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Mosquitoborne western equine encephalo
myelitisWEEandStLouisencephalitisSLE
haveremainedlargelyquiescentsincethe1950s
whenthesetwodiseasescausedsignificantand
frighteningepidemicsinCaliforniascentralvalley
regionwhichledtoconcertedeffortsatmosquito
control

During1983oneofthesesleepingdragons
awakenedenoughtoremindusthattheyarenot
tamedorextinct ThistimethelowerColorado

Riverregionwasthefocusofmuchoftheactivi
ty and concern Extensive and prolonged
floodingoftheregionhinderedmosquitocontrol
efforts and provided fertile ground for

amplificationofviralactivity Thisreportbriefly
summarizesthesurveillanceactivitiesandfindings
of various units of the California State

Department of Health Services CDHS the

UniversityofCaliforniaSchoolofPublicHealths
ArthropodBorneVirusResearch UnitAVRU
localmosquitoabatementdistrictscountyhealth
departmentstheCaliforniaDepartmentofFood

1V and Rickettsial Disease Laboratory
Section CaliforniaStateDepartmentofHealth
Services

2DepartmentofBiomedicalandEnvironmental
Health Sciences School of Public Health

UniversityofCaliforniaBerkeley

3Vector Biology and Control Section
CaliforniaStateDepartmentofHealthServices

4VeterinaryPublicHealth Unit Infectious

DiseaseSectionCaliforniaStateDepartmentof
HealthServices

5CenterforHealthStatisticsCaliforniaState
DepartmentofHealthServices

6InfectiousDiseaseSectionCaliforniaState
DepartmentofHealthServices

January29 February11984

SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASEIN

CALIFORNIADURING1983

RichardWEmmonsMarilynMMilbyPatriciaAGillies
WilliamCReevesEdmondVBayerKathleenWhite

JamesDWoodieandRobertAMurray

1

andAgricultureprivatephysiciansandveteri
narians andotherpersonsandgroupswhich
participateinthisendeavor Thisisthe14th

annualpublishedreportsincethisspecialeffort
andseriesofreportsbeganin1969

During1983292patientssuspectedofhaving
encephalitisweretestedserologicallyforWEEand
SLEattheCDHSViralandRickettsiaDisease

LaboratoryVRDLoratthefivecountypublic
healthlaboratorieswhichalsoprovidedthisser
viceTable1 Inadditiontotheserologicdi
agnostictestseighthumanbrainsamplesand
three human cerebrospinal fluid samples were

testedforarbovirusesattheVRDLbyinoculation
intoinfantmice Asusual noWEEorSLE

viruseswereisolatedfromsuspectedcasesbut
ninecasesofSLEwereidentifiedwhichwere
apparentlyinfectedinCaliforniaTable2 Of
interestare 1theinvolvementmainlyofthe
lowerColoradoRiverregion 2theoccurrence
ofthreecaseswithpresumedsitesofexposurein
areasofurbancountiesnotusuallyconsideredas
highlyendemicareascases67and9 3
theratherlateonsetofillnessinseveralofthe

cases and4documentationofapresumptive
positivecaseofencephalitisduetoCalifornia
encephalitisvirusCEVthefirstsuchcasede
tected in California since 19421943whenthe

virusandthediseasewerefirstrecognized The

CEVcasehoweveroccurredinachildrecently
exposed to mosquitoes in Wisconsin an area

knowntobehighlyendemicforCEVandCEV
disease Fouradditionalpositiveorpresumptive
positivecasesofSLEweredetectedserologically
butthesewereoutofstatepatientsforwhomthe
VRDLmerelyprovideddiagnosticassistanceand
theyarenotincludedinthisreport

Therewere39clinicallysuspectequinecases
ofWEEfrom21 Californiacountieswhichwere

testedserologicallyduring1983andbrainsam
plesfrom12suspectcasesweretestedforvirus
bymouseinoculation Noarboviruseswereisola

tedandonlytwopresumptivepositiveWEEcases
weredetected 1aoneyearoldhorsefrom
BlytheRiversideCountywithonsetJuly12



2

Table1NumberofHumansTestedSerologicallyforWEEandSLEbyCountyandMonthofOnset1983

COUNTY

TOTAL

Totals Jan Feb Mar Apr

292 4 6 0 11

MONTH

May Jun Jul Aug SeptOct Nov Dec Unk

21 26 56 51 51 25 11 2 28

Alameda 1 0 0 0 0 0 0 0 0 0 0 1 0 0
Berkeley 2 0 0 0 0 1 0 0 0 0 0 0 0 1
Butte 7 0 0 0 0 1 0 3 1 0 1 0 0 1
ContraCosta 3 0 0 0 1 0 0 1 1 0 0 0 0 0
DelNorte 2 0 0 0 0 1 0 0 0 1 0 0 0 0
ElDorado 4 0 0 0 0 1 0 1 1 1 0 0 0 0
Fresno 56a 0 0 0 1 6 11 10 8 10 5 4 0 1
Humboldt 2 0 0 0 0 0 0 1 1 0 0 0 0 0
Imperial 13 0 0 0 0 0 0 4 5 3 1 0 0 0
Kern 5 0 1 0 0 1 0 0 1 2 0 0 0 0
Kings 4 0 0 0 0 0 1 0 0 1 1 0 0 1
Lake 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Lassen 1 0 0 0 0 0 1 0 0 0 0 0 0 0

LosAngeles 38a 0 0 0 5 3 5 3 8 5 4 1 0 4
Marin 1 0 0 0 0 0 0 0 1 0 0 0 0 0
Mendocino 2 0 0 0 0 0 1 1 0 0 0 0 0 0
Merced 6 0 0 0 1 0 1 1 1 0 1 0 0 1

Napa 3 0 0 0 0 0 0 2 0 0 0 1 0 0

Orange 14a 0 0 0 0 0 0 3 6 4 1 0 0 0
Placer 7 0 0 0 0 0 0 2 3 1 0 0 0 1
Plumas 1 0 0 0 0 0 0 0 0 1 0 0 0 0
Riverside 5 0 0 0 0 0 0 4 0 1 0 0 0 0
Sacramento 5 0 2 0 0 2 0 0 0 1 0 0 0 0
SanBernardino 21a 3 3 0 0 0 1 2 5 4 0 1 2 0

SanDiego 36a 0 0 0 1 1 3 8 4 9 8 1 0 1
SanFrancisco 3 0 0 0 0 0 0 1 1 0 0 0 0 1

SanJoaquin 3 0 0 0 0 0 1 0 0 1 0 0 0 1

SanLuisObispo 3 0 0 0 1 1 0 1 0 0 0 0 0 0
SantaBarbara 1 0 0 0 0 0 0 0 0 0 1 0 0 0
SantaClara 2 0 0 0 0 0 0 2 0 0 0 0 0 0
SantaCruz 9 0 0 0 1 1 0 4 0 2 0 0 0 1
Shasta 5 0 0 0 0 0 0 0 1 1 1 2 0 0
Solano 1 0 0 0 0 0 0 0 1 0 0 0 0 0
Sonoma 1 0 0 0 0 0 0 0 1 0 0 0 0 0
Stanislaus 1 0 0 0 0 0 1 0 0 0 0 0 0 0
Tulare 1 0 0 0 0 0 0 0 0 1 0 0 0 0
Yolo 8 0 0 0 0 2 0 1 1 2 0 0 0 2
OutofState 2 0 0 0 0 0 0 1 0 0 0 0 0 1

NoCounty 12 1 0 0 0 0 0 0 0 0 0 0 0 11

a Mostofthesetestswereperformedatthecountypublichealthlaboratory

1983andnohistoryofWEEimmunization and

2and18yearoldhorsefromLosAngeles
CountywithonsetaboutJuly15 Thesecond

horsehadnotbeenoutoftheareasinceearly
May ItwasvaccinatedagainstWEEinJulyand
Decemberof1982butvaccineisknowntobe
incompletelyprotective Ahorsefromthesame
ranchhadWEEin1979documentedin1983when
serum sampleswhich had been stored frozen

duringtheintervalweresubmittedforantibody
tests

Themosquitotesting program again was

aidedbyagranttotheUniversityofCalifornia

SchoolofPublicHealthsAVRUfromspecialUC
Mosquito research funds which allowed

assignment of Ms Patricia Boehme to the
program Mosquitoes were collected from 26

CaliforniacountiesandfromtheArizonaborderof
thelowerColoradoRiverTable3 Therewere

161245mosquitoesin3417 poolswhichwere
tested for virus As usual sampling was

concentratedincountieswhereviralactivitywas
expectedtobemostintenseandfavoredCulex
tarsalisthemajorvectorforepidemicSLEand
WEE Futuresamplinghowevermayneedto
includea larger proportion ofCulexpipiens



1 SLE

2 SLE

3 SLE

4 SLE

5 SLE

6 SLE

7 SLE

8 SLE

9 SLE

10 CEV

75 F Winterhaven

ImperialCo

M Bard

ImperialCo

32 M Needles

SanBernardinoCo

69 F Escondido

SanDiegoCo

68 F Blythe
RiversideCo

72 M Vista

SanDiegoCo

73 M LongBeach
LosAngelesCo

28 M LaMesa

SanDiegoCo

59 F LaPuente

LosAngelesCo

4 F Anaheim

OrangeCo

72283

72683

82983

ImperialCounty
ColoradoRiverArea

ImperialCounty
ColoradoRiver

SanBernardino
orArizona

ColoradoRiver

Area

Co

Area

83183 RiversideCounty
ColoradoRiverArea

9183 RiversideCounty
ColoradoRiverArea

9683 SanDeigoCounty
AreaofResidence

91683 RiversideCounty
RiversideCityor
AreaofResidence

Recovered

Recovered

Recovered

Recovered

Recovered

Died

92583 ImperialCountyor Recovered

Arizona

ColoradoRiverArea

10483 LosAngelesCoAreaRecovered

73183 Wisconsin Recovered

Severeresidual

neurologiceffects
butsomeimprovement
5monthsafteronset

nothospitalized

Table2HumancasesofarboviralencephalitisCalifornia1983

Case
No Disease Age SexResidence

simultaneousinfectionwithEchovirustype11alsodocumented

Presumptivepositive convalescentserumsamplenotavailablefortest

complex mosquitoes since these alsocan be

effectivevectors Theoccurrencein 1983of

humanSLEcasesinareasofSanDiegoandLos
AngelescountieswhereCxpipiensiswidespread
butCxtarsalisisrareemphasizesthispoint

