseven
milesfromourDistrictincooperationwithandadjacentto
theOrangeCountySanitationDistrictPlantNo1inFoun
tainValleyOnSeptember141976askiploadertractorwith
ascraperwasusedtoexcavatetwo25ftx20ftx2ftponds
andone50ftx20ftpondpondNo1Thelatterpondhad
adepthslopingfromtwofeettooneinchThesepondswere

y
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filledonSeptember23withsecondaryeffluentwaterPond
No1wasfilledwithanestimated7500gallons

Afterallowingthewatertosettleasmallnumberof
GambusiawerestockedinthesepondsonNovember11None
oftheGambusiasurvivedThepondwaterwastestedand
foundtohaveahighBODandnitratecountGambusiawere
acedinbucketsofpondwateronewithaerationandone
withoutOnlytheGambusiaintheaeratedbucketsurvived
Thisledustobelievethatahighlevelofammonianitrogen
waspresentinthepondwaterandtheaerationprocesswas
strippingitsufficientlytoallowGambusiatosurviveInrelat
ingthistoourpondsituationwedesignedour34inchPVCin
flowpipeintheshapeofaTandperforatedtheleadingedge
ofthepipetoaeratethesecondaryeffluentwaterasit
droppedintothepondInadditionwefilledone25ftx20ft
pondsiphonedthispondintothenext25ftx20ftpondand
finallysiphonedthatpondintoour50ftx20ftpondpond
No1Thisallowedmorecompleteaerationandsettlingof
thesecondaryeffluentbeforeitreachedpondNo1Also
periodictreatmentswithpotassiumpermanganateat4ppm
wereusedinthesepondstohelpsatisfytheBODandincrease
oxygenlevelsOnJanuary61977smallnumbersofGam
busiawereagainstockedinpondNo1Thistimetheysurviv
edFromMarchtoJuneof1977fiveadditionalponds100ft
x20ftwereexcavatedattheOrangeCountySanitationDis
trictTheyhadadepthslopingfromtwofeettooneinch
Noneofthesecondaryeffluentpondswaslinedorsealedas
wehadanabundantsupplyofsecondaryeffluentfromthe
OrangeCountySanitationDistrictInflowpipes inchwere
installedatthedeependofthepondsEachpondwasfilled
withanestimated15000gallonsofwaterNodrainorover
flowsystemwasprovidedNylonsiphonhoses inchwere
placedbetweeneachpondtomaintainuniformwaterlevels
inallpondsDuringMayof1977theSanitationPlantNo1
installedanactivatedcharcoalfiltrationsystemthatgreatly
improvedthewaterquality

OnAugust21977fivepoundsofGambusiawerestocked
inpondNo1andanotherfivepoundsintheadjacentpond
No2AlsoonSeptember291977two100ftx20ftponds
Nos3and4wereeachstockedwithfivepoundsofGam
busiaTwoadditional100ftx20ftpondsNos5and6were
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r

Figure2Crosssectionofdeependofpondshowingdrainandoverflowpipearrangement
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eachstockedwithfivepoundsoffishonSeptember291977
buttheywillnotbeharvesteduntil1979Table1

NosupplementaryfishfoodwasgiventotheGambusiain
thesepondsSomeoftheinvertebrateaquaticorganismsob
servedinabundanceduringthesummermonthsthatmost
probablywereutilizedasafoodsourceincludedOstracoda
HemipteraCorixidaeandNotonectidaeCladoceraDaphni
idaeaswellasimmatureOdonataandDipteraChironom
idaeAlsonumerousmiscellaneousinsectsandspiders
droppedintothepondsfromnearbyheavyshorelinevegeta
tion

RESULTSANDDISCUSSIONHarvestresultstodate

fromthepondsstudiedarepresentedinTable1The49ftx
18ftPVClinedpondattheOrangeCountyVectorControl
DistrictwithwellwaterwasharvestedonApril18197865
poundsofGambusiawereobtainedApreliminarydatacheck
indicatestheentireoriginalpopulationstockedfivepounds
hadsurvivedthewinterandshownaweightgainHowever
whenwelookattherelationshipbetweenthenumberoffish
stockedandthenumberoffishharvestedwegetamoreac
curateaccountThefishdidexperienceaweightgainof30
butthesurvivalratewasonly595 Ifwecomparethesere
sultswithaMay261978harvestfromthe50ftx20ft
secondaryeffluentpondNo1weseeaharvestof61ponds
offishforaweightgainof22andasurvivalrateof509
Unfortunatelytheresultsobtainedfromsecondaryeffluent
pondNo150ftx20ftandpondNo2100ftx20ftare
obscureifnotinvalidDuringheavywinterrainsthesiphon
hosebetweenpondNos1and2apparentlybecameclogged
andallowedpondNo2tooverflowintopondNo1This
alsopermittedGambusiatomovefreelybetweentheponds
AfterthewaterleveldroppedagreatdealmoreGambusia
wereobservedinpondNo1thanpondNo2Thuswhen
thesepondswereharvestedonMay261978theyieldof
Gambusiafromeachpondwascomputedbytotalingthe
actualharvestfromeachpondanddividingbytwoSince
therewaslittleornofryproductionfromthetimeGambusia
werestockedinthesepondsAugust21977untiltheywere
harvestedMay261978theseestimatesshouldapproximate
theactualyieldfrompondNos1and2hadtherenotbeenan
overflowproblemNeverthelesswhenweexamineyielddata



Table1Stockingandharvestresultsofstudycomparingsecondaryeffluentwithfreshwaterponds

EVALUATION

LbsStocked 50
Date 8477

LbsHarvested
Date

NetGainLbs

WeightGain
EstNoofFishStocked

EstNoofFishHarvested

SurvivalofInitialStock
IncreaseinNoofFish

FRESHWATER

DistrictPVCPond

50x20

65

41878

15

300

6560

3900

595

fromthefreshwaterpondandsecondaryeffluentpondNos1
and2togetanindicationoftheoverwinteringabilityofGam
busiainthesemediawefindasimilarweightgainandsurvival
ratealthoughitshouldbenotedthatthesecondaryeffluent
pondsshowedaslightreductioninthecategoriespossiblydue
toanincreaseddiseaseincidenceTheaverageweightgainand
survivalrateofGambusiainthesethreepondswere247and
537respectivelyTable1Actuallythe537survivalrate
isquitegoodifwecomparethiswith252 78and01

survivalratesexperiencedinpondswithheavybirdpredation
Coykendall1977Therewaslightpredationobservedduring
theyearinthesecondaryeffluentpondsbythefollowing
birdsGreatBlueHeronArdeaherodiasGreenHeron
ButoridesvirescensSnowyEgretLeucophoyxthula
PiedbilledGrebePodilymbuspodicepsandBlacknecked
StiltHimantopusmexicanus

InordertoobservetheprolongedeffectofholdingGam
busiainsecondaryeffluentpondsandtoobtainanestimateof
fryproductionduringthesummerfivepoundsofGambusia
werestockedinpondNos3and4onSeptember291977
AlmostayearlateronSeptember21197821poundsoffish
wereharvestedfrompondNo3and10poundsfrompond
No4Thewidedisparityinharvestweightsfortheseponds
maybeduetofactorssuchasbirdpredationdiseasefood
availabilitywaterqualitypondstructureorotherfactorsthat
affectthefishpopulationtoavarieddegreeDataforthese
twopondsshowanaverageweightgainof210 whilethe

averageincreaseinnumberoffishwasonly314Table1
Weightgainperindividualfishmaybemoreimportantthanan
increaseinnumbersResearchbyBarneyandAnson1921
Krumholz1948Hubbs1971Wuetal1974andStearns
1975hasshownthatfertilityincreaseswithsizeHowever
Wuetal1974determinedthatinGambusiaaffinisthe
weightofafishwasthemostaccuratepredictorofbroodsize
themoreafemaleweighedthelargerwasherpotentialbrood
Lengthwasthesecondmostimportantfactor

PondNo1

50x20

50

8277

61
52678

11

220

6560

3338

509
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SECONDARYEFFLUENT

PondNo2

100x20

50 50 50

8277 92977 92977

61

52678

11

220

6560

3338

509

PondNo3 PondNo4

100x20 100x20

210 100

92178 92178

160 50

32000 1000

6560 6560

11676 5560

440

1Estimatedbyweighing1lbofGambusiacountingthenumberoffishin1lbthenmultiplythisbytotalweightoffish
stockedorharvested

2Duetooverflowproblemsthisfigurewascomputedbytotalingtheactualharvestfromeachpondanddividingby two
seetext

Thesestudieshavegreatimportanceinrelationtoour
GambusiastockingprogramTheyindicatepossibleinitial
stockingratesintermsoftheweightornumberofGambusia
tobeusedinasourceforeffectivemosquitocontrol
Howeveratthepresenttimewecannotensureeffectivemos

quitocontrolinrandomsourcesbyprescribingasetinitial
stockingrateIftheexcellentresearchwehavehadinthepast
continueswemaybeprovidedtheseanswersinthefuture
UntilthenwemustagreewithWuetal1974thatthereare
manyfactorswhichpotentiallyinfluencetheproductivityof
apopulationofGambusiaaffinis

Table2Costofvinyllinedpondforholdingandrearing
ofGambusia

TractorRentalonehalfday 4000

PlasticPipeandFittings 2113

3810mm1BrassGateValveforDrainLine 1900

3810mm112DrainLineFitting 954

vinyllinermustbecuttofitdrainlineinplace
20mlVinylLiner55x25
022persquarefoot1375squarefeet

Freight
SalesTax

30250

2550
1815

TOTALCOST 43582

LaborcostsofDistrictpersonnelnotincluded2men2days

CostsofPlasticLinersforthissize55x25
PVC20mil 022persqft
CPE30mil 039persqft
Hypalon36mil 055persqft



Wewereunabletostudythesummerfryproductionpoten
tialofGambusiainour49ftx18ftPVClinedfreshwater

pondlastyearDuetocurtailmentofallseasonalpersonnel
broughtaboutbyProposition13therewasashortageofman
powerforseiningGambusiainourDistrictbiologicalcontrol
programThiscausedareductioninthenumberofGambusia

availableforfieldstockingThefishinthispondwereseined
andstockedinthefieldonApril181978Table1thenthe
pondwasusedasacentralizedholdingpondforGambusia
seinedfromthefieldThereforewewereunabletocompare
summerproductionfromthispondwithsummerproduction
fromsecondaryeffluentpondsNo1andNo2

OurpreliminaryconclusionisthatinourpondsGambusia
apparentlycanoverwinterequallywellinfreshwaterand
secondaryeffluentAlsowefoundanaverageweightgainof
210forGanbusiainour100ftx20ftsecondaryeffluent
pondsduringthestudyperiodWewillcontinuethisstudyin
1979andattempttoeliminatesomeoftheproblemsencount
eredduringourpreliminarystudy

EVALUATINGTHEFUNGUSLAGENIDIUMGIGANTEUMFORTHEBIOLOGICALCONTROL

OFTHECLEARLAKEGNATCIIAOBORUSASTICTOPUSINANAGRICULTURAL

PONDINLAKECOUNTYCALIFORNIA

JKBrownandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

Two960squaremeteragriculturalpondsinLakeCounty
CaliforniawereselectedtoassaytheeffectivenessofLageni
diumgiganteumagainsttheClearLakegnatChaoborusastic
topusThetwopondsweresimilarinsupportinghighlarval
gnatdensitiesaswellasinothercharacteristicsincludingmean
depthwatertemperaturepHandzooplanktonOnepondwas
inoculatedwiththefungusandtheotherleftuntreatedasa
controlThefungalinoculumwastransportedtothefacillities
oftheLakeCountyMosquitoAbatementDistricttwodaysbe
foretheinoculationdateApassagewasmadetosusceptible
mosquitolarvaeonthatdayandafterasuitableincubation
periodthefunguswasintroducedintothetestpondontwo
consecutivedaysAweekafterthepondwasinoculateda
38suppressionofthelarvalgnatswasobservedinthetreated
pondascomparedtoa50increaseinthecontrolpond
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Althoughthefunguscouldnotbereisolatedfromthe
gnatscollectedfromthetreatedpondsthesentinelmosquito
larvaefromthesameponddidshowevidenceofinfectionfor
3weeksafterinoculationThesuppressioninthegnatpopula
tionoccurredatadosagerange52and17ofthatcalculat
edforminimalandmaximalsuppressionofthegnatsfroma
dosageresponsecurvefrompreviousstudiesLaboratoryex
perimentswereconductedinwhichdifferentdensitiesoflarval

gnatswereexposedtoconstantfungaldosagesAthigherlarval
densitiesgnatlarvaebecameinfectedearlierandingreater
numbersascomparedtothelowerdensitiesTheresultssug
gestedthattheprobabilityofthefungusinfectinggnatlarvae
increaseswithincreasinggnatdensities



PREDATIONBYTHEMISSISSIPPISILVERSIDEMENIDIAAUDENS

INCLEARLAKECALIFORNIA

SEJacobsAEColwellandWAWurtsbaugh

ABSTRACT

TheintroductionofMississippisilversidesintoClearLakewasfol
lowedbya95decreaseintheClearLakegnatChaoborusastictopus
populationduringtheyearswhennoinsecticidetreatmentsoccurred
Howeverdissectionshavenotrevealedsignificantnumbersofchaobor
usinthestomachsofsilversidesDifferentialdigestionratesarenotsuf
ficienttoaccountforthepaucityofchaoborusinthestomachsifthe
silversideswerecontrollingthepopulationTheverticalandhori

INTRODUCTIONClearLakeisalarge 16000ha
naturalinlandwaterintheCoastRangeofnorthernCalifornia
Thelakeisshallowmeandepth 65mpolymicticand
eutrophicGoldmanandWetzel1963ClearLakeprovidesa
favorablelarvalhabitatforChaoborusastictopusDuringthe
summermonths 3billionadultchaoborusmayemergefrom
thelakeeachnightLindquistandDeonier1942bAlthough
thechaoborusisanonbitinginsectitisstronglyattractedto
lightsandtheadultscanprovidesuchanuisancethattheycan
haveasevereeffectontherecreationorientedeconomyof
LakeCountyThechaoborushavebeenaproblemsincethe
earliestdescriptionsoftheregionHerms1937Thechaobor
uswerecontrolledfrom19491957withDDDHuntandBis
choff1960andthemethylparathiontreatmentsinitiated
in1962resuindcontrolofthechaoborusHazeltine1963
Howevertheproblemsofinsecticideresistanceinsecticide
costandenvironmentalconcernspromptedanincreaseinthe
biologicalcontrolresearchattheLakeCountyMosquito
AbatementDistrictintheearly1960sCook1965Asmall

150mmSLatherinidfishtheMississippisilversidewas
introducedintoClearLakein1967withthehopesthatit
wouldbecomeestablishedandprovideeffectivegnatcontrol
CookandMoore1970Withinafewyearsthesilversidesbe
camethemostnumerousfishinthelakeMoyle1976The
presentexperimentswereundertakentostudytheeffective
nessoftheMississippisilversideasacontrolagentofchao
borus

MATERIALSANDMETHODSThelittoraldistribution
ofMississippisilversideswasmonitoredwitha92x10meter
20mmaperturesbeachseineTheverticalandhorizontal
distributionofsilversideswasmonitoredwithpaired127cm
stretchedmeasuregillnetssuspendedfromthewatersurface
tovariousdepthsinClearLakeandplacedatvariousdistances
fromshore

Benthiclateinstarlarvaeandpupaeofchaoboruswere
monitoredwithastandardEkmandredgesamplinganareaof
232cmTheEkmansedimentsamplewaswashedinasieve
196brasswiremeshespercmandtheorganismswereident
ifiedandenumerated

ThisresearchwassupportedinpartbyNSFgrantDEB23702
andbyaUCDJastroShieldsresearchgranttoWAW
2LakeCountyMosquitoAbatementDistrict410EsplanadeLake

portCalifornia95453

3DepartmentofWildlifeandFisheriesBiologyUniversityof
CaliforniaDavisCalifornia95616
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zontaldistributionoffirstinstarchaoboruslarvaeinClearLakeissimi

lartothedistributionofthesilversidesduringthepeakfeedingperiods
forthefishbutotherzooplanktonarepreferredtotheearlyinstarsas
preyLargesilversidespreferlateinstarchaoborustootherClearLake
preybutthelateinstarlarvaeareinthebenthosandareunavailable

aspreyduringtheperiodswhenthesilversidesarefeeding

Theverticaldistributionoflateinstarplanktonicchaoborus
wasmonitoredwitha151planktontrapSchindler1969
Thedistributionofearlyinstarplanktoniclarvaewasdeter
minedbysamplingwithaplanktonpumpAllplankton
sampleswerepreservedina4formaldhydesolutioncontain
ingrosebengaldyeandsampleswereexaminedat30X

Duringsomestudiessilversidesweremeasuredtodetermine
fishstandardlengthsSLDuringthestomachanalyses
onlyitemsanteriortothepyloruswereidentifiedandenumer
ated

RESULTS AND DISCUSSIONWhen the methyl
parathiontreatmentsofClearLakewereterminatedinAugust
of1975duetothedevelopmentofresistancebythechaobor
usAppersonetal1978theexpectedmajorincreaseinthe
abundanceofchaoborusdidnotoccurSilversideswerecon

sideredasapossiblecauseforthelowchaoborusdensity
Howeverpreliminarystudiesin1975conductedbyRA
ElstonHWLiandtheLakeCountyMosquitoAbatement
Districtsuggestedthatthesilversideswerenotcontrollingthe
chaoboruspopulationbecause1thesilversidesweremost
abundantneartheshorewhilethechaoborusoccurredprimar
ilyindeepoffshoreareas2thesilversidesinhabitedthe
euphoticzonewhilethechaoboruswerelargelybenthic3
thesilversideswereprimarilydiurnalfeederswhilethechao
boruswerepresentinthewatercolumnonlyatnight4the
silversideswerevisualfeedersbutthechaoboruslarvaewere
rathertransparentand5thechaoborusapparentlyconsti
tuted 05ofthedietofthesilversides

Howevercontinuedmonitoring58Ekmansamplesper
monthofthechaoboruspopulationsuggestedthatsome
changeinClearLakewasadverselyaffectingthechaoborus
populationStudiesin1977and1978indicatedthatafterthe
silversideshadbecomeestablishedthechaoborusdensitywas
often95lowerthanthedensityinnontreatmentyearsprior
totheintroductionofsilversidesFigure1Nootherimpor
tantchangesinthebiologicalphysicalorchemicalcondi
tionsofClearLakecouldbeestablishedsoadditionalsilver
sidechaoborusstudieswereinitiated

Alaboratorystudywasconductedtodeterminewhether
Mississippisilversideswereobligatelydiurnalvisualfeeders
Whenfourthinstarchaoboruslarvaewereintroducedintoa

20litervesselcontainingMississippisilversidesundercondi
tionsofcompletedarknesslightintensitybelowdetection
limitof10x10luxasmeasuredbyanIL700radiometer
asilversidewasabletoconsumeupto18larvaeduring24hr
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ofdarknessSoundersomecircumstancessilversidesdidfeed

duringnondaylightconditionsandthefishwereabletoin
gestpreywithoutvisuallylocatingthem

Fieldstudieswereundertakentodeterminewhethernon

visualornocturnalfeedingofsilversidesonchaoboruscould
beimportantinClearLakeFigure2indicatesthatthechao
borusweremostabundantinthewatercolumnatnightwhen
thefeedingactivityofsilversideswasataminimumDuring
thepeakfeedingperiodofthesilversidesmostofthelatein
starchaoboruslarvaeandpupaewereinthesedimentatthe
bottomofClearLakeandwereapparentlynotavailableas
preyforthesefishAdultchaoborusalsowereunavailable
duringthepeaksilversidefeedingperiodssinceLindquistand
Deonier1942ahaveshownthatthechaoborusarenocturnal
intheiremergenceandovipositionactivities

Astudyofthehorizontaldistributionofchaoborusinthe
ClearLakebenthoswasconductedbyrunningatransect
acrossthenorthernarmofClearLakeandsamplingateach
successivewaterdepthfoursamplesateachwaterdepthThe
benthiclarvalchaoborusdensityindeep35mwaterareas
was28timesthedensityinshallow35mwater

Severaldiel24hrstudiesofthedistributionsofsilversides
andchaoborusinClearLakewereconductedduringthesum
merof1978Itwasestablishedthatsilversidesundergoboth
verticalandhorizontalmigrationswhichcouldbringtheminto
theproximityofchaoboruslarvaeDuringthenightsilversides
werelocatedprimarilyatthewatersurfacebutduringday
lighthoursthefishweremostabundantatdepthsof50to200
cm
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Figure3DigestionofpreyorganismsbyMississippisilversides
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HorizontalmigrationsofsilversidesalsooccurredDuring
thedayover95oftheadultsilversideswerelocatedwithin
50metersofshoreHoweveratdawnandduskthesesilver
sidesmigratedoffshoreandsignificantnumberswerecaught
asfaras1000mfromshore

Zooplanktonsamplingduringthesedielstudiesindicated
thattheearlyinstarchaoboruslarvaeweremostabundantat0
to50metersfromshorewhichisthesameregionwherethe
maximumsilversidedensitiesoccurredSinceafirstinstarlarva

hasneverbeenfoundinthedissectedstomachofanyofthe
hundredsofsilversidesfromClearLakelaboratoryexperi
mentswereconductedtodeterminewhetherfirstinstarlarvae

weretoosmallandtransparenttobeseenorwereotherwise
unpalatableorunsatisfactoryandthereforeneverconsumed
bythefishItwasfoundthatasilverside2030mmSLsize
classconsumedasmanyas1500firstinstarchaoboruslarvae
inaonehourperiodwhenthefirstsweretheonlyavailable
prey

Thepaucityoflarvaeinthestomachsoffieldcollected
silversideseventhoughthemaximumdensitiesofbothsilver
sidesandfirstinstarsoccurredinshallowwaterareassuggested
thatrapiddigestionoffirstsmightresultinunderestimationof
thenumberoffirstinstarscomparedtootherpreytypescon
sumedbysilversidesTostudythispossibilityfishinthe
laboratorywhichhadfedtosatietyonfirstinstarchaoborus
weretransferredtoazooplanktonfreeaquariumandthen
somefishwereterminatedthespinalcordwascuttoprevent
regurgitationatvarioustimeintervalsThenumberofidenti
fiablechaoborusperfishwerethenenumeratedandcom

4 6

TIMEhours

10 142



paredtothenumberoforganismsconsumedimmediatelyfol
lowingfeedingConcurrentlysilversideswhichfedoneither
DaphniaorCyclopoidcopepodsthepreywhichcomprised
themajorityofthedietofsilversidesinthelakeoronfourth
instarchaoboruslarvaeweresimilarlyterminatedanddissect
edTheresultsofthisstudyFigure3indicatedthatfirstin
starswerethemostrapidlydigestedpreyitemsHoweverthe
firstinstarswerenotdigestedsignificantlymorerapidlythan
themicrocrustaceansThefourthinstarsweredigestedrelative
lyslowlysofishfromClearLakewhichcontainedmicro
crustaceansintheirgutswouldalsohavehadidentifiable
fourthinstarsifthefishhadbeenfeedingonthefourthin
starlarvae

Thedigestionrateswerenotsufficientlydifferentto
accountforthedisparityinthenumberoffirstinstarchaobor
uslarvaeconsumedinthelabandthenumberfoundinsilver

sidestomachsduringfieldstudiessoitispossiblethatfirst
instarswerenonpreferreditemswhenotherfoodwasavail
ableToexaminethispossibilitymixedpreylaboratory
studieswereconductedanditwasfoundthatotherzoo
planktonespeciallythemoredenselypigmentedwaterflea
Daphniawerehighlypreferredtofirstinstarchaoboruseven
whenthefirstinstarswerethemostnumerousofalltheprey
typesavailable

Additionalmixedpreylaboratorystudiesindicatedthat
thirdinstarchaoboruslarvaewerepreferredtootherClear
LakezooplanktersFourthinstarlarvaewerepreferredby
large60mmSLsilversidesbutwerenoteatenbysmall30
mmSLsilversides

Overallthedataindicatethattheearlyinstarchaoborus
larvaewhichareavailablearenotpreferredpreyitemsand
arerarelyconsumedbythesilversidesThelateinstarchao
borusarepreferredtootherClearLakezooplanktonbutdo
nothavesufficienttemporalandspatialoverlapwiththesilver

CYCLOPOIDCOPEPODPREDATIONONCHAOBORUSASTICTOPUS

JLLiSEJacobsandAEColwell

ABSTRACT

ThecyclopoidcopepodsCyclopsvernalislengthca06
09mmandMesocyclopsleuckartica0913mmwere
effectivepredatorsonfirstinstarCastictopusClearLake
gnatlarvaeduringpetridishexperimentsinthelabandin
tubestudiessubmergedinClearLakeSmallercyclopoids
Tropocyclopsprasinusca0406mmeveninproportions

DepartmentofWildlifeandFisheriesBiologyUniversityofCali
forniaDavisCalifornia95616

2LakeCountyMosquitoAbatementDistrict410EsplanadeLake
portCalifornia95453
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sidestopermitmuchpredationSoifthesilversidesarecon
trollingthechaoboruspopulationinClearLakeanindirect
mechanismmaybeinvolved
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of10cyclopoidsper1chaoboriddidnoteatfirstinstars
CastictopuseggswerenoteatenbycyclopoidsSecondinstar
Castictopuswerenoteasilyeatenbynorcouldtheyeasily
consumeCvernalisItappearsthattheratioofchaoborid
headsizetocyclopoidwidthaffectscyclopoidpredationIn
1literjarexperimentsfourthinstarCastictopusreadilyate
TprasinusandCvernalisbutnotthelargerMleuckarti
Giventhewidespreadoccurrenceofcyclopoidsandtheirhigh
densitiesinlakessuchasClearLakereciprocalpredation
shouldbeconsideredasapossibleregulatorymechanismin
systemswherebothcyclopoidsandchaoboridsoccur



ADVANCEMENTSINTHEUSEOFFLATWORMSFORBIOLOGICALMOSQUITOCONTROL

FlatwormsPlatyhelminthesTurbellariaholdauniquepo
tentialinthebiologicalcontrolofjuvenilemosquitoeslargely
becausetheycanbemassproducedeasilyLegnerandTsai
1978unlikepredaceousinsectssomecanbeconfinedathigh
densitieswithoutcannibalism

Flatwormshavebeenshownexperimentallytodevastate
laboratorymosquitocultureskillingfarmorelarvaethanthey
consumeJenkins1964LegnerandMedved19721974Med
vedandLegner1974INMcDanielpersonalcommunica
tionTheyhavebeenreportedequallyeffectiveinnatural
habitatsLegnerandMedved1974YuandLegner1976
Amongthosehabitatsinwhichflatwormscouldbeusefully
deployedagainstmosquitoesarericefieldsroadsideditches
watersloughsagriculturalandconstructiondraindepressions
catchbasinscanalseepagestreatedsewageeffluentsand
snowmeltandrainwaterpools

Otherattributesmakingtheseorganismsespeciallyamen
semidormantwintereggsorembryosBorradaileandPotts
1958theirslowrateofdispersalwhichcausesthemtobe
effectiveneartheplaceoftreatmentandtheireffectivenessin
shallowwaterwithemergentvegetationYuandLegner
1976

Theextraordinaryregenerativecapabilitiesofflatworms
wereknownsincetheearly1800ssomeinvestigatorsconsid
eringthemalmostimmortalundertheedgeofaknifeBron
sted1969Theirabilitytodevourmosquitoesamongother
preywassoondiscoveredLischetti1919andStageand
Yates1939reportedthatDugesiatigrinaGirardeffectively
consumedCulexandAedeslarvaeTheTurbellariaarenearly
allfreelivingnonparasiticwormsBorradaileandPotts1958
Kenk1972Amongthesixordersarespeciesthathavegreat
potentialaspredatorsofmosquitoesinfreshwaterhabitats
SomegeneraintheorderRhabdocoelasuchasMicrostomum
retainnematocystsintheirectodermwhicharederivedfrom
CoelenteratesonwhichtheyhavefedKepnerandBarker
1924Suchstructuresareusefulinwardingoffpredatorsbut
alsomaybeusefulinkillingmosquitoes

RecentstudiesonthedestructivecapacityofDugesiadoro
tocephalashowedthisspeciestobeveryeffectiveagainsteggs
larvaeandpupaeofCulexpeusSpeiserCxpipiensquinque
fasciatusSayCxtarsalisCoquillettinCaliforniaattheappli
cationrateof25maturewormsmofwatersurfaceLegner
andMedved19721974MedvedandLegner1974Yuand
Legner1976InFloridaadditionalmosquitoeskilledbythis
predatorwereAnophelesquadrimaculatusSayAncrucians
WiedemannCulexnigripalpusTheobaldAedestaeniorhyn

EFLegner

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

Studiesinanincreasingnumberoflocalitieswithdiverseclimates
showtheusefulnessofflatwormsforbiologicalmosquitocontrolMass
productiontechniquesaredevelopedforonespeciesDugesiadoroto
cephalaWoodworth
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chitsWiedemannCulexerraticusDyarandKnabCx
salinariusCoquillettAedessollicitansWalkerPsorophora
confinnisLynchArribalzagaandPciliataFabLevyand
Miller1978FieldstudieswithDugesiatigrinatocontrol
feralCulexrestuansTheobaldandCxpipienspipiensLwere
performedbyLLearnedinNorthDakotaLLearnedper
sonalcommunicationandseveralexceptionallypotentspec
iesofMesostomasppwerefoundinCaliforniaricefields
CollinsandWashino1978CaseandWashino1979In
MaineMesostomamacroprostatumHymanoffersgoodpoten
tialinthecontrolofunivoltineAedessppINMcDaniel
personalcommunicationOver75controlwasachieved
throughinoculationof36eggsofthisrhabdocoelturbellarian
andonceestablishedthewormscontinuedtocyclewiththe
mosquitoesyearafteryearTheybothhatchedatthesame
timeinearlyspringandthewormsproducedeggsanddiedoff
ataboutthesametimethatthemosquitoesemergedThese
wormsnormallyhadonegenerationperyearRDSjogren
personalcommunicationreportsover40naturalpopulations
ofPhagocataveletaStringerfromcentralMinnesotawith
somedensitiesexceeding50200m1mosquitoclippersamples

EcologicalImpact Flatwormsarenaturalcomponentsof
aquaticcommunitiesandnorecordhasbeenfoundoftheir
beingconsideredpestsinnatureHoweverextremelyhigh
applicationratesexceeding2000mofwatersurfaceof
DugesiadorotocephalawerefoundlethaltoTilapiafishfryin
experimentalindoorandoutdooraquariaMullaandTsai
1978Thelatterreportappearstohaveconfusedanest
brooderTilapiazilliiGervaiswiththemouthbrooderTmos
sambicaPetersastheauthorsstatethatTxilliiwereusedon
the2nddayafterleavingtheirparentsmouthcavitysee
Legner1978Inanotherstudytheabundanceofnaturalin
sectpredatorsinexperimentalpondswasunaffectedbyD
dorotocephalaapplicationsof25wormsmofwatersurface
Legner1977Althoughitmaybeexpectedthatveryyoung
fishfrycanbedamagedbyhighapplicationratesofflatworms
MullaandTsai1978onewouldnotexpecttheneedfor

suchapplicationsinenvironmentswheresuchfishareabun
dant

Adaptability Flatwormsarequitetolerantofvarying
waterqualitiesLegnerTsaiandMedved1976butaread
verselyaffectedbyC1concentrationsexceeding1500ppm
LevyandMiller1978bCertainpesticideswerefoundto
stimulateplanarianreproductionLevyandMiller1978aOne
planarianDdorotocephalaishighlyactiveundertempera
turesfluctuatingbetween20and24CMedvedandLegner
1974



ModeofAttack SomespeciesofTurbellariansalsoap
parentlyparalyzetheirpreypriortoingestionofbodyfluids
CaseandWashino1979LegnerandYu1975Asticky
mucusproducedabundantlybyepithelialglandsinthehead
regionservesasapseudomandiblewhichholdsamosquito
longenoughfortoxinstoexertaneffectLegnerandYu
1975Onlysoftbodycontentsofmosquitoesareconsumed
thecuticlebeingdiscardedandalldevelopmentalstagesof
mosquitoesareattackedLegnerandYu1975Somemicro
turbellariansinricefieldsarethoughttoproduceverypotent
toxinswhichenablekillingofpreymuchlargerthanthem
selvesCollinsandWashino1978CaseandWashino1979
theirpotencyappearinguniqueCowardandPiedilato1972
RiserandMorseeds1974

Propagation Culturetechniquesforflatwormshavebeen
availablefordecadeswithonlysmallmodificationsrequired
formasspropagationThedensityoftheplanarianDdoroto
cephalawasincreased88timesin95daysthroughthe
developmentofaspecialbiologicalfiltrationsystemusing
ElodeadensePlanchonCasparyLegnerandTsai1978
Otherproceduresincludingtheprovisionofvariousfoods
hostpredatordensitiesphotoperiodsetcareavailablefor
maximizingplanarianyieldsJennings1957LegnerTsaiand
Medved1976McConnell1967TsaiandLegner1977Wulzen
192319241927ArtemiasalinaLhasbeenthebestal
ternatefoodtomosquitolarvaeTsaiandLegner1977
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CONSIDERATIONSINTHEMANAGEMENTOFTILAPIAFOR

BIOLOGICALAQUATICWEEDCONTROL

EFLegner

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

Studiesthrough1978ontheperformanceofTilapiazillii
Gervaisasabiologicalweedcontrolinirrigationcanalsof
Californiaslowerdesertsustainedthepresentimportanceof
thisherbivorousfishinthesuppressionofnoxiousaquatic
weedsPotamogetonpectinatusLandMyriophyllumspicat
umvarexalbescensJepsonLegner1978LegnerandPelsue
1977LegnerFisherandMedved1973HauserLegnerand
Robinson1977Hauseretal1976Furthermoreaquaria
studiesindicatedthatHydrillaverticillataRoylemightbesun
ilarlysuppressedshouldthisweedbecomewidespreadinthe
irrigationsystemLegner1978Legnerunpublisheddata
ParticularbehavioralcharacteristicsofTzilliithatappearre
sponsibleforthehighlevelofweedcontrolare1annual
winterdiebackoffishpopulationsthatminimizeterritorial
behaviorinthefollowingyeartherebyguaranteeingahigh
densityoffishsuitableforweedcontrol2theabilityoffish
tosurvivetemporarycanaloutagesandcorrespondinghigh
watertemperaturesexceeding33Cbyburrowingintothe
mud3agregariousnesswhichresultsinatendencyfora
significantproportionofthefishpopulationtoremaininthe
vicinityofstockingsitesevenintheswiftestcanalssothat
weedcontroliseffectedthroughoutthesystemand4the
fishisabletosignificantlyreducenonpreferredweedspecies
Myriophyllumspicatumduringsummerwhenthisweedcan
becomeespeciallyabundantTilapiazilliiisnowoneofthe
principalgamefishesinthelowerSonoranDesertofCali
forniawherespecimensaveraging1525cmoccurinca
13rdofthecreelduringamajorportionoftheyearLarger
specimensareincreasinglyfoundinlakessuchastheSalton
Seawhereadjacentwarmwaterspringspermitwintersurvival
Acorrespondingincreaseinlargemouthbasspopulationsin
themidstofhighTzilliidensitiesseemscorrelatedwithdirect
feedingonTilapiafry

Despitethehighdegreeofweedcontrolwitnessedthrough
theuseofTzilliithesimplemanagementformulaisnotal
waysfollowedSuccessdependsontheannualspringstocking
ofadequatenumbersofyoungTzilliisothatonsiterepro
ductionmayaddtothetotaleffectivefishbiomassbylate
summeraperiodwheniquaticweedscanshowtheirmaxi
mumgrowthrateHauserLegnerandRobinson1977How
everasirrigationdistrictsdonotcurrentlyproducemorethan
10oftheirownTilapiasuppliesmustbesecuredcommer
ciallyOnelargesupplierproduceshisfishinthermalwaters
inIdahoandtrucksthemsouthinAprilandMayProbably
becauseofdiminishedwinterphotoperiodinthefarnorth
spawningisnotverysuccessfulafterOctoberThereforefish

771apiazilliicontinuestoprovidegoodtoexcellentbiologicalaqua
ticweedcontrolintheirrigationsystemofCaliforniaslowerdeserts
Howevermaximizingtheeffectivenessofthisfishdependsonsound
managementpractices
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ordersmustbeplacednolaterthanSeptemberSeveraltimes
duringthepast5yearsorderswereplacedsolateintheyear
thatonly20ofthenumbersdesiredbyirrigationdistricts
couldbesuppliedIn1977becausenoorderswereplacedbe
foreNovembernofishweresupplied

Specialattentionmustbegiventofishtolerancestowater
temperatureEventhoughTzilliicanescapehightempera
turesbyburrowingintobenthicmudwhencanalwaterlevels
dropitsabilitytosurviveinsuchanenvironmenthasitsprac
ticallimitsOftenlittleornothoughtisgiventofishsurvival
andahighpercentageofthepopulationcandiebeforehigher
waterlevelsarerestoredSimilarlywhenwatertemperatures
declineinwintertothelowertolerancelimitsHauser1977
largenumbersoffishcouldbeharvestedandprotectedover
thewinterforuseinspringstockingThecostforsuchopera
tionsusingirrigationdistrictpersonnelcouldbeconsiderably
lessthannewfishpurchasesHowevertherehasbeennorou
tinefishharvestintegratedintothemanagementscheme

TherearecurrentlythreespeciesofTilapiainresidencein
southCaliforniaLegnerandPelsue1977allofwhichcon
tinuouslyinhabitwarmerdrainsinthelowdesertThesedrains
havebeenrecognizedasareliablesourceforonsitebredfish
andirrigationdistrictsregularlytransferfishfromthedrains
tothecanalstoincreaseaquaticweedcontrolHoweverno
attentionispaidtoremovaloftheTmossambicaand7
hornorumwhichoftencomprisethegreaterpercentageofthe
drainharvestBothofthesespeciesbyvirtueoftheircompeti
tivelysuperiormouthbroodinghabitsoutreproduceTzillii
theonlyeffectiveherbivoreforcanalsLegnerandMedved
1973Legnerunpublisheddata

Probablythegreatestdrawbacktomaximizingtheuseof
Tzilliiforaquaticweedcontrolistheopinionthathas
developedamongirrigationdistrictpersonnelthatthewhite
amurCtenopharyngodonidellaValenciennesofferstheulti
matesolutiontotheaquaticweedproblemAlthoughonfirst
considerationthisspeciesseemstopossessseveralsuperiorat
tributesforeffectiveaquaticweedcontrolsuchaslowerwater
temperaturetolerancesandlargersizeBailey19721975
1978Beachetal1976Haller1976RottmanandAnderson
1978todatetherehasbeennodemonstrationofthisspecies
abilitytoeffectivelyreduceaquaticweedsinrapidlyflowing
waterOtherproblemsofdispersioninthecanalsystemat
desirabledensitiesandsurvivalinhighwatertemperatures
whencanallevelsdropinsummermustberesolvedbefore
furtherconfidencemaybeplacedonthewhiteamurasasub
stituteforTzillii
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HABITATANDFOODSELECTIONBYTHEMOSQUITOFISHGAMBUSIAAFFINIS

ThemosquitofishGambusiaaffinisBairdandGirardis
anativeNorthAmericanfishwhosenaturalinhabitancyisin
lowlandpondslakesandstreamsofCentralNorthAmerica
fromsouthernIllinoistoAlabamaandTexasMoyle1976It
hasbeenintroducedwidelyovertheworldformosquitocon
trolHermandGray1944Krumholz1948Dees1961The
fishhasbeenintroducedintoCaliforniain1922Lenertand
Stuart1926andhassincebeenwellestablishedoverthe
StateAtpresentitistheonlybiologicalagentwhichiswidely
usedbymosquitocontrolagenciesWashinoandHokama
1967Bay1969HoyandReed1970Hoyetal1972

Thisinvestigationwasundertakentodeterminepreferences
ofthemosquitofishforhabitatandfoodundernaturalcondi
tions

MATERIALSANDMETHODSMosquitofishusedwere
obtainedfromourstockpondlocatedatthelaboratorys
backyardOriginallythefishwerecollectedfromtheWest
ParliersewagepondseveralyearsagoTestswereconductedin
asmallpond0024acreattheTracyplotThedescriptionof
theplotandfacilitiesreportedelsewhereMiuraetal1978

HabitatSelectionInordertoexaminedistribution

patternrelativetocertaintopographicalfeaturesasmallpond
Dwasquartered2adjacentquadrantsweredeepenedca1
footandvegetationreedgrasswasremovedfromadeeper
quadrantandanadjacentshallowquadrantThusmaking4
differenthabitatchoices deepandopenwaterdeepwith
emergedvegetationshallowandopenwaterandshallowwith
emergedvegetation

About500fishwereplacedinthepondandpopulation
densityateachhabitatwasexaminedbymeansoftrappingfor
amonthMaximalandminimalwatertemperatureswerealso
recordedforeachquadrantduringthestudyperiodAugust7
toSeptember151978

FoodHabitsPondBwasusedtostudyfoodhabitsof
mosquitofishThepopulationdensitiesofthefaunainthe
pondwascensusedbydippingwitha450m1dipperaroundthe
pondduringAugustandSeptember1978MiuraandTakaha
shi1975

About300varioussizedfishwereplacedintothepondon
September1andtheywererecapturedonthe6thdaypost
stockingTosecureundigestedfooditemsinthegutsfish

TakeshiMiuraRMTakahashiandRJStewart

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

Fieldstudieswereconductedtodeterminepreferencesofthemosquito
fishGambusiaaffinisBairdandGirardforhabitatandfoodThefish
preferredashallow 8inchesopenwaterbutfryandimmaturefish
tendedtoaggregateinashallowdensleyvegetatedareaMosquitofish
preyeduponvariousaquaticorganismsaswellassometerrestrialorgan
ismsalmostallorganismscollectedfromthepondswerefoundinthe
gutcontentsThemostimportantfooditemwasmicrocrustaeans
Cladoceransaccountingforca82ofthegutcontentbynumber
Forageratiowas104andselectiveindexwas002
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weretrappedduringdaytimefeedingperiodandpreservedin
75alcoholinthefieldandtheywerebroughttothelabora
tory

Allspecimensweresortedinto4groups 2225253

and3cmeachgutwasdissectedoutofthefishandstoredin
70alcoholThegutcontentswerethenexaminedunderthe
binocularmicroscope40Xeachfooditemwasidentifiedas
faraspossible

Foodhabitsofimmaturefishwerestudiedbyutilizing3
differentmethodsegthenumberweightandfrequencyof
occurrencemethodHaynes1950

TheForageRatiobyHessandTarzwell1942wasusedto
expresstherelationshipbetweenabundanceofpreyinthe
pondandthedegreeofpredationbymosquitofishTheratio
wascalculatedasfollows

ForageRatioFR N
N

noofanypreyinthegutsN
totalnoofpreysintheguts

noofsamepreyinthepond
N totalnoofpreysinthepond

Ivlevsselectionindex1961wasutilizedtostudyfood
selectionbehavior

SelectionIndexS1
V

UV

whereU noofanypreyinthegutsin
V noofthepreyinthepondin

Sincemosquitolarvaewerenotfoundinthepondsduring
thefieldstudyaspecialfeedingexperimentwithmosquito
larvaewasconductedinthebackyardofthelaboratoryTwo
tanksca40galcapacity112x76cmsurfaceareawerefilled
withpondwaterwhichcontainednaturallyoccurringcrusta
ceansmayflynymphsandotherorganismsCulextarsalis
larvaewerealsoplacedinthetanksPirortostockingmosqui
tofishtheorganismsinthetankswerecensusedtwiceand



thenca30maturemosquitofishwereintroducedTwenty
fourhoursafterintroductionofthefishtheywererecaptured
andthegutcontentswereexamined

RESULTSANDDISCUSSIONHabitatSelectionResults

ofthehabitatselectionstudyisshowninTable1About38
ofmosquitofishtrappedwereobtainedfromthequadrantof
shallowandopernwatersurfaceThis38catchissignificant
lydifferentonlyfromthe105catchobtainedfromthequa
drantofdeepwaterwithemergentvegetationt322
p001butitisnotsignificantfromthoseof2otherquad
rantsThisfindingagreeswiththereportbyReedandBryant
1972thatmosquitofishdistributioninricefieldswas
dependentuponwaterdepth asdepthincreasedfrom2to8
inchesthepercentageofcatchalsoincreasedNorlandand
Bowman1976alsoreportedthatthetrapsintheperimeter
ofthericefieldscontainedmorefishthandidthecentertraps
butinapaddywithasparsericeplantstandmorefishwere
foundinthecenterthanintheperimeter

Table1Distributionofmosquitofishinasmallpond
0024acrewith4differenthabitatchoices

Entry

Deepwater1420inchesShallowwater8inches

1Totalfishtrapped7841N35trappings

Vegetation Novegeta VegetationNovegeta

Fish 1046 2463 2607 3885

MeanWater 774 786 756 808

TempF

Rangetemp10060 10062 10053 11053

2Any2meansnotunderscoredbythesamelinearesignificantly
differentatthe5level

About26werecollectedintheshallowwithemergent
vegetationandthemajorityoffishtrappedfromthisquadrant
werefryandsmallimmaturefish2cmThisphenomenonis
probablyduetotheavoidancebehaviiorfromcannibalismby
largerfishDees1961ratherthanduetothefeedingbe
havior

Temperaturegradientshaveaninfluenceondistributionin
natureWinkler1975howevernotemperatureinfluencewas
noticedinthisstudyp005

FoodHabitsAlthoughthepondsareseminaturaland
onlyirrigatedduringspringandsummermonthsthefauna
wasveryrichAmongorganismscollectedinsectsdominated
bythenumberofspeciesTable2waterbeetlesaccounted
formostoftheinsectspeciesandwerefollowedbyDiptera
Springtailswerecommoninthevegetationbuttheywereim
possibletocollectwiththedipperBythenumbersofspecies
crustaceanswerefewhoweverbythenumberofindividuals
theyweretherichestorganismsinthepond

Mosquitofishswallowtheirfoodwithoutchewingthem
thereforeitisrelativelyeasytoidentifythefooditemsinthe
gutsThespeciescompositionofthefaunaandthegutcon
tentsareshowninTable3Theywerediversefeedersalmost
allorganismscollectedfromthepondsincludingsometerres
trialorganismswerefoundinthegutsApparentlytheydonot
preyselectivelyuponthespecificorganismsrathertheyprey
eduponwhateverwasavailableegplanktoniccrustaceans
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Table2Listoforganismscollectedinthefishpondsat
theTracyExperimentalPlots

ORGANISM

Cladocera

Ceriodaphniaspp
Simocephalusspp
Moinaspp
Chydorinae

Podocopa
Cyproisspp

Eucopepoda
Cyclopsspp

Collembola

Isotomidae

Sminthuridae

Ephemeroptera
Callibaetisspp

Odonata

Enallagmacivile
Anaxwalsimghami
Pantalahymenaea

Hemiptera
Belostomasp
Corisellasp
Notonectaunifasciata
Buenoascimitra

Coleoptera
Copelautsspp
Eretessticticus

Hygrotussp
Laccophilusspp
Rhantusspp
Thermonectusbasillaris

Berosusspp
Ilydrophilustriangularis
Helophorussp
Tropisternuslateralis
Tropisternusellipticus

Diptera
Chironomusattenuatus

Chironomusstigmaterus
Goeldichironomussp
Brachydeuteraargentata
Culicoidesvariipennis

Hydracarina
Hydrachnasp

NOTES

Mostabundant

Mostabundant

Mostabundant

Abundant

Common

Common

Commoninvegetations
Commoninvegetations

Abundant

Common

Few

Common

Few

Common

Abundant
Common

Common

Common

Few

Abundant

Few

Commonsometimesabundan
Common

Common

Few

Mostabundant

Common

Abundant

Abundant

Abundant

Common

Few

Few

cladoceranswerethemostabundantinthepondssothey
wereabundantinthegutsMovementsofthepotentialprey
alsoappearedtoinfluencetherateofpredationmayfly
mymphsCallibaetissppwerefairlyabundantintheponds
buttheyprobablycouldoutdartthefishNomayflynymphs
werefoundinthegutcontents

Table4showsthecompositionofthefooditemsof4dif
ferentsizegroupsThesmallfishpreyedpredominantlyupon
smallerorganismsandastheygrowtheirpreybecamelarger
Thefoodhabitofmosquitofishdidnotchangewithsizeex
ceptthatlargerfishingestedlargerprey

Figure1illustratestheresultsobtainedfromthefeeding
studyofmosquitofishonselectedaquaticorganismsBefore



Table3Summaryoffoodhabitstudyshowingtherela
tionshipofthegutcontentoffishandtheorganismsinthe
pondwherethefishwerecollectedin

Organism

Crustacea

waterfleas

seedshrimp
copepods

Collembola

springtails
Ephemeroptera

mayflyN
Odonata

dragonflyN
damselflyN

Hemiptera
giantwaterbugs
waterboatmen

backswimmers

Coleoptera
LaccophilusL
TropisternusL
HydrophilusL
MiscbeetleL

Diptera
ChironomidLP1127
CulicoidLP 44
EphydridLP 06

Hydracarina
watermites

Cyprinodontes
mosquitofish

Thysanoptera
thrips

Ephemeroptera
mayflyA

Homoptera
aphids
leafhoppers

Hymenoptera
antsA
chalcidflyA

Coleoptera
rovebeetles

Diptera
ChironomidsA
culicoidsA
miscflyA

Araneida

spiders

2N96fishguts
3denotesnodatum

Fish ForageSelection
Pond guts ratio index

AQUATIC
7828 8160 104 002

6981
220
627

314
3

327 0 0 1

327 0
123 27 220 64

15 02
108 25
313 44 14 75

68 01
0 11
245 32
229 65 28 56

161 08
36 18
02 03
30 36

1177 743 63 23

553 49 34

92
98
22

22
01

01
TERRESTRIAL

58

58
04

264

24
240

80

10
70
12

12
191

107
46
38
05

05

314

1N360dipsduringAugust7September11978
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Table4Thechangeincompositionofthefoodwithin
creaseinsizeofthefishin

Organism

Crustaceans 7784

Sptingtails 1257

DragonflyN 0

DamselflyN 0

GiantwaterbugN 0

Waterboatmen 0

Backswimmers 0

LaccophilusL 0

TropisternusL 06

HydrophilusL 0

MiscbeetlesL 13

ChironomidsLP 260

CulicoidsLP 0

EphydridsLP 51

Watermites 76

Fishfry 0

Thrips 133

MayflyA 0

Aphids 06

Leafhoppers 260
Ants 0

ChalidflyA 25

RovebeetleA 0

ChironomidA 25

CulicoidsA 70

MiscflyA 19

Spiders 12

MosquitoLP 4210

Crustaceans 5374

MayflyN 92

Backswimmers 37

BeetleL 55

ChironomidLP 111

EphydridLP 65

Aquaticmites 28

Thrips
BeetleA
Fish

L larvae

P pupae

Sizegroupscm

2 225 253 3

25MF17MF 25MF 29F

8236 8362 8253

0 0 0

0 0 08

0 29 69

0 0 02

0 36 08

27 66 34

18 07 08

27 22 19

0 0 11

36 82 12

662 175 1088

98 211 57

197 160 15

0 0 11

0 0 04

54 44 0

0 14 0

18 44 27

286 335 73
0 07 34

116 58 80

0 07 04

125 189 88

63 51 0

36 51 45
0 07 0

NumbersinparenthesesaresamplesizesFfemalesMmales

Table5TherelationshipofthegutcontentofGambusia
fishandorganismsintheenvironmentwherethefishandor
ganismswereartificiallyintroducednumbermethodin

ForageSelective
Container Fishgutsratio index

N nymphs
A adults

3979 0945 028

5752 1070 034

0 0 1

0 0 1

0 0 1

134 1207 094

60 923 040
0

30

30

15



stockingthefishcrustaceanpopulationdensityfluctuatedbe
tween200and200040dipsbutonthe12thdaypoststock
ingthedensitywasdepressedtoa20040dipslevelPopula
tiondensitiesofHemipteraandOdonatanymphsandColeop
teralarvaewerealsoslightlyaffectedDipteralarvaeandpupae
aretheimportantfooditemTable3butoverallpopulation
trendwasnotalteredThosefindingsaregenerallyinagree
mentwiththeresultsreportedbyBayandAnderson1966
andFarleyandYounce1977

Theresultsobtainedfromthefeedingstudyintheartificial
containersareshowninTable5Mosquitofishdidnotprey
selectivelyuponmosquitoesthedensityofmosquitopopula
tionwasfairlyhighcomparedwithotherinsectpopulation
densitiesbutFRwaslessthan1andSIwasnegative
Crustaceanswerethemostabundantinthecontainerssowere
theyinthegutsForageratioandSIforChironomidlarvae
andpupaeweresurprisinglyhighThismightbeattributedto
therelativelycleanbottomconditionofthecontainers

Thenumbermethodismostwidelyusedforanalysisofgut
contentsHessandTarzwell1942WashinoandHokama
1967Ahmedetal1970Howeverthismethodmerelyindi
catesthenumberofindividualsofeachpreyinthegutsit
doesnotshowthevolumeorfrequencyofoccurrenceofthe
variousfooditemsInordertoobtainabetterunderstanding
ofthefoodhabitsofimmaturefishgutcontentswereanalyz
edbythe3differentmethodsandtheresultswereshownin

Figure1Theeffectsofmosquitofishpredationonsomeselectedaquaticorganisms
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Figure2Theresultswhichareassessedbythenumbermeth
odshowthatcrustaceansformedca78ofthefoodcollem
bola125 terrestrialorganisms55andDiptera3 assess

edbytheoccurrencemethodshowedthatcrustaceansformed
96 collembola44 terrestrialorganisms14andDiptera
40 assessedbytheweightmethodcrustaceansformedca
40 collembola30terrestrialorganisms15andDiptera
10 Thuscomparingthedataobtainedfromthe3different
methodsonecanobtaintheprecisefoodhabitofthemos
quitofish
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TOLYPOCLADIUMANEWFUNGALPATHOGENOFMOSQUITOLARVAE

WITHPROMISEFORUSEINMICROBIALCONTROL

GeorgeGSoaresJrDudleyEPinnockandRobertASamson

In1972Sandersreportedahyphomycetoousfunguscaus
ingepizooticsinlarvalpopulationsofAedessierrensisat
NovatoCaliforniaMortalitiesofupto92wererecordedin
sometreeholepopulationsThepathogenwasidentifiedas
BeauveriatenellaAsubsequentpaperdescribinglaboratory
evaluationofthisfungusagainstseveralspeciesofCalifornia
mosquitoesandfieldtrialsagainstAedessierrensislarvaewas
publishedbyPinnocketal1973Theresultsofthisstudy
wereveryencouraging

WenowhaveevidencehoweverthatBeauveriatenellawas
probablynotinvolvedintheseepizooticsbutthatatleasttwo
differenthyphomycetusfungiareinfactresponsiblefordis
easeoutbreaksobservedatNovatoTheseareBeauveria

bassianaandaTolypocladiumsp
Beauveriabassianawasfirstcollectedin197374whenit

wasfoundinfectinglarvalpopulationsofAesierrensisThis
wasonlythefourthtimethisspecieshaveeverbeenisolated
frommosquitoesandthefirsttimeithasbeenreportedcaus
ingepizooticsinmosquitopopulationsClarketal1968

AspeciesbelongingtothegenusTolypocladiummost
similartoTcylindrosporumwascollectedthispastyearand
itsisolationfromAesierrensislarvaerepresentsthefirst
publishedreportofamemberofthisgenusbeinganinsect
pathogen

Severalfactorsexplaintoagreatextenthowthemisidenti
ficationcouldhavebeenmadeinthefirstplaceandwhyit
hasbeensodifficulttoresolvethismatter

Tobeginwiththereisastrikingsimilaritybetweenthese
twospeciesinmacroscopicaswellascertainmicroscopic
charactersbothfungiproducehyalinemyceliaandconidia
andbothproducebulbousconidiophoresAnothercompli
catingfactormayhavebeenthepresenceofbothpathogens
inasinglehostiemixedinfectionsNeverthelessconidia
resemblingthoseofBtenellahavebeenconsistentlyabsent
andanidentificationofBtenellawasalmostundoubtedly
withoutbasis

Secondlyallculturesusedinthepublishedworkwere
freezedriedasblastosporesandnoneofthismaterialproved
tobeviablewhenreconstitutedin1974Asaresulttherewere

noculturesfromthisperiodtoexamineduringlaterstudies
The3yearsofdroughtfrom197477addedanothercom

plicationthatprecludedthecollectionofnewisolatessince
noepizooticswereobservedduringthattimeasaresultofthe
extendeddryseason

From1974untilthispastyearonlyBeauveriabassiana
couldbefoundinfectinglarvaeinthefieldLastyearwhenthe
droughtfinallyendedfungalepizooticswerediscovered
occurringinanumberoftreeholesIsolationsfromdiseased

tUniversityofCaliforniaDepartmentofEntomologyandParasit
ology333HilgardHallBerkeleyCalifornia94720
2WaiteAgriculturalResearchInstituteUniversityofAdelaide

DepartmentofEntomologyGlenOsmondSouthAustralia5064
aCentraalbureauvoorSchimmelculturesBaarnNetherlands
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larvaerevealedafungalspeciesthatsuperficiallyresembled
Beauveriabutshowedsignificantmorphologicaldifferences
Atthesametimeasinglevialoffreezedriedconidiaof
Beauveriatenellathathadbeencollectedin1972waslocat

edThiscultureprovedtobeviableandwasidenticaltothese
newfieldisolatesThiscoupledwithphotomicrographstaken
in1972ledtotheconclusionthatwhatwascalledBeauveria

tenellain1972wasprobablythisdifferentspecieseitheralone
orincombinationwithBbassiana

Theproblemwasthentodeterminetheidentityofthese
isolatesTherewaslittledoubtthatthiswasanunknownin

sectpathogenCulturesweresenttotheCentraalbureauvoor
SchimmelculturesinBaarnNetherlandswherethestrainssub
sequentlywereidentifiedasaTolypocladiumspeciesnear7
cylindrosporum

ThegenusTolypocladiumwaserectedbyGams1971but
littlewasknownaboutthegroupotherthanthefactthatmost
isolateshadbeentakenfromthesoilThisrepresentsthefirst
descriptionofaspecieswithinthegenusasaninsectpathogen
althoughsomeotherisolatesareknownfrominsectsSamson
inpressTheseisolatesfromAesierensisarecurrentlybeing
comparedwithknownspeciesofTolypocladiumtodetermine
theirspecificstatus

Figure1illustratestheconidiogenouscellsandconidiaof
these3speciesThecharacteristicthatdistinguishesthegenus
BeauveriafromallotherHyphomycetesisthetypicalzigzag
shapeoftherachiswhichelongatessympodiallyasconidia
areproducedThecharacteristicthatdistinguishesBbassiana
fromBtenellaisthatBbassianaproducessphericalconidia
whereasBtenellaproducesellipticalconidiaalthoughinter
mediateformsexistThespeciesofTolypocladiumarecharac
terizedbyconidiawhichareproducedinslimyheadsby
phialidesColonymorphologyandconidiophorestructureare
verysimilartothoseofBeauveriabutthegenusisclearlydis
tinctbyitsdifferentconidiumontogenyFromallavailable
evidenceitappearsthatBtenellawasneverpresentNote
In1972thegenusBeauveriawasrevisedbydeHoogatwhich
pointthenameBtenellawassupercededbyBbrongniartii
thecurrentpropernameforthisspecies

Thefirstproblemafterisolationwasofcourseto
determinewhetherthisspecieswasmerelyasaprobegrowing
ondeadlarvaeoratruepathogenOverthepastyearbioassays
againstAesierrensislarvaeusingtheseisolateshaveleftno
doubtthatthisisahighlyinvasiveandextremelyvirulent
pathogenofmosquitolarvaeFigures2and3illustratethis
point

TheinoculumusedinthebioassayinFigure2wasablasto
sporesuspensionBlastosporescanbeeasilyandinexpensively
producedinshakecultureusingreadilyavailablenutrient
mediaNoticethatatconcentrationsof5x10blastospores
mlat25C94mortalityisreachedwithinonedayand100
within4days

TheassayrepresentedinFigure3wasconductedusingthe
conidialformTheconidiaareproducedonaerialsporulating
structuresonagarHeremortalitydevelopsmoreslowlythan
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0

1

Beauveriabrongniartii

withblastosporesTheLT50for5x10conidiamlisaround
3dayshereversusabout1dayforblastosporesLowercon
centrationshowevertendtoproducehigherfinalmortalities
thandotheblastosporesThereasonforthisisprobablythat
theconidiabeingamuchmoreresistantstagewillsurvive
longerthusincreasingthelengthofexposuretoinfection

AsmallpercentageoflarvaeinfectedwithTolypocladium
usuallyremainsatthesurfaceafterdeathFig4Whenthis
happensconidiaareproducedabovethesurfaceonadense
tuftofmyceliumbutsporulationdoesnotoccurondead
larvaethatremainsubmergedInspiteofthisapparentlimita
tionthefungusgenerallyseemsabletosurvivefromseasonto
seasonandproduceperiodicoutbreaksofdiseaseNeverthe
lesstheimplicationisthatifTolypocladiumistobeusedas
amicrobialcontrolagentformosquitolarvaeitwouldprob
ablyhavetobeasamicrobialinsecticide

Dissectionsandhistologicalworkhaveindicatedthatinfec
tionoccursprimarilythroughthecuticleTheheadandthor
axaswellasthesaddleareaappeartobethefavoredsites
ofinfectionPenetrationhasalsobeennotedatvariouspoints
alongtheabdomenThereappearstobenopreferencefor
intersegmentalpenetrationoverpenetrationthroughmore
heavilyscleritizedportionsofasegmentInvasioncanoccur
throughthemidgutwallbutitdoesnotappeartobetheprin
ciplerouteofinfectioninAesierrensislarvae

Bothsporestagescanbeeasilyandinexpensivelyproduced
onartificialmediasothatinoculumnecessaryforlaboratory
evaluationandsmallscalefieldtrialscanbereadilyproduced

2

Beauveriabassiana
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3

Tolypocladiumsp

Figure1ComparisonofconidiogenouscellsandconidiaofBeauveriabrongniartii tenellaBeauveriabassianaandaToly
pocladiumsp

1Beauveriabrongniartii tenellaidentifiedin1972asinfectingAedessierrensislarvaeevidencenowindicateslarvaewere
infectednotwithBbrongniartiibutaTolypocladiumspecies

2BeauveriabassianaisolatedfromdiseasedAedessierrensislarvaein197374presentatepizooticlevels
3Tolypocladiumspisolatedfromlarvaein1977presentatepizooticlevelsstrongevidencethatitissamespeciesthat

wasdescribedinfectingAedessierrensisin1972andincorrectlyidentifiedasBeauveriatenellaspeciesstatusnotyetestab
lishedcurrentlyunderstudy

Asforthemassproductionofconidiainquantitiessuffi
cientforuseinmicrobialcontroltheconidiaofboth
BeauveriaandTolypocladiumcanbeproducedinexpensively
onasemisolidbranmediumsimilartothatusedinthecom

mercialproductionofBacillusthuringiensisThetechnology
formassproductionoffungalpathogenshasreacheditshigh
estlevelofdevelopmentinRussiaandeasternEuropeIn
RussiaaparticularstrainofBeauveriabassianahasbeenused
fortenyearstocontroltheColoradopotatobeetleLeptino
tarsadecemlineataTheconidialpreparationcalledBoverinis
producedinfactorysizedfermentationfacilitiesandapplied
atarateof3045x1012conidiahectareFerron1978The
productionofsuchlargequantitiesofconidiaappearstobe
costeffectivetothepointthatchemicalpesticidessuchas
DDTandcarbarylusedincombinationwithBeauveriainitial
lyhavebeenabandonedinfavorofthesehigherconcentra
tionsofspores

Agreatdealofworkremainstobedonebeforethepoten
tialofthispathogencanbefullyevaluatedMoreneedstobe
learnedoftheresponseofTolypocladiumtovariousenviron
mentalconditionsHostrangedeterminationsmustbemade
forothermosquitospeciesaswellasnontargetorganisms
Effectonmammalsmustbecriticallyexaminedandallsafety
questionsresolved

ButatthispointallthesignsareveryencouragingTolypo
cladiumisavirulentnaturallyoccurringpathogenofmosqui
tolarvaethatcanbecheaplyandeasilyproducedAllthatis
neededatthispointistheinterestandthefundingtoconduct
thenecessaryresearch
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EARLYSEASONAPPLICATIONOFROMANOMERMISCULICIVORAX

PROVIDESCONTINUOUSPARTIALCONTROLOFRICEFIELDMOSQUITOES

BeckyBrownWesterdahlRKWashinoandEGPlatzer

UniversityofCalifornia

ABSTRACT

Anearlyseasonapplicationofpostparasitesofthemosqui
toparasiticnematodeRomanomermisculicivoraxdemon
stratedthatthenematodescouldmaturetoadultsmateand

t
DepartmentofEntomologyDavisCalifornia95616
2DepartmentofNematology2236LifeSciencesRiversideCali

fornia92521

layeggsinthericefieldenvironmentPreparasiteshatching
fromtheseeggsprovidedcontinuouspartialcontroloflarval
AnophelesfreeborniandCulextarsalisthroughouttherice
growingseasonControlofAnfreeborniwascomparableto
thatobtainedinthepastbydirectapplicationsofpreparasites
andexceededthatpreviouslyachievedforCxtarsalisInfec
tionwasobservedupto20feetfromtheoriginalpointof
application

LAGENIUIUMGIGANTEUMANDMOSQUITOESASSOCIATEDWITHIRRIGATEDPASTURES

InHanfordCaliforniaMcCrayetal1973introduced
zoosporesofLagenidiurngiganteumintoanirrigatedpasture
totesttheefficacyofthefungusasabiologicalcontrolagent
againstAedesnigromaculisTheinfectionpatternobservedin
thefieldlarvalpopulationwassufficientlyhighieminimal
infectionrateof83percenttowarrantfurtherevaluation
TwosubsequentfieldstudieswereinitiatedinCalifornia
pasturestoconfirmandpossiblyextendtheinitialobserva
tionInthefirststudyconductedinLindaYubaCounty
CaliforniaChristensenetal1977amaximumof45percent
infectionratewasobservedinnativeaedinelarvaeduringthe
secondirrigationcycleafterinoculationContaminationofthe
untreatedcontrolcheckadjacenttothetreatedcheckoc
curredhoweverandmadeevaluationdifficultThecauseof
thecontaminationpresumablywasduetosmallanimalswhich
continuouslyenteredthebarbedwirefencingerectedonthe
leveesurroundingtheexperimentalchecksThesecondstudy
wasinitiatedinanexperimentalirrigatedpastureinEast
NicolausSutterCountyCaliforniaandconstitutesthebasis
forthisreport

TheEastNicolausstudysiteconsistedofa176000ftir
rigatedpasturewhichwasdividedinto17approximatelyequal
checksFourofthesecheckswereutilizedforthestudy2for
treatmentand2foruntreatedcontrolsTominimizethe
chancesofcontaminationtheselectedcheckswhichmeasured
approx855fteachwerewidelyseparatedfromone
another

JFetterLaskoandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616
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Eachcheckwasinoculatedatarateofover10000infected
Culextarsalispercheckonday1over5850infectedlarvae
inoculatedonday2Infectionratewasmonitoredwith10
sentinelcagespercheck5withCxtarsalisand5withaedine
larvaeInadditionthenativemosquitopopulationwasdipped
toestimatepossiblepopulationchangesandextentoffungal
infection

Theinfectionratewashighinbothnativeandsentinellar
vaeofCxtarsalisbutinconsistentandlowforaedinespecies
TheseresultssupporttheearlierconclusionthatLgiganteum
isavirulentpathogenofCxtarsalislarvaebutappearstobea
ratherinconsistentagentagainstpastureaedinelarvaeThe
modificationoftheexperimentaldesignwassuccessfulinex
cludingcontaminationintotheuntreatedcontrolchecksasex
periencedinthepreviousstudy
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STATUSOFRESEARCHONTHEGENETICSOFCULEXTARSALIS

SMonicaAsman

UniversityofCalifornia

DepartmentofEntomologicalSciencesandDepartmentofBiomedicalandEnvironmentalHealthSciences
BerkeleyCalifornia94720

TheresearchwhichIwilldescribehasbeensupportedin
partsince1975byStateResearchFundsappropriatedthrough
theeffortsoftheCaliforniaMosquitoandVectorControl
AssociationThemajorobjectivehasbeentodetermine
whethergeneticmanipulationscancontributetoanintegrated
programtocontrolCulextarsalisThisworkrepresentsajoint
effortofstafffromtheDepartmentofEnvironmentalandBio
medicalHealthSciencesandtheDepartmentofEntomological
SciencesontheBerkeleyCampusoftheUniversityofCalifor
niaOursocalledgeneticbranchispartofanextensive
projectaimedatstudiesonandthecontrolofCxtarsalisa
principalvectorofwesternequineWEEandStLouis
encephalitisSLEvirusesinwesternNorthAmericaOneof
ourgreatestassetsintheprogramisthatmultidisciplinary
personnelcollaborateineachproject

GeneticstudiesofCxtarsalisbeganwhenPlappandhis
coworkers1961intheearly1960sfoundthatDDTand
malathionresistanceinCxtarsaliswereheritabletraitsUnfor

tunatelyverylittlebasicgeneticinformationwasaddedtothat
significantfinduntilBarrandMyers1966isolatedwhite
eyeandyellowlarvalmutantsandCalmanandGeorghiou
1970determinedthechromosomalrelationshipsofthese
mutantsOurresearchgrouppickeditupfromtherefor2
reasonsCxtarsaliscontinuedtobethemostimportantvec
torofWEEandSLEvirusesinourpartofthecountryandno
effectivesingleweaponorintegratedprogramwasavailableto
adequatelycontrolthisspeciesinroutineprogramsorinthe
faceofrecurringoutbreaksoftheseviralinfectionsReeves
andMilby1979

Geneticcontroladvocatestheinvolvementoftheinsects
themselvesintheirowndestructionandthereforeitisoften

referredtoasautocidalcontrolItisahighlyselective
meansofbiologicalcontrolandisdirectedsolelyatatarget
speciesTheperfectionofanygeneticcontrolsystemistech
nologicallycomplexsowhilecategorizedasappliedresearch
itnecessarilyincludesthedevelopmentofextensivebasicre
searchandknowledge

Whileseveralapproachesarepossibleforgeneticcontrol
ourprimarythrusthasbeendirectedattheuseoftransloca
tionsforfieldintroductionsTheseinducedaberrationswhen

releasedintoanativepopulationcancontributetoitsreduc
tionovermorethan1generationInadditiontheycanactas
transportsystemsforotherdesirablegeneticfactorsthatcan
eitheractaslethaltimebombsatalatertimeandcontri

butetothereductionofthepopulationorreplacesomeof
thegenomeofthepopulation

ThesestudiesweresupportedinpartbyUSArmyContractGrant
NoDAMD177404128andResearchGrantAI03028fromthe

NationalInstituteofAllergyandInfectiousDiseases

DIRECTEDTOWARDSINTEGRATEDCONTROL
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Translocationsareabnormalchromosomesthathavebeen

inducedbyionizingradiationorothermutagenicagentsTwo
nonhomologouschromosomesarebrokenandintheprocess
ofbecomingreattachedexchangepositionsSuchanex
changecreatesafalseorpseudolinkageofgenesItalsointer
fereswithsubsequentmeioticdivisionsintheprogenythat
haveinheritedtheinterchangeTheresultsarethat4ofthe6
possiblespermtypeshaveanunbalancedsetofchromosomes
andareinviableThisleadsto50ormorereductioninviable

progenyandhalfofthesepotentiallycarrytheinterchangeto
thenextgenerationFromtheseheterozygoustranslocations
wecanconstructhomozygoustranslocationsinwhichthe
singleheterozygouschromosomebecomesestablishedasa
pairThesebreedtruebutwhenmatedwithnormaladults
againproduceheterozygoteswhichasindicatedcauseapopu
lationreductioninsubsequentgenerations

Ifwearetoobtainandidentifytheseinterchangeswemust
obtainbasicgeneticinformationonthespeciesandthisre
quiresthatwehavegeneticmarkersThelatteraremutations
orheritablevariationsfromthenormalandiftheyareeasily
recognizedandnotlethalinthemselvestheybecomeimpor
tanttoolstoestablishothergeneticinformationInthelast
fewyearswehaveestablished14mutantstrainsaslaboratory
coloniesandwiththesehavegoneontoconstruct14differ
entmultiplemarkerlinesthatislaboratorycolonieseachof
whichhaveatleast3markers1oneachofthe3linkage
groupsBothsinglemutationstocksandmultiplemarkerlines
areessentialtoourworkforvariousreasonstheyareusedin
studiesonthebasicgeneticsofthespeciestheyserveto
geneticallyidentifythepositionofchromosomalbreaksand
reattachmentstheyhaveapplicationinmappingchromo
somesandtheycanbeusedasmarkerswheninsertedinto
stocksforfieldandlaboratoryexperiments

Sincevisiblegeneticmarkersareincorporatedintotrans
locationlinesforgeneticidentificationoftheinterchangesit
isimportantthatweassesstherelativefitnessofmutant
stocksBothlaboratorytestsandoutdoorpondtestsindicated
thatthepresenceofcarmineeyecolordoesnotsignificantly
decreasematingabilityAinsleyetal1978Thestudyalso
indicatedthatfitnessofthestockcanbeimprovedsubstantial
lyifoutcrossedandbackcrossedfrequently

Wecanalsoidentifychromosomalabnormalitiescytologic
allybymakingslidesofthemitoticandmeioticprocesses
Whenareciprocaltranslocationhasbeeninducedthedisjunc
tionafteracrossoverneverterminatescompletelyandwecan
identifyaninterchangebyachainof4chromosomesandabi
valentsetAlsobyobservationsofthelengthofthechromo
someswecandeterminewhichofthe3pairsareinvolvedWe
recentlyusedmultiplemarkerstocksandcytologicalobserva
tionstoestablishthatinCxtarsalisthelongestchromosome
carriesthesexdetermininggeneMcDonaldetal1978bWe



knowthatsexisdeterminedbyasinglegeneorlocusinculi
cinemosquitoesAsmentionedabovetranslocationscause
pseudolinkageortheabnormallinkingofcharactersthatare
carriedonspecificchromosomesForexampleifwehavea
translocationthatinvolveslinkagegroups1and2issex
linkedanddoesnotincludethesmallestchromosomethe
lattercouldnotbeholdingthesexdetermininglinkagegroup
Likewiseinasecondtranslocationnotsexlinkedtheinter
changeisbetweenthemediumandtheshortestchromosomes
Thusthelongestchromosomemustbethecarrierofthesex
determiningfactorGeneticstudieswithmarkersknowntobe
onspecificlinkagegroupsconfirmthisobservationWhat
makesthisnewfindingimportantoruniqueisthatinother
culicinemosquitoesthesexdeterminingfactorisontheshort
estchromosomeAnotherexceptiontothisgeneralityisthat
inCulextritaeniorhynchusthereisasexlocusonboththe
shortestandthelongestchromosomesBakerandSakai1976

Wehavemadesignificantprogressinothercytologicalwork
aswecannowisolateandidentifyformappingthelarge
salivaryglandchromosomesinCxtarsalisInDipterathese
chromosomesasaruleare100timeslongerthanthemeta
phasemitoticchromosomesandcanbeeasilystudiedEven
moreimportantthantheirsizeisthattheyhaveadistinctive
patternoftransversebandingthatallowsaccuratemapping
throughouttheirlengthWehavenowidentifiedthe3chromo
somesinCxtarsalisasdistinctentitiesandrecognizemuchof
theirbandingsequence