Thevirusesisolated frommosquitoesare
showninTable4 182WEE53SLE83Turlock
193HartParkand9CEgroup Asusualmost

viralactivitywasinthesouthernhalfofthe
stateandallisolateswerefromCxtarsalisor
Aedesmelanimon Thegeographicdistributionof
WEEandSLEvirusesaredepictedinFigures1
and2respectivelyandFigure3showsthedis
tributionofallpoolsofCx tarsalistestedin

1983 Tosavespaceandexpensethedetailed
listingoftheindividualpositivemosquitopools
whichwasincludedinpastreportshasbeenleft
outofthisreport Theinformationwasprovided
periodicallyinthe24weeklybulletinsissueddur
ingthepastyeartoparticipantsinthesurveil
lanceprogram Thefinalsummaryincludescor
rectionsforafewerrorsorincompletedatathat

Dateof ProbablePlace

Onset ofContraction OutcomeofIllness

occurredintheweeklyreports
Sentinelchickenflockswerelocatedin31

sites throughout the state Table 5 The

chickenswerebledandtestedmonthlyforSLE
andWEEantibodiesbytheindirectimmunofluores
cencemethod Initialpositivefindingswerefor
WEEinKernCountyJune28andWEEandSLE
inImperialCountyJune29butWEEshowed
thebroadestgeographicactivitybythissurveil
lancetechnique Thewidespread presenceof
WEEinmosquitoesanditstransmissiontosentinel
chickenswascontrastedwiththelimitedfindings
ofhumanandequineWEEcaseswhereasmore
narrowlyfocusedSLEviralactivitywascorrelated
withasignificantoccurrenceofhumancasesof
SLEinthecorrespondingregionsofthestate

ACKNOWLEDGMENTSWe thank the many

staffmembersoftheViralandRickettsiaDisease
Laboratory the Vector Biology and Control

Branch the Infectious Disease Section and

others in the California State Department of

3



4

HealthServicesallparticipatinglocalMosquito
AbatementDistrictsCountyHealthDepartments
the California Department of Food and

Agricultureprivatephysiciansandveterinarians
andallotherswhohelped inthesurveillance

Table3Numberofmosquitoesandpoolstestedduring1983bytheViralandRickettsiaDiseaseLabora
torySectionbycountyandspecies

County

Butte

Colusa
Fresno

Glenn

Imperial
lnyo
Kern

Kings 401

Lake 234

LosAngeles 100

Marin 208

Merced 1303
Orange 111

Riverside 17118
Sacramento 6883
SanBernardino8755
SanDiego 750

SanJoaquin 487

SantaBarbara 212

Solano 44

Sonoma 580

Stanislaus 1502
Sutter 1301
Tulare 9990
Yolo 10373
Yuba 909

Arizona 700

Cxtarsalis Aemelanimon OtherSpecies
Mosq Pools Mosq Pools Mosq PoolsSpeciesandNoofpools

3115 63

278 6

203 5

233 5

21527 466
92 3

581631178

9

5

2

4

29

3

360

149

180

17

11

5

2

12

47

30

234

215

19

14

520

26

68

8251

9

137

127 3

974 22

340 7

TOTALS 145572 3073 10452

12

73

191

2 45

160 1225

1

1

3

21

42

57

174

2321
100

500

50

44

78

300

221 5221

program Thisprogramwassupportedinpartby
special funds for mosquito control research

appropriated annually by the California

Legislature

1 Aedesvexans1

9 Cxpipiens9
1 Cxerythrothorax1

26 Cxerythrothorax5
Cxpipiens10
Culinornata11
Cxerythrothorax11

1

2

4

53

2

10

1

1

5

6

Cxpipiens1
Cxpeus1Cxpipiens1

Cx
Cx

pipiens4
peus32Cxpipiens21
erythrothorax2

Cxpipiens10
Cxpipiens1
Cxpeus1
Cxpipiens5

Cxpipiens6

Includes144pools6982mosquitoesofmaleCxtarsalisKernCounty
Includes15pools740mosquitoesofmaleAemelanimonKernCounty

Totals

MosqPools

3635 75

278 6

302 7

233 5

21718 475

205 6

67639 1374

422 10

243 6

142 3

265 6

1440 32

285 7

19439 413

6983 151

8755 180

750 17

487 11

712 15

94 3

624 13

1707 55

1301 30

11264 262

10713 222

909 19

700 14

123 161245 3417



Table4Numberofviralisolatesfrommosquitoestestedduring1983bytheViral RickettsialDisease
LaboratorySectionbymosquitospeciescountyandagentisolatedfemalemosquitoesexceptwherelabel
ledmale

Species County WEE SLE Turlock CalifGrp HartParkTotal

Cxtarsalis

CxtarsalisTotal 171 53 82 193 499

Aemelanimon

AemelanimonTotal

TOTALVIRUSISOLATES

Butte 4 4
Imperial 2009 1909 7 2 48
Kern 11522 301 43 142 303
LosAngeles 1 1
Marin 1 1
Merced 1 1 2
Orange 1 1
Riverside 905 2313 7 5 44
Sacramento 101 2 5 8
SanBernardino 1517 607 4 25
SanDiego 1 2 3
SanJoaquin 1 1
SantaBarbara 1 1
Stanislaus 1 1
Sutter 1 1
Tulare 808 10 19 37
Yolo 101 4 9 14
Arizona 229 229 4

Fresno 1 1
Kern 11 5 16
Tulare 1 3 4

11 1 9 21

minimuminfectionrate1000femalemosquitoestested
includes1isolatefromapoolofmalemosquitoes

182 53 83 9 193 520

5
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Table5SerologicalconversionstoWEEandSLEvirusesinsentinelchickensCalifornia1983

ChickenFlockLocation

ShastaMADoffice
TehamaMADoffice
ButteChico
ButteGrayLodge
GlennMADoffice

MercedRogersDairy
FresnoWestsideMendotaRefuge
ConsolidatedFriantRd
KingsRiverviewRanch
TulareGilroyFoods

WestsideLostHills
WestsideMaricopa
DelanoTeviston
KernWildlifeRefuge
KernButtonwillow

indirectimmunofluorescencetests

CDCtrapswithdryice

Cxtarsalis

FemalesperNJ Number

TrapNight ChickenPositive Date1st

seasavg WEE SLE Positives

14 0 0

66 0 0

04 0 0

1611 0 0

152 15 0 928

SYubaMarysville 23 0 0

SYubaDeans 335 15 0 926

SacYoloElkGrove 46 0 0

SanJoaquinEscalon 147 0 0

TurlockVictoria 68 0 0
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KernWasco 13 1043 0 829
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Orange20RanchDuckClub 54 0 0

SanDiegoLakeside 07 0 0

SanDiegoSorrento 159 0 0

ImperialPaloVerde 628 1260 1680 629

ImperialCordaRanch 18 429 1286 82



PANEL EVALUATIONOFALTERNATIVEMETHODSFORCONTROLOFADULT

CULEXTARSALISANDANOPHELESFREEBORNIINTWOAREASOFCALIFORNIA

Myresponsibilityistopresentapanelthat
wasorganizedtobringyouuptodateonre
searchinCaliforniaonthecontrolofadultCulex

tarsalisandAnophelesfreeborni Theendob

jectiveoftheresearchistodevelopeffective
procedurestocontrolepidemicsofencephalitis
andmalaria Projectswerecarriedoutin1983in
theSutterYubaand KernMosquitoAbatement
Districtsandrepresentedacollaborativeeffort
betweenmosquitoabatementdistrictsseveralDe
partmentsoftheUniversityofCaliforniathe
StateDepartmentofHealthServicesandtheUS
ArmyResearchandDevelopmentCommand

Theprojectsreflectedanincreasingconcern
thatwedonothaveeffectivemeanstocontrol
epidemicsofmosquitobornediseases InCalifor

niagoodexperimentalfielddatathatwillserve
asabasisforeffectivecontrolofadultCxtar
salisandAn freeborniareamazinglylimited
ThesameistrueinotherareasoftheUnited
Statesandelsewhereintheworld

Letmeprovideabriefperspectiveonthe
magnitudeoftheprobleminCalifornia Western

equineencephalomyelitisWEEandStLouisen
cephalitisSLEhavebeenandstillareanepi
demicthreatinanareaofatleast29000square
miles in the Sacramento Valley San Joaquin
Valley and Southern California Historically
malariaalsowasendemicinmuchofthisareaand

casesarestillbeingidentifiedeachyearinim
migrantsandvisitorstowhatareconsideredto
bereceptiveareas This29000squaremilearea
ofCalifornia is thehomeforover5000000
peopleandhasmanyvisitorseachsummer Most

ofthepopulatedsectionsoftheareaarewithin
the boundaries oforganized mosquito control

agenciesandtheirbudgetfromlocaltaxationex
ceeded15000000in1983 Currentencephalitis
andmalariacontrolprogramsarefocusedonthe
useofinsecticidesbiologicalagentsandwater
managementtominimizepopulationsofCxtarsalis
andAnfreeborni Theprogramshaveminimized
thediseaseprobleminrecentyears Howeverif
thepresentcontroleffortsareunsuccessfulfor
anyreasonthelastrecourseistocontrolthein
fectedadultfemalevectorssoastopreventtheir

1Thesestudies weresupportedinpartby
specialstatefundsformosquitocontrolresearch
appropriated annually by the California Legi
slature