Returningtoourstudiesofautocidalsystemstheinter
changethatwehavestudiedthemostoverthepastfewyears
isadoublesexlinkedheterozygoustranslocation inother

wordsitincludesall3chromosomesinthe2interchanges
Terwedowetal1977Thereisvirtuallynocrossingoverbe
tweenthepointsofthebreaksandthesexgeneandabout
993ofallmalesfatheredbythislineinheritthelinkedcom
binationofthe3chromosomesThereisonlya28hatch
fromcrossesthatinvolvethesemalesThelinecompetedwell
againstotherpopulationsinlaboratoryandquonsetcagetests
andwasusedinourpilotreleasestudiesinthesummersof
1977and1978Asmanetal1979Wegavethesefieldstudies
atoppriorityduringthepast2yearsWehavelearnedwhat
thisspecificinterchangecandoinafieldsituationandhave
becomecognizantofanumberofproblemsassociatedwith
theprogrammingofafieldintroduction

Thesitewherethistranslocationwasfieldtestedisknown

asPosoWestThisisanisolatedfieldarea10milesnorthof

BakersfieldinKernCountythatiswithinreasonabledistance
ofourfieldstationThebreedingsiteisstableasitiswaste
watersfromoilwellsandthenaturalmosquitopopulationis
almostsolelyCxtarsalisEarlierstudiesin1976hadprovided
detailedestimatesofpopulationdensitiesthroughoutthesum
meraswellasinformationthatallowedustoprojectthenum
bersofgeneticallymodifiedmalesthatshouldbereleasedin
thepilotstudyNelsonetal1978Theactualnumberstobe
releasedwereascertainedinacomputersimulationmodel
basedonthereleaseofmalesthatcarriedthespecifictranslo
cationwewerereleasingThefirststudyin1977indicated
thatthereleasestockcouldbemassproducedthatthemales
couldsurviveinthefieldasimmaturesandadultsandthatthe

developmenttimeoftheirprogenyinthefieldwassimilarto
thatofthenativefieldpopulationThefirstpilotstudyalso
showedwheremoreresearchwasneededandwhereimproved
techniquesrelevanttoreleasestrategiesandfieldmonitoring
werenecessaryIn1977thenaturalpopulationwaslarger
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thaninpreviousyearsandconsequentlythenumberofreleas
edmales76000wasintoolowaratiotothefieldpopula
tiontocompeteeffectivelywiththenativemalesandhavean
impactonthewildpopulationThenumberreleasedwas
approximately24000lessthanplannedInadditionanesti
mated11000femaleswhichdidnotcarrytheinterchange
wereinadvertentlyreleasedThe1977translocationstockwas
releasedbyputtingpupaeintoemergencepondsatthefield
siteOneofthedifficultiesinthemassrearingofthisstock
otherthanthelowpercenthatchofeggraftsandtheneedto
cullexpandinglinesforeyecolorwasthatamanualsexing
processwasusedthatdidnotremoveallthesmallsizedfemale
pupaeAmajorcurrenteffortistodevelopageneticsexing
mechanismthatcanbeusedinfuturemassproductionpro
grams

Basedoninformationgainedin1977asecondreleasewas
initiatedin1978Inthatreleasewefocusedon2objectives
carriedforwardfromthepreviousyeartoreducethepopula
tionsignificantlywithaninsertofmalesthatcarriedthe
doublesexlinkedinterchangeandtorecoverthetranslocation
fromeggraftsorprogenyderivedfromthefieldOursecond
massrearingproductionprogrambeganinJanuaryof1978
Qualitycontroltestsofthereleasematerialweremadeon5
occasionsandthesummarizeddataindicatedthat994of
themalesreleasedwereindeedcarryingtheinterchangeThe
actualnumbertobereleasedwasagainascertainedbycom
putersimulationsbasedonthepopulationestimatedatthe
fieldsiteoverthepast3summersIn1978wereleasedmale
adultsratherthanpupaeandthusguardedagainstinsertionof
femalesWeallowedmalepupaetoemergeinthelaboratory
andanyfemalesthathadbeeninadvertentlyincludedwerere
moved

Inthe1978releases180000translocatedmaleswerere
leasedbetweenmidMarchandthefirstweekinJuneAmon

itoringsystemwasestablishedtoascertainifthereleasemales
werematingwithfieldfemalesFemalescollectedfromthe
fieldweretakenintothelaboratoryThosewhichgavelow
egghatchraftswererearedmaleprogenywereoutcrossedto
markerstocksandtheprogenyfromthesecrossesthatagain
camefromlowhatchraftswerefurthertestedgeneticallyIn
22casesthetestsconfirmedthatthetranslocationcarrying
malesreleasedatthesitehadmatedwithnativefemalesThus

wemet1moreobjectivein1978wefoundthatthe
geneticallymodifiedmalescouldmatewithfieldmaterialin
thefieldUnfortunatelyparalleltestsinlargeoutdoorcages
inwhichthereleasemalescompetedagainstfieldmalesfor
fieldfemalesrevealedthatthereleasestockhadbecomeless
competitivethanitwasin1977Wenowrecognizethatselec
tionfactorsrelatedtolaboratoryconditionshadchangedthe
releasestockgeneticallyThustheimpactofourreleasewas
againnotsufficienttocauseanongoingreductionofthefield
populationIn1978thepopulationinJuneatPosoWestwas
40percentlessthanin1976and1977eventhoughthe
droughtof2yearswasoverInfact1978wasayearofex
cessiverainfallinthereleaseareaAnalysesofdatahave
demonstratedthattherewasa4weekdelaybeforethepopula
tionreachedapeakascomparedtothetimesofpeakpopula
tionsinthe2previousyearsHoweverwhenthepeakin1978
occurreditwasapproximatelytwicethatobservedin1977
whichinturnwasconsiderablyhigherthanin1976Atthe
peakin1978itwasestimatedthattherewere450000females
inthestudyareaSinceourreleasesendedinearlyJunethe



insertcouldwellhavecontributedtothereductionofthepop
ulationuptothattime

Overthepast3yearsmarkreleaserecapturestudiescarried
onbyourassociatesMilby1979haveallowedustoestimate
thesizeofthepopulationatPosoWestthedailysurvivalof
nativefemalesandoftheintroducedexperimentalstrainand
theratioofreleasedtowildmalesduringthereleaseperiodIn
ordertoaccomplishthis29217malesand50164females
werenarkedwithfluorescentdustsandreleasedthispastyear
Thesewereallfromthefieldtakeneitherasadultsorcollect
edaspupaeandallowedtoemergeinthelaboratoryRecovery
effortstotalledacollectionofover400000femalesand
55000maleswhichincluded5500markedfemalesand81
markedmalesOurlimitedabilitytorecapturemarkedmales
hasrevealedanareaforadditionalresearchItappearsthatthe
markingofmalesmayhaveanadverseeffectontheirsurvival
movementandmatingcapacityFrommarkrecapturestudies
wealsodeterminedthatthereleasedmalesdidnotmovewith

inthestudyareaasreadilyasdidmalesfromthenaturalpop
ulationWeareinvestigatingtheuseofgeneticmarkersrather
thandustsforfuturemarkreleaserecapturestudies

Inthepast2yearsweperfectedamethodfortherapidiso
lationandidentificationofhomozygotetranslocations
McDonaldetal1978aAgainthiswaspossiblebecausewe
haddevelopedmultiplemarkerstocksAsman1976Toillu
stratetheadvantageofthenewmethodwehave2homozy
gotelines oneisolatedin21generationsbytheolderstan
dardprocedureandthesecondisolatedinjust5generations
bythenewlydevisedschemeSincebothoftheselinesare
autosomalnonsexlinkedbothsexescancarrythetranslo
cationsThesehomozygotelinesarenowbeingexpandedand
willbeevaluatedfortheirmatingandothercharacteristicsin
ourlargequonsetcagesthisspringandsummerAnadvantage
ofhomozygoteoverheterozygoteinterchangesisthatthey
cantransportdesirablegenotypesandcanconceivablyreplace
afieldpopulationBypopulationgeneticsweknowthatif
fitnessisthesameforboththenativeandareleasedpopula
tiontheleastfrequentpopulationwillbedisplacedinsubse
quentgenerationsThuswehopetoutilizethereplacement
mechanismasabonuswhenweintroduceahomozygote
thatitselfcarriesautocidalproperties

AnotherdesirablegenotypethatourcolleagueDrHardy
hasisolatedrelatestovectorcompetenceinCxtarsalisfor
WEEvirusHardyetal1978Arefractorystrainwasisolated
after17generationsofselectionWedeterminedthatthere
sistanceofthislinetoWEEviruswasrecessiveandpossibly
wascontrolledbymorethan1geneThisstrainisacandidate
forproductionoftranslocationsthatmightservetocarryre
sistancetoviralinfectionintoapopulationaswellascausea
populationreductionWepresentlyhave3wingmutants
fringewingwidewingandgabledthatalsohavesomepo
tentialtobesemilethalsifintroducedwithahomozygote
translocationAll3mutantshaveapproximately30mortali
tywhenemergingfromthepupalcasebecauseofabnormal
wingstructureWehaveinitiatedanotherlineofstudytoiso
lateatemperaturesensitiveconditionallethalThistypeof
lethalwouldbedesirableasatimebombinsertionWeare
stillhopefulthatanondiapausingfactorcanbeselectedasit
wouldbedesirableforfieldintroductionwithatranslocation
homozygote

Amostusefuldevelopmentforthetestingofexperimental
populationsinsemioutdoorconditionshasbeentomodify
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quonsethutframestomakelargeoutdoorscreenedcagesthat
canbeusedforavarietyofexperimentsWeconsiderthese
tobehalfwaytestingunitsAllpopulationsunderconsider
ationforfieldreleasesarefirstevaluatedincompetitiontests
inthequonsetcagesInadditiontousingthesecagestotest
potentialreleasematerialtheyhavebeenutilizedfora
numberofexperimentsrelativetothebiologyandecologyof
ourspecies

Forthepast2yearswehavestudiedthefeasibilityofusing
thesterilemaletechniqueasasupportsystemtotheinsertion
oftranslocationsforcontrolofCxtarsalisTheprocedures
followedweresuggestedbytheInternationalAtomicEnergy
AgencyIAEAProceedings1974Thefirstphaseisfinished
aswehaveestablishedsterilitycurvesdonematingcompeti
tiontestsinsmalllaboratorycagesandthenextendedthe
testsintofieldcagetrialsAdoseof5kradsfromaCo
sourcewhendeliveredinapproximately33minutesproduced
highlysterileandcompetitivemalesInthecompetitivemating
experimentsinthelargeoutdoorcageswefounda43hatch
whenirradiatedandnonirradicatedmalescompetedina11
ratioascomparedtoa92hatchintheunirradiatedcontrol
cageand30hatchintheirradiatedcontrolcageThelow
proportionofeggsthathatchedindicatesthatinspecialcir
cumstancesthesterilemaletechniquemightreduceCxtar
salispopulationsInothertestswefoundthatchangingthe
sexratiowhichwouldbethecaseinfieldreleasesofsterilized

malesdidnotsignificantlyalterthematingcompetitiveness
ofsterilemalesAinsleyandAsman1979Thissummerwe
hopetodoasmallscalereleaseofsterilemalesinthefield

Weareconvincedthatthesinglemostimportantfactorthat
haslimitedsuccessinthesterilemaleandotherprogramsfor
geneticcontrolofinsectshasbeenadeficiencyofbasicbiolo
gicalinformationonthespeciesinquestionForthisreason
wehavecontinuouslycarriedoutstudiesonthebehaviorof
CxtarsalisInadditiontotheremarksDrMcDonald1979
willmakeonmatingbehaviorobservationsbyourassociates
suggestedthatmarkedlaboratoryrearedfemalestendedto
betrappedearlierthanmarkedfieldfemalesofcomparable
ageTheresultsofasubsequentstudyshowedthatasignifi
cantlyhigherproportionoflaboratoryrearedfemalestook
bloodmealsonthefirstnightfollowingrelease regardless
oftheirinseminationstatusOtherstudiesindicatedthatfe
maleCxtarsalisusuallyaremonogamousandthatamalecan
inseminateupto8femalesWehavealsonotedthatifnormal
lyautogenousfemalesareretainedasvirgins67dayspriorto
matingtheydonotovipositautogenousraftshoweverwhen
subsequentlymatedandbloodfedtheyovipositanautogenous
rafts

Whenwerealizedthatourlaboratoryrearedheterozygous
translocatedstockhadbecomelessfitwithtimeweinitiated
anewdirectionofstudyImprovementofthefitnessofall
coloniesandstocksthataretobeinvolvedinfieldreleasesis

nowachiefpriorityToachievethisobjectivewemustestab
lishaneffectivequalitycontrolprogramthatinsuresthat
specificattributesthatareessentialfornormalbehaviorinthe
fieldhavenotbeenlostduringoraftercolonizationIfsuch
traitsarelosttheywillhavetobereestalbishedWehave
changedourprogramsforlaboratoryrearingandmassproduc
tionofreleasematerialsRepresentativesofourheterozygous
linehavebeenmovedintoalargeoutdoorcagefacilityfor
theircolonymaintenanceWehopethisprocedurewillselect
formatingcompetitivenessinamorenaturalenvironmentand



willextendflightbehaviorWearecurrentlyatteptingtocarry
afieldpopulationcollectedfromourreleasesitethroughthe
winterinanoutdoorquonsetcageNoartificialheatorlight
arebeingprovidedandtemperatureshavebeenunusuallylow
thiswinterFemalesassumedtobeindiapausetookrefugein
oldrubbertiresprovidedforthatpurposeWeawaittheonset
ofbloodfeedingandovipositionthisspring

Afinalstudythatshouldbementionedisaneffortto
identifygeneticvariationsthatcouldcontributetonegative
competitivefitnessThisapproachinvolvesageneticallozyme
analysisbyelectrophoreticstudiesofthewildtypepopula
tionsaswellaseachlaboratorycolonythatwillbeinvolved
incompetitiveandfieldreleasestudiesHouketal1979The
isolationofelectrophoreticmarkersalsowouldcontributeto
formalgeneticstudiesreleaseexperimentsandthestudyof
reproductivebehavior
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EFFECTSOFLABORATORYCOLONIZATIONONTHEREPRODUCTIVEABILITIES

OFAFIELDCOLLECTEDCULEXTARSALISPOPULATION
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ABSTRACT

INTRODUCTIONTheestablishmentoflaboratorycolon
iesofCulextarsalisisthefirststepifthereistobeaprogram
forgeneticcontrolofthisspeciesThemosquitoestobereleas
edinthefieldmustbevigorousandcompetitiveandsothe
laboratorycoloniesmustbevigorousespeciallywithregardto
reproductionandbehavior

Theproceduresusedtocolonizeandmaintaininsectsare
importantastheywilldeterminethevigorofthereleasedpop
ulationBush1978Mackauer1976McDonald1976Whena
fieldpopulationisbroughtintothelaboratoryitmustadapt
tocolonizationSomeoftheadaptationisphysiologicaland
representsthepopulationstemporaryresponsetochanging
conditionsSomeoftheadaptationisgeneticandisinherited
bytheprogenyoftheinitialpopulationManyadaptive
changesarebroughtaboutbyinadvertentselectionunplanned
andundirectedbythescientistThesechangesmayleadto
geneticdecaylossofvigororproductionofalaboratory
ecotypeunsuitableforfieldreleaseCoppelandMertins
1977

Wedonotknowthebestwaytoproducelaboratorycolon
iesofCxtarsalisandmaintainthedesiredvigorTheexperi
mentsdescribedhereareinitialattemptstodetermineand
documenttheeffectoflaboratorycolonizationuponthreeim
portantreproductivecharacteristics inseminationoviposi
tionandegghatch

MATERIALSANDMETHODSThefirststudieswereto

determinethesereproductivecharacteristicsoflaboratoryand
fieldcollectedpopulationswheninbredoroutcrossedandare
reportedingreaterdetailelsewhereMcDonaldetal1979
Subsequentstudiesweremadeofreproductivecharacteristics
ofafieldcollectedpopulationinthefirstfourgenerationsof
colonizationThemosquitostrainsusedinthestudieswere
KnightsLandingKLalaboratorypopulationfromYolo
CountyCaliforniaestablishedsixyearspriortotheexperi
mentandPosoWestWildPWWapopulationcollectedin
lateSeptember1977aspupaeandallowedtoemergeinthe
laboratoryGenerally200newlyemergedmosquitoesofeach

tThisresearchwassupportedbyUSArmyContractGrantNo
DAMD1774C4128USArmyMedicalResearchandDevelopment
CommandWashingtonDCandbyResearchGrantAI03028from
theNationalInstituteofAllergyandInfectiousDiseases

Theinseminationovipositionandegghatchofnewlycolonized
andlaboratorypopulationsofCulextarsaliswerecomparedTheeffect
oflaboratorycolonizationonthesereproductivecharacteristicsofa
newlycolonizedpopulationwasfollowedforfourgenerationsThere
sultsindicatedasubstantialandcontinuingreproductivedisadvantage
tothenewlycolonizedpopulationduringtheinitialcolonization
process
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sexwereplacedinacolonycagemeasuring60cmoneach
sideThecagewasprovidedwithwaterandsugarbutnoovi
positionsiteAfterthreetofivedaysanesthetizedchickswere
offeredtoprovideabloodmealWithinoneandonehalfdays
individualengorgedfemales100totalforeachpopulation
wereplacedinacottonstopperedshellvialwithasugarwick
Alayerofwateratthebottomprovidedanovipositionsite
Eggraftswereexaminedthreedaysafterovipositionandem
bryonationandhatchweredeterminedThefemaleswere
frozenafterasixtosevendayovipositionperiodandsper
mathecalexaminationstodetermineinseminationstatuswere

madeatalaterdateThenumbersofeggsremaininginthe
ovariesinChristophersstageVwererecorded

RESULTSThefirstlevelofobservationsrelatedtoovar

iandevelopmentandfertilizationTable1Nearlyallengorg
edfemalesfrompopulationsofKLandPWWeitherinbredor
outcrosseddevelopedeggsThefewwhichdidnotwereex
cludedfromfurtheranalysisThefemaleswereclassifiedin
threecategoriesthosethatretainedalleggswithoutoviposit
ingretainingthosethatlaidnonhatchingraftsofunembryo
natedeggssterileandthosethatlaidhatchingraftsfertile
TheinbredKLpopulationhadfewretainingandsterile
femalesandmainlyfertilefemalesMoreoftheoutcrossedKL
femaleswereretainingorsterileandfewerwerefertileA
greatproportionofoutcrossedPWWfemaleswereretainingor
sterileandfewerwerefertileTheinbredPWWpopulationhad
thehighestpercentagesofretainingandsterileandfewest
fertilefemalesOnly18ofinbredPWWfemaleswouldhave
contributedtothenextgenerationofalaboratorycolonybe
causetheyretainedeggsorlaidsterileraftsThereasonforthe
lowersuccessofPWWfemalescanbeexplainedinlargepart
bythelowinseminationratesandlowratesofovipositionby
inseminatedfemalesThepercentofinseminationwashighest
fortheinbredKLlowestfortheinbredPWWandintermedi
atefortheoutcrossesThepercentovipositionofinseminated
femaleswaslowerforPWWfemalesthanforKLfemales

Thesecondlevelofobservationsrelatedtothefateofthe

eggswhichthefemalesdevelopedTable2Developedeggsin
cludedalleggswhichdevelopedtoChristophersstageVor
beyondincludingthoseretainedaswellasthoseoviposited
Thenumberofdevelopedeggswasgreaterforthetwopopula
tionswithKLfemalesthanthosewithPWWfemalesThe

inbredKLpopulationscoredthehighestpercentagesfor



Table1Observationsonovariandevelopmentandfertilizationofgravid99Culextarsalisfromlaboratory coloniesandfield
populations

Population
99xdd

KLxKL

KLxPWW

PWWxKL
PWWxPWW

KL KnightsLandinglaboratorycolony
PWWfieldcollectedPsoWestKernCountyCalifornia

developedeggslaidembryonatedandhatchedTheinbred
PWWpopulationhadthelowestpercentageofdevelopedeggs
laidembryonatedandhatchedandtheoutcrosspopulations
wereintermediateThesourcesofreproductivefailureforthe
inbredPWWpopulationwereeggsnotlaidoreggslaidthat
werenotembryonatedEssentiallyallembryonatedeggs
hatchedinallpopulationsTheoverallreproductivelossfor
theinbredPWWpopulationwasgreatasonly12ofdevelop
edeggshatchedcomparedwith77fortheinbredKLpopu
lation

ThePWWpopulationwasfollowedforfourgenerations
Table3Ahighpercentageofthefemalesretainedeggsor
gavesterileraftsinallgenerationsThepercentageoffertile
femalesremainedlowforthreegenerationsandroseinthe

Table3Observationsonovariandevelopmentandfertilizationofgravid99fromthenewCulextarsalisPWWcolony

No99

Generation observed

1 100

2 50
3 62

4 17

1

2

3

4

15425
9191
8586
3442

No94
observed

98

98

96

100

retained

alleggs

3

12

51

55

retained

alleggs

55

80

50

29

laidnon

hatching
rafts

5

23

15

27

laidnon

hatching
rafts

27

8

29

18

Table4DevelopedeggsfromnewlycolonizedPWW
Culextarsalis99inlaboratorycages

PercentofEggsDeveloped

Noeggs ovi embryon
Generation developed posited ated hatched

40 13 12

19 11 10
37 10 9
78 57 55

fourthInseminationratesincreasedgraduallyoverthefour
generationsTheproportionofinseminatedfemalesthatovi
positedfluctuatedandthemeanvalueforthefourgenera
tionswas57

Egglayingwasespeciallydepressedthefirstthreegenera
tionsofthePWWcolonyandmosteggswerenotembryonat
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PERCENTOFFEMALES

laidhatching
rafts

92

65

34

18

KLxKL

KLxPWW

PWWxKL

PWWxPWW

laidhatching
rafts

18

12

21

53

18213
19740
14407
15425

inseminated

96

78

47

28

Table2DevelopedeggsfromCulextarsalisinlaboratory
cages

PERCENTOFFEMALES

inseminated

28

54

48

76

inseminated

that

oviposited

98

96

73

71

PercentofEggsDeveloped

Population Noeggs ovi embryon
99xdd developed posited ated hatched

96

87

45

40

80

59

28

13

inseminated
that

oviposited

71

22

57

77

77

57

28

12

KL KnightsLandinglaboratorycolony
PWW fieldcollectedPosoWestKernCountyCalifornia

edbutalmostallembryonatedeggshatchedTable4Overall
allfactorsincreasedinthefourthgeneration

Ournextgoalistodevelopprocedurestoreversedeficienc
iesassociatedwithcolonizationWewillbeginsucheffortsby
maintainingcoloniesinfieldcagesoroutcrossingthemtofield
materialatdifferentintervalsbeforetheyarereleasedinfield
testsSelectivebreedingfordesirablereproductivecharacterist
icsmayalsobeundertaken
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THEEFFECTSOFSEXRATIOSANDTHERATIOOFSTERILEC0IRRADIATED

CULEXTARSALISMALESTOFERTILEMALESONMATINGCOMPETITIVENESS

INTRODUCTIONThereleaseofsterilemalesforcontrol

ofpestpopulationsincreasestheproportionofmalesinatar
getpopulationAsuccessfulreleaserequirestheestablishment
ofahighratioofsteriletofertilemalesRichardson1978
Howevermatingbehaviorsmightbeinducedwhichincrease
matingcompetitivenessoffertilemalesinatargetpopulation
Suchbehavioralchangesmaybeinducedineitherthefemales
ormalesofawildpopulationinresponsetohighsexratiosor
largeratiosofsterilereleasedmalestoresidentfertilemales
Crystal1978EhrmanandParsons1976Matingcompeti
tivenessofsomemalephenotypesinseveralDipteraisknown
tohaveaninverserelationshiptotheirfrequencyinpopula
tionsInthesecasesraremalephenotypesmatemoresuccess
fullythanthemorefrequentonesEhrmanandParsons1976
Theexistenceofamatingsystemwhichfavorswildmalesin
verselytotheirproportioninthetotalmalepopulationwould
seriouslyimpairtheefficiencyofthesterilemalerelease
methodforpestpopulationcontrol

Experimentsreportedhereevaluatedthematingcompeti
tivenessofsterilemalesinsmalllaboratorycagesinwhichthe
sexratioorratioofsteriletofertilemaleswaschanged

METHODSStocks PWCstockwasinitiatedfromcol

lectionsatPosoWestin1976Theblestockwasobtainedby
outcrossingtheoriginalrecessiveblackeyemutantstock
Asman1975atoPWCstocktwiceeachtimerecoveringthe
blephenotypefromamongtheF2progeny

MatingTrials NewlyemergedPWCmalesweresterilized
byexposureto5KrofgammaradiationfromaCosource
attherateof160rminThreesetsofmatingtrialswere
doneThefirstsetoftrialsconsistedof100sterilePWCmales
100fertilePWCmalesand100fertilePWCvirginfemalesIn
thesecondsetoftrialsthesexratiowaschangedto50sterile
PWCmales50fertilePWCmalesand100fertilePWCvirgin
femalesTheratioofsteriletofertilemaleswaschangedinthe
thirdtrialwhichconsistedof150sterilePWCmales50fertile
blemalesand100fertilePWCvirginfemalesTheblemales
wereusedasfertilemalesinthistrialduetoashortageofPWC
stockTheblestockwaschosenbecauseithadbeensuccess

fullyoutcrossedtothePWCstocktwicejustbeforethemating
trialswerestartedinOctober1978Thefirst2setsofmating
trialswerecarriedoutin60cmx45cmx60cmtallcages
andthethirdtrialwascarriedoutina60cmcubecage

Eachcagewasprovidedwithawaterfilledovipositioncup
andsucrosecubesRestrainedchickswereleftinthecagesone
nightasasourceofbloodmealsThelightcycleconsistedof
15hoursofintenselightand1hhourseachofsimulateddusk
anddawnEggraftswerecollecteddailyseparatedintoindi
vidualvialsandexaminedafteratleast3daysforegghatch

tThisworkwassupportedinpartbyNIHresearchgrantAI03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
ArmyGrantContractNoDAMD1774C1428

RWAinsleyandSMAsman

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720
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andembryonationSincefemalesasaruleonlymateonce
Asman1975bthesireofeachraftwasuniquelydetermined
fromthehatchandembryonationratesofeacheggraft

familyIfthehatchratewasgreaterthan50 thesirewas

assumedtobefertileIfthehatchratewaslessthan50and

therewereunhatchedembryonatedeggsthesirewasassumed
tobesterileIfonlyunhatchedunembryonatedeggswerepre
senttheeggraftwasassumedtohavebeenlaidbyanunmat
edfemale

RESULTSAsinpreviousmatingtrialswithsterileCx
tarsalismalestherewasaclearseparationinthedistribution
ofhighandlowhatcheggraftsFigure1Ifitisassumedthat
eggraftswithlessthan50hatchweresiredbysterilemales
then23of6138 and36of8343 eggrafts families
frommatedfemalesweresiredbysterilemaleswhenthesex
ratiowas21andtheratioofsteriletofertilemaleswas11

Table1Whenthesexratiowasloweredto1133of70
47 and20of3853 eggraftsfrommatedfemaleswere
siredbysterilemalesWhentheratioofsteriletofertilemales
wasincreasedto3127of4363 siredeggraftsweresired
bysterilemales

40

30

20

10

0

0 20 40 60 80 100

PERCENTOFEGGSHATCHED

Figure1Distributionofegghatchincombineddata
from4matingtrialswithequalnumbersoffertileandsterile
males



Table1Cutarsalislaboratorymatingtrialseffectsofsexratioandratioofsteriletofertilemales

Sexratio Ratioofsterile

malesfemales tofertilemales

A

21 11 B

Totals

A

11 11 B

21 31

lowhatcheggraftsamongtotalsiredeggrafts

Replicate

Totals

DISCUSSIONChangingthesexratiodidnotsignificantly
alterthematingcompetitivenessofsterilemalesThisisin
agreementwithpreviousexperimentsAinsleyandAsman
unpublisheddataSincetheproportionofeggraftssiredby
sterilemaleswasnotsignificantlydifferentthanthepropor
tionofsterilemalesinthematingtrialswith11or31ratio
ofsteriletofertilemalesthematingcompetitivenessofthe
sterilemalesswasnotsignificantlyaffectedbyincreasingthe
ratiosofsteriletofertilemalesAdditionalexperimentsare
plannedtoconfirmthistentativeconclusion
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MATINGCOMPETITIVENESSOFSTERILIZEDVERSUSNORMALMALEAEDESSIERRENSIS

RELEASEDWITHFEMALESINTOFIELDCAGES

JRAndersonSMAsmanandRWAinsley

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

ABSTRACT

IntwoexperimentsattheUniversityofCaliforniaRussell sterilemalesResultanteggswerecollectedfromtentseach
TreeFarmFieldStationlaboratoryrearedmosquitoeswere weekandbleachedtodeterminethesterilefertilizedratio

releasedintotentshavingscreenedsidesandnaturalturf
floorsThetentswerestockedwithovipositionboxesand Observationsofreleasedmosquitoesrevealedthatboth
rottingfruitforcarbohydratemealsandthemosquitoesper normalandsterilemalesmatedwithvirginfemaleswithin5
iodicallyobtainedbloodmealsfromdomesticrabbitsor minutesafterreleaseofthefemalesBleachedeggsfromthe
chickensInthefirstexperimentJune28throughJuly26 varioustentsshowedthatthematingcompetitivenessofirra
onetentreceived500females500normalmalesand500 diatedsterilemaleswasaboutasexpectedata11ratioan
sterilemalesasecondtentreceived500femalesand1000 averageof42percentsterileeggssomewhatlessthanexpect
sterilemalesandathirdtenthad500femalesand1000 edata41ratioofSNmalesfrom42to65percentsterile
normalmalesInthesecondexperimentAugust24through eggsindifferentweeksandasexpectedata91ratioofSN
October4thethreetentswereagainstockedwith500 malesfrom84to94percentsterileeggsindifferentweeks
femalesbutonetentreceived500normaland500sterile Intheexperimentalcontroltentshavingeitherallnormalor
malesasecondtentreceived200normaland800sterile allsterilemalestheresultswereasexpected3percentsterile
malesandathirdtentwasstockedwith100normaland900 fortheformerand96percentsterileforthelatter
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CHEMICALECOLOGYOFMOSQUITOESAUTOANDTRANSSPECIFICREGULATING

CHEMICALSINNATURE

MirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia

Thechemicalecologyofmosquitoesisanimportantbut
complexfieldofresearchthathasbeenbarelystudiedInthe
chemicalfactoryofnaturemosquitoesarebombardedbya
multitudeofmoleculeswhichshapethevariouslifeprocesses
oftheorganismsBothadultsandimmaturemosquitoesre
spondinavarietyofwaystochemicalstimuliinnatureSome
ofthesechemicalstimuliareofmosquitooriginregulating
theirownlifeprocesseswhileothersareproducedintheir
environmentbyotherorganismsTofullyunderstandmosqui
tobiologyecologyandbehavioraknowledgeoftheseauto
andtransspecificregulatingprinciplesisofutmostimportance
HereIwouldliketoattempttobringtogetherthecurrent
knowledgeandourownresearchinformationpertainingtothe
interactionbetweenchemicalstimulimostlyproducedin
natureandtheimmaturemosquitoesandalludetotheecolog
icalandpracticalimplicationsofsuchsystemsInthiscontext
theautoregulatingfactorsandovipositionmodifyingprinciples
oflarvalandeggoriginwillbediscussedThetransspecific
substancesproducedbymicrobialflorainorganicinfusions
andthechemicalprinciplesproducedbyotherspeciesofor
ganismscohabitingwithmosquitoeswillalsobediscussedin
generalTherearemanyphysicochemicalfactorswhichelicit
ormodifyavarietyofresponsesinadultmosquitoesSomeof
thesefactorswillbediscussedbythenextspeakerDueto
lackoftimeIwillnotelaborateonthechemicalecologyof
adultmosquitoes

AAUTOREGULATINGAGENTSOFLARVALORIGIN

Mosquitolarvaeprevailinginaconfinedhabitatproduceall
kindsoffactorsandmetabolitessomeofwhicheitherare
toxicordelaythedevelopmentoftheyounglarvaeTheelab
orationofsuchtoxicandgrowthretardingfactorshavebeen
reportedforanumberofspeciesofmosquitoesUnderover
crowdedconditionsoflarvaeandwiththeprovisionofun
limitedamountoffoodlarvaeofAedesaegyptirequiredpro
longedperiodsfordevelopmentandcontainedlargeamounts
ofundigestedfoodinthegutdespitethefactthatfoodintake
wasnormalShannonandPutman1934Overcrowdingof
mosquitolarvaewasreportedtoresultinretardedgrowthand
highmortalityofthelarvaesmallandnonuniformsizeofthe
resultingadultsandlowerfecundityTerzianandStahler
1949Klomp1964interpretedtheseobservationsasacase
ofmutualinterferenceduetointensebodilycontactunder
overcrowdedconditionsHoweverthebasicproblemofover
crowdingandtheelucidationofthechemicalfactorswerenot
investigateduntiltheinitiationofdetailedstudiesonthe
ecologyofovercrowdinginourlaboratoriesattheUniversity
ofCaliforniaRiverside

IkeshojiandMulla1970awerethefirsttoshowtheelab
orationoflarvalfactorsproducedunderovercrowdedcondi
tionscharacterizingthesefactorsbiologicallyandentomolog
icallyTheyshowedthatchemicalfactorsproducedbyover
crowded3rdstagelarvaeofCxquinquefasciatusweretoxicto
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theyoungerlarvaeofthisspeciesandAeaegyptiAnalbi
manusandCxtarsaliaThestabilityoffractionsfromthin
layerchromatographswasalsoassessedafteridentificationof
theactivezonesSubsequentlywestudiedthetoxicand
growthretardingcomponentsoflarvalelaborateobtained
underhighlyovercrowdedconditionsIkeshojiandMulla
1970bPhysiologicaleffectsoftheselarvalfactorsandtheir
bacteriostaticeffectswereestablished

InasystematicmannerIkeshojiandMulla1974aisolated
andchemicallyidentifiedthetoxicandgrowthretardinglarval
factorsTwostraightandtwobranchedlongchainhydrocar
bonswerenheptadecaneandnoctadecanewhilethebranch
edchainhydrocarbonswere7methyloctadecaneand8methy
lnonadecaneAdditionallysomeminorconstituentstentative
lyidentifiedas2ethyllongchainfattyacidswerealsotenta
tivelyidentifiedThesebiologicallyactiveprincipleswere
elaboratedbythelarvaewhentheywereovercrowdedhaving
anegospaceoflessthan9mmperlarva

Furtherstudiesontheauthenticcompoundsshowedthat
thebranchedchainhydrocarbonsshowedgreateractivity
againstthelarvaethenthestraightchainnoctadecaneIkesho
jiandMulla1974bAdditionof3methyloctadecanoicacid
enhancedtheactivitysomewhatThebranchedchainhydro
carbonsmarkedlydelayedlarvaldevelopment

Oncetheactiveprinciplesinlarvalculturesunderover
crowdedconditionswereidentifiedsystematicresearchon
thesynthesisandlarvicidalactivityoftheseecologicallyim
portantfactorswasspearheadedinourlaboratoryInthefirst
phaseofthisseveralanalogsofthebranchedchainfattyacids
werepreparedandevaluatedHwangetal1974aincluding
2and3substitutedfattyacidsSomeofthesesubstituted
acidsshowedhighlevelofactivityagainst4speciesofmosqui
toeswhileothershadlittleornoactivityThisfieldofresearch
wasexpandedbysynthesizingandevaluatingothersbranched
fattyacidsbranchedandstraightchainhydrocarbonsalkano
ateshalogenatedacidsandtheirestersandfinallythealkana
midsHwangetal1974b1976ab1978HwangandMulla
1976bMullaandHwang1975Adetailedreviewoftheover
crowdingfactorstheirecologicalandphysiologicalsignific
ancewasrecentlypublishedHwangandMulla1976a

Thusitisforthefirsttimethatthechemistryofthetoxic
andgrowthretardingfactorselaboratedbylarvaehasbeen
elucidatedandcloselyrelatedaswellasdistantanalogsand
homologsofthesehavebeensynthesizedandstudiedagainst
mosquitoesThesenaturalproductsplayanimportantrolein
theautoregulationofmosquitoesIntheverynearfuturewe
willbeinitiatingfieldstudiesontheactivityofthemostactive
factorsandtheiranalogsBothacuteandchroniceffectsas
wellasdevelopmentalimpactofthesefactorswillbeelucidat
edinnatureItishopedthatwithproperformulationtechni
quessomeofthesenaturallyoccurringchemicalscanbeprov
entobegoodmosquitocontrolagentsIwouldliketoem
phasizethatthelevelofactivityofthesesimplenatural



productswillnotcomparewithsomeofthehighlyeffective
syntheticinsecticidesHowevertheirpotentialactivityis
subtleandlooksmuchbetterthansomeofthemosquitocon
trolagentsusedatthepresenttime

BOVIPOSITIONMODIFYINGFACTORSAnimport
antareaofresearchdealingwiththechemicalecologyofmos
quitoesistherelationshipofselfandtransspecificchemical
agentsregulatingovipositionbehaviorofavarietyofmosqui
toesinvarioushabitatsOncethegeneralsuitableandopti
mumbreedingsourceislocatedbymeansofphysicaland
chemicalstimuliClements1963thenthegravidmosquitois
furtherdirectedforovipositingbycloserangephysicaland
chemicalstimulitothemostoptimumhabitatwherethe
youngprogenyarelikelytothriveThereforebreedingsources
whichseeminglyappearidenticalarenotequallysuitablefor
ovipositionandthussurvivalofmosquitolarvae

Mosquitobreedingactivityishighestinhabitatsthatare
subjectedtointermittentfloodingandwettinganddrying
Rarelydoweseeheavybreedingexceptinafewsituations
inpermanentbodiesofwaterandcertaintypesoftemporary
sourcesTheabsenceofmosquitobreedinginthesesources
isgenerallybelievedtobeduetothepresenceofampleand
diversefaunaofbioticregulatingagentsAlthoughthismaybe
truetoacertainextentthereisnoevidencetofullysupport
thishypothesisundermostbreedingsourceconditionsTo
proveordisprovethisnotiononehastoreallydocumentthe
presenceandovipositionalactivityofgravidmosquitoesIsit
thatthemosquitoesarenotattractedforovipositiontoperm
anentlyfloodedsourcesoristhereampleovipositionbutno
survivaloftheensuinglarvaeThesetypesofbasicbiological
andecologicalquestionshavenotbeenmadethesubjectof
anysystematicanddetailedinvestigationsNowthatbasic
chemicalandecologicalinvestigationsonthecomplexoviposi
tionalbehaviorofdiversespeciesofmosquitoeshavebeen
initiatedattheUniversityofCaliforniaatRiversideandother
institutionshopefullyitwillbepossibleinthenearfutureto
provideplausibleanswerstosomeoftheseperplexingques
tions

Evidencetodatepointoutthatgravidmosquitoesdonot
deposittheireggsatrandombutrathertheycandiscriminate
betweenpreferredandsuboptimumsitesAtcloserangethis
preferenceismediatedthroughthepresenceofvolatileand
nonvolatilechemicalstimuliactingonchemoreceptorswhich
inturnresultinpositiveornegativeovipositionalresponses
Practicallyallthestudiesconductedtodatehavebeendirected
towardtheelucidationofovipositionattractantsincluding
stimulantsIthasbeenonlyinthelastyearorsothatwehave
successfullyisolatedandidentifiedchemicalstimuliwhichact
asovipositionrepellentsincludingdeterrencyinducingnega
tiveovipositionalresponsesinCulexmosquitoesHwanget
al1979KramerandMulla1979

1SoilandOrganicPollutionFactors Thebiological
physicalandchemicalnatureofabreedingsourceundergoes
adynamicandcontinuouschangeduringthepostflooding
periodAlthoughthesechangesarenotclearlyknownwe
knowthatthereisnoorlittleovipositionbyourCulexspecies
duringthefirstfewdaysofpostfloodingThebreedingsource
becomesattractivetoovipositingfemales710daysafter
floodingTheattractancyofthebreedingsourcetogravidfe
malesforovipositiondeclinesdrasticallyafterprolonged
periodoffloodingThisinitialattractancyornoattractancyof
breedingsourceswasbelievedtobeduetoemanationofchem
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icalfactorsproducedbythedegredationoforganicplantand
animalmatterintheaquaticmediumorinthesoilItis
throughtheproductionandcertainconcetrationsofthese
speciesorgroupspecificvolatilesubstancesthatmosquitoes
candiscriminatebetweenbrddingsourcesSomeresearchersas
earlyas6decadesagopointedouttotheselectivediscrimina
tionofbreedingsitesbyovipositingfemalesBaettie1932
Gerhardt1959HermsandFreeborn1921Macan1961
MuirheadThomson19401941

Innatureandinlaboratorymosquitoesareeitherattracted
orrepelledbycertaininfusionsoforganicmatteractedupon
bymicroorganismsHayandgrassinfusionsinducemoreovi
positionthandistilledwaterinCxquinquefasciatus fati
gansDeZulueta1950Jobling1935andgrassinfusionwas
alsofoundtobeattractivetoCxtarsalisfemalesGjullinetal
1965andAealbopictusandAepolynesiensisGubler1971
RicestrawinfusionswerefoundattractivetoCxppallens
Hayashi1962Ikeshoji1966Oda1967

Decompositionofcertainorganicmatterinwateryield
volatilechemiclaswhichattractandinducegravidfemalemos
quitoestoovipositInthisregardhorsemanureinfusionswere
highlyattractivetoCxfatigansandAeaegyptiManfield
1951OGower1963andchickenmanureinfusionswere
highlyattractivetoCxppallensHayashi1962Waterin
breedingsourceswhicharerichinorganicmatterisattractive
formanyspeciesofmosquitoesThetreeholemosquitoAe
triseriatuspreferentiallyovipositintreeholewaterBentleyet
al1976Wilton1968whileAeaegyptiAealbopictusand
AevittatuspreferwaterwithfloatingtimberKochharetal
1972CxquinquefasciatusandCxtarsalisprefertooviposit
inlogpondwaterGjullinandJohnson1965Woodcreosote
aconstituentofmanytreesisshowntoactasovipositional
attractantforCxquinquefasciatusGjullin1961andanum
berofotherspeciesofmosquitoes

Ingeneraltheproductionofbioactivecompoundsinmos
quitobreedingsourcesaffectingovipositionhasbeenlinked
withtheactionofbacteriaandpossiblyothermicroorganisms
Thebacterialinvolvementwassuggestedanddocumentedby
severalauthorsGerhardt1959KramerandMulla1979
MurpheyandBurbutis1967Hazardetal1967isolated
AerobacteraerogenesfromahayinfusionattractivetoCxp
quinquefasciatusandAeaegyptiandthoseinthefamily
Pseudomonadeceaewereshowntoberesponsibleforthepro
ductionofovipositionmodifyingchemicalsIkeshojietal
1967Maw1970AsafollowupofthesestudiesIkeshoji
etal1975identifiedthebacteriaPseudomonasaeruginosa
toberesponsiblefortheproductionofovipositionattractants
forAeaegyptiandCxpmolestusonasubstrateofcapric
andpelargonicacidsTheysuggestedthattheattractantsare
theintermediatebreakdownproductsandmetabolitesfrom
thesefattyacids

Althoughanumberofstudiesontheattractancyandstimu
lancyoforganicinfusionsandbacterialcultureshavebeen
conductedveryfewornodetailedstudiesonovipositionre
pellentshavebeencarriedoutDeZulueta1950and
MuirheadThomson1941notedthatAnophelesdarlingiand
Anminimusarerepelledbyinfusionscharacterizedbyhigh
organiccontentIkeshojietal1967postulatedthatbacteria
mayalsobecapableofproducingnotonlyattractantsbutalso
mosquitoovipositionrepellentsThisaspectofthechemical
ecologyhasbeenneglectedbyresearchersuntilourrecent
studieselucidatingtherepellentnatureofsomeorganicinfu



lionstoCulexspeciesKramerandMulla1979andtheisola
tionandidentificationoftheauthenticrepellentcompounds
producedinsomeorganicinfusionsHwangetal1979These
repellentsareeffectiveincertainrangesofconcentrationpro
ducingnorepellencyatbelowtheseconcentrations

2EggPheromones Anothergroupofchemicalsthat
caninfluenceovipositionbehaviorofanumberofmosquitoes
arethoseproducedduringovipositionandthesevolatilesema
natedfromtheeggsoreggraftsarecalledovipositionphero
monesTheseeggassociatedphermoneshavebeendetectedin
CxtarsalisOsgood1970CxpquinquefasciatusandCxp
pipiensDaddandKleinjan1974StarrattandOsgood1973
ExistenceofthesepheromoneshasalsobeensuggestedforAe
albopictusandAepolynesiensisGubler1971Theoviposi
tionpheromonesofCxtarsalishavebeenidentifiedchemical
lyasamixtureof13diglyceridesStarrattandOsgood
1972Theactivefractionsofovipositionpheromonesfrom
CxpquinquefasciatusandCxppipienswerenotdistin
guishablefromeachotherbyspectrometricandthinlayer
chromatographicmethodsStarrattandOsgood1973

3OvipositionFactorsofLarvalandPupalOrigin Still

athirdgroupofchemicalsthatmodifymosquitooviposition
behaviorarethoserelatedtolarvalandpupalpresenceThese
factorssignificantlyaffectovipositionThepresenceoflarval
factorshavebeenshownforanumberofAedesspeciesBent
leyetal1976KalpageandBrust1973McDanieletal1976
SomanandReuben1970andinCulexspeciesDaddand
Kleinjan1974Pupalproducedfactorshavealsobeenreport
edforanumberofspeciesofAedesKalpageandBrust1973
SomanandReuben1970Thesefactorshavealsobeenre
portedforCulexspeciesAndreadis1977DaddandKleinian
1974HudsonandMcLintock1967Todatethechemical
natureofthesepheromoneshasnotbeenelucidated

Itshouldbepointedoutthateggassociatedpheromones
andlarvalandpupalproducedpheromonesforonespecies
maynotworkforanotherAlthoughcrossactivityhasbeen
shownforsomespeciesthereiscompletediscriminationin
responsetothesepheromonesbyotherspecies

CALGAEANDALGALTOXINSPlanktonicandfila

mentousalgaearemostcommoncohabitantswithimmature
mosquitoesSomeoftheseexertprofoundregulatingpressures
onmosquitoesTodatenoindepthstudieshavebeenunder
takentoexploitthepotentialofalgaeasbiologicalcontrol
agentsformosquitovectors

Wehaverecentlyfound2speciesofgreenalgaeChlorella
ellipsoideaandIthizocloniumhieroglyphicumwhichareas
importantbiologicalcontrolagentsformosquitoesThefilla
mentousspeciesgrowasathinmatatthebottomofaquatic
habitatsandhasmanydesirablefeaturesinusingnutrients
fromeutropicwaterkeepingthewatercleanandprecluding
thegrowthofundesirableplanktonsandmacrophytesItdeci
matesnoxiousaquaticinsectsaswellasimmaturemosquitoes

ThegreenalgaCeliipsooddeawhichhasbeenrecently
foundincontainerhabitatsduringthecourseofourstudieson
mosquitoesinalargeurbancemetryexertsignificantregulat
ingpressureonmcsquitoesSupernatesandsuspensionsof
thisalgahavebeenfoundtoinduceimmediateanddelayed
mortalityinmosquitoesContainersdevoidofthisalgawhen
inoculatedbecamepositive70 remainedsoforweeks
andeliminatedCulicinemosquitoesThisalgahasbroadtoler
ancetoavarietyoffactorsandisreadilyculturablerequiring
inexpensiveandunsophisticatedequipmentandfacilitiesItis
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possiblethattheseagaetheirsupernatesorthechemical
factorstheyproducemaybeemployedinfuturemosquito
controlprograms

Withtheseencouragingresultsasystematicresearchpro
gramhasbeenimplementedtostudyaBiologicalactivity
ofthese2andotheralgalspeciesagainstvariousspeciesof
mosquitoesbDeterminetheoccurrenceofthesealgaeas
wellasotherbiologicallyactivespeciesinavarietyofbreed
ingsourcescEvaluatethepotentialofalgaeasbiocontrol
agentsagainstculicinesunderfieldconditionseDevelop
simplemassculturingproceduresforthemostpromising
entitiesforuseinfieldsituationfIsolateandchemically
identifythetransspecificchemicalsproducedbyalgaewhich
regulatepopulationsofimmaturemosquitoes

Thisareaofresearchhasbeenverypromisingandproduc
tiveResearchinformationonthebiologicalcharacterization
ofthetwoalgaetheirtoxinsandfractionationwillbepre
sentedbyMrMSDhilloninthisconferenceAbout300
mgofcrudeextractfromsome5060litresofactivesuspen
sionofCellipsoideahasbeenobtainedTheextractshows
highlevelofactivityandcontainsprincipleswhichproduce
quickanddelayedmortalityintheimmaturestagesaswellas
inducingmarkedmorphogeneticchangesduringemergence
Theadultsresultingfromlarvaetreatedwithsublethaldosages
showbizzaremorphologicalaberrationsandeventhoseadults
whichseemnormalinappearanceareincapableofflight

Thecrudeextractsofbioactiveprinciplesofalgaeisnow
readyforchemicalseparationpurificationandidentification
DrYSHwangisengagedinthischemicalresearchandhope
fullywillbeabletoatleastplacetheactivecompoundsin
chemicalgroupingsandfinallyhavethechemicalsidentified
Oncethechemicalnatureofthealgaltoxinsisknownitwill
thenopenanewareaofresearchtostudythenatureofecolo
gicalinteractionbetweenalgaeandmosquitoes
DSUMMARYThecurrentstatusofourknowledgere

gardingthechemicalecologyoftheimmaturemosquitoesis
reviewedandtheinformationisinterpretedwithinthelimits
ofavailabledataThereisampleevidencethatcertainchemical
principlesassociatedwitheggslarvaeandpupaeofmosquitoes
actasautopromotingandregulatingprinciplesEggassocated
pheromonesandsomefactorselaboratedinlarvalandpupal
culturesprovidestimuliforpositiveresponseingravidmosqui
toesOntheotherhandlarvalfactorsproducedunderover
crowdedconditionsaretoxicandretarddevelopmentofthe
veryyoungprogencythusprovidinganautoregulatingmech
anismforpopulationinoverutilizedhabitatsDuringthe
courseofourresearchwehavemadesiginificantcontributions
toanunderstandingofthiscomplexecologicalphenomenon
Theactiveprinciplesinvolvedinovercrowdingecologyhave
beenchemicallyidentifiedanalogssynthesizedandtheiractiv
itydeterminedFieldtrialswiththemostactiveprincipleswill
beinitiatedinthenearfuture

Althoughmanyworkershavenotedtherelationshipbe
tweenorganicinfusionsandmosquitoovipositionverylittle
isknownregardingthechemicalnatureofthetransspecific
chemicalsproducedintheseinfusionsThesechemicalshave
beententativelyidentifiedforonlyoneortwospeciesofmos
quitoesInthepast23yearswehaveconductedsystematic
researchonmosquitoovipositionattractantsandrepellents
Theactiveprinciplesinvolvedinnegativemosquitooviposition
behaviorhavebeenidentifiedchemicallyandtheirrepellency
effectsfullydocumentedTherepellentfactorswereidentified



asshortchainfattyacidsandsincemostarecommercially
availabletheirroleandpotentialinfieldecologyofmosqui
toeswillbeinvestigatedAlthoughwehavebeensuccessfulin
chemicallyidentifyingovipositionrepellentsproducedin
organicinfusionstheattractantprincipleshavenotbeen
identifiedasyetStudiesinthisdirectionareinprogressnow

Anotherimportantareainthechemicalecologyofmosqui
toesisastudyonalgaeandalgaltoxinsasbiocontrolagents
Ourprogressinthisareaofresearchhasbeenquitepromising
andwearenowworkingtowardsthechemicalidentification
ofvarioustoxinsproducedbyalgaeThesetoxinsshowvarious
modesofactioninmosquitolarvaeandfromthestudiescon
ductedthusfaritappearsthatprobably2ormorecom
poundsareinvolvedinshapingtheinteractionbetweenthe
algaeinquestionandmosquitoes
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MOSQUITOCONTROLPROBLEMSONWILDLIFEAREAS ACASEHISTORY

ErnestELusk

CaliforniaStateDepartmentofHealthServicesVectorBiologyandControlSection
2135AkardAvenueReddingCalifornia96001

Eachfall10millionducksandamillionormoregeesemi
gratedownthePacificflywayintoCaliforniaandareinneed
offoodrestandwaterIn1906asurveybytheUSDepart
mentofAgricultureshowedthatalmost312millionacresof
wetlandswereexistentatthattimewithintheStateItiscur

rentlyestimatedthatlessthan500000acresnowremainOf
thisabout225000acresareinprivateduckclubs200000
acresinFederalwildliferefugesandabout50000acresin
wildlifeareaoperatedbytheCaliforniaDepartmentofFish
andGame

Theextremeimportanceofthewetlandhabitattothecon
tinuedsurvivalandwellbeingofthewaterfowlmakingthis
annualmigrationisonlytooobviousHowevertheimport
anceandfunctionofthewetlandhabitatprovidesformore
thanjustthenaturalpreservationpurposesforthebirdsthere
arealsomajoreconomicconsiderationsInadditiontothe
benefitsofthehuntingprovidedaprimepurposeofthere
fugesystemistheprotectionofadjacentcroplandfromde
predationthesignificanceofwhichhasbeenwelldemonstrat
edinthepast

BoththeUSFishandWildlifeServiceandtheCalifornia

DepartmentofFishandGamehaverecognizedthattheflood
ingofthesevariouswetlandshasledtosignificantproblems
withmosquitoproductionresultingintheadoptionof
policiesrelatingtowhenandhowmosquitocontrolshouldbe
carriedoutOnestatementinsuchdevelopedpoliciesis
Sincemosquitocontrolprogramsmayadverselyaffectfish
andwildlifetheyshouldbeplannedandexecutedwithfull
considerationgiventotheprotectionoffishandwildlife
values IagreewiththispolicybutIalsobelievethatthe
converseshouldbestatedThisisthatsincewetlandsmanage
mentpracticesmayadverselyaffecthumanhealthandcom
forttheyshouldbeplannedandoperatedwithfullconsidera
tiongiventotheprotectionofhumanhealthandwelfare
Suchconsiderationhasnotalwaysbeenprovidedandprobably
willnotbefullyacceptedasagamemanagementphilosophy
formanyyearsifeverHappilythoughprogressisbeing
madetowardtherealizationthatmosquitopreventionisavery
criticalpartintheoperationofsomewetlandwaterfowlhabi
tats

TheGrayLodgeWildlifeArealocatedinthemiddleofthe
SacramentoValleyhasbeenasourceofvaryingdegreesof
controversyregardingitscontributiontothemosquitopopula
tionoftheareaformorethantwentyyearsIcannottellyou
thatwehavefoundasurefirequickandeasysolutioninits
managementthatwillservetostopmosquitoproductionon
WildlifeManagementAreasbecauseIdontbelievethatthere
isoneHoweverwehavebeenabletogetstartedonaprogram
whichIbelievehasalreadyproducedsometangibleresults

In1931theStateofCaliforniapurchasedthe2500acre
GrayLodgeGunClublocatedinsouthernButteCountyjust
northoftheSutterButtesThiswasoperatedasasanctuary
until1953whenpublichuntingwasfirstallowedBetween

GRAYLODGEBUTTECOUNTYCALIFORNIA
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1952and1955additionallandpurchasesincreasedtheacreage
toapproximately6800acresandsubsequentadditionshave
broughtituptoover8000acresPartoftheareaismaintained
assocalledpermanentponds600acresandseveralhundred
acresaresummerirrigatedformilletproductionMilocorn
andothercerealcropsarealsoproducedasfoodforwildlife
AgricultureinthispartoftheSacramentoValleyisprimarily
riceandirrigatedpastureAlongthewestandsouthwest
boundaryofGrayLodgearethousandsofacresofprivately
ownedduckclubsinanareaknownastheButteSink

Threemosquitoabatementdistrictssharetheburdenofthe
mosquitocontrolproblemsinthisareaMostofthewildlife
arealieswithintheButteCountyMADandmuchoftheadja
centduckclubareaisintheColusaMADTheSutterYuba

MADsharesasmallportionoftherefugeplussizableacreages
ofduckclubpastureandriceintheadjoiningproperties

FourspeciesofmosquitoesCulextarsalisAnophelesfree
borniAedesmelanimonandAedesnigromaculisareproduced
abundantlyduringsummerThemajormosquitoproblem
howeverisduringthelatesummerandfallcreatedbyflood
ingofapproximately5000acresofrefugelandand1214000
acresofnearbyduckclubpropertypriortothearrivalof
migratingwaterfowl

Inthelate1950sresidentsofthenearbycommunityof
PenningtoncomplainedtotheSutterYubaMADaboutthe
mosquitoproblemintheirareaTheMADaskedtheVector
ControlSectionoftheStateDepartmentofHealthServices
forassistanceindeterminingthesourceofthesemosquitoes
Thestudythatwascarriedoutasaresultofthisrequestindi
catedaprobabilitythattheGrayLodgeWildlifeAreawasa
majorcontributortothemosquitopopulationObviouslyin
lightofthetypeofagricultureandtheexpanseofduckclub
landtheWildlifeAreawasnottheonlysourceAvarietyof
recommendationsweremadeconcerningwatermanagement
landpreparationandothermosquitocontroltechniquesData
collectionandvariousstudiescontinuedovertheyearsbut
GrayLodgecontinuedtobeamajormosquitoproducerwhile
muchofthesurroundingareacameunderincreasinglyinten
sivecontrolAtokeneffortatGambusiaaffinisproduction
andusewasinitiatedbutnorealprogresswasmadeineither
directchemicalorbiologicalcontrolorinlandorwaterman
agementpracticeswhichwouldaffectmosquitoproduction

In1975themosquitoabatementdistrictstheDepartment
ofFishandGameandtheStateHealthDepartmentwereagain
stimulatedbydemandsfromresidentsofthecommunityof
Penningtonforrelieffromthehordesofmosquitoesinvading
theareaInitialinvestigationswerebegunin1976butprogress
wasslowInJanuaryof1977aplanningmeetingwasheldbe
tweentheMADsFishandGameandtheVectorControl
SectionThreeMADmanagerseightFishandGamestaffand
sevenVectorControlSectionbiologistsandengineersattend
edDuringthemeetingitbecameclearthatnosimplesolution
wasavailablebutitwasalsoevidentthatalltheagenciesin



cludingtheDepartmentofFishandGameweredetermined
thistimetotakpositiveactiontowardthefollowingtwo
goals1toprovideimmediatecontroloverfallemerging
Aedesand2todevelopaplanoflongrangeactiontoreduce
mosquitoproductiononGrayLodge

JimLeibyChiefofOperationsforDepartmentofFishand
Gamesuggestedtheformationofataskforcetodevelopthe
neededplanNamedtothistaskforcewereTreyWright
RegionalWildlifeManagementSupervisorGeneKauffman
ManageroftheSutterYubaMADBillHazeltineManagerof
theButteCountyMADandmeasrepresentativefortheCali
forniaDepartmentofHealthServicesKenWhitsellJohn
CowanDickHusbandsandReubenJunkertservedasadvisors
andcontributedgreatlytothefinalplanApril1wassetasthe
dateforcompletionofadrafttobepresentedtothefullcom
mittee

Duringthefollowingthreemonthsthetaskforcemetsev
eraltimesanddevelopedaseriesoftwentyrecommended
actionscoveringfourcategories1managementpracticessuch
asvegetationcontrolirrigationfielddesignwatercontrol
structuredesignandmaintenance2investigationalactivities
includingGambusia
includingGambusiausagepesticidestrategiesandfieldde
sign3chemicalcontrolincludingprefloodapplicationof
granularinsecticidesadulticidingandselectivelarviciding
and4populationmonitoringandassessmentofprogram
successOnApril111977theseproposalswerepresentedto
thefullcommitteeandafterconsiderablediscussionandsome

revisionwereacceptedFollowingthisacooperativeagree
mentbetweentheCaliforniaDepartmentofFishandGame
CaliforniaDepartmentofHealthButteMADandSutterYuba
MADwasformulatedThisagreementdetailedthespecificre
sponsibilitiesofeachagencyincarryingouttherecommenda
tionsincludedintheplan

During1977actionwasinitiatedonmostoftherecom
mendationswithvaryingdegreesofsuccessTwoverydirect
controlactivitieswhichproducedencouragingresultsinvolved
theuseofaprefloodapplicationsofDursbangranulesandthe
useofGambusiaaffinisforAedescontrolTheDepartmentof
FishandGamepurchasedthreetonsof2chlorpyrifosgran
uleswhichwereappliedto3000acresoftheGrayLodgeWild
lifeAreascheduledforfallfloodingApplicationbeganon
August18andwascompletedonAugust24Resultsofthis
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treatmentweregenerallygoodbutanumberofconditions
suchasdensevegetationhighleveesanddifficultiesinmark
ingswathscontributedtoincompletecontrolincertainfields
Aconsiderableamountofmopuptreatmentwasdoneby
theButteMAD

Averysuccessfuldemonstrationoftheeffectivenessof
GambusiaagainstAedeslarvaewascarriedoutbytheSutter
YubaMADA100acrefielddividedintotwosectionsbya
leveewasstockedwithGambusiaat2and4poundsacre
shortlyafteritwasfloodedinlateAugustAnadjacentfield
usedasacontrolproducedAedesmelanimonatupto500
larvaeperdipLarvaeintheGambusiastockedfieldwerere
strictedto34perdipinsmallisolationsalongtheedgesof
thefield

Judgingbythesubjectiveobservationsofneighboringre
sidentsandthedatafromlighttrapsoperatedonandaround
theWildlifeAreamosquitopopulationsweredramaticallyre
ducedThesetwotechniquesseemedtoofferapracticalmeans
ofreducingmosquitoproductiontoacceptablelevelsona
temporarybasiswhileattemptswerebeingmadetodevelop
landpreparationandwaterandvegetationmanagement
practicescompatiblewithwildlifepropagationandmosquito
prevention

Proceedingalongthislineaplanwasdevelopedfor1978
whichincludedvariationsonthemethodsofuseofthegran
ularinsecticideandfurthertestsontheuseofGambusiaunder

avarietyofconditionsoffieldpreparation
StudiesbyBobCoykendalandGeneKauffmanindicated

thatfishstockingratesof1poundperacreshouldgiveade
quatecontrolofAedesinthishabitatTheypreparedadetail
edproposalforproducingtheneededfishinpondsonGray
Lodge

Nearthebeginningofthe1978seasonwewerefortunate
enoughtobeabletoenterintoacooperativeagreementwith
theDepartmentofFishandGametofinanceagrantto
GordonHannaHespentthesummerandfallatGrayLodge
analyzingtheeffectivenessofsomeofthetechniquesproposed
inour1978plan

Thedatathathehasaccumulatedthispastyearreinforces
ourbeliefthatacombinedprogramofchemicalbiological
waterandlandmanagementpracticescanreducemosquito
productiononGrayLodgeandstillbecompatiblewithwild
lifemanagementobjectives
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Researchonthreeprojectswascarriedoutin1978Twoof
theprojectstheeffectsofdifferentstockingregimesonthe
seasonaldistributionpatternsofGambusiaaffinisinricefields
andthedielandseasonalmovementpattersofthefishwere
continuationsofstudiesbegunin1977Thethirdstudya
comparisonofGaffinispopulationsfromtwostockingrates
wasbegunin1978

SEASONALDISTRIBUTIONFishwerestockedbythe
followingmethods
1Thetotalfieldallotmentdividedintoequalportionsand

stockedintheevennumberedpaddies246etc
2Thetotalfieldallotmentdividedintothreegroupsand

stockedinthesecondpaddythecenterpaddyandina
paddyapproximatelyhalfwaybetweenthecenterpaddy
andfieldoutlet

3Thetotalfieldallotmentstockedintothesecondpaddy
Fishtrappingindicatedtherewasnosignificantdifferences

intotalfishproductionamongfieldsstockedbyeachofthe
threestockingmethodsTherewerehoweversignificantdif
ferencesinthedistributionofthefishFieldsstockedinthe
evennumberedpaddiesandthosestockedinthreeplaceshad
fairlyevenfishdistributionthroughoutthefieldsasindicated
bytrappingWhereevendistributionsdidnotexistnocon
sistentpatterncouldbeseenFieldswhichwerestockedin
onlyoneplaceinthefieldsecondpaddyconsistentlyhad
veryhighfishpopulationsinthefirstfewpaddiesbutthe
numbersdroppeddramaticallytowardthedrainendofthe
fieldThedataindicatesthatthebulkofthefishstockedin

aricefielddonotmoveveryfarfromtheoriginalstocking
pointTheprogenyoftheoriginalstockdospreadthroughout
thefieldbutdevelopmentoflargepopulationsoffishaway
fromthestockingareaisdelayedduetothelagtimebetween
theprogenyinhabitingthenewareasofthefieldandtheir
reachingsexualmaturityandreproducingTheresultisthat
fieldwidemosquitocontrolpotentialisdiminishedwhenfish
arestockedinonlyasinglestockingpointwithinthefield

DIELANDSEASONALMOVEMENTSResultsof1977

and1978studiesusingoutflowtrapstocollectmosquitofish
leavingthericefieldoutletsindicatealargemigrationoffish
beginning40to50daysafterstockingandlasting25to35
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daysThemigrationwasevidentinfourofthefivefields
studiedin1977andsevenoftheninefieldsstudiedin1978
Outflowtrapcatchesrangedfromseveralhundredtoseveral
thousandfishperdayandvariedwiththedayandthefield
Themaximumcatchrecordedwas7000fishina24hour
periodDuringtheheightofthemigrationseveralhundred
fishwerecaughtwherenowaterwasflowingthroughtheout
letboxthefishhadtojumpovertheweirboardandintothe
trap

Themosquitofishleavingthefieldsduringthemigration
periodwerepredominantlyyoungunfertilizedfemalesranging
inlengthfrom17to35mmmean 237mmstandarddevia
tion 289mmThemovementsdonotcorrelatewith
temperaturefluctuationslunarcyclesoranyotherexternal
factorandmayrepresentaninherentdistributionmechanism
Theprimaryresultofthemigrationisalowerthanexpected
totalfishpopulationinthefieldlateintheseason

Dielmovementswerestudiedbytrappingthroughoutthe
dayandnightItwasfoundthatGaffinismovementsarecon
finedalmostexclusivelytothedaylighthoursHourlytrapping
throughthedaylighthoursindicatesthattheactivitycycleis
roughlybellshapedwithapeakbetween1200and1400
hoursTrapcountswerenearzeroatdawnanddusk

STOCKINGRATEEVALUATIONSFishpopulationsas
measuredbytrappingweremonitoredintenfieldsstockedat
025poundsperacreandtenfieldsstockedat0125pounds
peracrePopulationcurvesforbothstockingrateswere
sigmoidwhichisexpectedforfishintroducedintoavirtually
nonlimitingenvironmentandthennearingcarryingcapacity
lateinthesummerTrapcountsindicatedmeanmatureG
affinispopulationsinJuneweretwiceashighinthe025
poundperacrefieldsasinthe0125poundperacrefields
HowevermeanpopulationsinAugustwerenearlythesamein
fieldsstockedatbothratesThisresultisalsoexpectedsince
theGaffinispopulationsinthe025poundsperacrefields
nearedthecarryingcapacitiesofthefieldsmorequicklythan
thosestockedat0125poundsperacreThisstudyisapartof
alargerinvestigationtodeterminestockingrateswhichgive
adequateGaffinispopulationsatcriticaltimesduringthe
mosquitoseason



ECOLOGICALIMPACTOFMOSQUITOCONTROLRECIRCULATIONDITCHES
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PRELIMINARYCONSIDERATIONSANDEXPERIMENTALDESIGN

VincentHReshandStevenSBalling

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

Publicawarenessandconcernaboutthefateofcoastal
marshesandwetlandshasincreasedgreatlyduringthepast
twodecadesThishasparalleledtheincreaseinknowledgere
gardingtheroleofthesemarshesinnutrientcyclingfiltra
tionandprimaryproductionCorrell1978Marshlandsare
particularlyvulnerabletocapriciousdevelopmentbecause
manyoftherealvaluesoftidalmarshesarenoteasilyrecog
nizedoraccruesomedistancefromthemarshitselfGos
selinketal1974Forexampletrappingoferodedsediments
andproductionofparticulateorganicmatterforfilterfeeders
areessentialbutnoteasilyobservedbenefits

UntilrecentlythemarshlandsoftheSanFranciscoBay
weretreatedwithlittleregardtotheirimportanceasanatural
resourceInfactoverthepastcenturyactivitiessuchasfilling
forurbandevelopmentanddikingtoformsaltpondshave
eliminatedover60oftheoriginalsaltmarshareabordering
SanFranciscoBayNicholsandWright1971Becauseofthe
importanceofthesemarshlandstolifewithinthebayandbe
yondbothregulatoryagenciesandconservationgroupshave
shownconsiderableinterestinprotectingtheremaininglands

Someofthisinteresthasbeendirectedtothephysicalcon
trolpracticesforsaltmarshmosquitoesUntilfairlyrecently
postWorldWarI1mosquitocontrolpracticesintheUnited
Statesconsistedofapreventivescheduleofpesticideapplica
tionsEvidencesuggeststhatsuchmethodswerenotonlyin
sufficientbutwerebothexpensiveandenvironmentallyun
soundProvost1977ThisinfluencedlocalMosquitoAbate
mentDistrictstoreturntoapreviouslyusedmethodofsource
reductionrecirculationditchesDitchingtechniqueshavebeen
expandedandimprovedFigure1sinceJBSmithfirstsug
gestedthemin1904Provost1977Mostoftherefinement
ofditchingtechniqueshasbeendoneinAtlanticcoastal
marsheswhichcompriseamuchmoreextensiveareathan
westcoastmarshes

Thepurposeofthisprojectistoevaluatetheimpactofre
circulationditchesonvariousaspectsofsaltmarshecology
Theapproachtakenindevelopingtheexperimentaldesignfor
thestudyhasbeentoanalyzethemostfundamentalandde
finablerelationshipsthosedirectlysubjecttothephysical
changescausedbyrecirculationditchesandtoexaminetheir
influenceonbasicbiologicalprocessessuchasproductivity
anddiversityofmarshbiota

Criticalstudiesontheecologicalimpactofditchinghave
previouslyfocusedonplantsuccessionMillerandEgler
1950primaryproductionShislerandJobbins1977food
andshelterforbirdsmammalsandinvertebratesBournand
Cottam1950andgeneralhydrographyConnell1940Im
pactonthesebiologicalcomponentshasbeenattributedto
bothloweringofthewatertableandaccidentalimpoundment
ofwaterbehindturflinesChapman1960Howeverallof
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Figure1Spryteditchdiggercuttingarecirculationditch
throughthePetalumamarsh

thesestudieswerelimitedtotheAtlanticcoastwheresoiland
vegetationtypesareoftenverydifferentfromthosefoundon
thePacificcoastThisprojecthasnotmerelyrepeatedbut
ratherhasexpandedsuchstudiesofimpactonnontargetor
ganismstowestcoastmarshlands

Thisstudyisajointeffortbetweenseveralfacultyandstu
dentsoftheUniversityofCaliforniaBerkeleyandpersonnel
oftheCaliforniaMosquitoandVectorControlAssociation
CoastalRegionMosquitoAbatementDistrictsTheextensive
cooperationofferedbytheMosquitoAbatementDistrictsof
theCoastalRegionandbyDrEISchlingerDrRGarcia
andMrMBarnbyoftheUniversityofCaliforniaBerkeley
hasbeeninvaluabletothisproject

CHOICEOFSTUDYSITESTheSanFranciscoBaylike
allestuarineenvironmentsischaracterizedbyincreasingsalin
itytowardtheoceanThesesalinitydifferencesalongwith
relativeheightabovemeanlowwatergreatlyaffectplantcom
munitycompositionChapman1960Hinde1954Thetwo
majorhighmarshcommunitiesintheSanFranciscoBay
Areaarethosedominatedby1pickleweedSalicorniavirgin
icaLand2saltgrassDistichlisspicataLandwiregrass
JuncusbalticusWilldenowWehavechosenmarshesalongthe
PetalumaRiverandalongAlbraeSloughinSouthSanFran
ciscoBayassitesrepresentingthefirstmarshtypeThesecond



typeisrepresentedbyatidalmarshatthebaseofPotreroHills
innorthernSuisunBayFigure2

EXPERIMENTALDESIGNPilotstudiesfieldsampling
programsanddataanalysishavebeendesignedtoextendover
afouryearperiodFigure3andincludeexaminationofin
vertebrateandvertebratefaunamarshvegetationandphysi
calandchemicalfactors

ArthropodDiversity Asthedominantmarshanimals
arthropodsareamajorsourceoffoodforbothmigratoryand
residentbirdsincludingtherareandendangeredCalifornia
ClapperRailandthreatenedSuisunSongSparrowFurther
morearthropodshaveproventobetheefficientandre
liableindicatorsofenvironmentalperturbationinothereco
systemsegKaesleretal1974Wilhm1972Wehavejust
completedaoneyearbiweeklycensusoftheterrestrial
arthropodsoccupyingbothmarshtypes

Theterrestrialarthropodfaunaofthesaltmarshesunder
examinationisdominatedbybrinefliesfamilyEphydridae
leafhoppersFamilyCicadellidaeplanthoppersfamilyDel
phacidaemitesandspidersbothcomprisingseveralfam
iliesInpreviousstudiesofterrestrialsaltmarshinvertebrates
bothspecificpopulationsegNixonandOviatt1973and
wholecommunitiesegCameron1972DavisandGray1966
havebeenexaminedInthisstudycommunitystructureis
beinganalyzedbymeansoftheSequentialComparisonIndex

Figure2SatellitephotographofSanFranciscoBayArea
showinglocationofstudysitesaPetalumamarshbAlbrae
SloughmarshandcSuisunmarsh
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SCICairnsetal1968anapproachnotpreviouslyusedfor
saltmarshcommunitiesHowevercorrelationanalysisbe
tweencalculatedSCIindicesandmoretraditionalmethodsof
analysissuchasnumbersofspeciesFigure4anddiversity
indicesFigure5indicatethesuitabilityoftheSCIforthis
typeofanalysis

Communitystructureisbeingcomparedbetweenditched
andnaturalsitesat13and10metersdistanceFurtherstud
ieswillanalyzethedistributionandseasonaltrendsofthe
dominantspecies

VegetationAnalysis Theparticularphenologyofpickle
weedthatoflittleornosenescenceuntillatefallMahalland
Park1976permitsdeterminationofannualgrowthwithjust
twosamplingdatesApilotstudywasdonetoassessthere
quirednumberofsamplesthatmustbetakentoestimate
standingcropatadesireddegreeofprecisionFigure6Based
ontheseresultsanexperimentaldesignwasdevelopedin
whichstandingcropwasmeasuredfirstinearlyMarch1978
todeterminebiomassoftheperennialcomponentandagain
inlateSeptember1978tomeasureannualgrowthSamples
weretakenat1and10metersdistancefromthechannelmar

ginalongditchesof5and8yearsofageandalonganatural
channelSimilarproceduresareplannedforthenexttwoyears
toaugmentthispastyearsresults

AverydifferentapproachhasbeenusedontheIistichlis
JuncustidalmarshBecauseoftherelativelyhigherdiversity
seasonalsuccessionandyearroundsenescenceofplantscom
montothismarshsamplingforannualbiomasswouldbeim
practicalInsteadaquadratsamplingtechniquewasusedto
determineoccurrenceandcompositionofspeciesinrelationto
distancefromditchesFigure7Percentcompositionofspec
iespresentwasdeterminedwithin025mquadratsontran
sectsperpendiculartotheditchesSamplesweretakenevery3
metersfrom030malong14transectsThissamplingprogram
willberepeatedseasonallyforthenexttwoyears

AerialPhotography Byincorporatingblackandwhite
colorandinfraredphotographictechniquesintotheexperi
mentaldesigninitialreconnaissanceoftheditchedareain
eachofthemarshesexaminedegFigure8wasgreatlyfacili
tatedThisapproachisalsobeingusedtoexaminetherecov
eryratesfromvehicleactivityassociatedwithditchingFigure
1

PhysicalFactors Certainkeyphysicalfeaturesintegrally
relatedtosaltmarshesarealsobeingexaminedMeasuresof
tidalregimesalinitywatertableheightincreasesinchannel
volumeandrateofsiltationareeithercurrentlybeingtaken
orareintheplanningstagesSuchmeasuresareintendedto
complementbiologicalstudiesasneeded