2DepartmentofBiomedicalandEnvironmental
Health Sciences School of Public Health

UniversityofCaliforniaBerkeleyCA94720

INTRODUCTION

WilliamCReeves
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bitingsusceptiblepeople TheepidemicsofWEE
SLEandmalariainearlieryearshavetaughtus
whatcanhappeninourstateandepidemicsin
otherpartsofNorthAmericahaveprovidedfur
therinformationontheproblemsthatwillbeen
counteredincontrolofepidemics DrEmmons

willreportlaterintheprogramontheapparent
resurgenceofWEEandSLEinCaliforniainrecent
yearsandmalariacontinuestobereintroduced
intopotentiallyreceptiveareasofthestate

Toputthepresentresearchintoanother
frameofreferenceIestimatethatitwouldcost
California10000000ormoreinemergencyfunds
fromgovernmentsourcesifwehadtocontrol
adultCx tarsalistopreventaWEEorSLE
epidemicinthepotentialepidemicareasreferred
toabove Theobjectiveoftheprogramwould
betocontrol theinfectedandtransmittingadult
vectorpopulationoverthislargeareafor710
days Thevectorpopulationwouldhavetobe
reducedtolevelssufficientlylowtobreakthe
chainofvirustransmissionfrombirdstopeople
Theonlyalternativetoadultcontrolistodo
nothing or to urge the people to protect
themselvesindividuallyfrommosquitobitesduring
thecriticalhourswhenvectorsarefeedingmost
intensivelywhichisaperiodof12hoursbe
ginningwithsunset

Theaboveestimateofcostsisbasedona

controlprogramduringaWEEepidemicinMani
tobaCanadain1981 Minnesotahadasimiliar

problemin1983 Manitobaspent2000000to
control5000squaremilestoprotectlessthan
1000000people260perperson Theyuti
lizedlargeDC6Bplanes eachistheequivalent
of70conventionalagriculturalaircraftofthe
typereadilyavailableinCalifornia Theyapplied
200000litersofBaygonMOSaninsecticidenot
currentlyavailableinvolumeinCaliforniaorli
censedforwidespreaddispersal Minnesotaap
pliedmalathiontoalargepartofthestatefor
Cxtarsaliscontrolandweknowthisinsecticide

wouldnotbeeffectiveinCaliforniatodaydueto
geneticresistanceoftheCxtarsalispopulation

Ihopetheprecedingsummaryhasalerted
youtotheimportanceofthefollowingpanelpres
entationsWehaveidentifiedanimportantpro
blem Thekeynoteisthatwewouldliketobe
preparedtomountanemergencycontrolprogram
intheeventofanepidemic Wecannotassure

youthatwehavesufficientknowledgeeffective
insecticidesormethodstocontrolanepidemic
Theresearchofthepasttwoyearsdoesallowus
tosaythatifeverythingwasrightweather
equipmentandinsecticideadultcontrolcouldbe
relativelyeffective However experience also

tellsusthateverythingseldomisrightatthe
timewhenanemergencyvectorcontrolprogram
must be instituted and we need tocontinue

researchtocorrectthisdeficiency
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Inthedevelopmentofmethodologyforthe
suppressionofadultmosquitopopulationscare
mustbetakentoensurethattheinsecticide
choseniseffectiveatthelabeledratesandthat

thespraysystemadequatelycoversthetarget
area ThisisespeciallytruefortheBakersfield
areaofKernCountyCaliforniawhereinsecticide
resistantCulextarsalis Coqannuallytransmit
epizooticwesternequineencephalomyelitisadjacent
toconcentrationsofalargelynonimmunehuman
population

InKernCountyinsecticideresistanceor
tolerance has been documented in laboratory
bioassaysofCxtarsalistoallavailableorgan
ophosphatecompoundsYoshimuraetal1983
andhasbeenassociatedwithalonghistoryof
operationalfailures Thelevelofresistancewas

greatestinareasunderintensiveagricultureand
diminishedinundevelopedareasofthecounty
Recentlaboratorybioassayshavesuggestedthat
populationswhichtraditionallyhavebeencon
sideredsusceptibletochlorpyrifoshavedeveloped
greatertolerancetothiscompoundandalready
havedevelopedcrossresistancetothesynthetic
pyrethroidresmethrin

Thepresentpaperfurtherdocumentsorgan
ophosphate resistance in populations of Cx

tarsalis from Kern County and presents the

resultsof1983laboratorybioassaysand field

exposuresofthisspeciestoBaygon
MATERIALSANDMETHODSLaboratorybio

assaysFemaleCxtarsalisofunknownagewere
collectedinCObaitedminiatureCDCtrapsand
exposedinthelaboratorytoserialconcentrations
oftechnicalgradeinsecticidesusingthefilter
papermethodofGeorghiouandGidden1965
withtheexceptionthat2mlofinsecticideacetone
solutionwereappliedtoeachfilterpaper Speci
menstestedcamefromfieldareasusedtoevalu

ateaerialapplicationsof Baygonforprotocols
anddescriptionofstudyareasseeReisenetal
1984

Field Exposures Four field tests were

conductedin1983 Foralltests02lbBaygon
70WPpergallonofGB1356larvicideoilwas
appliedattherateof05gallonsperacre
yieldingadosageof007IbsAlperacre Spray

1KernMosquitoAbatementDistrictPOBox
9428BakersfieldCalifornia93389

2DepartmentofBiomedicalandEnvironmental
Health Sciences School of Public Health
University of California Berkeley California

94720

PESTICIDESUSCEPTIBILITYOFCULEXTARSALISIN

KERNCOUNTYCALIFORNIA1983

RParmanWKReisenandMMMilby

dropletsizewasmonitoredduringeachtestusing
rotatingmagnesiumoxidecoatedslides AtPoso

WestinsecticidewasappliedbyanAyresThrush
equipped with 36 D445 hollowconenozzles

pressurizedat50psi Aircraftspeedandalti
tudewere140mphand3050feetrespectively
Thissystemwaspreviouslycalibratedtodeliver
dropletsinthe120psizerange Duringthe
earlymorningSeptembertrialsatJohnDale36
D645hollowconenozzleswerepressurizedat60
psiandcalibratedtodeliverdropletsinthe140
usizerange Altitudeandspeedweresimilarto
the posotests For theafternoon trials at

BreckenridgeandJohnDaletheinsecticidewas
appliedbyaBellUH1Helicopterequippedwith
anunderslungSimplexModel6800ArmyBucket
Sprayer 36D445hollowconenozzleswere
calibratedtodeliverdropletsinthe200psize
rangeat40psi Aircraftspeedandaltitudewere
57mphand3050feetrespectively Theesti
matedswathwidthforalltestswascalibratedto
be200feet

DuringeachtestadultCxtarsalisfromthe
targetpopulationandtheBr80referencecolony
wereplacedinsentinelcageswhichwerelocated
withinthesprayzonealongexposedtransectsat
COtrap stations and sequestered beneath

vegetativecanopy Comparison sentinelswere

placedatCOtrapstandardsoutsideofthespray
zone During the evening sprays Poso
BreckenridgeandJohnDaleinAugustsentinels
remained in the field and mortalities were

recorded12hourspostspray Forthemorning
spray at John Dale in September sentinels

remainedinthefieldforonehourwerereturned
tothelaboratoryandmortalitiesrecordedsix
hourspostspray

RESULTSLaboratorybioassays Inagree
mentwithpastobservationsresistancetomala
thionappearedtobewidespreadinKernCounty
TheBreckenridgewildpopulationBrWshowed
anLDof113ugcmandanLDof2033
ugcm n1 test whiletheJohn Dalewild

JDWpopulationhadLDandLDvaluesof
465 and 10132 ugcm respectively n1
TheseLDvalueswereextrapolatedlinearlyas
actual90mortalitieswerenotachievedatthe
highestdosagetested3147pgcm

ChlorpyrifosexposuresyieldedLDand
LDvaluesof007and027pgcmrespective
lyinBrWadultsn1 Twotestswithchlor

pyrifosconductedagainstaKernRiverpopulation
KRWlocatedabout15milesSWofBakersfield
CaliforniagavepooledLDandLDvaluesof
003and094pgcmrespectively Bycompari
sontheJDWpopulationexhibitedpooledLD50
and LD values of 095 and 734 pgcm
respectivleyn227timeshigherthantheBrW
populationandeighttimeshigherthantheKRW
populationattheLDlevel



In sharp contrastto these results the

responseofCx tarsalistoBaygonwasvery
consistentregardlessofthegeographicaloriginof
thepopulationtested PosoWestPWWpooled
LD 18ugcmLD 27pgcmn4
BRWpooled LD 22 pgcm LD 32

ugcmn2JDWpooledLD 17ugcm
LD 27pgcmn4 TheBr80reference
colonyhadcomparableLD LDvaluesof17
and23pgcmrespectivelyn2

Fieldexposures Theestimatedamountsof
Baygonslurrydeliveredaveragedwithinthree
percentrange6to16percentofthedesired
05GPAoutputforall trials Volumemass
diameterswithrangesaveraged118102162
193 132262 203 118305 and 14394185
micronsforthetestsatPosoWestBreckenridge
JohnDaleAugandJohnDaleSept respec
tively

AveragemortalitiesofBr80andwildsenti
nelsexposedatCOtrapstandardsdifferedless
thanthreepercentatalltestlocations Pooled

resultsofBr80andwildsentinelsshowedafairly
consistentpatternamongthethreegroupsof
sentinels with the highestoverall mortalities
occurringatexposedtransects98 followedby
trapstandard 89 andsequesteredsentinels
58 Averagemortalitiesforexposedtransect
sentinels Br80andwildrangedfrom93at
Breckenridge to 100 at John Dale Sept
indicating good coverage ofthe spray zone

Mortalities of sentinels exposed at COtrap
standardsBr80andwildrangedfromameanof
82atJohnDaleAugto98atPosoWestonly
completelyexposedtrapstandardswerecounted
heretheremainderweresituatedunderheavy
canopy and were counted as sequestered
Mortalitiesrangedfrom52atPosoWestto63at
JohnDaleinSeptemberforsentinelssequestered
undercanopy Comparison sentinelmortalities

averaged939and4percentforthetestsat
PosoBreckenridgeJohnDaleAugandJohn
DaleSeptrespectively