FishDistributionandFeedingAnalyses Studiesonspec
iescompositionanddensitiesoffishesfoundinditchedand
unditchedareasoftheAlbraeSloughmarshwererecently
completedandhavebeendescribedindetailelsewhereinthese
ProceedingsBallingetal1979Trappingstudieshaveshown
thattwiceasmanyspeciesusedtheditchedascomparedto
theunditchedareasThreeresidentfishdominatedmost

samplesandappearedyearroundThesefishthemosquito
fishGambusiaaffinisBairdandGirardtherainwaterkilli
fishLucaniaparvaBairdandGirardandthestickleback
GasterosteusaculeatusLwerealsothedominantspeciesin
severalothermarshessampledaroundtheBayPopulation
densitiesespeciallyofGaffiniswerealmost3timesgreater
inditchedthaninunditchedareasBasedonthesestudies
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ditchingdoesnotappeartohaveadetrimentaleffectonsalt
marshfishesAnalysisoffishfeedinghabitsinrelationtomos
quitoandotherpreyitemdistributionisunderway

AquaticInvertebrates Thedistributionandabundanceof

invertebratesinpotholesandditcheshaveadirecteffecton
thedistributionandabundanceofforagingfishandwaterfowl
Wearecurrentlyexaminingecologicalfeaturesofselectedin
vertebratepopulationsasafunctionoffoodavailabilitypre
datorsphysiographiccharacteristicsandsalinityandtidalre
gimes

NonfisheryVertebrates Birdutilizationofvarioussub

habitatsofthemarshiesloughsditchespotholesandopen
marshisavitalconcernItisimportanttobeabletopredict
thepotentialshiftinspeciescompositionwhenamarshwith
manysmallpotholesbecomesonewithmanysmallditches
Birdcountswithintheabovesubhabitatswillbeconducted

thisyearinthePetalumamarshwhichhasalargemosaicof
suchenvironments

CONCLUSIONRecirculationditcheshaveproventobea
highlyeffectivelowmaintenancetechniqueforcontrolofsalt
marshmosquitopopulationsyettheimpactofrecirculation
ditchesonwestcoastmarshecologyislargelyunknownAn
appropriateexperimentaldesignthatanalyzesthebiological
relationshipsdirectlylinkedtothephysicalchangesinhabitat
causedbyrecirculationditchesmayprovidekeyinformation

July

IIIIIIE

Jan July Jan July

Figure3FouryearresearchscheduleforevaluatingtheecologicalimpactofmosquitocontrolrecirculationditchesonSan
FranciscoBaymarshlands
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thatclarifiesthemanyunansweredquestionsregardingmos
quitocontrolpracticesintheseecologicallyimportant
habitats
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Figure8AerialphotographofPetalumamarshshowingrecirculationditchesrddrainingpotholespandflowinginto
naturalchannelsncUnditchedmarshpondsmparenotmosquitobreedingsitesbecauseofwindactionandnaturalpredators
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ABSTRACT

Markreleaserecapturestudiesweremadeofgenetically
modifiedandfieldpopulationsofCulextarsalisCoquillettat
anisolatedareainKernCountyCaliforniaRecapturedatain
dicatedthatdispersalandsurvivalweresuperiorforfieldmos
quitoes
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ACOMPARISONOFTHEEFFECTIVENESSANDEFFICIENCY

INTRODUCTIONChristensenandWashino1978com
pared3immaturemosquitosamplersthestandardaquatic
dipneta50squareinchplastictubandthestandardonepint
dipperWhenCulextarsalisandAnophelesfreeborniwere
sampledthedipnethadthehighestmeannumberoflarvae
perunitsamplefollowedbythetubandthenthedipper
Howeverthetubwasfoundtobethemostprecisedevice
sincethevariationaboutitsmeanwastheleastofthethree

methods

Asacontinuationofthatworkthisstudyfocusesonthe
usefulandpracticalaspectsofvarioussamplingdeviceswhen
samplingforCulexandAnophelesspeciesinricefields

Thefollowingthreesamplingdevicesweretestedwithre
specttotheirefficiencyandeffectivenessthedipperthetub
andtheareasamplerSinceefficiencyisdefinedasproducing
adesiredeffectwithaminimumofeffortexpenseorwaste
anefficientsamplingdeviceisonethatcatchesnumerouslar
vaeandpupaewithaminimumofeffortAneffectivedevice
isonecapableofcatchingmosquitoesthemoreeffectivethe
devicethegreaterthenumberofmosquitoesitwillcatch

MATERIALSANDMETHODSThedipperwasthestand
ardonepintdipperandthevolumeofwatersampledwas
approximately390mlAteachsamplingsitethetotalnumber
ofmosquitoescaughtin3dipsconstitutedadippersample

Thetubwasmadeofpolyurethaneandwas345cmlong
26cmwideand115cmhighThelongedgewaspushed
downandthewaterallowedtoflowintoituntilitwas34full

iecontainedabout4430mlofwaterThenumberofmos
quitoescaughtinatub34fullwasconsideredatubsample

Theareasamplerwasapolyvinylchloridecylinder69cm
highand20cmindiameterAfterbeingpushedintothefloor
ofthericefieldthewaterwithinitwastoberemovedusing
adipperHoweversinceitwasvirtuallyimpossibletoremove
allthewateradecisionwasmadetolimitthewatersampleto
5dipsBecausethedipperwasbeingremovedatanangle
someofthewaterspilledoutandonlyabout225mlofwater
wassampledperdipieatotalof1125mlofwaterwas
sampled

ThelarvalconcentratororiginallydevelopedbyHusbands
1969wasmodifiedsoastostandunsupportedwhenpushed
intoaricefieldthusallowinggreatermanualfreedomFigure
1Polyvinylchloridecementwasusedtojointhefollowing
polyvinylchloridepiecesareducer25cmx38cmaT
102cmlongx85cmwideapipe17cmlongx32cm
diameteranelbow65cmlongx65cmwideapipe
945cmlongx32cmdiameterandacap4cmhighx4
cmdiameterA50mlplasticconicaltubewassplitinhalf
andthetophalfwasfittedsnuglyintothereducerusinga
rubberring

Tomakeasmallsievea23cmdiameterholewasburned
intothecapofaconicaltubeandthemouthofasynthetic
organdybag15cmlongx45cmwidewasgluedtotheperi
pheryoftheholeThissievewasthenscrewedontotheconi

OFTHREELARVALSAMPLINGDEVICES

LRNagamineJKBrownandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616
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caltubeoftheconcentratorandafunnelplacedinittofacili
tatepouringofwatersamplesThe11cmdiametermouthof
thefunnelwascoveredwithawirescreentohelpfilterout
largedebrisSeveralhundredsievesweremadesothatmany
samplescouldbecollectedpriortoprocessinginthelabor
atory

Oncethesamplewascollectedthesievewasremovedand
screwedontoanuncutconicaltubeAlabelledcorkwas
placedintothemouthofthesievetoidentifythesampleand
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tokeepthehumidityhighsoastopreventdessicationofthe
larvaeandpupaePreviousexperiencehadshownthatitwas
mucheasiertocountlivemosquitoesthandeadonesandso
effortsweremadetokeepthemaliveUponreturningtothe
laboratorythesieveswereunscrewedandinvertedintocups
ofwaterandthenumberofmosquitoespersampledeter
mined

Abellypackcapableofcarrying30samplingtubeswas
sewnoutofnylonbackpackingmaterialFigure2Itwas
375cmlong10cmhighand13cmwideSincethepackwas
strappedaroundthewaistitwaseasytoseeandreachthe
samplingtubes

Duetotheenormoussizeofsomechecksinaricefielda
decisionwasmadetosampleonlyaportionofeachThearea
sampledwasarbitrarilychosentobe56458mandwithinit
therewere40regularlyspacedsitesatwhichallthreesampling
devicesweretestedTominimizeanybiastheorderandplace
mentofeachdevicewasrotatedasonewentfromsitetosite

Forexampleatsite1thedipperwasthefirstdevicetobe
testedanditwasusedtotheleftofthepersonThetubwas
thentestedinfrontofthepersonfollowedbytheareasamp
lerbeingusedtotherightofthepersonAtsite2thearea
samplerwasnowthefirstdevicetobetestedanditwasused
totheleftofthepersonThedipperwasthentestedinfront
ofthepersonfollowedbythetubbeingusedtotherightof
theperson

CIS

O
O

1

CT

O

2

20

15

10

5

0
Device

Check

T DAS

1

T DAS

2

Thedevicesweretestedinchecksknowntohavevarying
densitiesofimmaturemosquitoesChecks1and2werecon
sideredtohaveaheavyinfestationsinceprevioussampling
withadipperproducedameanof79mosquitoesperdip
Checks3and4wereconsideredtohaveamoderateinfestation
sincetherewasameanof24mosquitoesperdipandchecks
5and6wereconsideredtohavealightinfestationsincethere
wasameanof03mosquitoesperdip

Whenmeasuredatgroundleveltherewasanaverageof10
ricestemspersquarefootineachofthechecksTheheightof
thericevariedanywherefrom9to15meters

Eachcheckwassampledthreetimesandthenumberof
mosquitoessummedoverthethreetrialsanddividedby40
givingthemeannumberofimmaturemosquitoespersitefor
eachdevice

Inthepreviouscalculationseachdevicesampledadiffer
entvolumeofwaterTocorrectforthisthemeannumberof
immaturemosquitoespersitewasdividedbythevolumeof
watersampledtofmdthemeannumberofimmaturemos
quitoespermlofwaterpersite

RESULTSANDDISCUSSIONSFigure3summarizesthe
resultsforthe3devicesirrespectiveofthevolumeofwater
sampledThetubconsistentlycaughtthemostmosquitoes
followedbythedipperandthentheareasamplerThisis
presumablyduetothefactthatthetubsampledthegreatest
volumeofwaterfollowedbythedipperandthenthearea
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Figure3Comparisonoflarvalsamplingdeviceswhenvolumesareunequalmean standarderrorLetT TubD Dipper
AS AreaSampler



samplerThetubwasthemostefficientsamplingdevicesince
itcaughtthemostmosquitoeswithaminimumofeffortThe
dipperwouldhaverequiredmoreefforttousesinceitwould
havetaken11dipstosampleanequivalentamountofwater
Theareasamplerwastheleastefficientdevicesinceitnotonly
caughtthefewestmosquitoesbutitwasalsodifficulttouse
duetoitssizeandshape

Whenthevolumeofwatersampledwastakenintoaccount
thesamedatanowappearedasinFigure4Thedipperconsist
entlycaughtthemostmosquitoesfollowedbythetuband
thentheareasamplerAlthoughtherewasanoverlapofthe
standarderrorsincheck5thiswasprobablyduetothesmall
numberofmosquitoesbeingcaughtTheseresultsshowedthe
dippertobethemosteffectivedevicesinceitcaughtthegreat
estnumberofmosquitoes

Contrarytowhatwasanticipatedtheresultsalsoindicated
thatthedensityofmosquitoesdidnotaffecttheefficiency
andeffectivenessofthedevicesRegardlessofthemosquito
densitythetubremainedthemostefficientdeviceandthe
dipperremainedthemosteffectivedeviceHowevertheover
lappingstandarderrorsofcheck5infigure4suggeststhatthe
degreeofeffectivenessmaynotbeasgreatwhenthedensityis
verylow

Insummarythedippershouldbeusediftheobjectiveis
tocollectnumerousimmaturemosquitoesregardlessofthe
amountofeffortandortimeinvolvedHoweverifthemain
concerniscollectingthemostmosquitoeswithaminimumof
effortandortimethenthetubshouldbeutilizedAlsothe
effectivenessandefficiencyofadevicewillnotbeaffectedby
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thedensityofmosquitoesexceptwhenitisverylowAl
thoughtheareasamplerrankedlowineffectivenessandeffic
iencyitisstilltheonlypracticalmeansofmeasuringabsolute
changesinthemosquitopopulationonaroutineoperational
basis

Althoughthisstudyfocusedononly3devicesmanyother
devicesareavailableforsamplingimmaturemosquitopopula
tionsService1976describesmanyofthemandexplains
variousmethodswhichhavebeenusedtoestimatethesizeof

larvalpopulationsegthemarkrecapturemethodKnight
1964alsodiscussesvariousdevicesandmethodsusedto
determinetheabsoluteandrelativedensitiesofimmaturemos
quitopopulations

Crosetetal1976comparedtheabilityof3sampling
methodstoestimatepopulationsizeThemarkrecapturetech
niquetheremovalmethodandthedippingmethodworked
equallywellsinceeachestimatedthepopulationsizewithin
20ofeachotherBecausethedipperwaseasytouseinthe
fieldandwasasgoodasothermethodsforestimatingpopula
tionsizetheauthorsfeltthatitwouldbeagoodtoolfor
studyingmosquitopopulations

Theonepintdipperanda20cmx25cmrectangulararea
samplerweretestedbyHagstrum1971todetermineifthey
wouldcatchsimilarpercentagesofdifferentlifestagesThe
areasamplerwasdrained3timeswithasuctiondevicetoin
surethatallthelarvaewereremovedWhenCulextarsalisand

Culisetainornataweresampledbothdevicescollectedsimilar
proportionsofthedifferentlifestagesBothdevicesalso
caughtveryfewfirstinstarlarvaeandthiswasattributedto
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Figure4Comparisonoflarvalsamplingdeviceswhenvolumesareconstantmean standarderrorLetT TubD

DipperAS AreaSampler



thefactthatthefirstinstarlarvaeweredistributedinclumps
Asaresultmanyofthesamplescontainednofirstinstarlar
vae

WadaandMogi1974testedadipper15cmdiameterx
3cmdepthinartificialricepondsstockedwithknownnum
bersofCulextritaeniorhynchussummorosusTheefficiency
foreachlifestageietheprobabilityofalarvainonembe
ingcollectedinonedipwasfoundUsingthedippingefficien
cytheabsolutedensitywascalculatedbyequatingthenum
berofmosquitoescaughtperdiptothenumberofmosquitoes
foundinonemandthenumberofmosquitoesfoundinone
hectare
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ATTRACTIONOFFEMALEMOSQUITOESAEDESAEGYPTIAND

ANOPHELESQUADRIMACULATUSSAYTOSTOREDHUMANEMANATIONS

EFFECTOFCOHANDTEMPERATUREADJUSTMENTS

Anapparatushasbeenassembledwhichpermitsstorageof
aircontaininghumanemanationsin150literTeflonbagsThis
storedaircanbeinjectedintooneportandaircontiningno
emanationsintotheotherportofathoroughlycleanedplexi
glassdualportolfactometerOFwhilemonitoringthetwo
flowsfordifferencesintemperaturerelativehumidityand
carbondioxidelevelResultsofbioassayssoconductedhave
ledustoconcludethatfemalemosquitoesAnophelesquadri
maculatusSayareattractedinsignificantnumbersprimarily
bychemicalemanationsotherthancarbondioxideandwater
andthatLlacticacidisnotthesoleattractivechemical
constituentofhumanemanations

Aglassarmboxisusedtocollecthumanemanationsfrom
astreamofoutsideairorcompressedairpassedoveranen
closedforearmOneofthreepillowshapedTeflonbags90x
150cmreceivestheemanationsandcleanairispumped
intotheotherbagsFlowrestrictors6mmIDTeflon
tubesallowabagconnectedtoanOFforbioassaytoempty
for8minat10litersminwithoutusingapumpMountedon
thefrontofeachbagisagardenhosetypevalvealsoeachbag
isfittedwithaseptumforsyringeinjectionofCO2orremoval
ofairforCO2analysiswhileabioassayisinprogressTotest
thesystemsforleakseachwasfilledwith100litersofFreon
12andairmixturesubsequentsniffingwitharefrigeration
typeFreonleakdetectorfoundnone
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THEMARKRELEASERECAPTURESTUDYASARESEARCHTECHNIQUE

Markreleaserecapturestudieshavebeenusedinmosquito
researchforalmost70yearsTheearlieststudiesmeasuredthe
distanceanddirectionofadultmosquitodispersalfrombreed
ingareasTheemphasiswasonqualitativeratherthanquanti
tativeresultsForexampleintheCanalZonein1913large
numbersofmarkedAnopheleswerereleasedattheirbreeding
siteinasaltmarshnortheastofGatunZetek1915Manyof
thesewerelaterrecapturedindoorsintheinhabitedareaof
GatunIn1951and1952markedAedestaeniorhynchuswere
releasedonSanibelIslandoffthesoutheastcoastofFlorida

Provost19521957Recoveriesweremadeasfaras20miles
awayonthemainlandwhichincludedmovementsof2to4
milesoverwaterAlsointheearly1950smarkedAedesnigro
maculiswerereleasedonthewestsideofKernCountyandre
coveredinthefoothillsnorthandeastofBakersfieldatadis
tanceof20to30milesfromtheirreleasepointSmithetal
1956Eachofthesestudiesspecificallydocumentedinfil
trationintodenselypopulatedareasfromdistantuncontroll
edsources

Attemptstodeterminetheactualdistanceanddirectionof
mosquitodispersalasinstudiesdonewithCulextarsalisand
otherspeciesinKernCountyinthe1940sReevesetal1948
andintheSacramentoValleyintheearly1960sBaileyetal
1965werehamperedasitwasimpossibletomaintainacon
stantsamplingeffortasthedistancefromthereleasepointin
creasedTheKernCountystudyreportedmaximumrecovery
distancesof25milesforCxtarsalisandCulexquinquefascia
tus1mileforCulexpeus09milesforAnophelesfranciscan
usand06milesforCulisetaincidensThemostdistantre

coveryintheSacramentoValleystudywasaCxtarsalis
recaptured1575milesdownwind2daysafterreleaseSignifi
cantnumbersofthisspecieswererecoveredatdistancesof7
to10miles

Resultsof2otherdispersalstudiesinCaliforniawirere
portedatthe1951conferenceofthisorganizationRecoveries
ofAedesnigromaculisweremade15milesupwindand19
milesdownwindfromtheirreleasepointinanirrigatedpasture
nearTurlockThurmanetal1951NineMosquitoAbate
mentDistrictsintheBayAreacooperatedinastudywhich
involvedthereleaseof2millionmarkedAedessquamigerand
AedesdorsalisfromasaltmarshnearPetalumaAaronsetal
1951Althoughmostrecapturesweremadewithin2milesof
thereleasesite1Aesquamigerfemalewasrecovered24miles
southeastinContraCostaCountyand2others38milessouth
inSanMateoCountyThesestudiesprovidednewinformation
ofimportanceincontroloperationsbuttheirresultscouldnot
beinterpretedasthemaximumflightrangeofthemosquitoes

ThisresearchwassupportedinpartbyResearchGrantAI03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
GeneralResearchSupportGrantIS01FR05441fromtheNational
InstituteofHealthUSDepartmentofHealthEducationandWelfare

MarilynMMilby
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Thedirectionalsamplingproblemwasresolvedinpartina
1961studyalsoinKernCountyDowetal1965Marked
Cxtarsaliswerereleasedoutsidethe4cornersofa25square
milerecoveryareaMosquitoesfromall4releasepointswere
recoveredinsidetheareaatdistancesupto96milesand
therewasnoapparentinfluenceofprevailingwinds

Sincethe1950sastheresistanceofmosquitopopulations
tocontrolbyinsecticidesbecameincreasinglywidespread
throughouttheworldresearcheffortsturnedtothedevelop
mentofgeneticcontrolmethodsIngeneraltheseinvolved
thereleaseofmosquitoeswhichwouldintroducepartialor
completesterilityintothenativepopulationModelswere
developedtodeterminetheratioofreleasedtonativemos
quitoesneededtoachievethedesireddegreeofcontrolIt
thenbecamenecessarytoestimatetheactualsizeofthenative
populationsinordertoknowhowmanygeneticallyaltered
mosquitoesshouldbereleasedtoachievetheseratios

Oneoftheearliestmarkreleaserecapturestudiesforthis
purposewasdonewithAedesaegyptiinatemplecompound
inBangkokin1966and1967Sheppardetal1969Resting
adultswerecollectedindoorsgivenauniquemarkandreleas
edintheroomofcaptureThemarkingsysteminvolvedthe
applicationofsmalldotsofpaintatpredeterminedspotson
thewingsandthoraxThesedotscouldbereadasbinarynum
berswhichmeantthatindividualmosquitoesratherthan
groupscouldberecognizedonrecapturePreviouslymarked
mosquitoeswererecordedandreleasedagainCollectionswere
made3daysaweekfor12monthsInadditiontosurvivaland
populationestimatesmuchinformationwasgainedonthe
movementofmosquitoeswithinthecompoundandfluctua
tionsinpopulationsizethroughouttheyearHoweverthis
methodwouldhavelittlevalueforthestudyofnondomesti
catedmosquitoes

InourpopulationestimationstudiesofCxtarsalisatPoso
WestinKernCountyNelsonetal1978wefoundagood
correlationbetweenroutinelighttrapindicesandpopulation
estimatesforfemalesTheratiooftotalfemalepopulationto
lighttrapindexwasconsistentlyabout500to1throughout
thesummermonthsof1976and1977Floodinginearly1978
causedextensivealterationofthestudyareaandasubsequent
shiftofthemosquitopopulationwithrespecttoestablished
trapsitesTheratiooffemalepopulationtolighttrapindex
changedtoabout200to1duringthe1978mosquitoseason
Despitethiswefeelthemethodcouldbeusefulinanecolog
icallystableenvironment

Amajorconcerninpopulationestimationstudiesisthe
choiceofanappropriatemodelforthecalculationofresults
AstudyinBurmain1967estimatedthesizeofapopulation
ofCulexpipiensfatigansby2differentmodelswhichpro
ducedwidelydifferingestimatesMacDonaldetal1968In
Delhiin1971Reubenandcoworkers1973didamark
releaserecaptureexperimentwithAeaegyptiandcompared
populationestimatesbasedon6differentmodelsTheyfound



goodagreementbetweentheresultsof4ofthemodelsOne
oftheseBaileysCorrectedLincolnIndexiscomputationally
thesimplestandhassubsequentlybecomethemethodof
choiceinmostpopulationestimationexperimentsAmajor
advantageofthismodelisthatitdoesnotrequirethere
releaseofcapturedmarkedspecimensHoweverbecauseof
theshortlifespanofmosquitoesitisnecessarytoincorporate
survivalestimatesintothemodel

Anotherimportantconcernisthechoiceofappropriate
samplingmethodsDifferenttrappingtechniquessampledif
ferentcomponentsofthepopulationForexampleshelter
collectionssampleonlytherestingadultsbaittrapsareselec
tiveforbloodseekingfemalesandlighttrapsattracttheair
bornesegmentofthepopulationwhichmayconsistlargelyof
bloodseekingfemalesThebiasesassociatedwithvarious
methodshavebeendiscussedatlengthbyService1976
1977Thesamplingmethodsusesshouldbethosewhichwill
providethemaximumnumberofrecoveriesofthetypere
quiredforthepurposesoftheexperimentRecapturerates
willreflecttheintensityofrecoveryeffortsLargenumbersof
mosquitoesmustbereleasedtoobtainsufficientrecaptures
especiallyiftheareatobesampledislarge

MalesareespeciallydifficulttosampleInabilitytorecap
tureahighproportionofmarkedmalesoveraperiodoftime
hascreatedproblemsformanyresearchgroupsincludingour
ownWehaveusedfluorescentdustsasmarkersinallourcur
rentmarkreleasestudiesofCxtarsalisNelsonetal1978
Althoughmarkedadultsofbothsexessurvivedaswellin
laboratorycagesasunmarkedoneswehaverarelybeenable
torecapturemorethan1ofmarkedmalesreleasedinthe
fieldThisisincontrasttoaveragerecoveriesof9ofmarked
femalesItmaybethatmalescarryaheavierloadofdustin
relationtotheirbodyweightthanfemalesandthatthisin
hibitstheirbehaviorandsurvivalinthefieldIftruethisintro
ducesseriousbiasintotheinterpretationofmalerecapture
dataasareflectionofactualfieldbehavior

Wetestedtheeffectofmarkingonthematingabilityof
maleCxtarsalisinlargeoutdoorQuonsethutcagesinSep
tember1978Adultswererearedinthelaboratoryfrompupae
collectedatPosoWestOnethousand1to3dayoldvirgin
adultsofeachsexwerereleasedintoeachof2cagesmeasuring
6x55x3mAllmalesin1cageweremarkedwithdust
priortoreleaseInseminationratesweredetermineddailyfor
asampleof25femalescollectedbyaspiratorfromeachcage
Dailyratesforthe2groupsoffemalesareshowninFigure1
Theratesforfemalescagedwithmarkedmaleswereinitially
verylowbutthedifferenceswereslightafterthe4thday

Researcheffortsingeneticcontrolhavenowprogressedto
thefieldtrialstageinanumberoflocationsMarkrelease
recapturestudiesarebeingusedextensivelytomonitorthe
outcomeofthetrialsBymarkingthegeneticallyaltered
mosquitoespriortoreleaseitispossibletodevelopestimates
notonlyoftheirsurvivalinthefieldbutalsooftheratioof
releasedtonativeadultsInKenyain1974thematingcom
petitivenessofreleasedtranslocatedmaleAeaegyptiwas
monitoredbysimultaneouslyreleasingmarkedvirginfemales
McDonaldetal1977Uponrecapturethesewereallowed
toovipositandscoredonthebasisofegghatchashaving
matedwithtranslocatedorwildmalesinthefield

Thelimitedsuccessofsuchgeneticfieldtrialshasledto
moreandmoremarkreleaserecapturestudiesdesignedtopro
videknowledgeofthebehaviorofbothwildandcolonized
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mosquitoesinthenaturalenvironmentIna1969studyof
CulexnigripalpusandCulexpipiensquinquefasciatusin
Floridamarkedvirginfemalesofknownagewerereleased
LeaandEdman1972Thoserecapturedeachdaywereex
aminedforthepresenceofspermtodeterminetheageat
whichtheybecameinseminatedMarkedCxpipiensfatigans
werereleasedintheDelhiareaduring1970and1971toselect
thetimeofyearwhensurvivalanddispersalwouldbeoptimal
forthesuccessofageneticcontroleffortYasunoetal1973
AnotherstudyinKenyain1973comparedtheindoorresting
behaviorofdomesticperidomesticandferalpopulationsof
AeaegyptiTrpisandHausermann1975

Studieswhichutilizesomeformofbaitaspartofthe
samplingschemehaveproduceddataontheintervalbetween
bloodmealsIna1970Tanzaniastudyagonotrophiccycleof
4dayswasestimatedformarkedAeaegyptiwhichwerefully
fedwhenreleasedConwayetal1974Nearlyhalfofthese
femaleswereestimatedtohavesoughtasecondaryfeedduring
the4daycycleAnearlierstudyinthesamearearelated
actualagetonumberofgonotrophiccyclescompletedfor2
speciesofAnophelesGilliesandWilkes1965Arecentstudy
ofAedessierrensisinanorchardatDavisgaveevidencethatfe
malesreachedmaturityin4to5daysandrequired7to14
daystocompleteagonotrophiccycleundernormaltempera
turesinspringBennett1978

AtPosoWestinJune1978wemarkedandreleasedover
7000wildfemaleCxtarsaliswhichhadbeencollectedinCDC

lighttrapsbaitedwithdryicethepreviousnightRecaptures
ofthesefemalesfor12nightsfollowingreleasearegraphedin
Figure2Thepeakonnight1canbeattributedtothefact
thathavingfailedtoobtainabloodmealthepreviousnight
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Figure2DailyCOlighttrapcollectionsofmarkedfe
maleCulextarsalisPosoWestJune1978

thesefemaleswerestillbloodseekingandthusattractedtoour
CO2lighttrapsSubsequentpeaksoccurredat5dayintervals
onnights6and11Dailysurvivalofthesefemaleswasesti
matedtobe68 Otherdatafromthesamestudyindicated
thatthefirstbloodmealwastakenwhenfemaleswere5days
oldIftruethismeansthatonly2ofemergingfemaleslive
longenoughtotakeasecondbloodmealandthuscouldbe
capableofacquiringandsubsequentlytransmittingencephali
tisviruses

ResultsfromanothermarkreleasestudyatPosoWest
whichcomparedthefieldbehaviorofcolonizedvswildadults
arebeingpresentedatthismeetingbyRLNelson

Duringthefallof1978wemarkedandreleasedover
40000CxtarsalisadultsatPosoWestinanattempttostudy
overwinteringbehaviorWeeklysheltercollectionsaresmall
butwehaverecoveredadultsaslongas6weeksafterrelease

Manyothermarkreleaserecaptureexperimentshavebeen
reportedAtleast9speciesofconcerntomosquitocontrolin
Californiahavehadatleastonestudyusingmarkrelease
recapturetechniquesItcanbeanticipatedtherewillbemany
moreTheexamplesinthispaperwerechosentodemonstrate
thevarietyofstudydesignsandpurposesforwhichthetech
niquehasbeenusedItprovidesavaluabletoolforthestudy
ofmosquitopopulationsintheirnaturalhabitats
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MODIFICATIONOFANAEDESAEGYPTISYSTEMSMODELFORAEDESSIERRENSIS

MichaelEGilpinWilliamRThomasandGAHMcClelland
UniversityofCalifornia

Aedesaegyptitheyellowfevermosquitohasaworldwide
distributioninthesemitropicsBasedonextensivefieldand
laboratorystudiesGilpinandMcClelland1979havebuilta
systemsmodelofthegrowthanddevelopmentofthisspecies
Weproposetoadaptthisrealisticsystemsmodeltoanother
speciesofprimeinterestandlocalimportanceAedessierren
sis

BrieflytheAeaegyptimodelisbasedonphysiological
timeaconceptwellestablishedinentomologicalstudies
Startingfromhatchedeggslarvalweightgainisfollowed
throughdevelopmentasafunctionofbothfoodandlarval
densityLaboratoryexperimentsconsistofinputtingvarious
amountsoffoodandlarvaeandobservingtheresultantgrowth
behaviorsandpupationsuccessExperimentalevidenceindi
catestheexistenceofaminimumweightandtimeforpupa
tionWhentheinitialfoodsupplyisexhaustedlarvalweight
decreasesduetobasalmetabolicactivityDeathbystarvation
isputoffviaconsurnptionofexcesslipidreservesThesystems
modelwiththeeventualincorporationofanadultstage
yieldsresultswhichareinverygoodagreementwiththe
growthbehaviorsactuallyobservedandpermitspredictionsof
populationdynamicsovermanygenerations

HavinghadsuccessmodellingAeaegyptiwehopeto
obtainsimilarresultsforAesierrensisByvirtueoftheirclose
ecologicalandtaxonomicaffinityweexpectthedevelopment
alphysiologicalandecologicalmechanismsonwhichthe
modelisbasedtobesimilarforthetwospeciesThemostim
portantdifferencebetweenthemappearstobethefactthat
AeaegyptiissemitropicalwhereasAesierrensisisfoundin
atemperatezoneInaccordwiththisAeaegyptidevelop
mentissupendedbelow134CGilpinandMcClelland1979
whileMcClellandhasdemonstratedgrowthforAesierrensis
aslowas3CByutilizingthe25CAesierrensisgrowthdata
ofGilpinandLangford1978andassumingthat25Cfalls
withinthelinearrangeofdevelopmentaldependenceontem
peratureforthisspeciesthemodelmaybemodifiedto
accountforthedifferenttemperatureresponsebyascalecon
versionMcClellandhasworkinprogresstotestthevalidityof
thisassumptionInourpreliminaryattemptstoadaptthe
modeltoAesierrensiswehaveassumedallaspectsoflarval
developmenttobethesameforthesetwospecieswiththeex
ceptionofthetemperaturedifferenceandalongerminimum
pupationtime12daysat25CforAesierrensis

Thesystemsmodelsimulateslarvalweightgainthrough
timeanddefinespupationtooccurwhenthelarvalweighttra
jectoryintersectsahyperbolicpupationwindowcorrespond

BiologyDepartmentC016LaJollaCalifornia92093
2

DepartmentofEntomologyDavisCalifornia95616
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ingtotheminimumweightandtimerequirementsVariancein
larvalweightsisrepresentedbythewidthofthetrajectory
bandFigureAshowsthesystemsmodelsimulationforthe
caseofhighfoodavailabilitywhichisingoodagreementwith
experimentaldataforAesierrensiscfGilpinandLangford
Figure2Similarlythemodelisingoodagreementwiththe
dataforthecaseofmoderatefoodavailabilityHoweverfor
thefoodstressedcasedepictedinFigureBthemodelfailsto
predicttheslowtrickleofpupationobservedaslongasday40
inthelaboratorystudies

Weconsidertwohypothesestoaccountforthisdiscrep
ancyThemodelassumesminimumpupationweighttobea
constantovertimeIfhoweveritwereadecreasingfunction
oflarvalagetheloweredgeofthepupationwindowwould
slopedownwardspossiblyintersectingtheupperedgeofthe
larvalweighttrajectoryWeareconvincedthatanysucheffect
isofsmallmagnitudeandisinsufficienttoexplainthedegree
ofpupationobservedOursecondandmoreplausiblehy
pothesisisthatinterferenceamongthelarvaeismuchmore
pronouncedforAesierrensisthanforAeaegyptiGillett
1972hasreportedactivecannibalismamongAedesspecies
butGilpinandMcClelland1979foundnoevidenceofany
intraspecificinterferenceamongAeaegyptilarvaeLarval
competitionamongAeaegyptiisassumedtoexistonlyinthe
formofexploitationforwhichtheevidenceisstrong

Ifforexamplecannibalismoranyotheraggressionleading
todeathprovestobeasignificantfactorinthedevelopment
ofAesierrensisthevarianceinthelarvalweightswouldbe
greaterThesystemsmodelcouldyieldpupationbehavior
consistentwiththeempiricalevidencedependingonthede
greetowhichthethickerbandoflarvalweightspenetratethe
pupationwindowFurtherworkisinprogresstoinvestigate
thisandotherpossibilities

WeacknowledgesupportofNSFGrantDEB7609701
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SPECIESCOMPOSITIONANDABUNDANCEOFFISHESINDITCHEDAND

UNDITCHEDAREASOFASANFRANCISCOBAYSALTMARSH

StevenSBallingTracyStoehrandVincentHResh

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

Recirculationditchesusedextensivelypriortotheintro
ductionofDDThavereemergedasanimportantsaltmarsh
mosquitocontrolmeasureTheseditchesconnectnaturaltidal
channelstomarshdepressionsegpotholesthatserveas
larvalhabitatsThusmosquitoesareeliminatedby1the
drainageofpoolssonowaterremainsatlowtideSmith
1904or2anincreaseinaccessibilityforlarvivorousfish
Connell1940FerrignoandJobbins1968Althoughaltera
tionsinaquatichabitatfromditchingactivitiessuggestthe
possiblityofadverseimpactsonsaltmarshfishcommunities
noinformationcurrentlyexiststhatrelatesthispracticeto
PacificCoastmarshfishesInthisstudythreeaspectsofafish
communityspeciescompositionpopulationdensityand
populationsizestructurewereexaminedtotestthehypothe
sisthatditchinghasanadverseeffectonsaltmarshfishes

Thisstudyispartofamultidisciplinaryprojectdesigned
toanalyzetheeffectsofrecirculationditchesonsaltmarsh
ecologyReshandBalling1979Theprojectisajointeffort
betweentheUniversityofCaliforniaBerkeleyandtheCali
forniaMosquitoandVectorControlAssociationCoastal
Region

SITEDESCRIPTIONThestudywasconductedinapick
leweedSalicorniavirginicaLmarshattheupperendof
AlbraeSloughFremontAlamedaCoCaliforniaThisarea
locatedbetweenlargesaltevaporationpondsissubjectto
watersalinityrangesof16ooto2500Temperaturesof
poolsandchannelsisolatedfromdailytidalflushingfluctuate
withambientairtemperatures

Fishpopulationswerecomparedinditchedandunditched
areasTheditchedarea551mofaquatichabitatwasform
edin1977whenshallowhanddugditcheswereaddedwhich
openedbothpoolsandblockedchannelstodailytidalflushing
butdidnotdrainthemcompletelyThecontrolorunditched
areacomprised404mofaquatichabitatandconsistedofa
seriesofpoolsandchannelssubjecttotidalactiononlyduring
springtidesBothareasweresimilarinsubstratemarginal
vegetationwaterdepthandinvertebratefauna

METHODSFishspeciescompositioninditchedandun
ditchedareaswasdeterminedbyperiodiccollectionswithG
typeminnowtrapsmeshsize 6mmandDframenets
meshsize 1mmfromJanuarytoAugust1978Fishpopu
lationsinbothareaswereinventoriedinAugustof1978to
determinepopulationdensitiesThesinglechanneldraining
theditchedareawasscreenedoffathightideandallfishwere
collectedatlowtideSimilarlyascreenedditchwasaddedto
draintheunditchedareaandfishwereinventoriedasabove
Fourweekslatertheunditchedareawasagainexaminedto
determinethenatureandextentofrecolonization

Thesizestructureofditchedunditchedandrecolonization
populationsofthedominantspeciesthemosquitofishGam
busiaaffiniswasdeterminedbyexaminingtotallength
frequencydistributionsMaturitywasindicatedbythepre

88

senceofagonopodiuminthemaleKrumholz1948andby
convexityoftheabdomenindicatingpresenceofeggsatthis
timeofyearinthefemale

RESULTSDuringthe8monthsofsampling10species
offishwerecollectedintheditchedareabutonly5were
caughtintheunditchedareanonewereuniquetotheun
ditchedareaTable1ThemostabundantspecieswereG
affinisthethreespinesticklebackGasterosteusaculeatusand
therainwaterkillifishLucaniaparva

Table1Speciescompositionanddensitiesoffishescol
lectedinditchedandunditchedareasofAlbraeSloughmarsh
AlamedaCoCalifornia

Species
individualsm
total

Gambusiaaffinis
BairdandGirard 105949

Gasterosteusaculeatus
Linnaeus 04 37

LucaniaparvaGirard 01 06

GillichthysmirabilisCooper 01 02
Clevelandiaios

JordanandGilbert 01 05
LeptocottusarmatusGirard
AtherinopsaffinisAyres 0101
Atherinopsiscaliforniensis