DISCUSSIONThevariabilityofsusceptibil
itytoorganophosphateinsecticidesinKernCoun
tyrendersthesecompoundsunreliableforthe
emergency suppression of adult Cx tarsalis

populationsinanepidemicsituation Theresults

ofbioassayspresentedinthispaperrepresent
averageLD90ratiosof143forchlorpyrifos
n5and198formalathionn2indicating
considerableheterogeneityofresponsetothese
compounds ThisratioforBaygonwas15and
mortalitywiththiscompoundattheLDlevel
variednomorethan14timesforthepopulations
tested
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Thesuccessivedeclineinaveragemortality
betweentransecttrapstationandsequestered
sentinelswasattributedtotheamountofveget
ativecanopy protecting each group Overall

mortalitiesoffieldsentinelsindicatedthatthe
targetpopulationswerehighlysusceptibletothe
labeledratesofBaygonwhendirectlyexposedto
sprayparticles Theseresultssharplycontrasted
thoseofYoshimuraetal 1983whoreported
averagemortalitiesof45atthesameCOtrap
stations and 22 among sequestered sentinels

whenJDWCxtarsaliswereexposedtoDursban
appliedatthelabeledratesimultaneouslyex
posedBr80sentinelsshowed91mortalityatthe
trapstandards LaboratorybioassaysbyYoshi
muraetal1983indicatedtheJDWpopulation
containedamixtureofhomozygoussusceptible
heterozygous and homozygous resistant geno
types Both1982Yoshimuraetal1983and
1983Reisenetal1984studiesindicatedthat
laboratoryadultbioassaysusingthefilterpaper
methodwerepredictiveoftheresponseofthe
targetpopulationunderfieldconditions

ACKNOWLEDGEMENTSTheauthorswishto
thankTBlantonHClementAJHendrixD
RosmanandWPughoftheKernMosquitoAbate
mentDistrictandthestaffoftheArbovirusField
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AMANAGERSVIEWOFTHENEEDFORANEFFECTIVE

AREAWIDEADULTICIDINGTECHNIQUE

EugeneEKauffman

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95992

Inanareathathasfinanciallimitationsand
155000acresofriceaneffectiveaswellas
economicalmeansofmosquitocontrolisnecessary
tothwartthethreatofthearbovirusdiseases
westernequineandStLouisencephalitisandto
preventsecondaryinfectionsofmalarialetalone
reducethemereannoyanceofmosquitoes

Since1974theSutterYubaMosquitoAbate
mentDistricthashad307casesofmalariadiag
nosedfourofwhicharepresumedtohavebeen
secondarycases Eachcasepromptsthreespray
treatments Inaruralenvironmenttheacreage
treatedeachtimeis1280to2560 Inurbanareas

theacreageis116thesizeoftheruralsetting
Allsuspectedcasesofencephalitisthough

rareinthelast20yearsaretreatedinalike
manner

Oftenthehabitatstobesprayedarenotof
thetypethataretheeasiesttospraylikearice
fieldwhichwithawideopenexpanseusuallyhas
nosignificantobjectsthatwilldeflectthevolume
ofairthatiscarryingtheinsecticide However

youngorchardsmayhavesomedeflectioncharac
teristics Oftenthekillwillextendfor mileor

more Inourareatherearefeworchardsthat

areplantedgreaterthanimilesquareandifthe
plantingsarelargerserviceroadsusuallybi
secttheareatobetreated

Oldpeachorchardswhicharecommoninthe
Districtprovideaverydifficultenvironmentto
treat Thecanopyprovidesaroofandthe
lowerlimbswithleavescausegreatdeflection
Often pesticides only penetrate a few yards

025particularlywhenthewindvelocityisless
thanonemileperhour

TheultimateindensehabitatintheDistrict
iswhatislocallyknownasthejungle Thisis

ariparianareaindesignedfloodplains Itis

severalmileslongwithnocrossroadsandonly
100to200yardswide Sincethewindparallels

thelongaxisevenwiththebestwindconditions
thecontrolisnotgood

Thericefieldhabitatthoughexpensive
can be sprayed by aircraft orground ULV

techniques buturbansuburban oldorchard

andjungleareascannotbeeffectivelyandor
economically sprayed by our presently known

techniqueshencetheneedforabettermethodto
control adult mosquitoes thatare vectors of

disease



ORGANOPHOSPHATEINSECTICIDERESISTANCEINMOSQUITO

POPULATIONSINSUTTERANDYUBACOUNTIESCALIFORNIA

DebraACaseandEugeneEKauffman

INTRODUCTIONOrganophosphateinsecticide
resistancelevelsweremonitoredforpopulationsof
adult Culex tarsalis Coquillett and Anopheles
freeborniAitkencollectedinSutterandYuba
Counties during the summerand fall 1983

These2mosquitospeciesareofconcernincon
troleffortsnotonlybecauseofabundancebut
diseasetransmissionpotentialaswellReeveset
al1981 Otherworksconcerningthesuscepti
bilityofmosquitoestoinsecticidesinCalifornia
havelargelydealtwithlarvaeGillies1964and
ZborayandGutierrez1979 Sometestshave

beendonewithadultpopulationsReevesetal
1982andYoshimuraetal1983butnonehave
beenreportedrepresentingtheareasofconcern
totheSutterYubaMosquitoAbatementDistrict

Muchofthecontroleffortsareaimedat

adultpopulationsofCxtarsalisandAnfree
borniwhicharesprayedinthelateeveningor
early morning hours Primarily malathion is

usedandisappliedbynonthermalaerosolgener
ators Thismethodhasbeenusedforapproxi
mately15yearsandwasbroughtaboutbyeco
nomicreasonsandthehighlevelsofresistance
encounteredinlarvalpopulationsGilliesetal
1974 Itwasfeltthatteststosurveythepre
sentstatusofinsecticideresistanceinadultpop
ulationsofconcernwerenecessaryinorderto
enhancecontrolstrategiesandhopefullyavoidthe
developmentofhighlevelsofresistanceaswas
thecasewithlarvalpopulations10yearsearlier

MATERIALSANDMETHODSMosquitocollec
tions CollectionsitesforCxtarsalisandAn
freeborniwerelocatedinareasthathadbeen
sprayedfrequentlybytheDistrictforadultmos
quitocontrolandhadbeensprayedbyothersfor
agriculturalpurposes Theareawasdividedinto

quadrantstoaidinthegroupingofdatainrela
tiontosprayingactivitiesFig 1 Collection

sitesweredesignatedasbeinginareanumber1
23or4 Mostsiteswerenearricefieldsorin

areasknowntoproducelargeenoughnumbersof
mosquitoesfortrappingpurposes

AdultCxtarsaliswerecollectedusingmini
atureCDClighttrapsbaitedwithdryice Traps
wereputoutintheeveningandwerepickedup
thefollowingmorning NoncollapsibleTighttrap
bagsmadefromicecreamcartonsandstocking
netmaterial were used Collected mosquitoes
wereallowedtoemergefromthetraphagsinto
Iftaluminumscreencagesinordertominimize
injuryfromhandling Anfreeborniadultswere

collectedusingbothCDCTighttrapsandmechani
calaspirators Mosquitoeswereusuallytested
within2or3hoursaftertrapretrievalbutif
testsweredelayedcottonpadssoakedin10

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726

YubaCityCalifornia95992
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sugarwaterorwatersoakedraisinswerepro
videdasacarbohydratesource

Mosquitoestested Testswereperformedon
25dayoldcolonizedCulexpipiensLadults
colonizedCxtarsalisadultsBr80Colonyand
fieldcollectedCx tarsalisandAn freeborni
Agesoffieldcollectedmosquitoeswerenotdeter
mined RearingproceduresfortheCxpipiens
colonyaredescribedbyGerbergetal1969and
PetersenandWillis1972 TheCxpipienscolony
wasoriginallyestablishedinthiscountryca20
yearsagoandisofindeterminateorigin Itis

maintainedinordertofacilitatethelaboratory
rearingofthemermithidnematodeRomanomermis
culicivorax TheBr80Colonywasfirstestab
lished in 1980 Reisenetal 1981 in Kern

CountyCalifornia Br80ColonyCxtarsalisand
mostoftheAn freebornicollectionsfortests
conductedhereinweresuppliedbyUniversityof
CaliforniaDavispersonnelinconjunctionwith
anotherstudy

Bioassaymethodology Allmosquitoeswere
testedtodetermineinsecticideresistancelevels

usingabioassymethoddescribedbyGeorghiou
andMetcalf1961andGeorghiouandGidden
1965 Insecticidesusedwerehighpuritytech
nicalgradesamplesoomalathionCythion and

chlorpyrifosDursban Insecticidesweredis

solvedinacetonethathadbeendehydratedwith
anhydroussodiumsulfatecrystals Arangeof4
or 5 insecticide concentrations was used to

determineLCvalues Insecticideswereappliedat
therateof2mlperfilterpaperWhatmanglass
microfibrefiltersGFA90cmdiam Three

3to4papersperconcentrationweretreated
Controlpapersweretreatedwithacetoneonly

Filterpaperswereallowedtodryforca5
minutesandwerethenrolledandplacedinside
25x95cmglassshellvials Adultmosquitoes
wereremovedfromthescreencagesusingame
chanicalaspiratorandanesthetizedusingcarbon
dioxide Theanesthetizedmosquitoeswerethen
placedonaportablechilltablekeptat1015C
andtransferredtovialscontaininginsecticide
treatedfilterpapers Between10and20mos

quitoeswereplacedineachvialdependingon
thenumbercollected Alltestswereperformed
usingadultfemalemosquitoesexcept2testswith
theCxpipienscolonyinwhichbothmalesand
femaleswereusedEachvialwascappedwitha
pieceofnylonnettingheldinplacewitharubber
band Afteranexposureperiodof1hourinthe
vialsthetestinsectsweretransferredtoclean
holdingcupsmadefrom05ptpapercanswith
clearplasticlids Apieceofcottonsoakedin
10sugarwaterwasstapledontheinsidesur
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faceofeachlid Holdingcupswereplacedina
darkenedroomatroomtemperatureandremained
thereforaperiodof24hours After24hours

thenumberdeadwasrecordedforeachcup
Mortalitydatawereanalysedusingprobitanalysis
SAS1979toobtainLCvaluesandslopeesti
mates Testshavingcontrolmortalitiesgreater
than10wereconsideredinvalidandwerenot
includedinthisreport

RESULTS AND DISCUSSIONBioassays
Insecticide susceptibility levels for the Cx

pipienscolonyagainstmalathionandchlorpyrifos
arereportedinTable1 ColonyCx pipiens
weremoresusceptibletochlorpyrifosthantomal
athionaswasthecasewithallgroupstested
Dosagemortalitylinesweresteepwithhighslope
estimatesindicatingthehomogeneousmannerin
whichthecolonyrespondedtomalathionandchlo
rpyrifos

SusceptibilitydataforCxtarsalisagainst
malathionaregiveninTable2 LCLCand
LCvaluesforCxtarsaliswereconsiderably
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Figure1Mapshowingdistributionofcollectionsitesanddivisionofareaintoquadrants

higherthancolonyCxtarsalisBr80 asindi

catedbyresistanceratios Slopeestimateswere
muchlowerindicatingheterogeneouspopulations
comprisedofmanyresistantortolerantindividu
als WhenLCvalueswerecomparedtoTight
trapcatchnumbersapositivecorrelationwas
foundtoexistbetweenthe2setsofdatade

noting a seasonalityof responsetomalathion
Fig2 Asthenumberofmosquitoesincreased
ordecreasedsodidLCvalues Thiswaspos
siblydueinparttophysiologicalchangesinthe
mosquitoesandapparentlyoccurredindependent
ofinsecticideselectionpressurefromspraying
activities Thisdidnotappeartobethecase
withAnfreebornipopulationstested Spearman
rankcorrelationcoefficientsshowedthataposi
tivecorrelationexistedforCxtarsalisbutnot
forAnfreebornia 05 Futuredatasets

willbeanalysedinthesamemannerinorderto
detecttrendsusefulfortheenhancementofmos

quitocontroltactics
Table3showsthesusceptibilitylevelsof

Cxtarsalistochlorpyrifos Thelevelsarevery



Table1BaselinesusceptibilitymortalityratesfortheSutterYubaMosquitoAbatementDistrictcolonyof
Cxpipiensadultsexposedtomalathionandchlorpyrifosonglassfiberfilter paperssummer1983

Br80
Br80

Males Control LCvaluesintigcmTest or Mortality LC LC LCDate Insecticide Females
Slope

July11 malathion Both 17 35 72 88 18
July18 Both 17 59 96 111 26
Aug18 Females 00 42 92 115 16
Sept30 Females 00 40 55 60 41

Aug17 chlorpyrifos Females 17 05 12 16 15
Sept29 Females 00 05 11 14 15

Table2SusceptibilityofCxtarsalisadultscollectedinSutter andYubaCountiesCAexposedto
malathiononglassfiberfilterpaperssummerandfall1983

Control LCvaluesin1gcm Resistance
Collection Test Mortality LC50 LC90 LC95 Slo Ratio

Site Area Date
LC50 LC90

Sheppard 1 Aug3 00 168 20739 81183 27 280 16202
Sheppard 1 Sept22 00 78 1626 3850 42 126 553
Gollenbusch 1 Sept8 00 207 2295 4540 53 334 781

Vickrey 2 June23 51 37 489 1015 49 62 382
Vickrey 2 July20 25 142 1799 3696 50 237 1405
Hill PVRanch 2 Aug3 00 257 16701 54519 31 428 13048
Hill PVRanch 2 Sept20 100 41 3640 13011 28 66 1238

Barker 3 July12 50 208 762 1101 98 347 595

Dean 4 July7 100 80 1988 4944 39 133 1553
Dean 4 July26 17 304 5773 13298 44 507 4510
Crowhurst 4 July7 67 156 1103 1919 66 260 862
Crowhurst 4 July27 00 407 3396 6198 60 678 2653
Crowhurst 4 Aug18 00 34 2387 7953 30 55 812
Crowhurst 4 Sept13 100 198 21116 79316 27 319 7182
Melani 4 July12 00 127 591 913 83 212 462
Melani 4 Sept22 33 102 5010 15093 33 165 1704
SutterRefuge 4 July26 00 339 3094 5789 58 565 2417
SutterRefuge 4 Aug11 33 595 7922 16505 49 992 6189
SutterRefuge 4 Sept1 00 865 5703 9735 68 1395 1940
Amarel 4 Sept8 00 104 2349 5682 41 168 799
Brubeck 4 Sept15 100 70 9620 38905 26 113 3272

July26
Sept1

2UsingCDCminiature lighttrapsbaitedwithdryice
ResistanceRatioLCwildpopulation

LCpop

00 60 128 159 170
100 62 294 457 82

3Cx tarsaliscolonyUniversityofCADavisestablished1980KernCountyCA

13
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Figure2ComparsionofLCvaluesmalathionagainst Cxtarsalisandlighttrapcatchnumbersby
month

Test Collection

Date Site

Culextarsalis

1

i

Area

r

BR8O BR8O
O 0

Table3SusceptibilityoffemaleCxtarsalisadultscollectedinSutterandYubaCountiesCAexposed
tochlorpyrifosonglassfiberfilterpaperssummerandfall1983

Control LCvaluesinugcm
Mortality LC LC LC

Slope

Aug17 SutterRefuge 4 00 11 31 41 130

Sept22 Melani 00 01 12 25 52



Table4SusceptibilityoffemaleAnfreeborniadultsinSutterCountyCAexposedtomalathionand
chlorpyrifosonglassfiberfilterpaperssummer1983

Test

Date

July25
July26
Aug11
Aug18
Sept1
Sept1

Aug17
Aug31

Area

1

2

3

4

Yearly
Totals

Collection
Site

SutterRefuge
Vanderford

Airstrip

13968

5357

94

456

Control

Mortality
Area Insecticide

SutterRefuge 4 malathion
11 11 II

II p

11 II

11 11

4
n

19875 45808

00

17

33

22

00

00

chorpyrifos 33

00

72

58

69
53
48

41

Table5Approximationsofamountofinsecticideappliedmalathionpoundsofactualtoxicantinthe
vicinityofcollectionsitesSutterandYubaCountiesCAoverafouryearperiodformosquitocontrol

1980 1981 1982 1983 Totalsfouryears

15680

17517

465

12146

lowwithrelativelylargeslopeestimates No

testswereperformedusingBr80Cx tarsalis

againstchlorpyrifos Mostoftheadulticidingin
theDistrictiscarriedoutusingmalathionwhich
mayexplainthelackoftolerancetochlorpyrifos

Susceptibility levels for An freeborni

againstmalathionandchlorpyrifosarereportedin
Table4 AgainAnfreeborniweremuchmore
susceptibletochlorpyrifosthanmalathionand
weresimilartotheCxpipienscolonyintheir
levelofresponsetoinsecticides LCvaluesdid

notriseandfallinrelationtolighttrapcatch
numbersbutshowedasteadydecreasethrough
thesummerandfallindependentofpopulation
fluctuationsdiscussedabove

Sprayingactivites InTable5theamounts
ofmalathionusedbyyearandovera4year
periodareshown Theheaviestsprayingoccur
redin1981 Overa4yearperiodarea1was
sprayedthemostfollowedbyareas2and4
Area3requiredtheleastamountofsprayingfor
adultcontrol Sitesproviding highly tolerant

Cxtarsaliswerelocatedinareas12and4
Mosquitoessampledfromarea3provedtobe
muchmoresusceptibletomalathion butmore

testsareneededtoclearlyestablishatrendin
thatarea

4360

3818

00

10554

10048

8398

1139
8807

18732 28392

LCvaluesinigcm
LC LC LC

126
83

85

68

64

53

147

92
91

74

69

57

44056
35090

1698

31963

Slope

23
36

59

50

46

51

11 14 15 58
14 28 34 19

Alongwiththeamountsofmalathionusedby
theDistricttheeffectofagriculturalpesticides
probablyplayedasignificantroleinthedevelop
mentofresistance Inthepastmalathionwas
widelyusedasanagriculturalpesticidebutis
notusedtoanygreatextentinthe2countyarea
today Bagley 1984 Otherfactorssuchas

immigrationordispersalofmosquitopopulations
sampledcontributedtothedifficultyinevaluating
theeffectofsprayingactivites

During the4 year periodanalysed the

heaviestsprayingintheDistrictoccurredinthe
monthsofAugustandSeptemberwithmostspray
activitiesendingbyOctober Anexceptionin
therecordstookplacein1981whentheheaviest
sprayingoccurredinJulygraduallydecreasing
andendinginNovember Muchofthelateseason
spraying was directed towards An freeborni

populationswithsprayingforCxtarsalistaking
placeearlierintheseason ClearlytheAn
freebornipopulationstestedwereexposedtothe
largestamountofmalathionviasprayactivities
yetshowedlittleornotolerancetothechemical
OntheotherhandCxtarsalispopulationswere
highlytolerant Thismayindicatethepossible
influenceofothersourcesofpesticidesandchem

15
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icalsontheinsecticideresistancelevelsofCx
tarsalis