Girard

DorosomapetenenseGunther
EngraulismordaxGirard

Ditchedarea Unditchedarea

individualsm
total

34917

02 50
01 28

0101

01 04

CollectedduringsamplingJanuarytoAugustbutnotduring
Augustinventory

Collectedonlyinditchedarea

BasedontheAugust1978inventoryfishdensitieswere3
timesgreaterintheditchedthantheunditchedareaTable1
ThedifferencewaslargelyduetotherespectiveGaffinispop
ulationswhichcomprised94ofallfishcollected

ExaminationoftheGaffinismaleandfemalelength
frequencydistributionsforditchedunditchedandrecoloniza
tionpopulationsindicatedthatdifferencesintheproportion
ofimmatureindividualsweremostpronouncedThepercent
immatureswas61intherecolonizationpopulation41in
theditchedpopulationbutonly20intheunditchedpopula
tion

DISCUSSIONThethreefishcommunityparametersex
aminedindicatethattheditchedareahas1greaternumber
ofspecies2greaterfishdensityand3greaterproportionof
immatureindividuals

Ourevidencesuggeststhatmoderationofwatertempera
tureandimprovementofimmigrantaccessaretheprime
factorsthatinfluencetheobserveddifferencesinfishcomposi



tionandabundanceinthesetwoareasIncreasedtidalflushing
thatresultsfromditchingreducestheextremedieltempera
turefluctuationscharacteristicofunditchedhabitatsSuch
temperaturemoderationreducesenvironmentalstressandmay
thereforeincreasefecundityandsurvivalInadditioncooler
waterspeciessuchasgobiidsandsculpincanthenoccupy
theseditchedareas

Thehighproportionofimmaturesintheditchedand re

colonizationpopulationsbothaffectedbyditchingactivities
supportsourcontentionthatasubstantialdegreeofmigration
byimmaturefishoccursasaresultofthesepracticesThisin
creaseinaccessibilityalsoexplainsthepresenceofnon
residentspawningorforagingfishessuchasEngraulismordax
andDorosomapetenenseintheditchedarea

Weconcludethatouroriginalhypothesisshouldbereject
edIncontrastevidencefromourstudysuggeststhattheaddi
tionofshallowrecirculationditchesinAlbraeSloughpositive

ACOMPARISONOFEGGHATCHINGTECHNIQUESFORAEDESSIERRENSIS

Sixof17hatchingstimuliinitiallytestedunderavarietyof
conditionswereusedtodeterminewhichmethodproduced
thebestegghatchandtodetermineifdifferentmosquito
strainsrespondeddifferentlytothesamehatchingstimulus
Thefollowing6hatchingstimuliusedreducedthedissolved
oxygenconcentrationinthewatertobelow1ppmaqueous
solutionsofcysteinehydrochlorideascorbicacidKC1Na2
S03andBactonutrientbrothDifcoLaboratoriesIncas
wellasboiledwaterandwatertreatedbybubblingnitrogen
intoitAtotalof6000eggsfromthefollowing5strainsof
Aedessierrensiswereexposedtotheabovestimuliestablish
edlaboratorycoloniesattheUniversityofCaliforniaDavis
theUniversityofNotreDametheUniversityofCalifornia
FresnoMosquitoLaboratory1978coloniesestablishedfrom
fieldcollectionsfromBrionesRegionalParkContraCosta
CountyandSunolAlamedaCountyCalifornia

TGSchwanandJRAnderson

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

ABSTRACT
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lyaffectedthisfishcommunitythroughbothtemperature
moderationandincreasedaccessibility
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Theresultsrevealedthat1thelongerestablishedlabora
torystrainshada20greateregghatchoverallincomparison
torecentlycolonizedstrains2KC1Na2S03producedthe
bestmeanhatchforallstrains84 followedinorderofde
creasingsuccessbynitrogenbubbledwatercysteinehydro
chlorideBactobrothboiledwaterandascorbicacid33
KC1Na2S03producedthelowestdissolvedoxygenconcen
trationofallmediaat035ppm3considerabledifferencesin
hatchingsuccessexistedbetweenstrainstestedinthesame
mediumincysteinehydrochloride88ofFresnoeggshatch
edwhileonly48ofDaviseggshatchedinascorbicacidonly
33ofFresnoeggshatchedwhile84ofNotreDameeggs
hatched



ANANALYSISOFQUANTITATIVEMETHODSOFSAMPLINGMOSQUITOLARVA

FORESTIMATIONOFPOPULATIONDENSITY

RonaldOItani

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

ABSTRACT

MosquitolarvalsampleswerecollectedfromvarioussourcesinSan
MateoCountyCaliforniausingstandardizeddippingmethodsbetween
Decemberof1975andMarchof1976Thelarvaldensitiesasreflected
bythesamplemeansarecomparedanddiscussedinrelationtosource
complexityThenumberofdipsrequiredtoachievespecifiedsampling
accuracywasestimatedanddiscussedforSearsvilleLakeWoodside
CaliforniaItwasfoundthatasmeanlarvaldensitydecreasesthenum

INTRODUCTIONThetakingofmosquitolarvalsamples
isimportantinestimatingtherelativedensityofmosquito
larvaeinanyparticularaquatichabitatForamosquitocon
trolprogramtobeeffectivethedensityofmosquitolarvaein
habitatsofinterestneedstobeestimatedwithsomedegreeof
accuracyandreliability

Thecharacteristicfeatureofmostmethodsofestimatingre
lativepopulationdensitiesisthattheydependuponacollec
tionofsamplesthatrepresentaconstantbutunknownpropor
tionofthetotalpopulationThismayrequirethatamethod
bedevelopedfordeterminingthenumericalrelationshipbe
tweenthenumberofindividualsinthesampleandthetotal
populationsize

Theprimarypurposeofthisstudywastoevaluatethe
samplingcharacteristicsandusefulnessofstandardizedmos
quitolarvaldipsamplesSpecificallytwoareasofconcernin
thestudywerethefollowingtodeterminetheminimumade
quatesamplesizestobeusedindipsamplesandtoevaluate
theconsistencyofthesamplescollectedbydifferentpeople

MATERIALSANDMETHODSThedipcountwasthe
methodbywhichthemosquitolarvaewerecollectedsinceitis
theacceptedstandardunitofmeasurementusedinmosquito
controltoestimatetherelativedensityofthelarvalstagesof
themosquitoThestandardonepintsizedenameldippera
metalcuphavinga95cmorificeanda52cmdepthwas
usedthroughoutthisstudy

Larvalsampleswerecollectedtwiceweeklyatthevarious
mosquitosourcesselectedforthisstudySampleswerecom
posedof10or25dipsThesamplemeanswerethencompared
witheachotherusingtheanalysisofvariancecompleteran
domizeddesignandmultiplerangeanalysisasdescribedby
Woolf1968Otheranalysessuchascorrelationandregres
sionanalyseswereutilizedtomeasurethenatureofrelation
shipsthatoccurredbetweenvariablesofinterestWoolf1968

RESULTSTodeterminethenumberofdipsrequiredina
sampletoinsureadesiredlevelofsamplingaccuracy10or25
dipsamplesweretakenatotalof18timesatSearsvilleLake
betweenlateDecember1975andMarch1976Table1The
minimallyadequatesamplesizenrequiredtoinsureadesired
accuracyof25X u 025xXwasestimatedbythe
followingformulaSCWilliamspersonalcommunication
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berofdipsrequiredtoachievedesiredsamplingaccuracyincreasesex
ponentially

ThedippingtechniquesofthreeoperatorswerealsocomparedEven
thoughthedipsweretakenfromthesamesourceundersimilarcondi
tionssignificantdifferenceswerefoundamongthedifferentoperators
aswellasbetweenreplicatesamplestakenbythesameoperatorwithin
thesamesource

N
Sxt005

desiredaccuracy

2

WhereN minimumsamplesizerequiredtoinsure
agivenlevelofsamplingaccuracy

S standarddeviation

t005 tfromStudentsttablefor005

levelofsignificanceanddegreesoffree
domassociatedwiththeestimateofthe

standarddeviation

Theminimumnumberofdipsrequiredtoachievethedesir
edaccuracyvariedsubstantiallyfromweektoweekalthough
thesamplesweretakenfromthesamesourcewiththesame
dippingtechniquesTable1Duringthelastweeksofthe
studythenumberofdipsrequiredtoattainthedesiredlevel
forsamplingaccuracyincreasedThisappearedtocorrelate
withdecreaseinpopulationdensityDuringtheearlierportion
ofthesamplingperiodfewersamplingdipswererequired
sincethepopulationdensitywasmuchhigher

Therelationshipbetweentheminimalsamplesizerequired
toachieveadesiredsamplingaccuracyandthepopulationden
sityofmosquitoesmeannumberoflarvaeperdipwasstud
iedusingcorrelationanalysisAsignificantnegativecorrelation
wasfoundbetweenthesetwovariablesFurthermoreleast
squaresanalysisindicatedthatasthelarvaldensitydecreases
samplemeandecreasedthenumberofminimallyadequate
dipspersampleincreasesatanexponentialrater 079

p001Figure1Forexampledesiredaccuracy25
whenthesamplemeanis5thenumberofdipsrequiredtobe
takenis5dipsWhenthesamplemeanis3thenumberof
dipsneededis15Asthesamplemeandecreasesto1the
numberofdipsrequiredrisesto45Asimilartrendwasob
servedfor50desiredsamplingaccuracy

Acomparisonbetweenthedippingstylesofthreeoperators
wasmadeatHoopersmarshWoodsideCaliforniaThispor
tionofthestudyconsistedofeachoperatorABandC
takingtwo10dipsamplesn10fromthesamesourceunder



Table1Datacharacteristicsof18larvalsamplestakenatSearsvilleLakebetweenDecemberof1975andMarchof1976
WoodsideCalifornia

Sample Means

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Sample

41

44

34

40

41

16

26

12

14

18

11

17

11

13

09

09

11

08

Standard

Deviation

15

26

13

10

08

11

14

10

10

14

08

12

10

13

08

06

12

05

OperatorA OperatorB OperatorC

7 9 2 4 9 1

7 10 3 7 13 3

8 11 3 10 15 4

X 56 82 11 32 6314
SD 15 147 12 32 5012
SE 47 46 38 10 16 37

Kurtosis

Coef

059

015

065

024

012

142

042

184

103

059

032

006

167

138

102

043

011

045

Table2Comparisonofdipsamplingcharacteristicsof
threeoperatorsDatagatheredon15March1976atHoopers
marshWoodsideCaliforniaEachoperatortooktwosamples
of10dipseachn10Unitsarenumberofmosquitolarvae
perdip

3 6 0 0 1 0 Al
4 7 0 1 1 1 A
5 7 0 1 2 1

B15 8 0 1 3 1
B8 1 2 4 1 2
C

6 8 1 2 7 1 1

6 8 1 4 8 1 C2

91

Skewness
Coef

021

047

095

000

032

112

089

261

183

042

030

006

025

077

030

060

021

138

NoofDips
25 50

Accuracy

100 25

272 68

112 28

38 09

23 05

365 91

217 54

478 119

274 68

419 104

388 96

181 45

528 132

599 151

528 132

315 78

769 192

320 80

Table3Ameasureoftherepeatabilityoflarvaldensity
estimatesbythesameoperatorTheresultsofthreeoperators
eachsamplingthesamehabitatunderthesamesamplingcon
ditionstwotimeswith10dipsamplesn10arerecorded
Samplemeansrangeand95CLarerepresentedinthe
tableDatacollectedatHoopersmarshWoodsideCalifornia

1 2 1 2 1 2 Operator Mean 95CL

56

82

11

32

63

14

65460

91720

18035

52120

94320

21067

Table4Ameasureoftherepeatabilityoflarvaldensity
estimatesbythreedifferentoperatorsTheresultsofthreedif
ferentoperatorssamplingthesamehabitatunderthesame
samplingconditionsandcombiningtheirtwo10dipsamples
n20Samplemeansand95CLarerecordedforeach
operatorDatawascollectedatHoopersmarshWoodside
California

Operator Mean 95CL

A 69 7860
B 22 3310

C 39 5720
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Figure1Therelationshipbetweenlarvaldensityandminimumadequatesamplesizerequiredtoachievedesiredaccuracy
DipsamplesweretakenatSearsvilleLakeWoodsideCaliforniabetweenDecemberof1975andMarchof1976Bestfittingex
ponentiallineisalsoindicatedAbestfittinglinefor25desiredaccuracyBbestfittinglinefor50desiredaccuracy

similarconditionsTable2AnanalysisFigure2ofthe
samplemeansofthethreeoperatorsusingthettestTable
3indicatedthatthetwosamplescollectedbyoperatorA
differedsignificantlyfromeachotherp005OperatorB
showednosignificantdifferencep005betweenthemeans
ofhistwo10dipsamplesOperatorC likeA had

samplemeanswhichdifferedsignificantlyfromeachother
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relationshipbetweenpopulationdensity
andminimumadequatesamplesize
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50
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OperatorBwastheonlyindividualwhosesamplemeans
showednosignificantdifferenceAconsistentsamplingtech
niquewasobservedinthedipsamplesofoperatorB Opera
torsAandChadsamplemeanswhichdifferedsignifi
cantlyfromeachotherWhenthetwosamplesfromeachoper
atorwerecombinedn20andanalyzedTable4against
eachotherthemeanofoperatorAdifferencesignificantly



fromthemeansofoperatorsBandCFigure3Nosig
nificantdifferencep005wasfoundbetweenBandC

DISCUSSIONANDCONCLUSIONSThemostimportant
informationlearnedthroughthisstudyisthatwhentryingto
estimatethelarvalpopulationdensitiesofmosquitoesinany
sourcetoachievedesiredsamplingaccuracyagreaternumber
ofsampledipsneedtobetakenwhenthepopulationdensities
arelowratherthanwhenthedensitiesarehighItwasalso
foundthatforthedifferenttypesofsourcessampledinthe
studyitwouldnotnormallybepracticaltotrytoestimate
populationdensitiestoahighdegreeofaccuracyie25per
centofmeandensitysincesomanysampledipswouldbere
quiredwhichwouldresultinagreateramountoftimehaving
tobespentoutinthefieldItisbelievedthereforethatin
mosquitocontrolmoreemphasisshouldbeplacedonqualita
tiveratherthanonquantitativefindingsThisisnottoimply
thatpopulationnumbersshouldbeignored

Qualitativesamplingisusefultomosquitoabatementdis
trictswhenthekindsofmosquitoesinanyparticularsource
needtobeknownpotentialvectorsofdiseaseInmostcases
howeveronlythepresenceofabsenceoflarvaearenotedby
fieldsamplingcarriedoutbymosquitocontroltechnicians
Thistypeofinformationmaybesufficienttoinitiatesome
typeofcontrolmeasureIfontheotherhandtheeffective
nessorlackofeffectivenessofcontrolproceduresneedtobe
evaluatedthenquantitativesamplingisusefulSelecting25
desiredaccuracymaybeimportantintryingtodetermine
whethertreatmentorexperimentalpesticideshavebeeneffec
tiveincontrollingthelarvaesincewith25desiredaccuracy
onecantellwhetherthepopulationhasbeenhalvedor
doubledinsizeTotrytoachieve50desiredaccuracyonthe
otherhandmaybeimpracticalsincesmallchangesinpopula
tiondensitiesmaynotbeevident

Theinformationonthenumbersandtypesofmosquitoes
foundinasourceshouldbeintegratedwithadultmosquito
capturesinlighttrapsorsweepnetandwithrestingstation
countstohelpformacomprehensivemosquitocontrol
program

Furthermoreconditionssuchasdippingtechniquesopera
torbiascomplexitieswithinasourcecomplexitiesamoung
sourcespredatorsdepthofwaterietypesofsubstrateetc
allinfluencesamplinginsuchawaythatcompleteconform
ancewithastandardizeddippingtechniquehasnotbeen
practicedatthistimebymosquitocontroltechnicians
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Figure2Ameasureoftherepeatabilityoflarvaldensity
estimatesbythesameoperatorTheresultsofthreedifferent
operatorseachsamplingthesamehabitatunderthesame
samplingconditionstwotimeswith10dipsamplesn10
arerecordedSamplemeansrangeand95CLarerepre
sented SamplestakenatHoopersmarshWoodside
California
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Figure3Ameasureoftherepeatabilityoflarvaldensity
estimatesbythreedifferentoperatorsEachoperatortaking
two10dipsamplesn20Samplemeansrangeand95
CLareshownAllsamplestakenatHoopersmarshWood
sideCalifornia



GRAYLODGE

Thereareapproximately231000acresmaintainedasState
WildlifeAreasandNationalWildlifeRefugesinCalifornia
aloneInadditionthereareseveralthousandacresinprivately
ownedorleasedduckclubs Incidentaltotheproduction
andmaintenanceofhabitatforwaterfowlandotherbiotain

theseareasisthepotentialfortheproductionofverylarge
mosquitopopulationsAshumanpopulationsinevitablyen
croachuponthesehistoricallygenerallyremotelocalitiesthe
problemismagnified

Inwildlifeareashighemphasisisplacedupontheuseofal
ternativestopesticidesespeciallythosewithknowndetri
mentalmammalianandaviantoxicitiesBiologicalandphysi
calcontrolstrategiesaregivenunusuallyhighpriority
especiallythosetechniquesdeemedhighlycompatiblewith
goodwildlifemanagementpracticesFurthermoreincreasing
costofpesticideuseinbothmaterialandapplicationto
getherwitheverincreasingconcernforlowefficiencydueto
resistancemakethisstrategyaveryexpensiveandriskyone
indeedespeciallyoverlargeacreages

Therearemorethanadozenpublishedstudiesoftidal
marshwildliferefugesoftheAtlanticseaboardNewJersey
DelawareandFloridaconcerningphysicalcontroltechni
quesMostofthisworkhasbeenreviewedbyProvost1977
Aseriesofpublishedstudieshavebeenconductedinmarshes
alongtheeasternshoresoftheGreatSaltLakeinUtahThese
studiesconcernprimarilyphysicalcontrolbutincludeto
someextentbiologicalcontrolutilizingGambusiaaffinis
affinisBairdandGirardReesandAndersen1966Reesand
Winget1968and1969Reesetal1974Muchhasbeendis
cussedandrecommmendedconcerningmosquitocontrolcom
patiblewithwildlifemanagementbaseduponthesestudiesand
thepersonalexperienceandinsightofthosechargedwithmos
quitocontrolHoweverthereisanextremepaucityofpub
lishedempiricalinformationconcerningmosquitoproduction
andcontrolinrefugeareaspertinentspecificallytoCalifornia
Mortenson1963investigatedmosquitoproductiononduck

WILDLIFEAREACALIFORNIA EXPLORATORY

MOSQUITOPRODUCTIONANDCONTROL

GordonDHanna

UniversityofCalifornia
GraduateGroupinEcologyDavisCalifornia95616

ABSTRACT

Thisinvestigationwassupportedinpartbyresearchgrantsfrom
theCaliforniaDepartmentofFishandGameandtheVectorBiology
andControlSectionCaliforniaDepartmentofHealthServices

InvestigationswerebeguninAugustof1978toproduceempirically
basedrecommendationsformosquitocontrolatGrayLodgeWildlife
AreaCaliforniaTheserecommendationswillemphasizebiologicaland
physicalcontrolstrategiesandwillbedirectedprimarilyagainstaedine
speciesespeciallyAedesmelanimonDuringthefallof1978experi
mentswereestablishedtotesttherelativeefficacyofGambusiaaffinis
andchlorpyrifosGaffinisshowspromiseasaneffectivecontroltech
niqueandfuturestudieswillconcentrateonthisstrategyAssociations
betweenhabitattypesandlarvaloccurrencewereidentifiedtoprovide
informationtowardthedesignofanadequatesamplingsystemfor
futurework

94

STUDIESOF

clubsinMercedCountyhowevertheseinvestigationsal
thoughvaluablewerepurelyexploratoryinnatureIn1958
59asmallstudywasconductedatGrayLodgeWildlifeArea
bytheCaliforniaDepartmentofPublicHealthBureauof
VectorControlincooperationwiththeCaliforniaDepart
mentofFishandGameGerhardt1960

ThepresentstudywasbeguninAugustof1978Itsprime
objectiveistoultimatelyprovideempiricallybasedrecom
mendationsformosquitosuppressiontoacceptablelevels
emphasizingbiologicalandphysicalcontrolAlthoughthese
recommendationswillbedesignedtobespecifictothisre
fugeitistheprevailinghopethatthestudieswillprovidea
modelformosquitocontrolprogramsonfreshwaterwildlife
refugesandduckclubsthroughoutCaliforniaRecommenda
tionswillbebaseduponcurrentstudiesatGrayLodgeaswell
aspastpertinentresearchandideasfromotherareas

AlthoughGrayLodgeproducesverylargenumbersof
CulextarsalisCoquillettandAnophelesfreeborniAitkenthe
mostimmediatecontrolproblemsareforAedesspppredom
inantlyAemelanimonDyarandtoalesserextentAenigro
maculisLudlowduringthespringandfallfloodingseasons
Atotalof7controlfieldsand22experimentalfieldsrepre
sentativeofthediverseenvironmentsencounteredatthere

fugewereestablishedtotesttheeffectofchlorpyrifosDurs
banandmosquitofishGambusiaaffinisaffinisBairdand
Girardinsuppressionoflarvalpopulations

Twodifferenttreatmenttypesforchlorpyrifosweretested
entirefieldapplicationof2lbsacreof2granularchlorpyri
fosandperimetertreatmentsovera60footwideswathofthe
marginofthefieldThelattertreatmentwasdesignedtotest
thehypothesisthatapplicationofthepesticidetothefield
perimeterissufficientforadequatecontrolbecausethebulk
oftheAedesovipositionislocatedatthemarginofthefield

ThefollowingtwostockingratesofGaffinisweretested
1lbacreand3lbacre

ForthepurposesoftheentirefieldchlorpyrifosandG
affinisstudiesfieldsweredividedintothefollowinggeneral
habitattypes
aFieldswithsparseemergentvegetationLemorethan

50openwaterwhenthefieldwasfullyflooded



bFieldswithdenseemergentvegetationielessthan
roughly30openwater

cFieldswithlittleornoemergentvegetationiedisced
mowedorburnedfields
Resultsofthesepreliminarystudiesindicatethatforfields

withsparseemergentvegetationboththefishandchlor
pyrifostreatmentsmaybehighlysuccessfulcontrolstrategies
anditispossiblethat1lbacreofGaffinismayproduce
generallythesamelevelofcontrolasthechlorpyrifosFor
fieldswithdenseemergentvegetation resultswereinconclu

siveforbothchlorpyrifosandGaffinisAlthoughsomereduc
tionwasevidentespeciallyforthe3lbGaffinistreatment
thereductionwasnotpronouncedaccordingtothesampling
systememployedthisfallNoadequatecomparisonforfields
withlittleornoemergentvegetationcouldbemadethissea
sonbecauseofthescarcityofthisfieldtypeandtheinadequa
ciesofthesamplingsystemStudiesforthespringandfallsea
sonsof1979arepresentlybeingplannedtofurthertest
GaffinisandtotestfieldalternationstoenhanceGaffinis
effectiveness

Resultsofinvestigationsofperimetertreatmentwithchlor
pyrifosindicatethepossibilityofsubstantialreductionoflar
valpopulationsusingthistechniqueHoweverbaseduponin
vestigationsthisfalllarvalpopulationsarebynomeansre
strictedtoedgeenvironmentswithin50feetoftheedgeof
thefieldpondTable1andfurtherstudyisnecessarybefore
drawingdefinitiveconclusions

Amajorobjectiveofthisfirstseasonsstudywastoobtain
informationnecessarytodesignanadequatesamplingsystem
forfutureworkSeveralconsistentfeaturesoflarvaldistribu

tionwerefoundSamplingexperienceindicatedthatoneis

Table1Acomparisonoflarvalcatchesfromsitesofvaryingdistancefromtheedgeofa230acreuntreatedfieldSamples
weretakenalong2transectswhichranthefullwidthofthefieldTotalnumberofdips617totaldayssampled5GrayLodge
WildlifeAreaButteandSutterCountiesCalifornia1978

Total

no

dips

60

No

dips

positive
dips

45

positive
dips

436 9

Distancefromedgeoffieldpond

050ft 50200ft

Meanno

immat
dip

0environment

Total

no

dips

830 120

Meanno

immatper
positive
dip

No

dips

positive
dips

positive
dips

95

morelikelytodiplarvaeandpupaeattheedgeofthefield
pondwithin50feetoftheshorelinethanbeyondthis50
footmarginQuantitativecomparisonisillustratedinTable1
foracontrolfieldwhichwasrelativelyextensivelysampled
Furthermoresamplingonallfieldsshowedthatoneismuch
morelikelytodipgreaternumbersofimmaturesinareasof
emergentvegetationandareasoffloatingvegetationTable2
ThisinformationprovidesconfirmationofearlierworkRees
andAndersen1966Mortenson1963andvalidationspecific
toGrayLodge

Areaswithfloatingvegetationshowedthehighestvaluesfor
percentpositivedipsandmeannumberofimmaturesperposi
tivedipTheseareaswereoftensurroundedbybroadexpanses
ofopenwateranditisspeculatedthatthislarvaefloatingvege
tationassociationisdueinparttohabitatselectionbylarvae
andinparttothegreatereaseofcatchinglarvaeinrelatively
shelteredshadedenvironments

Althoughthedataarereportedforonlyonefieldtheyare
representativeofphenomenafoundtobegenerallyconsistent
inthe31fieldsincludedinthepastseasonsstudy
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Meanno

immat
dip

Meanno

immatper
positive
dip

Total

no

dips

No

dips

200ft

positive
dips

Table2Acomparisonoflarvalcatchesfromsitesofvaryingamountsofvegetationanddebrisina230acreuntreatedfield
GrayLodgeWildlifeAreaButteandSutterCountiesCalifornia1978

18 152 437 28 346

Eenvironment Fenvironment

Meanno

immat
dip

Meanno

immatper
positive positive
dips dip

38 144 69 79 37 81 339

10environment openwaterwithnoemergentvegetationandnofloatingsurfacedebris
2Eenvironment edgewaterlandinterfaceareawithin25ftofedgeandareaswherevegetationmostcommonlygrass

andoccassionallybulrushandcattailemergedabovethewatersurface
3Fenvironment areasoffloatingsurfacedebrismostcommonlymowedgrass
4Positivedip samplescontainingatleastonelarvaorpupa
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POTENTIALOFVERTICALDRAINAGEINVARIOUSPASTURESOILSTRATA

Verticaldrainagewasshowntobeaneffectivemethodto
eliminatemosquitobreedingsourceswithincertainsoilprofile
conditionsDrainageholeswereeffectivewheredrillingpene
tratedthroughahighlyimpermeablestratumegclayor
hardpanintosandorloamysandstrataForfieldswithno
highlyimpermeablestratumwithinameterofthesurfacever
ticaldrainagewasnotnecessaryandmosquitobreedingcould
beeliminatedbycarefulwatermanagementProlongedexces
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managementstudiesonmarshesadjacenttotheGreatSaltLake
UtahMosqNews262160168

ReesDMGCCollettandRNWinget1974Continuingeffec
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mentProcCalifMosqControlAssoc42135
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linemodificationsusedinmosquitocontrolinvestigationsMosq
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siveirrigationandlateralsubsurfacesaturationfromadjacent
sourcesofwaternegatedthebenefitsofdrillingAmethod
wasdevelopedtoobtaintherateofinfiltrationofstanding
waterinasourceareaandtocorrelatethisvaluewithstand

ardsinordertodetermineboththeprobablecauseforlong
standingwaterandthepossiblebenefitthroughverticaldrain
ageimplementation



FACTORSAFFECTINGTHEDENSITYOFCULEXTARSALISANDANOPHELESFREEBORNI

TwospeciesofTyphloplanidmicroturbellariancommonly
foundinthericefieldsofnorthernCaliforniatentatively
identifiedasMesostomalinguaandRhynchomesostomarostra
tumhavebeenshowntopreyonthepreimaginalstagesof
CulextarsalisandAnophelesfreebornimosquitoeswhose
majorbreedinghabitatisthefloodedricefieldCollinsand
Washino1978Bothmicroturbellariansaregeneralistpreda
torsHyman1951butbecausetheirdensitiesinricefields
arefrequentlyveryhighMlinguadensitiesinexcessof
1000mofsurfaceareawereobservedinmorethan30of
thefieldsstudiedin1978theyprobablyexertanimportant
effectonthemosquitopopulationPreliminarylaboratoryob
servationssuggestthatthesemicroturbellariansprefersofter
bodiedpreysuchasoligochaetesandmosquitolarvaeover
microcrustaceansandotheraquaticinsectsbutthelatteror
ganismsarereadilyconsumedwhendamagedorfreshlykilled
Mlinguahasbeenmaintainedinthelaboratoryforapproxi
matelytwoyearsonadietconsistingalmostexclusivelyof
Cxtarsalislarvae

Mlinguaisa35mmflatwormwhichunderlaboratorycon
ditionshasbeenshowncapableofrapidlysubduingalllarval
instarsofbothCxtarsalisandAnfreebornibymeansofa
stickyandpossiblytoxicmucussecretionBodyfluidsofthe
preyareingestedthroughamedioventralprotrusable
pharynxThisspecieshasalsobeenfoundinvernalpoolsin
thecentralvalleyandSierraNevadafoothillsandinsnowmelt
poolsatelevationsabove8000feetintheSierraNevadaPre
liminarystudiessuggestthatitmaybeanimportantpredator
ofmosquitoesinthesehabitatsparticularlythevariousmoun
tainAedesspecies

Rrostratumisasmaller23mmflatwormwhichinCali
forniahasbeenfoundonlyinricefieldsandassociatedirriga
tionanddrainagecanalsAlthoughitsdensityoccasionallyex
ceedsthatofMlinguaitsdistributionamongfieldsisveryir
regularBecauseofitssmallersizeitisconsiderablylesseffec
tivethanMlinguaatcapturingthirdandfourthinstarmos
quitolarvaePupaepossiblybecauseoftheirthickercuticle
andexplosivemovementsarepracticallyimmunetopredation
bybothspeciesofflatworm

Previousstudiesinricefieldsrevealedthattheseflatworms

rapidlyinvadedmosquitoemergencecagedsandcaused
significantmortalityinsentinelCxtarsalislarvaeInfields
whereflatwormswereabundantmortalitylevelsinexcessof
90usuallyoccurredwithin48hoursRegressionofsentinel
mortalityonthenumbersofflatwormsinvadingtheemerg
encecagesindicatesthatMlinguawasresponsibleformostof
themortalityseeTable1Thiswasoftentheonlyflatworm
speciespresentinemergencecageswhichsustained100
sentinelmortalityAscanbeseeninthetablethisinteraction
waspresentduringboththe1977and1978studies

In1977roughestimatesoftheinfieldflatwormandmos
quitodensitieswereobtainedbymeansofdipperandaquatic
sweepnetsamplesAnalysisofthesedatarevealedsignifi

INNORTHERNCALIFORNIARICEFIELDS

FHCollinsandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616
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Table1Regressionofsentinelsurvivalonnumbersof
MesostomalinguaandRhynchomesostomarostratuminvad
ingsentinelcages totalRindicatedinparenthesesRice
fieldstudySutterCountyCalifornia

Season TotalR DuetoMlingua DuetoRrostratum

1977 814

1978 796

1Meanstandarderror

712875

622781

102125

174219

Table2DailypredationratesofadultMesostomalingua
onthirdinstarmosquitolarvae1adultflatworm100ml
vessel168daynightcycle211C

Preydensityvesselday

Preyspecies 1 2 3 4 5

Cxtarsalis 6808 8211 9215 9516 10315

Anfreeborni7610 10014 10014 12416 11919

cantnegativecorrelationsp05betweenMlinguavsCx
tarsalisandRrostratumvsAnfreeborniCollinsand
Washino1978Toinvestigatethepossibilityofdifferential
preypreferencepredationrateswereassessedinalaboratory
settingIndividualMlinguawereplacedin100mlcontainers
withvariousnumbersofthirdinstarlarvaeofeitherAnfree
borniorCxtarsalisSurvivingmosquitolarvaewerecounted
aftera24hourintervalControlmortalitywasnegligibleThe
resultsseeTable2indicatethatundertheconditionsofthe
experimenttherewerenosignificantdifferencesintheratesof
predationbyMlinguaonthetwomosquitospeciesatanyof
thepreydensitiesexaminedTheseresultssuggestthatthelack
ofanegativeinfieldcorrelationbetweenMlinguaandAn
freebornicomparabletothatobservedbetweenMlinguaand
CxtarsalisisduetofactorsotherthanpreypreferenceUn
fortunatelyattemptstocultureRrostratumhavenotbeen
successfulenoughtopermitexperimentsinvolvingthisspecies

Typhloplanidflatwormsoverwinterbymeansofheavily
encapsulateddiapauseeggswhichbegindevelopmentonly
afterexposuretoalowtemperatureandorshortdaystimulus
Byfloodingsoilsamplescontainingsucheggsithasbeen
determinedthatMlinguacaneffectivelyoverwinterinrice
fieldsbutcannotsurvivethesummerdessicationexperienced
inafieldthathasbeenrotatedtoanalternatecrop

Toassesstherateatwhichflatwormsrecolonizericefields

afteraperiodofrotationthe1978studyincludedtheageof
afieldthenumberofconsecutiveyearsinricesincethelast
rotationamongthevariablesunderconsiderationThirty
threesamplingstationswereestablishedinfieldsrangingin
agefromfirsttothirteenthconsectiveyearinriceSeasonal



Table3RicefieldstudySutterCountyCalifornia1978
MatrixofSpearmanscorrelationcoefficientsN 33

Ageoffield

Mlingua

density
Rrostratum

density
Cxtarsalis

density
1
p005

2p01
3p

MlinguaRrostratumCxtarsalisAnfreeborni
density density density density

0523 0015

0159

0596 0467

0431 0144

0162 0071

Table4Effectoflocationofsamplingstationonnumber
oforganismscapturedbystandardsampleDatafrom33rice
fieldstationsinSutterCountyCalifornia1978

Location Meannumberofeachspeciessampled

MlinguaRrostratumCxtarsalisAnfreeborni

Checks 985 001
12

Checks 1631 1048

38

Checks 1023 1921

918

060 241

152 268

294 182

001significantlydifferentfrom1048and1921
2060significantlydifferentfrom152and294
NootherdifferencessignificantDuncansmultiple
a05

0299

rangetest

meanswerecalculatedforflatwormandmosquitodensity
measurementsandalldatawererankedandcomparedby
meansofSpearmansrankcorrelationcoefficientsThisnon
parametrictechniquewaschosenforthepreliminaryanalysis
becauseveryhighweektoweeksamplevariabilitydidnot
allowanyassumptionsaboutunderlyingdistributions

Asisimmediatelyapparentfromthe1978dataseeTable
3thedensitiesofMlinguaandbothmosquitospecieswere
morestronglycorrelatedwiththeageofthericefieldthan
witheachotherThefactthatRrostratumwasnotsocorre
latedandthatcorrelationsbetweenthisflatwormandAn
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freeborniwerenotconsistentbetweenthe1977and1978sea
sonsmaybeaconsequenceoftheveryhighsamplingvariabil
ityassociatedwiththisspeciesPartofthisvariabilityisdue
tothelocationOfthesamplingstationwithinthericefieldAs
canbeseeninTable4Rrostratumwaspracticallyabsent
fromthetwouppercheckseveninfieldswhereitwasother
wiseabundantHoweversincethecorrelationcoefficient
basedonadatasetfromwhichuppercheckmeasurements
havebeenremovedO 068isnotsignificantthenegative
RrostratumAnfreebornirelationshipobservedinthe1977
dataisprobablyspurious

Althoughnoneoftheresultscontradictthehypothesis
thatMlinguaisanimportantpredatorofCxtarsalisinrice
fieldsthedatamaybegivenanalternativeinterpretationby
assumingatemporalmaturationofthericefieldecosystem
whichfavorsMlinguaandAnfreeborniandhindersCxtar
salisNotonlyissuchanexplanationconsistentwiththatas
pectofflatwormbiologywhichnecessitatesaperiodofre
colonizationinricefieldsthathaveundergonerotationbutit
alsoaccordswellwithobserveddifferencesbetweenthe

ecologicalstrategiesofCxtarsalisandAnfreeborniBohart
andWashino1978Suchaprocesshasactuallybeenobserved
inthericefieldchironomidcommunityClementetal1977
Darby1962Whileanimportantpredatorpreyinteractionis
notprecludedundersuchaninterpretationitdoesindicate
thepossibilitythatthesignificantnegativeinfieldcorrelation
betweenCxtarsalisandMlinguamaybeanartifactofthe
agecorrelatedchangesintheaquaticricefieldcommunity

Insummarythisstudythusfarhasproducedtwoimport
antobservationswhichrelatedirectlytothecontrolofmos
quitoesinCaliforniaricefieldsItheagecorrelatedchange
inthestructureofthericefieldmosquitocommunityand
IItheprobableroleofMlinguaasanimportantnatural
predatorofCxtarsalisFutureworkwillfocusonresolving
therelativeimportanceofthesetwophenomenatodetermine
howtheycanbestbeutilizedtoaugmentmosquitocontrol
efforts

REFERENCESCITED

BohartRMandRKWashino1978MosquitoesofCalifomia
UniversityofCaliforniaPressBerkeley153pp

ClementSLAAGrigarickandM0Way1977Thecolonization
ofCaliforniaricepaddiesbychironomidmidgesJApplEcol14
379389

CollinsFHandRKWashino1978Microturbellariansasnatural
predatorsofmosquitolarvaeinnorthernCaliforniaricefieldsProc
CalifMosqandVectorControlAssoc4691

DarbyRE1962MidgesassociatedwithCaliforniaricefieldswith
specialreferencetotheirecologyDipteraChironomidaeHilgardia
321206

HymanLH1951TheInvertebratesPlatyhelminthesandRhyncho
coelaVolIIMcGrawHillBookCoIncNewYork550pp