Theimportanceofmonitoringresistancelev
elsinpopulationsofmosquitoesespeciallythose
ofpublichealthimportancehasbeenwelldocu
mented Inadditionawarenessoftheoccurrence
ofresistancelevelsinproblemmosquitospecies
mayhelpdeterminecontroltactics AtthisDis

trictthemonitoringofresistancelevelsinpopu
lationsofCxtarsalisAnfreeborniandother
mosquitospecieswillbecontinuedusingthefilter
paperbioassayandfieldcageteststofurtherde
terminecontrolfailuresinthefield Testsin

volvingotherinsecticidesbesidesmalathionand
chlorpyrifoswill beperformedandresistance
levelswillbecomparedtoothervariablessuchas
sprayactivitiesandtheseasonalityofresponseto
insecticides
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THEIMPACTOFLOWVOLUMEAERIALAPPLICATIONSOFPROPDXURON

THERELATIVEABUNDANCEANDAGESTRUCTUREOFCULEXTARSALIS

POPULATIONSINKERNCOUNTYCALIFORNIADURING1983

WilliamKReisenMarilynMMilby
MarkWEberleandRichardPMeyer

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

In1982theArbovirusResearchUnitofthe
SchoolofPublicHealthUniversityofCalifornia
BerkeleyandtheKernMosquitoAbatementDis
trictinitiatedcollaborativeresearchtoevaluate
theimpactofaerialapplicationsofadulticideson
CulextarsalisCoq Resultsindicatedthatadult

relativeabundancecouldbereducedsignificantly
ifthetargetpopulationwassusceptibleandex
posedtothesprayYoshimuraetal1983and
thepopulationadditionratewasrelativelylow
Reevesetal 1983 However experimental
adultsuppressionontheSanJoaquinValleyfloor
in1982waslimitedseriouslybyresistanceto
chlorpyrifosresmethrinandperhapsbendiocarb
Yoshimuraetal1983 Withtheinsecticidear

senaldepletedevaluationsin1983emphasizedthe
useofalowvolumeformulationofpropoxurfor
thefourplannedexperimentalapplicationswhich
included alateafternoonsprayofafoothillsite
byfixedwingaircraftlateafternoonspraysofa
foothillandavalleysitebyanexperimentalun
derslunghelicopterunitandanearlymorning
sprayofthesamevalleysiteusingfixedwing
aircraft

MATERIALSANDMETHODSInsecticideap
plication Baygon70wettablepowderwassus
pendedinWitcoGolden Bearlarvicideoiland
sprayedattherateof05galacre Fixedwing
applicationsweremadebythe KernMosquito
AbatementDistrictsAyresThrushCommander
whilehelicopterapplicationsweremadebythe
US Army using the Simplex Army Bucket

Sprayer suspended beneath a Bell UH1
helicopter EfficacyoftheBaygontofemales
fromthetargetpopulationandadultsfroma
referencelaboratorystrainwasdescribedunder
bothlaboratoryandfieldconditionsbyParmanet
al1984

Evaluation Adulticide applications were

evaluatedusingthe23dayprotocoldeveloped
during1982Reevesetal1983withspraying
doneondays 9 12 and 15 Hostseeking
females were sampled by 16 or more CDC

miniaturelighttrapsaugmentedwith12kgof
dryiceCO TrapswerearrangedalongNS
and EW intersecting transects with four

comparisontrapspositionedoneormoremiles
outsideoftheborderofthesprayzoneand12
traps positioned within the spray zone

Additionalhostseekingfemaleswerecollectedat
thevalleysitebyaCObaitedtimesegregated
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sampler TSSwhichseparatednightlycatches
into hourly samples Meyer et al 1984
Suppressionofhostseekingfemaleabundanceto
athresholdvalueoflessthan30femalespertrap
nightwasconsiderednecessarytointerruptvirus
transmissionReevesetal1983

Sentinelmosquitoesfromareferencelabora
torystrainBr80andfromthetargetpopulation
werepositionedateachlighttrapstandardto
bioassayspraycoverageanddocumentkillunder
fieldconditions Inadditionadultmosquitoes
weredustedcohortspecificfluorescentcolorsand
werereleasedinthecenterofthesprayzone
four and one days before the first spray
Markedmosquitoeswereconsideredtobeunre
strainedsentinelsandcontrolwasimpliedfrom
recapturepatternsfollowingthetwo releases

Whenavailabledistinctivelymarkedfemaleswere
releasedatcomparisonstandardstostudypat
ternsofinfiltrationintothecentralsprayzone

Restingmosquitoeswerecollectedfromsmall
andorlargewalkinredboxesconcurrentlywith
lighttrappickup AtPosoWest additional

restingadultswerecollected fromeightpipe
trapsandegressingadultsweretakeninten
conetrapsplacedovertheentrancestorodent
burrows

Thereproductiveageofthetargetpopula
tionwasmonitoredbydetermingtheparitystatus
of10hostseekingfemalesfromeachoffourcen
tralsprayzoneandfourcomparisonzonetraps
and40restingfemalescollectedfromsheltersin
thesprayandcomparisonzones

Percentpopulationreductionwascalculated
usingMullasformulaMullaetal1971which
compareschangesinmosquitoabundancewithin
the spray zone pre and posttreatment to
concurrent changes in abundance within the

comparsionzone
Areassprayed Twoareassemiisolatedby

surroundingaridgrasslandintheSierraNevada
foothillsandonesiteontheflooroftheSan
JoaquinValleyweresprayedin KernCounty
Californiaduring1983

MosquitopopulationsatthePosoWestfoothill
sitedevelopedinrivuletscreatedbyoilfieldef
fluent Atotalof800acresincludingtheripar
ianPosoCreekhabitatwastreatedbyfixedwing
aircraftduringlateafternoonon1720and23
June Trapplacementwasmodifiedbyaccess
andacomparisontrapcouldnotbepositionedto
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theeast AdditionalCOtrapswereplacedin
thesprayzonealongPosoCreekandatMcVans
anecologicallysimilarbutunsprayedcomparison
arealocated5kmtothenorthofthesprayzone

ThesecondfoothillsiteBreckenridgeRoad
consistsofthreerelativelyparallelcanyons Oil

fieldwastewaterdisposedbypercolationinponds
andbysprinklingonthecanyonwallscreatesan
environmentsuitablefortheproductionofalarge
Cxtarsalispopulation The60acrecentralcan

yonwassprayedbyhelicopterduringlateafter
noonon2225and28July Trapplacementat
Breckenridgewasmodifiedbythehillyterrain
witheighttrapspositionedinthesprayedcentral
canyonandthreetrapsplacedineachofthetwo
unsprayedcomparisoncanyons

TheJohnDaleRanchstudyareaisamixed
agriculturalhabitattypicalofthesouthernSan
JoaquinValleyfloorandwasselectedforstudy
becauseithasaconsistentpatternofmosquito
abundance and virus activity The heavily
vegetatedMosesiansduckclubinthecenterof
thestudyareaservedasasettlementareafor
mosquitoes that immigrate from peripheral
breedingsites An800acreareawassprayedby
helicopterduringlateafternoonon1619and22
August Fourcomparisontrapswerepositioned
within25kmfromthesprayzone Additional

mosquitocollectionsweremadebyTSSssituated
atMosesiansduckclubandCosterisansfarm

headquarters4kmtotheNW Acomparison
walkinredboxwasplacedatCosterisans

Thepresenceoffoddercropsapproaching
harvestablestageforcedustoshifttheJohnDale
sprayzone16kmtotheEfortheearlymorning
fixedwing spray The new spray zone

encompassedtheLosPobrecitosgunclubwhich
consistedofreclaimedandirrigatedpasture An

08kmextensiontothewestincluded160acres
fromtheprevioussprayzone Thefloodingof
MosesiansandLosPobrecitosduckclubspriorto
the startofhunting season led to mosquito
breedingwithinthesprayzone Atotalof950

acreswassprayedjustaftersunriseonthe
morningsof1317and20September

RESULTSFixedwing afternoonsprayat
PosoWest Sentinelmortalityatstandardswithin
thesprayzoneremainedgreaterthan95indica
ting good coverage during each spray

Recaptureratesamongthreecohortsreleasedin
thecenterofthesprayzonedecreasedmarkedly
aftereachsprayindicatinggoodkillwithinthe
sprayzone

Thenumberoffemalesrestinginredboxes
and pipe traps and egressing from rodent

burrows declined significantly after the first

sprayandremainedlowduringthesprayand
postsprayperiods Therelativeabundanceof

hostseeking females within the spray zone

decreasedfromameanof90Cxtarsalisfemales

pertrapnightto24duringthesprayperiod
Relativeabundanceremainedbelow30femalesper
trapnightattraps14duringthesprayperiod
butagainexceededthisthresholdvalueby30
June six days postspray The relative

abundanceoffemalesattrapswithinthespray
zone was correlated significantly with female

abundanceattrapswithinthecomparisonzone
r 067n 14butnotatthemoredistant
McVanscomparisonarear 045n 7 The

percentreductionofhostseekingfemalesat
sprayedtrapsitesbasedoncomparisontrapswas
only35 whilethepercentreductionbasedon
McVanstrapswasamorerealistic89 Itap
pearedthatasignificantreductionofthepopula
tioninthesprayzonealsocausedaconcurrent
reductionofabundanceintheadjacentunsprayed
comparisonzone

Adulticidingreducedtheparityrateofhost
seekingfemalesfrom44presprayto23post
spray Aconcurrentdecreaseinagestructure
was notobserved atcomparison traps The

parity rate among resting females was 27

prespraydecreasedto3postsprayandwas
stillonly92wkspostspray Theparityrate
amongtrappedfemalesrecovered morerapidly
than the parity rate among resting females

Exposuresoffieldcollectedlarvaeandpupaeat
onebreedingsiteindicatedthatthespraydidnot
killimmatures Thustheshiftinadultage
structurewasattributed totheeliminationof

older parous females by the spray and the

continuousrecruitmentofnulliparsbyemergence
withinthesprayzone

HelicopterafternoonsprayatBreckenridge
Thekillofsentinelfemalesfromthetargetpopu
lationaveraged83atlighttrapstandardsinthe
sprayzone Mortalitywaslowatsomeperipheral
standardsthatwerepoorlysprayed Mortalityat
standards in theunsprayedcanyons was3

indicatingthatthespraydidnotdriftoutofthe
centralcanyon Recaptureratesamongreleased
femalesdeclinedaftertheinitialspray Inad

ditiontotheadultsreleasedinthecenterofthe

sprayedcanyonca12000femaleswerereleased
ineachofthetwocomparisoncanyonsconcurrent
withrelease2 Recapturepatternsamongmarked
dispersivesindicatedconsiderablemixingamong
thepopulationsofallthreecanyons Therecap
turerateofemigrantsfromthecentralcanyon
declinedmarkedlyfollowingthefirstspray

Therelativeabundanceoffemalesinthe

sprayedcanyondecreasedsignificantlyfrom620
femalesperredboxcollectionand1864females
perCOtrapnightpresprayto87and157res
pectivelyduringthesprayperiod Therelative

abundanceoffemalestrappedinunsprayedcan
yons to the south and north concurrently
decreasedinabundanceandwascorrelatedover
timewithabundanceinthesprayedcanyonr
083andr 095respectively Thepercent
reductioninthecentralcanyonwasestimatedto
be73forbothrestingandhostseekingfemales
usingfemaleabundanceinthesoutherncanyon
forcomparisons Amoremarkedreductionof97

wasestimatedfor the Tessdispersive resting
males However postsprayabundanceinthe
sprayedcanyonremainedwellabovethethreshold
of30femalespertrapnightconsideredtobe
necessary for virus transmission Persistent

abundance was attributed toa high rateof



recruitmentbyemergenceandimmigrationfrom
theunsprayedcanyons

Parityratesamongrestingandhostseeking
femalesinthesprayedcanyonwere36and26
presprayand4and1postsprayrespectively
Thevirtualeliminationofolderparousfemales
indicated that infected mosquitoes would be
removed and transmission possibly interrupted
eventhoughrelativeabundanceremainedabove
thedesiredthresholdlevel

HelicopterafternoonsprayatJohnDale
Sentinelmortalitywasmorethan80withinthe
sprayzoneandlessthan25inthecomparison
zoneSurvivalwithinthesprayzonewaslimited
tositesprotectedbyvegetativecanopy Sentinel

mortalityatcomparisonandsomespraystandards
wascausedbyadustwindstormon16August
Theeffectivenessofthespraywasconfirmedby
adeclineintherecapturerateofmarkedmos
quitoesreleased4and1daysbeforespray1

Cx tarsalis femaleabundancewithin the

sprayzonedecreasedsignificantlyfrom243fe
malesperredboxcollection234femalesperCO
trapnightand310femalesperTSStrapnight
presprayto3881and58respectivelyduring
the spray period Femaleabundance at the

centralsprayedtrapsneverdeclinedbelow30
femalespertrapnight Femaleabundanceat

comparisonzonetrapsdeclinedcoincidentallywith
abundanceatsprayzonetrapsr 083 In

contrastfemaleabundanceatredboxesandat
theTSSatCosterisanswerenotcorrelatedover
timewithabundancewithinthesprayzoner
031and013respectively Reductionwas44
whensprayedtrapswerecomparedtocomparison
trapsbutwas84and86whenrestingandTSS
collectionswithinthesprayzonewerecompared
tothoseatCosterisans

ParityratesoffemalesfromredboxesCO
trapsorTSScollectionswerenotchangedby
spraying Highparityratesalsooccurredinfe
malesfromcomparisonzonetrapsaswellasfrom
red boxand TSScollectionsatCosterisans
Highparityrateswereattributedtoelevated
autogenyratesobservedinfemalesrearedfrom
pupaecollectedfromanirrigatedpasture80
andfromsewerfarmrunoff82

Fixedwing earlymorningsprayatJohn
Dale Coveragewasadequate90sentinelmor
talityexceptforthecenterofLosPobrecitoson
17Septemberwhichwasleftunsprayedduetothe
presenceofhunters Goodkillwithinthespray
zonealsowasindicatedbythepostspraydecline
intherecapturerateofreleasedmosquitoes
Concurrentwithrelease23400to4400distinct
ivelymarkedfemaleswerereleasedateachcom
parisonstandard Therecapturepatternsofdis
persivesindicatedthatinfiltrationintothespray
zoneoccurredmostlydownwindfromWtoE

Cx tarsalisrelativeabundancewithinthe

sprayzonedecreasedfrom249femalesperred
boxcollection212femalesperCOtrapnight
and244femalesperTSSnightpresprayto140
109and153respectivelyduringthesprayperi
od Abundanceofhostseekingfemalescollected
attrapsneverwasreducedtobelowthe30fe
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males pertrapnightconsiderednecessaryto
maintainvirustransmission Abundanceatred

boxestrapsandtheTSSwithinthesprayzone
wasnotcorrelatedsignificantlywithabundanceat
comparisonzonetraps r 043andatred
boxesr 017andtheTSSr 049at
Costerisans

Percentreductionoffemalescollectedby
sprayandcomparisonzonetrapsandrestingand
TSScollectionswithinthesprayzoneandatCos
terisanswere4527and75 respectively The

percentreductionsachievedbymorningapplica
tionsbyfixedwingaircraftwerelessthanthe
percent reductions achieved by afternoon

sprayingbyhelicopter
Theparitystatusoffemalescollectedbydif

ferentmethodsvariedovertimedecreasingin
redboxesandTSScollectionsatJohnDaleand
Costerisonsandatcomparisonzonetrapsbut
increasingatsprayzonetraps Decreasesin

paritywereattributedtoageneralincreasein
theemergenceratefrombreedingsitescreatedby
duckclubfloodingandnotnecessarilytothesel
ectiveeliminationofolderfemalesbyeffective
spraying

DISCUSSIONLateafternoonaerialapplica
tionsofBaygonwettablepowderinoilsignificant
lysuppressedadultrelativeabundanceatboth
foothillandvalleyhabitats Thecentralspray
zoneatallthreestudyareasincludedfavorable
adultrestinghabitatthatformedasettlementarea
foradults emerging from peripheral breeding
sites Suppressionoftheadultpopulationinthe
sprayzonesconcurrentlyreducedhostseeking
femaleabundanceatcomparisontrapspositioned
upto25kmoutsidethesprayzonebutnotat
trapspositioned4ormorekmaway Thesefind

ingsmaybegintodelineatetheeffectivespatial
relationshipsamongCxtarsalispopulations

Significantadultsuppression byspraying
causedamarkedshiftinthefemalepopulation
agestructureatsemiisolatedfoothillsites The

BaygonformulationdidnotcontrolimmatureCx
tarsalis Adultrelativeabundanceatsprayed
trapsreboundedtoprespraylevelsfourtoseven
daysafterthelastspray Howevertheparity
rateamongrestingfemalesremainedunchanged
forupto2wkspostsprayatPosoWestand
Breckenridge Thusalthoughadultfemaleabun
dancerecoveredrapidlytheresultingpopulation
age structure was unfavorable for arbovirus
transmission

Earlymorning applicationsof Baygon by
fixedwingaircraftdid not provideasgood
control asafternoontreatmentsbyhelicopter
Operationallybothspraysprovidedgoodcoverage
ofthesprayzoneandachievedgoodkillamong
exposed sentinels Cx tarsalis egress from

diurnalrestingsitesduringduskandthusmay
have contacted persisting spray droplets or

residuesshortlyafterlateafternoonapplications
Incontrastadultsmoveintodiurnalrestingsites
shortlyaftersunrisewhichreducestheirchances
of contacting spray droplets after an early
morningspray Theoreticallythebestcontrol
wouldbeexpectedifapplicationscouldbemade
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12hrsaftersunsetwhenCxtarsalisactivity
rhythms would expose adults to insecticides

Howeverapplicationsatthistimewereimpractical
byavailableaircraft
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AERIALANDGROUNDAPPLICATIONSOFMALATHIONFORCONTROL

ANOPHELESFREEBORNIANDCULEXTARSALIS

INSUTTERCOUNTYCALIFORNIA

CPMcHughandRKWashino

DepartmentofEntomologyUniversityofCalifornia
DavisCalifornia95616

INTRODUCTIONRenewedinterestinadult
icidingasamosquitocontrolmeasurereflectsan
increasingconcernthatwedonothaveeffective
meanstocontrolmosquitobornediseaseorpest
outbreaks Thisconcernisfurtherdiscussedby
Reeves 1984 In SutterCounty California
adulticidingwithultralowvolumeULVapplica
tionsofmalathionisthemethodcurrentlyusedto
controlAnophelesfreeborniandpreventsecond
arytransmissionofimportedmalariaespeciallyin
situationsinvolvingthelargelocalpopulationsof
Punjabi immigrants In cooperation with the

SutterYubaMosquitoAbatementDistrictevalu
ationsoftheefficacyofgroundandaerialappli
cationsofmalathionforcontrolofAnfreeborni
andCulextarsalisavectorofwesternequine
andSt Louisencephalitiswereconductedin
1982and1983

METHODSIn1982ULVmalathionwasap
pliedbymosquitoabatementgroundvehiclesover
a40sqmiareasouthwestofYubaCityin
SutterCountyCalifornia Thesprayareawas
plantedprimarilywithricewithsomerowcrops
and orchards Applications were made once

weeklyonThursdaynightsfrom22Julyto9
September Roadaccesslimitedroutesofspray
vehiclestoanintervalofca 1 sqmi The

surrounding nonspray area was used as a

comparisonzoneandwasplantedwithrowcrops
orchards and rice Ninewalkin red boxes

6x4x4werelocatedinthesprayareaand5
wereplacedinthecomparisonzone Resting
mosquitoeswerecollectedfromredboxesonce
weeklyonTuesdaymornings