BIOECOLOGICALSTUDIESOFCULEXMOSQUITOESINAFOCUSOF

WESTERNEQUINEANDSTLOUISENCEPHALITISVIRUSTRANSMISSION

NEWRIVERBASINIMPERIALVALLEYCALIFORNIA

IIHOSTSEEKINGANDHUMANBITINGCYCLES

LLWaltersEWGordonandREFontaine

AlthoughCulextarsalisCoqisassumedtobetheprimary
vectorofbothwesternequineandStLouisencephalitides
WEEandSLEintheImperialValleyCaliforniaCxpipiens
quinquefaciatusSaywasrecentlyproposedtobeofadditional
vectorimportanceinthetransmissionofSLEinthisarea
Magyetal1976Work1977Inevaluatingtherelativeim
portanceofthesespeciesinendemictransmissioncyclesof
arbovirusestomanaffinityforhumanbaitandtimesofbiting
inrelationtoriskofhumanexposurearecriticalfactorsto
determineAshostpreferenceofCulexmosquitoescanvary
bothgeographicallyandseasonallyReevesandHammon
1944Reevesetal1963Tempelisetal1967hostseeking
andbitingpatternsofCxtarsalisCxpquinquefaciatusand
CxerythrothoraxDyarwereinvestigatedwithintheNew
RiverbasinanendemicfocusofWEEandSLE7kmsouth

westofElCentroAonenightcollectionofCulexmosquitoes
fromhumanbaitwasdonepreviouslybyBerlinetal1976
attheFinneyRamerWildlifeRefuge42kmnorthoftheNew
Riversite

METHODSANDMATERIALSThecollectionsitewas

adjacenttotheNewRiversurroundedbysaltcedarTarnarix
sparrowedPlucheaspandpickleweedSalicorniasp
vegetationFigure1andlocated02kmfromaproductive
breedingareaofCxtarsalisCxpquinquefaciatusandCx
erythrothorax

HumanbaitCollections Allnightmosquitocollections
fromhumanbaitweremadeonMay9May31June16July
1andOctober141978theseperiodsassociatedwithseason
allyhighCulexdensitiesThecollectionperiodencompassed
thehourbeforeeveningciviltwilighttothehouraftermorn
ingciviltwilightcorrespondingto11hrinMayandJune10
hrinJulyand13hrinOctoberCollectionswereusually
abortedonnightswhenwindspeedbecamevariablewithgusts
over10ktsorwhenallCulexspwerebitingatratesofless
than5perhrNocollectionsweremadeduringthesummer
monthswhendensitiesofCulexwerelowtheOctober14col
lectionmonitoredthefallpopulationpeakofCxtarsalisin
theImperialValleyGordonetal1978

Humanbaiteachnightconsistedofthefirstauthorandone
othervolunteerFullyclothedbaitssatinchairsFigure1
withlegsandarmsextendedinfrontlowerarmsandhands
wereleftexposedtomosquitoesHeadnetswerewornat
timesofintensebitingactivityofPsorophoracolumbiaeDyar

UniversityofCaliforniaSchoolofPublicHealthLosAngeles
California 90024Presentaddress DepartmentofEntomology
UniversityofCaliforniaDavisCalifornia95616
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andKnabotherwiseonlyhatswerewornwiththefaceex
posedBaitstookturnscollectingoffoneanotherin15min
intervalssubsamplesforthefirst45minofeachhourThe
baitwasscannedformosquitoeseveryfewminuteswitha
dimmedflashlightandthosebitingorprobingcollectedby
mouthaspiratorMosquitosubsampleswereexpelledinto
separate150mlplasticvialsandplacedondryiceuntillabora
toryidentificationthenextday

AnimalbaitCollections Variousanimalspigeongoat
rabbitpigduckturkeywereutilizedbasedontheiravaila
bilityasanadjuncttohumanbaitcollectionAmagoontype
stabletrapprovidedbyDrWCReevesUniversityof
CaliforniaSchoolofPublicHealthBerkeleyCaliforniawas
usedtohouseallanimalsexceptpigeonswhichwereisolated
individuallyinlardcantrapsBellamyandReeves1952
Lardcantrapsweremodifiedwithanetfronttoallowaspira
tionofmosquitoesandwereplaced15mhighinsaltcedar
vegetationTheproximityofstableandlardcantrapstothe
humanbaitstationisshownFigure1

CO2BITED
IINILIGHTTRAPS

PWEONBAITED
LARDCANTRAP

HUMAN
BAIT
STATION it

AIMLBAIED
STABL T P

0 5 10

METERS

Figure1ProximityofhumanbaittoanimalandCO
lighttrapbaitstationsduringallnightmosquitocollections
attheNewRiver



Thestabletrapwasclearedofrestingmosquitoesbefore
additionofunrestrainedanimalbaitBaitwasplacedinthe
trapjustbeforehumancatchbeganeachnightandremoved
alongwiththetotalmosquitocatchinthemorning

Lardcantrapscontainedonepigeonconfinedinanylon
stockingtopreventdestructionofbitingmosquitoesMos
quitoeswereaspiratedfromthecanfollowinghumancatches
eachhourAsthisusuallyrequireda1015mincollection
periodtheintervalofpigeonexposuretomosquitoeswascon
sideredequivalenttothatofhumanbait

CObaitedLightTrapCollections Twominiaturelight
trapsRoheandFall1979baitedwithca1kgdryiceasan
attractantforhostseekingmosquitoeswereusedoneach
nightofhumanbaitcollectionTrapsplaced15mhighin
saltcedarvegetationwereoperatedonthesamescheduleas
humanbaitcatchwithoutsubsamplingEachhourscatchwas
killedandstoredondryice

ParousConditionandVirusDetermination Mosquitoes
wereseparatelyidentifiedondryiceandabdominalcondition
notedFreshfedswerestoredforconfirmationofbaitfeeding
byprecipitintesttobepublishedsubsequentlyMostunfed
specimensofCxtarsalisandCxpquinquefaciatusweredis
sectedforparousconditionbasedonthepresenceoftracheal
skeinsontheovariesDetinova1962Inadditionpoolsof
unfedCxtarsalisfromtheMay31andOctober14human
baitcollectionsweresubmittedforvirusdeterminationtoDr

THWorkUniversityofCaliforniaSchoolofPublicHealth
LosAngelesCalifornia

EnvironmentalFactors Duringeachnightairtempera
turerelativehumidityandwindspeedweremeasuredhourly
betweenhumanbaitcatchesTemperatureandrelativehumid
ityweredeterminedusingabatteryoperatedpsychrometer
windspeedusingahandheldairflowmeter

CrepuscularUnits Hourlyandsubhourlydatafromeach
nightwerestandardizedbyconvertingcatchtimestoCrepu
scularUnitsCrepunitsNielson1961Catchtimesofeach
sampleinrelationtosunsetwereconvertedaccordingtoNiel
sonsformulatimeofdaytimeofsunset

durationoftwilight
andinrelationtosunrisetimeofsunrisetimeofdaySunset

durationoftwilight
andsunriserepresentazeroreferencewithoneCrepunitequal
tothetimebetweensunsetandtheendofciviltwilightorthe
beginningofmorningciviltwilightandsunrisePositiveCrep
valuesrefertoperiodsaftersunsetandsunrisenegativevalues
toperiodsbeforethesetimesTwilightwasdeterminedfrom
tablesoftheAmericanEphemeris1978Seasonalvariancein

catchnightswasfoundtobe186220Crepunitsinthis
studyie1Crepunit 2732min

Foreachspeciesthenumberofmosquitoescollectedin
each4Crepunitintervalwascombinedfornightswithsigni
ficantbitingactivityandconvertedtoapercentoftotalattrac
tionCulextarsaliswasconsideredactiveonallnightsexcept
July1Cxerythrothoraxonthefirstthreenightssampledand
CxpquinquefaciatusonlyontwonightsMay31andJune
16Additionallyhourlymeannumbersofmosquitoesattract
edtoallbaittypesweredeterminedfromsubhourlyandnight
lydata

RESULTSANDDISCUSSIONEnvironmentalconditions

potentiallyinfluencingmosquitoactivityandbitingcycles
areshowninTable1Airtemperatureeachnightwashighest
atsunsetanddecreasedtosunriseasindicatedbytherangein
Table1Prevailingtemperatureswereequivalentonsample
nightsduringMayJulywithslightlylowermeantemperature
notedonOctober14

Relativehumiditywashighestjustbeforesunrisewithcon
siderablenightlyvariationHoweverhumiditieswithinthis
rangewerereportedtohavenoappreciableeffectonCulex
activitypatternsinlaboratorystudiesMuirheadThompson
1938

Windynightsareknowntoreducethenumbersofmosqui
toescaughtbitingService1976andinpreliminarycatchesin
thepresentstudyhighlyvariablewindsover10ktsresultedin
erraticbitingcountswithwavesofmosquitoesattackingbe
tweengustyperiodsThecalmtolightwindconditionsobserv
edonsamplenightsdidnotappeartoaffectmosquitoactivity
andbitingtimesTable1

Phasesofthemoonanddurationofmoonlightmayinflu
encethedensityofbothbitingandlighttrapcatchesEnhanc
edbitingduringperiodsofmoonlighthasbeendemonstrated
withsomenocturnalmosquitoesvanSomerenandFurlong
1964GilliesandFurlong1964althoughmoonlighthadno
effectonbitingcyclesofmorestrictlycrepuscularspecies
Haddow1964Moonphaseisreportedtoreducemosquito
densityinlighttrapswithfewernumberscaughtatorneara
fullmoonthanatnewmoonorintermediateilluminations
Provost1959Table1showsthemoonphasefractionillum
inatedandtimingofmoonlightforeachnightofbitingcollec
tionsConditionsrangedfromnewmoonMay9tofull
moonOctober14withmoonlightpresentduringtheevening
crepuscularperiod04CrepunitsonallnightsexceptMay
31whenamorningmoonlightperiodoccurredAdditionally
moonlightextendedintomorningJune16andOctober14
from75and25Crepunitsbeforesunriserespectively

Table1EnvironmentalconditionsforeachnightofmosquitocollectionsfromhumanbaitalongtheNewRiverImperial
ValleyCalifornia

Catch Air Relative

Night TemperatureC Humidity

1978 X Range X Range

May9 21 1629 342850

May31 221233 472875
June16 211331 582282

July1 231330 372260
Oct14 161231 804989

sunset0to 48

68tosunrise0
sunset0to 133

sunset0to 59

sunset0to 253

MoonlightconditionsdeterminedfromtablesoftheAmericanEphemeris1978
100

Moonlight

NightlyDuration Fraction

Crepunits Illuminated WindSpeedkts

003

030
071

017

094

calmguststo7
calmguststo8
calm

calmguststo8
calm



HostseekingandBitingCycles Culextarsalis Cx

tarsaliswereslightlymoreattractedtohumanbaitthanto
CO2baitedlighttrapsTable2MoonphaseonJune16and
October14possiblyrenderedmosquitoesevenlesssuccessful
inorientingtolighttrapscomparedtohumanbaitRelatively
lownumberscollectedinJulyreflectedtheseasonaldecline
ofCxtarsalispopulations

Culextarsalispatternsofhostseekingandhumanbitingare
showninrelationtosunsetandsunriseFigure2Although
Cxtarsalisappearedtobeattractedequivalentlythroughout
thenighttobothbaittypesadefiniteeveningcrepuscular
peakinhumanbitingoccurred04Crepunitswhereaslight
trapdatawaslessdefinedexhibitingperhapstwopeaks04
and812CrepunitsBitingactivitydecreasedthroughthe
nightaftertheeveningpeakofcrepuscularactivityBerlinet
al1976foundCxtarsalisprimarilyseekinghostsnearly3
hraftersunsetandbitingmosquitoeswereuncommonThese
resultsbasedononlyonenightsampleddonotappearto
accuratelyrepresentmosquitobehaviorandarecontradicted
bypresentdata

AnalysisofthebitingcyclebyonehalfandbyoneCrep
unitintervalsdelineatedtheexactprimarypeakofCxtarsalis
humanbitingtobewithinthefirstonehalfhraftertheend
ofeveningciviltwilightAdditionallyontwosamplenights
ofgreaterthan22Crepunitsdurationasecondlessermorning
crepuscularpeakwasobservedbetween2224Crepsmorning
civiltwilightforthesenights

Culextarsalisdisplayedamarkedpreferenceforhumanbait
whenachoiceofbaitswaspresentedTable2Although
somewhatattractedtopigeonbaitonMay9preferencefor
birdscomparedtomanwasnotdemonstratedasindicatedby
Berlinetal1976andthisspecieswaslittleattractedto
stabletrappedmammals

Patternofattractiontopigeonbaitdifferedfromhuman
baitFigure3Althoughthetotalnumberofmosquitoesat
tractedwasfewn30Cxtarsaliswasmostattractedto
pigeonsduring812Crepunitssomewhatlaterthanthepri
maryperiodofattractivitytomanbutperhapscoinciding
withthesecondpeakexhibitedbythetotalhostseekingpop
ulation

Culexpquinquefaciatus HostseekingCxpquinque
faciatusweremainlyattractedtohumanandCO2lighttrap
baitonMay31Enhancedhumanbitingthisnightwasbeliev
edtobearesultofmoonlightduringtheearlymorninghours
Table1andseasonalabundanceAbsenceofmoonlighton

Bait May May June July Oct

Type 1978 9 31 16 1 14

Human

COLight
Pigeon
Goat

Pig
Rabbit

DuckTurkey

1BaitusedonJuly14

160 156 83

144 147 51

24 03

11

Culextarsalis

00

00

00

08 103

07 37

02 08

00 67 05

04 40 10

02 21

40

101

May9mayhaveinhibitedbitingactivityPeakbitingon
humanbaitwas48Crepunitsbeforesunrisealthoughbiting
wasobservedallnightFigure3Nocrepusculartendencywas
demonstrated

ThenumbersofmosquitoesattractedtoCO2lighttraps
andhumanbaitappearedsimilarTable2Inassociatedre
searchondispersalwefoundCxpquinquefaciatustobe
underattractedtotheselighttrapswhencomparedtolarval
prevalenceWaltersetal1979Thereforeequivalentattrac
tiontohumanbaitcomparedtolighttrapsmayindicateno
preferenceformanintheseriverineareasAttractionto
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Table2RelativeattactionofCulexmosquitoestoselectedbaitsduringallnightcollectionsattheNewRiver

MeanNo94AttractedHour

Culexpquinquefaciatus

May May June July Oct May
9 31 16 1 14 9

01 00

00 02

05 00

222 26 50

147 10 06

01 01

10

05

01

03 00

00

MANBAIT

CO2BAITED
MINILIGHTTRAP

VJ

y

Ctarsalis

Cpquinquefaciatus

1
H

Certhrothorax

1 1

Figure2HostseekingandhumanbitingcyclesofCulex
mosquitoeswithintheNewRiverbasinduringMayJuneand
OctoberCxtarsalisandMayJuneCxpquinquefaciatus
andCxerythrothorax1978

Culexerythrothorax
May June July Oct

31 16 1 14

01 04

00 02

00 01

00
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CREPUSCULARUNITS

Figure3PatternofattractionofCxtarsalisandCxp
quinquefaciatustopigeonbaitedlardcantrapsduringMay
July1978intheNewRiverbasin

pigeonsinthishabitatwasslightlygreaterthantohumanbait
onmostnightsTable2AdditionallyCxpquinquefaciatus
wasattractedtoduckturkeybaitonJuly14atimeofnegli
gibleseasonalabundanceSpeciesattractiontothestable
trappedmammalsusedinthisstudyappearedequaltoman

Bitingactivityonpigeonbaitwassimilartothatonhuman
baithoweverpeakbitingoccurredsomewhatearlier816
CrepunitsaftersunsetFigure3Withboththisspeciesand
Cxtarsalisthereperhapswasacorrelationbetweenpeakbit
ingandmaximumquiescenseofhostbirdsinthehabitat

Culexerythrothorax Cxerythrothoraxwasconsider
ablymoreattractedtohumanbaitthantoCO2baitedlight
traporanimalbaiteachsamplenightTable2Majorhost
seekingactivityobservedonMay9appearedassociatedwith
theseasonalpeakofabundanceofthisspecies

Culexerythrothoraxwereactivelyhostseekingallnight
attractedtohumanandCO2lightinanequivalentcycle

Table3ParousratesofCulextarsalisandCulexpquinquefaciatusattractedtoselectedbaitsduringallnightcollectionsat
theNewRiver

CatchNight Culextarsalis

1978 Human COLight Pigeon Goat

May9 72

May31 84

June16 62

July1 80
Oct14 73

89
70

57

70

71

Cpquinquefaciatus

Ctarsalis

di

67

50
50
64

X 742 714 578

Parenthesesindicatesamplesizelessthan10

Figure2Acrepuscularpatternwasdemonstratedmorepro
nouncedinthemorningHostseekingbehaviorintheevening
extendedseveralhoursbeyondthecrepuscularperiodespe
ciallyinrelationtohumanhosts

AttractionofCxerythrothoraxtopigeonbaitwasobserv
edrarelybetween1216Crepunitsaftersunset

ParousCondition Theparousmultiparousrateofhost
seekingCxtarsalisaveragedover70ranging6284from
humanbaitand5789fromCO2baitedlighttrapsTable3
ParousmosquitoesfoundinlowestproportionintheJune
collectionwasattributedtopeaknumbersofnulliparsemerg
ingfromthenearbybreedingareaduringthismonth

TheproportionofparousCxpquinquefaciatusseeking
hostswasnotablylowerthanthatofCxtarsalisandwasno
higherthanmightbeexpectedbychanceduetolarvalprox
imityAlthoughnumbersofCxpquinquefaciatuscollected
werelimitedtheconsistentlylowparousratesobservedless
than50 mayindicatelowdailysurvivalofthisspeciesor
relatetogreaternumbersofnulliparsgeneratedwithinthe
basincomparedtoCxtarsalis

EpidemiologicallythedifferencesobservedbetweenCx
tarsalisandCxpquinquefaciatusaresignificantespecially
inrespecttohumanbaitcollectionsWeconcludethatCx
tarsalishasagreatervectorpotentialbecauseofitshigherin
cidenceinhumanbitingcollectionsduringlatespringand
falltimesofarboviralactivityandtothehigherpercentage
ofmosquitoeshavingpreviouslyfedandthereforepotential
lyabletotransmitvirusestomanorreservoirhostsWehave
notconfirmedwhetherornotanautogenouspopulationof
CxtarsalisispresentintheNewRiverbasinalthoughNelson
1971reportedautogenyofpopulationsinnorthernImperial
County

ParousratesofCxtarsalisattractedtopigeonandgoat
wereappreciablylowercomparedtohumanbaitTheability
ofolderindividualstoselectivelyorienttohumanhostsover
otheranimalswouldbeepidemiologicallysignificanthowever
furtherinvestigationsareneejledinthisregardPigeonsappear
edtoattractaslightlygreaterproportionofparousCxp
quinquefaciatuscomparedtohumanorothermammalbait

VirusIsolation Apoolof23Cxtarsalistestedforvirus
fromtheMay31humanbaitcollectionwasfoundpositivefor
westernequineencephalitisvirusSeasonallythiswasthetime
ofhighestWEEactivityinCxtarsaliswithca40pools
foundpositiveinconcurrentinvestigationsWEESLEviruses
werenotrecoveredfromtheOctober14pools

PercentParousBaitType

60

102

Human COLight Pigeon Goat

50
44 48

33 54

385

Culexpquinquefaciatus

100

33

50

507 610

44



SUMMARYANDCONCLUSIONSOnthebasisofman

vectorcontactCxtarsalisisconsideredamoreimportantlink
inarbovirustransmissiontohumansinriverineareasofthe

southernImperialValleythanCxpquinquefaciatusCulex
tarsalisfedonhumanbaitinpeaknumbersduringtheevening
crepuscularperiodcoincidingwithprobableperiodofhuman
exposureIncontrastCxpquinquefaciatuspeakfeeding
occurredseveralhoursbeforesunrisethelowestperiodof
humanpresenceintheareaMoreoverCxtarsalishumanbit
ingrateswerehigherthanCxpquinquefaciatuseachnight
andbitingactivityoccurredonallnightssampledAmongthe
twospeciesCxtarsalisshowedsignificantlygreatermean
proportionparouscollectedfromhumanbait742compar
edto385forCxpquinquefaciatusandfinallyCx
tarsaliscollectedfromhumanbaitwasfoundinfectedwith
WEEvirusonemonth

Culexerythrothoraxalthoughneverconfirmedasavector
ofWEESLEwasstronglyattractedtohumanbaitwhensea
sonallyabundantandshowingpeakhumanbitingratesduring
thecrepuscularperiod
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THEUNATTRACTIVENESSANDREPELLENCYOFAEDESSIERRENSISEGGS

Noeggsexposedonpiecesoffilterpaperplacedintreeholesand
otherfieldsiteswerecontactedordisturbedbysuchpredatorsasants
sowbugscentipedesandcarabidandstaphylinidbeetlesWheneggs
weretreated7differentwaysincludingbleachingandsonification
andexposedonpiecesoffilterpaperpinnedacrossatrailofforaging
ArgentineantsIridomyrmexhumilismostantsignoredthemosquito
eggsTheantswhichrespondeddidsobyantennulationbitingandre
movalAbout50ofthebleachedandsonicatedeggsthatwereanten

Inresearchonthematingcompetitivenessofnormaland
sterilizedmalesofAedessierrensisLudlowreleasedintofield
tentsAndersonAsmanandAinsley1979tworelatedobjec
tivesweretocomparethenumberofeggslaidatdifferent
elevationsandthenumberlaidtentHoweverwhenantswere
observedforagingonchunksoffruitprovidedincontainersas
asourceofcarbohydrateitbecameimportanttolearn
whetherantsalsomightentertheovipositioncontainersand
eatorcarryawayeggsdepositedbythecagedmosquitoes

Avisualexaminationofseveraltreeholesaidedbyaflash
lightrevealedsuchknownpredatorsasantssowbugscenti
pedesandcarabidandstaphylinidbeetlesbutnoneofthese
arthropodsappearedtobeforagingonmosquitoeggsAs
Hinton1968ahasreportedthatCulexpipienseggswere
protectedbyadropofnaturalrepellentthatdiscouraged
predationbytwospeciesofantsandasaparallelitseemed
possiblethateggsofthetreeholemosquitomightalsopossess
asubstancethatprotectedthemfrombeingeatenbypreda
torsSincemanyAedessierrensiseggsremainexposedforlong
periodsabovethewaterlineandintotallydriedouttreeholes
exposedeggswouldseemtobevulnerabletopredatorsunless
theimmobileeggswerehiddenundercrackscamouflagedor
protectedbyanobnoxiousdistastefulrepellentorsomeother
mechanism

Intwopreliminarytestsabout100eggsobtainedfrom
laboratoryrearedmosquitoeswereplacedonfilterpaperdiscs
andexposedalongthesidesandbottomsoftreeholesharbor
ingantsandtheotherpredatorsmentionedaboveSimilar
numbersofeggsalsoweretwiceexposedalongactivecolumns
ofantsonthegroundadjacenttofallentreetrunksNoneof
theapproximately400eggsexposedinthepreliminarytests
werecontactedordisturbedbythepotentialpredatorssug
gestingthattheeggswereinherentlyunattractiveorrepellent

Scanningelectronphotographsrevealedacomplexouter
chorioniclayerconsistingofaplastronandmanysmallglobu
lesthatcouldbethesiteofarepellentAccordinglygroupsof
eggswerenextbleachedtoremovetheouterlayerofchorion
Intwopreliminaryexperimentscomparingtheresponseofthe
ArgentineAntIridomyrmexhumilisMayrtobleachedand
untreatedeggsonlybleachedeggsplacedinthepathoffor
agingantswereattractivetobittenbyandsometimescarried
offbytheantsabout50ofthebleachedeggswerebitten
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nulatedwerebittenbutfewsucheggswerecarriedawayUntreated
eggsandthoseimmersedinwaterbeforeexposurewererarelybitten
andneverremovedThereforethehydrophobicplastrononAedes
sierrensiseggswhichkeepstheoutereggshellsurfacedrythereby
renderstheeggsunattractivetopotentialpredatorsAlsoarepugnant
tastefactorassociatedwithbitteneggsapparentlywasresponsiblefor
fewbitteneggssubsequentlybeingcarriedoff

and10werecarriedawaySincetherewasapossibilitythat
theantswererespondingtomoisturepresentonthesurfaceof
bleachedeggsratherthanbeingrepelledfromtheuntreated
eggsthefollowingexperimentswereconductedinariparian
habitatontheUCBerkeleycampus

TheAedessierrensiseggsusedwerefromanestablished
laboratorycolonyandfromAugust22ndthroughSeptember
19th1978eggstreatedin7differentwayswereexposedto
workerArgentineantsThiswasdonebyplacing150200eggs
ofeachtreatmentona3cmfilterpaperandthenpinning
thepaperonthegroundacrossanactiveanttrailwhichcame
fromanearbyredwoodtreeThesameanttrailwasusedfor
alltheexperimentsandallobservationsweremadebetween
1000amand200pm

Antbehaviorwasobservedthrougha25Xmagnifyinglens
mountedona25mmhightripodandplacedoverthepaper
andeggsIntotalabout1600eggswereplacedon9different
piecesoffilterpaperandeachsetofeggswasobservedfor30
60minutes

The7differenttypesofeggspresentedtotheantswere
untreatedeggseggsimmersedinwaterfor1hourjustpriorto
theexperimenteggsbleachedinasolutionofglacialacetic
acidplussodiumhypochloritefor24hrsandthenrinsedin
watereggsbleachedfor247and1hourthenrinsedand
allowedtoairdryfor7daysandeggssonificatedfor2min
uteswhileimmersedinxyleneandthenrinsedin95ethanol
andwaterThelattertreatmentremovedathinclearamber
coloredcoatingwhichsurroundedtheentireeggbutthis
processdidnotdecolorizeordesclerotizetheeggsasthe
bleachtreatmentdid

Thepreliminaryobservationsofantbehaviorwithnormal
andbleachedeggsshowedthemtomake3responsestothe
eggsThefirstresponsewasalwaysantennulationantstouch
ingtheeggwiththeirantennaeThesecondresponsewhenit
occurredwasbitinganantgraspinganeggwithitsmandibles
Afterbitingmostantsdroppedtheegganddepartedbutina
fewcasestheantcarriedtheeggoffthepaperandthisconsti
tutedthethirdresponseremovalofanegg

Anindividualantwasobservedfromthetimeitwalked

ontothepaperuntilthetimeitwalkedoffandifitresponded
directlytotheeggsitsbehaviorwasrecordedAnantwhich



antennulatedoneeggwasscoredthesameasanantwhich
antennulatednumerouseggs

Thusthenumberofresponsesrepresentedthenumberof
antsperformingtheactratherthanthenumberofeggsre
ceivingtheresponseNumbersofresponsesforeachexperi
mentweretotalledandthepercentageofantswhichbiteggs
afterantennulatingthemwerecomparedtodetermineifthe
antsrespondeddifferentlytothetreatedanduntreatedeggs
Fromtheresultsofthe7eggtreatmentsTable1wecon
cludethattheremaybetwofactorsassociatedwithAedes
sierrensiseggsthatrepelordiscouragepredatorsFirstthere
appearstobeasurfacefactorassociatedwiththeouter
chorionandsecondlythereappearstobearepugnanttaste
factorassociatedwithbitteneggsbecauseonlyafewofthe
bitteneggswerecarriedoff

Inthecaseofthebleachedmoisteggstheremoval
responseby14oftheantswhichantennulatedeggsTable1
seemeddueprimarilytothemoistureassociatedwiththese
bleachedeggsThereforeahydrophobiclayerthatkeepsthe
outereggshellsurfacedrymaybeasignificantbeneficial
factorseparatefromarepellentfactorBecauseiftheeggs
werenaturallywettheycouldserveasamoisturesourceina
dryhabitatandthereforeactuallyattractsmallpredators
Theymightthenbecarriedawayonlyinresponsetothe
moisturefactor

Theeggshellrespiratorysystemofthesemosquitoeggs
likethoseofotherspeciesHinton1968a1968b1969is
aplastronorphysicalgillAsHintonhasstatedTheplastron

Noants

Eggs antennulatingeggs

Untreated
Waterimmersed1hr

Bleached24hrmoist
Bleached24hrdry
Bleached7hrdry
Bleached1hrdry
Strippedbysonification

100

30

100

50

40

50

50
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issimplyagasfilmofconstantvolumeandanextensivewater
airinterfaceSuchafilmisheldinpositionbyasystemof
waterrepellentstructuresanditresistswettingatthehydro
staticpressurestowhichitisnormallysubjectedinnature
TheouterchroioniclayeroftheAedessierrensiseggisthusan
openhydrofugenetworksotheeggshellsurfaceisunwettable
orhydrophobic

Asisthecasewithsessileplantsthechemicaldefenseof
theeggsofcertaininsectspeciesislargelypassiveTheegg
mustbebittenortastedbeforeapredatorisrepelledAmonga
largepopulationofeggsinatreeholeafewbittenandem
bryospresumablykilledwouldseemtobeasmallpricetopay
fortherepulsionofforagingantsorotherpredators

AndersonJRSMAsmanandRAinsley1979Matingcompeti
tivenessofsterilizedversusnormalmaleAedessierrensisreleased
withfemalesintofieldcagesProcCalifMosqandVectorControl
Assoc4764

HintonHE1968aStructureandprotectivedevicesoftheeggofthe
mosquitoCulexpipiensJInsectPhysiol1414561

HintonHE1968bObservationsonthebiologyandtaxonomyofthe
eggsofAnophelesmosquitoesBullEntomolRes57495508

HintonHE1969RespiratorysystemsofinsecteggshellsAnnRev
Entomol1434368

Table1TheresponseofforagingworkersoftheArgentineAntwhenexposedtoeggsoftheWesternTreeHoleMosquito

AntennulatingAnts BitingAntswhich
whichbiteggs removedeggs

No No

61

27

27

25

20

2 2

0 0

61

54

675

50

40
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0 0

0 0

14 14

2 4

0 0

0 0

0 0

1From150200eggsofeachtreatmentwereexposedon3cmfilterpapersandpinnedontheground acrossanactiveant

trailThereweretworeplicateexposuresforgroupsoneandthree
2Airdriedfor7dayspriortoexposure



THEPATTERNOFPUPATIONANDEMERGENCEOFLABORATORYREARED

LargescaleproductionofAedessierrensisforuseina
sterilemalepopulationmanagementprogramwillrequireeffi
cientandeconomicaltechniquesforseparationofmaleand
femalemosquitoesThepublicwillnotacceptanoticeable
proportionofbitingfemalesinthereleasepopulation even

iftheyaresterileFormaximumefficiencytheproducerof
sterilemalemosquitoeswillneedtoseparatethemaleswitha
minimumofhandlaborasearlyintherearingprocessaspos
sibleSincethefirstmetamorphosedpupaeinourlaboratory
coloniesofAesierrensiswereobservedtoyieldmalestheob
jectiveofthisstudywastodetermineifseparationofmalesat
timeofpupationbasedonthedurationofthelarvalstage
mightbeeasierandmoreeconomicalthansexingnewly
emergedadults

Aesierrensismalesmustbeirradiatedbetween12and24

hoursofemergencetorenderthemsterileTerwedowand
Asman1977Theoptimalageforsterilizationisfrom16to
20hoursRAinsleypersonalcommunicationIfAesierren
sisshowedastrongdiurnalrhythminpupationandemerg
enceitmightbepossibletocollectandirradiatenewlyemerg
edmalesjustoncedailySuchadiurnalrhythmhasbeendem
onstratedforAetaeniorhynchusNayar1967Provostand
Lum1967andseveralothermosquitospeciesNayarand
Sauerman1970Meanpeaksofpupationoccurredatnearly
24hourintervalsandnearlyalllarvaepupatedwithin3to4
hoursSpeciessuchasAeaegyptiandAetriseriatusthe
EasternTreeholeMosquitohoweverdonotexhibitadiurnal
rhythmofpupationandemergenceHaddowetal1959
NayarandSauerman1970

MATERIALSANDMETHODSThesequenceofpupation
andadultemergencewasdeterminedduringthecourseof
massrearingtwolotsofmosquitoesforuseinexperimentson
thecompetitivenessofsterilizedmalesAndersonAsmanand
Ainsley1979Thefirstmassrearingincluded20000mosqui
toesforwhichdataonlarvaldevelopmentandpupationwere
takenoncedailyThesecondlotincluded528mosquitoesin
twocontainersInthesecondlotcountsofpupaeandadults
weremadeevery4to6hoursfor11daysEggsusedinthese
experimentswerefromacolonystrainoriginatingfroma
populationofmosquitoescollectednearFresnoCalifornia
Matureeggswerepreconditionedbystorageat11Canda
10L14Dphotoperiod

AEDESSIERRENSIS

JamesWBradleyandJohnRAnderson

UniversityofCalifornia
DepartmentofEntomologyBerkeleyCalifornia94720

ABSTRACT

NewlyemergedmalesoftheWesternTreeholeMosquitoAedes
sierrensiswereseparatedfromfemalesbytimespentinthelarvalstage
At23Canda159LDcyclelarvaewhichpupatedinthefirst2to3
daysyieldedpredominantlymalesNoevidencewasfoundforastrong
diurnalrhythminpupationoremergenceofAesierrensisunderthese
rearingconditions
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Forthefirstlotofmosquitoesreared10polyethylenepans
351capacitywerefilledwith1500mldeionizedwater500
cmsurfaceareaNitrogenwasbubbledthroughthewaterfor
10to15minutestolowerthedissolvedoxygencontentNext
05gofpowderedBactonutrientbrothDifcoLaboratories
Incand2000to4000eggswereaddedtoeachpanThenext
daythenewlyhatchedlarvaeweredividedamong35pansto
yieldadensityofabout700larvaeperpanThelarvaereceiv
ed06gofgroundratchowRalstonPurinaCoperpanper
dayAllpansweresuppliedwithanairbubblingsystemwhich
preventedthewaterfromfoulingTheinsectarywasmaintain
edat2224C7080RHandaphotoperiodof13hours
lightprecededandfollowedby1hourtwilightand9hours
darkAttheonsetofpupation11daysafterhatchingfeeding
wasterminatedPupaewerehandskimmedatmiddaywith
fiberglassscreenscoopsandabout100pupaewerestoredin
individualpintcupshalffilledwithdeionizedwaterToin
creasethenumberofmosquitoeswhichwouldemergeonthe
daychosenformalesterilizationnewlyformedpupaewere
movedtoarefrigeratorkeptata15L9Dphotoperiodand
11CAllpupaeweresimultaneouslyreturnedtotheinsectary
4daysbeforeadultswereneededThusallpupaefromthe
firstmassrearingspentatleast24hoursat11C

Forthesecondlotofmosquitoesrearedapproximately300
eggswerehatchedineachoftwopansThefeedingrationwas
scaledto250mgperpanperdayThesameproceduresused
forthefirstmassrearingwerefollowedexceptthatthepupae
andadultswereremovedandcountedat050009001300
1900and2300eachdayTwilightsturnedonat0500and
turnedoffat2000

RESULTSANDDISCUSSIONThepatternofmaleand
femalepupationisshowninFigures1and2Therearethree
reasonswhythepupationcurveofthemaleswasmuchbroad
erinthefirstmassrearingFigure1thanthesharplypeaked
curveobtainedforthesecondlotofmosquitoesrearedFigure
2Alargersamplesizeandahigherlarvalrearingdensity
whichintensifiedcompetitionbothledtomorevariabilityin
thechronologicalappearanceofpupaeButprobablythemost
importantfactorwastheasynchronoushatchingofmanyeggs
inthefirstlotofmosquitoesrearedAlthoughmosteggs
hatchedinthefirstdaybetween20to30percentwere
observedtohatchoverthefollowing3to4daysSynchronous
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hatchingofalleggswasachievedinoneofthetwopansofthe
secondrearingThiscoupledwithalowerrearingdensityre
sultedinmoresynchronousdevelopmentandmoreuniformity
inlarvalandpupalsizeThesefactorsthusresultedinasharp
peakintheproductionofmalepupaewithmostappearingin
thefirst2days

Asharppeakintheappearanceofmalepupaeallowsarela
tivelycleanseparationofmalesfromfemalesandanefficient
recoveryofmostofthemalesproducedfromthepopulation
ofeggshatchedForexampleinpanAofthesecondrear
ing94ofthemosquitoespupatinginthefirsttwodayswere
malesandtheserepresent74ofallmaleshatchedTable1
Asimilarpurityofmales93 wasachievedafter2daysof

Table1Separationofmalesbydayofpupationsynchronoushatch

Efficiencyofmalerecovery

cumulativemalespupatedx100
totalmaleshatched

Males

107

Females

N

11 12 13 14 15 16 17 18

Numbar of Days after Hatching

19

0

6

28

37

42

cumulativemosquitoespupated

Figure1Thedistributionofmaleandfemalepupationfollowinga34dayasynchronousegghatchsamplesize 20000
rearingtemperature 23Cphotoperiod LD159

pupationinthefirstlotofmosquitoesrearedTable2but
becauseoftheasynchronyinhatchingandthehigherrearing
densityonly28ofthetotalmaleswererecoveredinthefirst
2daysApproximatelyhalfoftheeggsusedintheexperi
mentsweremaleThusif5ischosenarbitrarilyasanaccept
ableleveloffemalecontaminationinasterilemalereleasepro
gramlessthan14oftheeggshatchedinthefirstexperiment
wouldhaveyieldeduseablemalesasopposedto37inthe
secondexperiment

Nostrongdiurnalrhythminpupationoremergencewasob
servedundertheaboverearingconditionsInbothexperi
mentsnewpupaewerecollectedineverysamplingperiod
throughoutthediesOncepupationstarteditcontinuedunin

Percentfemalecontaminants

cumulativefemalespupatedx100



1 9
2 28
3 49
4 67
5 77

Samplesize20000pupaeLot1

Number of Days after Hatching

Figure2Thedistributionofmaleandfemalepupationfollowingsynchronoushatchingsamplesize 267rearingtempera
ture 23photoperiod LD159

Table2Separationofmalesbydayofpupationasynchronoushatch

Efficiencyofmalerecovery Percentfemalecontaminants
Dayof cumulativemalespupatedx100 cumulativefemalespupatedx100
Pupation totalmaleshatched cumulativemosquitoespupated
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3

7

13
20
26



terrupteduntilgreaterthan95ofthelarvaehadpupatedIn
bothexperimentsthepeaksofmaleandfemaleemergencefol
lowedthepeaksinpupationFigures1and2byabout4
daysTheemergencecurvesweresimilarinshapetothepupa
tioncurvesNomatterwhatperiodofthedielthemalemos
quitoespupatedtheytendedtoemergebetween78and92
hourslaterTable3Likewisemostfemalesemerged8296
hoursafterpupationThissuggestionthatdurationofthe
pupalstageisprimarilyafunctionofphysiologicaltimeie
daydegreesOncepupaehaveaccumulatedsufficientphysio
logicaltimetheycommenceecdysisimmediatelyTheydonot
waitaspharatesforaspecificperiodofthedieltoemerge

Table3Durationofpupalstage

Hours

afterpupation

7882

8286
8692

9296

96100

Percentageofadultsemerged
Males Females

30

41

22

4

3

8

22

30

33

7

1Lot2averageofpansAandBtotal 528mosquitoes
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ThecontinuouspatternofpupationandemergenceinAe
sierrensiswillrequirethatmalesrearedforsterilemalerelease
becollectedandirradiatedmorethanonceadieltoassure

sterility

REFERENCESCITED

AndersonJRSMAsmanandRAinsley1979Matingcompeti
tivenessofsterilizedversusnormalmaleAedessierrensisreleased

withfemalesintofieldcagesProcCalifMosqVectorControl
Assoc4764

liaddowAJJDGillettandPSCorbet1959Laboratoryobser
vationsonpupationandemergenceinthemosquitoAedesStego
myiaaegvptiLinnaeusAnnTropMedParasitol5312331

NayarJK1967ThepupationrhythminAedestaeniorhynchus
DipteraCulicidaeIIOntogenetictimingrateofgrowthanden

dogenousdiurnalrhythmofpupationAnnEntSocAm60946
971

NayarJKandDMSauermanJr1970Acomparativestudyof
growthanddevelopmentinFloridamosquitoesPartIEffectsof
environmentalfactorsonontogenetictimingsendogenousdiurnal
rhythmandsynchronyofpupationandemergenceJMed
Entomol63946

ProvostMWandPTMLum1967ThepupationrhythminAedes
taeniorhynchusDipteraCulicidaeLIntroductionAnnEntSoc
Am60138149

TerwedowHAJrandSMAsman1977AedessierrensisDeter
minationoftheoptimalradiationdoseforcompetitivesterilemale
controlProcCalifMosqandVectorControlAssoc45115118



RELATIVEEFFICIENCYOFEXPERIMENTALFANBLADESOFEVSBATTERY

DonaldLRoheandArmandPQuintana

CaliforniaDepartmentofHealthServicesVectorBiologyandControlSection
606EMillStreetSanBernardinoCalifornia92408

INTRODUCTIONFieldexperiencewithEVSbattery
poweredlighttrapssuggestedthepossibilitythatforeach
nightsoperationthecarbonzincbatteryMabuchiRE260
2680motorandCoxNo2473D125Pplasticfanblade
combinationwasnotfullyutilizingtheavailableamphour
chargeofthebatteriesItwasfoundRoheandFall1979
thattheplasticbladescouldbeboiledandtwisteduntilcool
toachieveagreaterangleofpitch10asreceivedfromsup
pliertwistedto30ThisaccomplishedtwothingsFirst
theintialvelocityofairmovingthroughthetrapwasincreased
fromapproximately314fpmtoabout485fpmSecondly
visualobservationindicatedthattheincreasedpitchangledid
notmutilateasmanymosquitoesasdidfanbladeswith10
pitchangleSinceitwasdeterminedthatitwasnotcommer
ciallyfeasibletoincreasethepitchangleofexistingcommer
ciallysuppliedplasticpropellersortohavespeciallydesigned
plasticfanbladesmanufacturedthedecisionwasmadeto
developafanbladeofmaximalefficiencyoutofsheetalumi
num

LITERATUREREVIEWAlmostalloftheliteraturede

votedtotheevolutionofCDCtypebatterypoweredlight
trapshasbeenconcernedwithmodificationsdesignedtomake
theseunitslesscomplicatedmoreportablemoreruggedand
morereliableNelsonandChamberlain1955SudiaandCham
berlain1962Newhouseetal1966SmithandDowns1966
Johnsonetal1973Rohe1974andRoheandFall1979
Verylittlepublishedcomparativedataexistsconcerningthe
catchefficiencyofthevariousformsofthesetrapsSudiaand
Chamberlain1962indicatedthatthefirstnamedversionof
theCDCtrapcapturedfromonefourthtoequalthenumber
ofadultmosquitoesasthestandardNewJerseylighttrapwith
15wattbulbbutdidnotprovideanycomparativedataonthe
airflowcharacteristicsofthetwotrapsRecentlySmithetal
1979publisheddataonthecomparativecatchefficiencyof
thenewerEVSlighttrapversustheCDClighttrapbutcom
parativedataontheairflowcharacteristicsofthetwotypesof
trapswasnotpartoftheexperimentaldesignPfuntner
1979aspartofhispublicationonanelectronictimerfor
CDCtypelighttrapsdevelopeddataconcerningtotalvolumes
ofairsampledThecrosssectionalareaofhisCDCtrapwas
muchlargerthantheareaoftheEVStrapmakingdirectcom
parisonofairflowcharacteristicsofthetwotrapsdifficult

POWEREDLIGHTTRAPS

ABSTRACT

Thedevelopmentofanexperimentalfanbladetoimprovethe
airflowcharacteristicsoftheEVSbatterypoweredmosquitolighttrap
isdescribedDatacomparingthephysicalperformanceofcommercially
availableandexperimentalfanbladesarealsopresentedThiscompara
tivedataconcludesthatafanbladethreequartersinchwideandhaving
apitchangleof30degreesprovide82greaterairvelocitythancom
merciallyavailableplasticbladeswithonlyasmallincreaseofcurrent
drainonthebatteriesAtthesametimethemutilationofmosquitoes
causedbythefanbladesisreducedbyalmost19times
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MostoftheexistingCDCandEVSlighttrapsfabricatedin
Californiahavebeenlimitedtotheuseofsimilartypesof
plasticmodelairplanepropellersavailablefromtoymanufac
turerstomoveairthroughthetrapsItistheperformanceof
thesepropellersfanbladesthatposedthebasicquestion
dealtwithinthispaper

OBJECTIVESTheobjectivesofthispaperaretopresent
dataonthedevelopmentofanexperimentalfanbladeintend
edtoimprovetheairflowcharacteristicsoftheEVSbattery
poweredlighttrapwithoutsacrificingtheoperationalrelia
bilityoftheexistingtrapconfigurationandtopresentdataon
thecomparativephysicalperformanceofcommerciallyavail
ableandexperimentalfanblades

ThebasicquestiondealtwithinthispaperisWhatisthe
mostefficientfanbladeconfigurationwidthandpitchangle
forthisparticulartrap

Whilethispaperpresentsdatacomparingthephysicalper
formanceofcommerciallyavailablefanbladesversusexperi
mentalbladesrelaibledataconcerningcomparativecatcheffi
cienciesofadultmosquitoesmustawaitextensivefieldtesting

METHODSOFINVESTIGATIONDatawasgatheredin
fourphasesFirsttestswereconductedtodeterminethemost
efficientpitchangleoffanbladesfabricatedfromsheetalumi
numSecondwereteststodeterminethemostefficientsheet

aluminumfanbladeconfigurationThirdwereteststodeter
minethemostefficientfanbladewidthThenfourthaddi
tionaltestswereconductedcomparingthephysicalperform
anceoftheplasticfanbladewiththesheetaluminumfan
bladethatwasfoundtohavethemostefficientcombination

ofpitchconfigurationandwidth
Measurementsoftheperformancecharacteristicsofthedif

ferentfanbladesduringthetestsweremainlybasedonDC
voltagecurrentdrawinmilliamperesrevolutionsperminute
RPMasmeasuredbyacalibratedvariableimpulseXenon
strobelightandvelocityinfeetperminuteasmeasuredbya
mechanicalanemometer

BioQuipProductsEVS0O2MosquitoTrapsCatNo
2802AwereusedforalltestsBeforetestingwasstartednew
MabuchiRE2602680motorswereinstalledWheneversheet

aluminumfanbladeswereusedtheywerefabricatedbyhand
andattachedtothemotorshaftbyusingagrommetmade
fromshortsectionsofTygonplastictubing116IDx18



ODTheuseofthismeansofattachmentwassuggestedby
AllenPfuntnerNorthwestMosquitoAbatementDistrict
personalcommunication

AlltestswerebegunwithfreshsetsofbatteriesEither
heavydutycarbonzincoralkalinebatterieswereusedasre
quired

LiveadultmosquitoesCulexquinquefasciatusforonetest
wereobtainedfromDrMirSMullaDepartmentofEnto
mologyUniversityofCaliforniaRiverside

RESULTSANDDISCUSSIONPitchAngle Todeter

minethemostefficientangleofpitchandsecondarilytopro
videpreliminaryinformationonbladewidthavarietyofrec
tangularpiecesofsheetaluminum14 38 1258and
34widewerebenttopitchanglesof15 30 45 and

60 Eachexperimentalfanbladewastestruninthesametrap
withonefreshcarbonzincbatteryreplacingausedbatteryfor
eachrunEachtestrunrequiredaboutthreetofourminutes
tocompletethenecessarymeasurements

Whentheincreaseofpitchanglewasplottedaganstthein
creaseinvelocityFigure1therewasverylittleincreasein
velocityabove30 Alsothe34widebladeproducedthe
greatestincreaseinvelocity

Whenthepercentincreaseinvelocitywasplottedagainst
thepercentincreaseincurrentdrawFigure2itwasfound
thatasthepitchangleincreasedabove30 thevelocitydid
notincreaseeventhoughthecurrentdrawincreased80

Thisindicatedthatthemostefficientpitchanglewas30
Thiswasthepitchangleusedinallsubsequenttests

BladeConfiguration Todeterminethemostefficientfan

bladeconfigurationavarietyofdifferentlyshapedblades
werefabricatedTheseshapesvariedfromstraightedged
bladescurvedscimitarshapesandvarioustaperedshapes
withsomenarroweratthetipandotherswideratthetipA
numberoftheseshapeswereformedwiththebladesurfaces
eitherflatorcurvedAlloftheexperimentalshapesweretest
edinthesametrapwithonefreshcarbonzincbatteryreplac
ingausedbatteryforeachrunThemostefficientbladecon
figurationwastheshapethatwasfoundtodeliverthehighest
initialvelocityTheconfigurationproducingthehighestvelo
cityFigure3wasshapedliketwoflatrectangularpaddleson
eitherendofanarrowhandlesimilartothepaddleusedfor
propellingakayak

BladeWidth Themostefficientfanbladewidthwas

determinedbymaking15hourrunsusingbladewidthsof
1234 1 and114 Itwasfoundthatthevelocitypro
ducedbythefansatthestartofeachrunwhenthebatteries
werefreshincreasedasthebladewidthincreased466fpm
for12to545fpmfor114 Figure4Howeveratthe
endoftherunthevelocityproducedbythedifferentblade
widthsshowedverynarrowdifferenceswiththe34width
producingthegreatestvelocity318fpmfor12to343fpm
for34 Forthepurposesofthistestthedatavaluesused
forbladewidthdeterminationweretheaveragesofmeasure
mentstakenatthestartandendofeach15hourrun

WhentheaveragerevolutionperminuteRPMwasplotted
againstbladewidthitwasfoundthattheRPMdecreasedas
thebladewidthincreasedFigure5

Whentheaveragecurrentdrawmilliampereswasplotted
againstbladewidththecurrentdrawincreasedastheblade
widthincreased

Whentheaveragevelocityfeetperminutewasplotted
againstbladewidththevelocityproducedbythedifferentfan
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Figure2Percentincreaseinvelocityvspercentincrease
incurrentdraw

bladesremainedrelativelyconstantat34 1 and114
3394fpmto4418fpm

Thedatafromthesetestsstronglyindicatedthatthemost
efficientbladewidthwas34 foritproducedthegreatest
velocitypermilliampereTable1

AdditionalTests Additionaltestswereconductedto

providecomparativedataonthephysicalperformanceofthe
commerciallysuppliedplasticpropeller716x10 andthe

experimentalsheetaluminumfanbladedevelopedduringthese
presenttests34x30

WhentheRPMandthevelocityproducedbytheplastic
andsheetaluminumbladeswerecomparedTable2itwas
foundthatwhilethe34x30bladeslowedthemotordown
by46 thevelocityofairpassingthroughthetrapincreased
by82

SincetheEVStrapisdesignedtocapturelivemosquitoes
forencephalitisvirustestingsignificantmutilationofmosqui
toeslossofheadorabdomenastheypassthroughthefan



Table1Averagevelocitypermilliamperefordifferentfan
bladewidthscarbonzincbatteries15hourrun

BladeWidth

FPMMA

Table2ComparisonofRPMandvelocityforcommer
ciallyavailableandexperimentalfanbladescarbonzinc
batteries

Number

Undamaged
Mutilated

Percent

Commercial

Plastic

716x10

3ll
1741 1786 1696 1739

Commercial

Plastic

716x10

192

152

40

208

Experimental
Aluminum

3ax30

RPM 2050 1400

Velocity 309 562

FPM

1 11o

Percent

Difference

46

82

Table3Comparisonofmutilationofmosquitoesbycom
merciallyavailableandexperimentalfanblades

Experimental
Aluminum

3x30

188

182

2

11

bladesisdetrimentaltothepurposeforwhichthetrapwasde
signedbecauseitresultsindeathofthemosquitoandsubse
quentlossofviabilityinvirusesthatmaybepresentWhenlive
mosquitoesweredrawnthroughthesametrapintestsusing
plasticandsheetaluminumfanbladesTable3itwasfound
thattheplastic716x10 blademutilated208ofthe
mosquitoeswhilethealuminumblademutilatedonly11
Thismeantthatthe716x10blademutilatedalmost19
timesmoremosquitoesthanthe34x30blade

Testeswerealsoconductedwhichcomparedtheeffectof
carbonzincandalkalinebatteriesontheperformanceofthe
EVStrapusing34x30bladesFirstasurveyofretailout
letsintheSanBernardinoareaindicatedthatalkalinebatteries
wereapproximatelytwiceasexpensiveascarbonzincbatter
iesThismeansthatalkalinebatterieswouldhavetobeused
fortworunsinordertoequalthecostperrunadvantageof
thelessexpensivecarbonzincbatteriesSecondduring15
hourrunsitwasfoundthatwhenvelocitiesweremeasured
eachhourthevelocitiesforbothtypesofbatteriesdrifted
downwardatfairlyconstantratesbutthattherateofde
creaseforthealkalinebatterieswasslowerthanthatfor
carbonzincbatteriesFigure6Eventhoughtheinitialvelo
citieswereapproximatelythesame526fpmforcarbonzinc
and512fpmforalkalinetheendingvelocitiesweremuch
furtherapartThecarbonzincbatteriesshoweda205fpm
decreasewhilethealkalinebatteriesshoweda121fpmde
creaseThereforetheaveragevelocityproducedbythe

112

114

INInside
DiameterofCylinderDuct

Figure3Dimensionsofexperimentalfanbladeproducing
thegreatestinitialvelocity
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Figure4Velocitychange15hourrun

carbonzincbatterieswas412fpmwhiletheaveragevelocity
producedbythealkalinebatterieswas454fpmThirdwhen
thesamesetofalkalinebatterieswererunforfourconsecutive
nights15hoursperrunitwasfoundthatthedecreasein
averagevelocityperruncontinuedtoberelativelyconstant
Figure7Evenwiththedecreaseinaveragevelocityperrun
thealkalinebatteriescouldbeusedforthreerunsbeforethey
droppedtotheaveragevelocityproducedbycarbonzincbat
teriesforonerunThefourthrunproducedaveragevelocities
belowthatwhichcouldbeproducedbyfreshcarbonzinc
batteriesbutwhichwerestillconsiderablyabovethevelocity
thatcouldbeproducedbycommerciallysuppliedplastic
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Figure6Comparisonofvelocitydecreasealkalinevs
carbonzincbatteries34x30fanblade15hourrun

716x10fanbladesSincethenumberofconsecutivenight
runsmadeduringeachfieldtripdifferaccordingtothepro
gramneedsofeachinvestigatorthedatafromthesebattery
comparisontestsareintendedtohelpindividualinvestigators
choosewhichwouldbestfittheirparticularneedsHoweverit
shouldbenotedthathigheraveragevelocitieswillalwaysbe
obtainedfromfreshfullychargedbatteries

CONCLUSIONSBasedonthedatacollectedduringthe
testsdescribedinthispaperthefollowingconclusionscanbe
drawn

1Themostefficientexperimentalsheetaluminumfanblade
testedwas34widewithapitchangleof30Itproduced
82greaterairvelocityandreducedmutilationtomosqui
toesbyalmost19times
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Figure7Averagevelocitydecrease34x30fanblade
simulatedfournightrunalkalinebatteries

2Higheraveragevelocitieswereproducedbyfreshfully
chargedbatteriesEventhoughthechoiceoftheactual
typeofbatterydependsupontheprogramneedsofthein
dividualinvestigatorasetofalkalinebatteriesusedfortwo
orthreenightsdoesshowsomecostadvantageovercarbon
zincbatterieswhichshouldbechangedforeachnightsrun
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USEOFAMATHEMATICALMODELTOPREDICTLEVELSOFADULTCULEXPIPIENS

INTRODUCTIONCulexpipiensisoneoftheimportant
speciesofpestmosquitoesinAlamedaCountyTheprimary
sourceofthisspeciesduringthesummerandearlyfallisthe
catchbasinandstormdrainsystemsBecauseofthehighcosts
associatedwithphysicalcorrectionofthesourcestheDistrict
untilrecentlyreliedheavilyuponroutinechemicalapplica
tionstoprovidecontrolDillandRoberts1975Organophos
phateresistancewasdetectedinCulexpipiensin1974To
reduceinsecticidepressureonlyselectedcatchbasinsand
stormdrainsweretreatedwithoilGB1313intheyears1975
through1978

TOLERANCETHRESHOLDItwasexpectedthatthe
levelsofCulexpipienswouldincreaseabovethatoftheyears
priortotheselectivetreatmentprogramAtolerancethres
holdwasestablishedtobeusedasatreatmentguideline
Thetolerancethresholdwasbaseduponnumbersofservice
requestsbythepublicTheacceptablelevelofservicerequests
foranygivenmonthwasthenumberofrequeststhatcouldbe
properlyprocessedbyDistrictstaffTheselectivetreatment
programwouldbeconductedasplannedunlessthemosquitoes
reachedalevelabovetheestablishedtolerancethreshold

atwhichtimeemergencychemicalcontrolwouldbeapplied
tobringaboutthedesiredlevelofcontrol

TheproblemswithsuchaprogramareobviousOnewould
notknowifthetolerancethresholdisexceededuntilthetech

nicianshavemoreservicerequeststoprocessthantheycan
completeTheserequestswouldhavetobeignoredtoimple
menttherequiredemergencycontrolresultinginpoorpublic
relationsFinallytheemergencytreatmentofcatchbasinand
stormdrainsystemswouldnotimmediatelyreducethehigh
levelsofadultmosquitoesIdeallywhatwouldbeneededto
maketheprogramoperateeffectivelywouldbeanearlywarn
ingsystemthatwouldforecastlevelsofCulexpipiensandpre
dictifandwhentheywouldapproachthetolerancethreshold

MESSAGEOFPROPOSITION13Withthepassageof
Proposition13theDistrictsrevenuewascutbackby63in
thefiscalyear197879Programdecisionsweremadetoem
phasizephysicalandbiologicalmethodstocontroltheimport
antmosquitospeciesInthecaseofCulexpipienstreatment
ofallcatchbasinsandstormdrainswascurtaileduntilandun

lesstheyweredeterminedtoactuallybethecauseofservice
requestsDuetotherelativelylowlevelsofservicerequests
thatoccurredinthesummerandfallof1978chemicaltreat
mentsdroppedfarbelowpreviousyearsandthelevelsofadult
Culexpipiensrosedramaticallyasevidencedbylighttrapdata
BytheendofSeptemberthepopulationofCulexpipiens
reachedlevelsgreaterthantwiceashighasthepreviousyear
andthepopulationcurvehadfollowedaclassicalpatternof
exponentialgrowthduringthemonthsofJunethroughSep
temberFigure1

INALAMEDACOUNTY

FredCRobertsandGlennEConner

AlamedaCountyMosquitoAbatementDistrict
3024East7thStreetOaklandCalifornia94601
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PREDICTIVEMODELThepopulationcurvethatwasex
hibitedbytheuncontrolledpopulationofCulexpipiensbeing
obviouslyexponentialinnaturestronglysuggestedthatawell
knowndemographicequationmightassistinpredictingfuture
levelsofthepopulationClarkGeierHughesandMorris
1967Theequationisasfollows

k

N N
t

ttimesinmonths

NtthenumbersofadultCulexpipiensaftertimetadults
trapnight

NothenumbersofadultCulexpipiensatthebeginning
k constantforgrowthratebirthratedeathrate
ethebaseofthenaturallogarithms

Bymakingthefollowingassumptionstheequationmaybe
usedtoassistinpredictinglevelsofadultCulexpipiens

1Thelighttrapsamplesadequatelyrepresenttherelative
densitiesofadultCulexpipiens

2Thereproductiverateandmovementsofthepopulationare
relativelyconsistentfromyeartoyear

3Naturalmortalityfactorsremainessentiallythesameeach
year

4Thecarryingcapacityofthestormdrainsandcatchbasins
isnotexceeded

5ThegreatestpreponderanceofthepopulationofCulex
pipiensproducedJunethroughOctoberisproducedfrom
catchbasinandstormdrainsystems

UTILITYOFTHEEQUATIONBysolvingforKduring
eachofthemonthsfromJunethroughSeptember1978arate
ofgrowthcanbeestablishedforeachmonthWhenalighttrap
indexforCulexpipiensisdeterminedinJuneof1979theseK
valuescanbeusedintheformulatopredicttheapproximate
levelsofthespeciesinthemonthsofJulyAugustandSep
temberIfpredictedlevelsexceedacceptablelevelsthetoler
ancethresholdapreventivechemicaltreatmentcanbemade
inadvanceofhighadultemergenceInordertopredict
whethertheforecastedlighttraplevelsexceedthetolerance
thresholdcorrelationsbetweenlighttrapandservicerequest
datamustbeestablishedThetreatmentdecisionofcourse
shouldbemadeinlightofotherinformationsuchaslarval
collectiondata

Thesimplicityoftheequationandtheadventofrelatively
inexpensivescientificcalculatorsandmicrocomputersmakes
themanipulationoftheequationquitesimpleForillustrative
purposesaprogramhasbeendevelopedforuseintheTRS80
microcomputersystemwithvideodisplayTheprogramrepre
sentspredictedmonthlylevelsofadultCulexpipiensbybar
graphsandgraphicallydepictswhetherornotthepredicted
levelsexceedanestablishedtolerancethreshold
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Figure1LighttrapdataindicatinglevelsofadultCulexpipiensinAlamedaCountyMosquitoAbatementDistrict

Thereliabilityoftheequationinthisapplicationhasnot
yetbeentestedContinuedeffortswillbemadetocorrelate
larvalcollectiondataservicerequestsandlighttrapdataItis
hopedthatasimilarpredictivemodelcanbeestablishedwith
larvaldatatofurtheraidinmakingtreatmentdecisions

SUMMARYANDCONCLUSIONSAcriticalneedexists

intheAlamedaCountyMosquitoAbatementDistricttore
ducechemicaltreatmentsofCulexpipiensTheneedstems
fromseverefinancialconstraintsandorganophosphateresist
anceRecentcutbacksinthetreatmentprogramhaveenabled
theDistricttodeterminethenaturalgrowthratesofCulex
pipiensproducedinstormdrainsandcatchbasinsAsimple
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1978

1977

1 1July Aug Sept Oct

mathematicalequationwillbeusedtopredictlevelsofadult
CulexpipienstoaidintreatmentdecisionsThereliabilityand
utilityofthemodelwillbefurthertested
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THERESULTSOFTHEJACKSONCOUNTYVECTORCONTROLDISTRICTS

INTEGRATEDMOSQUITOCONTROLPROGRAM

CEricHamrin

JacksonCountyVectorControlDistrict
380AntelopeRoadWhiteCityOregon97501

ABSTRACT

TheJacksonCountyIntegratedMosquitoControlProgram
consistsofverbalbiologicalphysicalandchemicalcontrol
withtheobjectofreducingthenumberandsizeofmosquito
sourceareaswithanemphasisoncostreduction

Verbalcontrolconsistsofsendinglettersandcontactingin
dividualsrequestingtheiraidinreducingourcontrolcosts
throughtheirwatermanagementpractices

TheBiologicalcontrolprogramconsistsofplantingGam
busiamosquitofishwhereverfeasible

ThePhysicalcontroleffortsconsistofusingabackhoeat
nocosttohelpindividualswiththeirdrainageproblemsThis
ditchingprogramhaseliminatedandreducedthesizeofmany
mosquitosourceareasmakingaerialapplicationsimpractic
ableGroundrigswithhighflotationtireshavereplacedthe
aircraft

TheChemicalcontrolprogramconsistsofusingmalathion
bothasalarvacideandadulticidewiththeoilGB1313asa

pupicideControloperationsconsistofusingtheindividuals
irrigationcycletoindicatewhenthepropertyshouldbein
spectedandofusingthemosquitolarvaegrowthcharttotime
applicationsThischangesoperationsfromanareawidein
spectionandapplicationprogramtoinspectionsandapplica
tionsonindividualparcelsofpropertyThisallowsapplica
tionsoneachsourceareawhentheyareattheirsmallestdi
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mensioncontaining4thinstarlarvaeorpupaetheresults
beingareduceduseofcostlychemicals

Weusedthissystemtodeterminethefeasibilityofapupi
cidingprogramusingGB1313Theexperimentwassuccess
fulandinthefuturewhenourAedesnigromaculisbecomere
sistanttomalathionwewillincorporateafulltimepupiciding
program

ThePhysicalcontrolprogramhasreducedlargemosquito
producingareasorcompletelyeliminatedthemThefeasibility
ofusingaircraftonsmallsourceareaswasnotjustifiedsowe
changedsomeofourgroundequipmenttohighflotationspray
rigsThisapproachwasverysuccessfulTheresultsattheend
oftheseasonwerebetterthenanticipatedTherewasa90
reductionofaircraftapplicationsandwehaveenoughmala
thiononhandfortwomoreseasons

Applicationandinsecticidecostswerereducedfrom
1530900in1976to1119700or268in1977in
1978thecostwasreducedto487500anadditional56
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ORIENTALCOCKROACHCONTROLPROGRAMINSANTAANA

Duringthespringof1978theOrangeCountyVectorCon
trolDistrictreceivednumerouscomplaintsofcockroach
infestationfromcitizensinthesouthcentralsectionofSanta

AnaThecomplaintsstemmedfromfrequentsightingsof
orientalcockroachesBlattaorientalisalongparkwayswater
meterboxescurbsidesandaroundthehomesTheDistrict

hadpreviouslyconductedasurveywithinthatcityin1976
Thissurveybyseasonalhelpinvolvedablockbyblockinspec
tionofthewatermeterboxesinthecityThepresenceof
orientalcockroachesandoothecaeinthesemeterboxeswas
usedasanindicatorforcockroachinfestationDatafromthe

surveyindicatedthatanadjacentareainSantaAnahada
meterboxinfestationrateof163percentbasedon3000
meterboxesinspectedWiththisinformationinhandwecon
ductedadditionalsurveyworkinMaywithinthecomplaint
areawhichconfirmedthatwatermeterboxeswithinthisone

squaremileareawereinfestedatneardouble30percentthe
1976infestationrate

Throughtheeffortsoftheresidentswithinthisareathe
CityofSantaAnawaspersuadedtoseekoutandcontract
withtheOrangeCountyVectorControlDistrictforcontrol
workonthiscockroachproblemAlthoughanumberofpest
controlcompanieswereprovidedtheopportunitytocontract
forthisalldeclinedAttherequestofthecitytheVector
ControlDistrictagreedto1provideinformationalworkshops
forthehomeownersdemonstratinghowtheycouldeliminate
orminimizeorientalcockroachesontheirpremisesand2
treatthewatermeterboxesThesewersystemwastobetreat
edbytheCityofSantaAna

CHOICEOFINSECTICIDEANDEQUIPMENTUSED
Watermeterboxespresentnumerousproblemsintheselection
ofpesticidesTheusualdampconditionsporosityofconcrete
andfrequentinundationbyrainorwateringcompromisesthe
bestofinsecticidesIdeallythechlorinatedhydrocarbonsare
bestsuitedforthistypeofsituationbuttheyareeitherpro
hibitedorobjectionabletoenvironmentalgroupsandothers
Boricacidwasalsoconsideredhoweveritcanbequitephyto
toxicattherootzonelevelorifsprayedonparkwayplants
Afterconsiderableinvestigationintowhichinsecticidewould
providethebestcontrolandallowforexpedientapplication
thechoicewasBaygonWettablePowder70percentdiluted
toa11percentfieldformulationSprayingwasaccomplished
inamannersimilartoourmosquitocontroloncommunity
drainageroutesTheuseoftherighthanddriveInternational
Scoutpermittedtheoperatortoapproacheachmeterbox
witheaseandrapidityItwasnecessarytoremovethemeter
boxlidinorderoadequatelyspraytheinteriorofeachbox

RudyGeck

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702
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SPECIFICTREATMENTINFORMATION
Datestreated 116thruII978
Numberofwatermeterboxestreated 2126

Numberofhoursfortreatment1man 36hours

PoundsofinsecticideBaygon70WettablePowder
diluted2ozpergal 5Ihs

EvaluationPre PostTreatment 75hours

TotalcosttoCity 57622

Costperwatermeterbox 027

Ouncesoffinishedspraypermeterbox 24

Areaofeachmeterbox 4ft

EVALUATIONOFINSECTICIDEEFFICACYApre
treatmentsurveywasconductedOctober1978on10per
centofthe2126watermeterboxestobesprayedThiscon
firmedourpreviousdeterminationofa30percentinfestation
rateinMayThispretreatmentsurveywasconductedatran
domalthoughallwatermeterboxesinspectedwereloggedby
addressThepretreatmentsurveywasdoneindependentlyof
thepersonnelusedintheinsecticideapplication

Theposttreatmentsurveywasconductedinallwatermeter
boxes76knownaspositiveinthepretreatmentsurveyThe
checkbacksweredoneatintervalsofoneweekaftertreat
mentonemonthandtwomonthsThisinformationfollows
thusly
aPostTreatmentSurveyOneWeek

Investigationofthepositivemeterboxesoneweekafter
treatmentrevealedvisuallyonlydeadspecimensorphys
iologicallydistressedspecimenswhichhadapparentlyjust
comeincontactwiththeresidual

bPostTreatmentSurveyOneMonth
ThissurveyagainvisualindicatedtheBaygonstillhadsuf
ficientresidualtoaffectspecimensjustcomingintocontact
withitThismonthalsorecorded40inchesofrainOne
meterboxwasfoundwithnumerouscockroachesinit

ApparentlytheboxwasnotsprayedOurestimationsare
thatperhapsonepercentofthemeterboxesweremissed
duetoparkedcarsovergrowthandoverlooking

cPostTreatmentSurveyTwoMonths
Visualobservationsatthistimewereaugmentedbytheuse
ofDeConRoachTrapsleftovernightinwatermeterboxes
Theuseofthesetrapsinsurveyworkwassuggestedtous
byKenHansgenoftheCaliforniaDepartmentofHealth
ServicesThetrapsdemonstratedtousthatalthoughwedid
notobservelivecockroachesinthemeterboxesasinthe
pretreatmentsurveythecockroacheswereapparently
wanderingintothewaterboxesovernightThetrapsdo
containfoodasalurewhichmayenticeMoreimportantly



theposttreatmentsurveysdidnotshowevidenceofnew
oothecaewhichwasevidentpriortotreatmentInthisre
spectthepresenceofthecockroacheswasofatransient
natureandnottrueinfestationconcurrentwithbreeding
Basedonthenumberofmeterboxespreviouslyknownto
heinfested76theroachtrapsindicatedwestillhad92
percentcontrolaftertwomonths
CONCLUSIONOrientalcockroachcontrolpresentsnum

erousproblemswhichmustbedealtwithtosuccessfullyre
ducetheroachpopulationThesolerelianceonchemicalswill
onlythwarttheirproliferationtemporarilyFullcooperation
fromacommunityisnecessarytocomplementthechemical
controlworkThefourinformationalworkshopsheldinthe
controlareawerewellattendedandwellreceivedTheresi

dentsoftheareademonstratedtheirconcernandfollowed

throughwiththeprescribedrecommendationsSomeofthese
effortsarestilltobeevaluatedsuchasthefillingofthemeter
boxeswithsandsoastoaltertheenvironmentwithinthe
meterboxandhopefullyreducedepositionofeggcases
Removalofparkwayovergrowthandfoliagearoundthehome
foundationisslowincoming

TheuseofBaygonWettablePowderformulatedasaspray
proveditselfsuccessfultoourDistrictintheimmediatecon
trolofOrientalcockroacheswithgoodresidualandeaseof
applicationThelevelofcontrolwasbetterthananticipated
inviewoftheamountofrainfall7inchesduringthetwo
monthsofobservation



THEEFFECTSOFPROPOSITION13ONMOSQUITOABATEMENTDISTRICTS

ThepassageofProposition13inJune1978bythevoters
ofCaliforniabroughtaboutdramaticchangesinthepostureof
governmentalagenciesseldomthoughtofbythegeneral
publicMosquitocontrolorganizationsthroughoutCalifornia
havebeenlowprofilemembersofthepubliccommunityfor
thebetterpartoftheirexistenceTheseagenciesconcerned
aboutfundingfortheirprogramsbegantoassertthemselves
publiclyRepresentativesofthesehaveattemptedtoapprise
theresidentsofCaliforniaoftheplightofmosquitocontrol

BudgetsformosquitocontrolagenciesintheStateof
Californiatotalled17854399duringtheFiscalYear1977

District

CoastalRegion
AlamedaCounty
ContraCosta

DiabloValley
MarinSonoma

NapaCounty
NoSalinasValley
SanMateoCounty
SantaClaraCountyHealthDept
SolanoCounty

SacramentoValleyRegion
BurneyBasin

ButteCounty
Colusa

Corning
ElDoradoServiceAreaIII

GlennCounty
LakeCounty
LosMolinos

Oroville

SacramentoYolo

Shasta

SutterYuba

Tehama

NoSanJoaquinValleyRegion
Eastside

MercedCounty
NoSanJoaquin
SanJoaquin
Turlock

197778

Revenue

530381
586210

102735

454789
152277
469331
875482
200940

470551

66431
664951
66458

33495
NR

34440
NR

28000
NR

NR

319449

633793
73000

596866
639000

164130
968000
418869

CompiledbyPeterBGhormleyBurneyBasinMADPostOffice
Box1049BurneyCalifornia96013

INCALIFORNIA
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78andrangedfrom28394to1454991Thetotalfor
FiscalYear197879was14712816withtherangefrom
16000to1405890Proposition13reducedtherevenues
ofindividualDistrictsfrom15to696whenconsideration
ofreceiptoffundsfromtheStateofCaliforniaisincluded
inthecalculations

Thefollowingdataarepresentedtodemonstratetheantici
patedimpactuponmosquitocontrolagenciesthroughout
CaliforniaThefiguresweresuppliedbytheagenciesin
questionforthepurposeofcalculatingthedollarlossin
revenuestotheiroperations

197879

Revenue

200045
235000

52740

208777
65000
371140

570415
186462
325036

57868

286000

51842
14137
NR

27212
NR

10000
NR

NR

181983
304000

29000

306148

308000
77862

404000

216175

PerCent

Reduction

623
600

600

540

570

200

350

72

310

129

569

219

578

NR

209

NR

643

NR

NR

430

520

603

487

517

525

583

484

State

Aid

118419
9

94042

91026

0

74724

0

25000
9174

0

NR

3600
NR

0

NR

NR

13970
9

0

0

0

17664
0

0



District

SoSanJoaquinValley
CoalingaHuron
Consolidated

Delano

Delta

Fresno

FresnoWestside

Kern

Kings
MaderaCounty
Tulare

WestSide

SouthernCaliforniaRegion
AntelopeValley
Carpinteria
CoachellaValley
ComptonCreek
GoletaValley
InyoCountyHealthDept
LongBeachCityof
LosAngelesCountyWest
Moorpark
Northwest

OrangeCounty
Southeast

197778

Revenue

32665
559950
181851
606967
543350
406150
897669

414884
311818
373768
364560

39569

664000
59250

65243

187001
28921

285426
715000

592903

Thesefigurespresentaratherdismalfinancialpicturefor
themosquitocontrolagenciesinCaliforniaItwouldappear
theimmediateeffectsarebutapreludetothepossiblesevere
ramificationsforthenextthreeorfouryearsManyagencies
havesupplementedtheirrevenuesbyutilizationofaportion
ofexistingreservesanticipatingalternativesourcesofrevenue
becomingavailableatsometimeinthefutureThisactionis
obviouslyonlyanimmediatesolutiontotheproblemWhen
thereservesareconsumedtheexpendituresoftheagencies
willhavetobereducedtoalevelequaltotherevenuesre
ceivedfromvarioussources
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197879 PerCent

Revenue Reduction

28772
558450
173189
474271
393800
331300
836906
304425
379809218
289365
226000

13202

313000
18000
26218

77834
11081
122325
363000
236000

ThefiguresfortheSouthernSanJoaquinValleyRegionreflectBudgetfiguresratherthanRevenues
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3

48

219

275

184

68

266

226

380

666

491

696

598

584

617

484

38

602

State

Aid

9

9

48000
9

9

9

9

9

104
9

9

0

25000
0

0

0

0

25000
325000

0

ThemosquitoabatementdistrictsofCaliforniacoveran
extremelybroadspectruminsizebudgetexpertiseand
costeffectivenessThereforethedirecteffectofthisinitiative

willvarysubstantiallyrelativetotheindividualagencyin
questionTheinsidiouseffectofProposition13ontheseoper
ationswouldappeartobetheattritiononmosquitopreven
tionphasesofprogramsandthelossofqualifiedcompetent
personnelThecontinuityofmanyprogramswillsufferin
theimmediatefutureanditwillundoubtedlyrequireyears
inordertofullyrecover