Threetimesduringthestudymosquitoes
werealsocollectedonWednesdayThursdayand
Fridaymornings Sentinelcageswithlaboratory
rearedandfieldcollectedAnfreeborniandCx

tarsaliswereusedduringthreeoftheweekly
spraystomonitorspraydriftandestimateeffec
tivenessatvariousdistancesfromthesprayvehi
cles Anadditionalsentinelcagetestwascon
ductedinanorchardenvironmenttodetermine

theimpactofheavyvegetationonmovementof
thespray

In1983anevaluationoftheArmyshelicop
terslungpesticidedispersalunitHSPDUwas
conductedintheSutterNationalWildlifeRefuge
The1 squaremilesprayzoneconsistedofa
centralstripofdenseriparianvegetationbor
deredoneithersidebyhabitatsuitableformos
quitobreeding Theoverstoryoftheforested
areawascottonwoodPopulusandtheunder
storyconsistedprimarilyofwillowSalixand
boxelderAcernegundoRiefieldsmadeupthe

OFADULT
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remainderofthesprayareaalongwithfields
floodedbytherefugemanagementtoprovide
waterfowlhabitats Theareasurroundingthe
sprayzonewassimilarinnatureandwasusedas
thenonspraycomparisonarea

Atotalof20walkinredboxes6x4x4
werepositionedinthesprayzone Mostwere

placedinoralongtheriparianvegetationand
theremainderwereplacedinmoreopenareas
closertopotentialmosquitobreedingsites CO
lighttrapswereplacednear12ofthespray
zoneredboxes Fourwalkinredboxesand
fourCOlighttrapswerepositionedinthesur
rounding comparison area 1 mile from the

borderofthesprayzone
CalibrationprocedurefortheHSPDUwas

similartothatfollowedinKernCountySchaefer
1984 Themajordifferencelayintheuseof
malathionasan8lbgalformulationappliedata
dosagerateof05lbacre TheHSPDUdis
chargedmalathionthroughtwoBeecomistnozzles
eachfittedwithasleevewith40micronopenings
Basedonanassumedswathwidthof200ftand
agroundspeedof57mphadischargerateof90
fluidozminnozzlewasrequiredtogivethede
sireddosagerateof05 lbacre Aground
calibrationdeterminedthat60psiwasadequateto
givetherequireddischargerate

Fieldcalibrationwasconductedusinga400
fttransectwithsamplingstationsat50ftin
tervals Organophosphorus susceptible mos

quitoesinsentinelcagesandoilsensitivepapers
wereplacedateachstation Atfourofthesam

plingstationssiliconecoatedslidesonrotating
spinnerswereusedtocollectdataondroplet
size Oneachofthefourcalibrationrunsthe
helicopterflightpathwasperpendiculartothe
testlinecrossingthecenterofthelineatan
altitudeof50feet Sentinelmosquitoesshowed
highmortalityoveratleast200ftoneachofthe
testrunsand200wasusedastheoperational
swathwidthforsubsequentfieldapplications
Dropletsizeswereslightlylargerthanexpected
withmanydropletswellover100microns
During2oftheapplicationsinthestudysitean
800fttransectwithsentinelcagesevery25ft
wasestablishedtomonitorspraycoverage Mor

talityamongsentinel mosquitoeswasgenerally
highbutthereweresomegapsincoverage
Thesegapsmayhaveresultedfromthehelicopter
strayingslightlyoffcourseduringsprayruns
Flagmenforthehelicopterwerelocatedonlyat
eitherendofthe1miruns Becausemortalityof
cagedmosquitoesisgenerallyhigherthanmortal
ityofthewildpopulationitislikelythateven
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intheopenareasinwhichthetransectwasloc
atedaportionofwildmosquitoeswerenotkilled

TwotrialsoftheHSPDUwereconductedus

ingthe23dayprotocoldevelopedbyReeveset
al 1983 Thefirsttrialincludedevening
sprayson25and8August Thesecondtrial

includeddawnsprayson26and29Augusta
thirdspraywascancelledduetotechnicalprob
lems

Sentinelcageswereusedduringeachspray
tomonitorspraycoverageandpenetrationofthe
sprayintothedenseriparianvegetation

Over35000Anfreebornidustedwithvar
iouscolorsoffluorescentpigmentwerereleased
inandaroundthesprayzonetomonitorsur
vivorship and movementofmosquitoes Mos

quitoeswerereleasedatsunsetinthecenterof
thesprayzoneon29July1August22August
and25August Areleaseinthenonspraycom
parisonareawasmadeon25August Mosquitoes
collectedfromredboxesandlighttrapsonsub
sequentdayswerecheckedunderaUVlightfor
thepresenceofmarkedindividuals

Laboratorybioassaysusingthetreatedfilter
papertechniqueofGeorghiouandGidden1965
wereusedtomonitorinsecticidesusceptibility
An freeborniandCx tarsalisfromthespray
zoneweretestedbeforesprayingbeganbetween
trialsandattheconclusionofallspraying

Allmosquitocollectionswerereturnedtothe
labforprocessing Sampleswerefirstchecked
underaUVlightforthepresenceofindividuals
markedwithfluorescentdust Mosquitoeswere
thenidentifiedastospeciesandsexandthe
trophicstatesofallfemaleswerenoted Period

icallyasubsampleoffemaleAnfreeborniwere
dissected using the technique of Polovodova

Detinova1962todeterminethegonotrophicage
structureofthepopulation Midgutsofdissected
mosquitoes which were freshly bloodengorged
werefrozenandsavedforlateranalysisofhost
feedingpatterns

RESULTS1982 Ground application
Abundanceof AnfreeborniandCxtarsalisis
summarized in Figures 1 and2 respectively
Theratioofmosquitoescollectedinthesprayand
thecomparisonareaswasusedasanindicatorof
mosquitoabundance Adropinthisratioor
controlindexCIindicatedarelativedecreasein
the spray zone population The relative

abundanceofAn freeborniinthesprayzone
showedadeclinebutonlyafterfourweekly
applicationsofmalathion FrommidAuguston
thespray zonecontinued todecline for the

remainderofthestudy Theimpactofthespray
ontheCxtarsaliswasapparentlyinsignificant
Thepopulationlevelsinthesprayandcomparison
zoneswereerraticbutingeneraltherelative
numberinthesprayzoneincreasedoverthe
lengthofthestudy

Sentinel cage resultssuggestedthatCx
tarsalis was relatively resistant to malathion

Mortalityofboth Anophelesand Culexwashigh
insentinelcagesneartheroutesofthesprayve
hiclesanddecreasedasdistancefromthespray
increased Within 01 mi all sentinel An

freeborniwerekilledat05miabout90ofthe
sentinels died Mortality of Culex decreased

rapidlyhoweverandat05mionly1015of
thesentinelCxtarsaliswerekilled

Parityofthe Anfreebornirangedfrom0
to43 butwasgenerallyabout1025 Onfive

ofthedaysthatparitydeterminationsweremade
therewasasignificantdifferencebetweenparity
ratesinthesprayandthecomparisonzones On

fouroftheseoccasionsparitywassignificantly
higherinthesprayzone Onlyoncewastherea
significantlyhigherparityrateinthenonspray
comparisonzone

Theorchardsentineltestindicatedthatthe

groundappliedmalathionwasunabletopenetrate
densevegetation Intheyoungorchardca5
canopycovermortalityoccurredatalldistances
tested Mortalitywashighestnearthespray
routeieover90percentto100metersand
decreasedasdistancefromthesprayroutein
creased At400metersthelongestdistance
testedmortalityaveraged35percentamongthe
threetestcages

Mortalityintheoldorchardthathadca70
coverwithextensivebranchingwasnegligiblein
thecagesclosesttothesprayieaverage5
percent at 10 meters and all mosquitoes
survivedatalltheotherdistancestested The

absenceofmortalityintheoldorchardsuggests
that under the conditions of the test the

orchardfoliagepreventspenetrationofthespray
Theorchardapparentlyenclosesanenvelopeof
stagnantairwithlittlemixingwiththeoutside
environment

ThefateoftheultralowvolumeULVfog
intheoldorchardtestwasnotdetermined It

mayhavesettledintheroadcutatthepointof
applicationorturbulentflowmayhavepulledthe
sprayupandoverthetopsofthetreesorforced
italongtheroadandouttothesidesoftheor
chard

Windspeedduringthetestwasextremely
light0to1mphanincreasecouldsignificantly
alterthespreadofinsecticidethroughtheor
chard Additionaltestsarenecessarytodeter
minetheeffectofwindspeedandtomapwind
flowpatternsinanoldorchard

1983Aerialapplication Mosquitoabundance
duringthetwo1983trialsissummarizedinFigs
36 Asinthe1982studythecontrolindexwas
usedtocomparerelativenumbersinthespray
andcomparisonzones

Duringthefirstfieldtrialie25July16
Augustthepopulationof Anfreeborniwas

lowanditwasdifficulttodetectanappreciable
declineduetothemalathionapplication During
thesecondfieldtrialie 18August 6Sept
embercollectionsfromlighttrapsandredboxes
gaveevidenceofcontrolofboth Anfreeborni
andCxtarsalis Thedeclineinmosquitonum
bersinthesprayzonewasonlytransienthow
everandthepopulationsquicklyrecoveredto
pretreatmentlevels

Sentinelcagedataindicatedthataerialap
plicationofmalathioncanbeveryeffectivein
areaswith novegetationcover mortalityap
proaching100wasseeninmostsentinelcagesin
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openareas Inareaswithlightormoderate
coverhowevermortalitywasappreciablyre
duced Mortality of sentinels sequestered in

heavyvegetationwasnohigherthanthatexper
iencedbysentinelsinthecomparisonarea The

inabilityofspraytopenetratethickvegetative
coverwasdemonstratedduringthe26August
spray Atransectofsentinelstationswithcages
intheopen ontheedgeofandindense
vegetationsuffered937and0mortalityof
caged AnfreebornirespectivelyIngeneral
fieldcollected Cxtarsalisshowedlessmortality
thandid Anfreeborni Thistrendconsistent

withresultsof1982sentinelcagetestsandlabor
atorytestsforresistancewhicharereportedbe
low

Parityinthemosquitoesfromthesprayzone
wassignificantlygreaterthaninthosefromthe
comparison zone ie 118 vs 25 on 1

Augustonedaypriortothebeginningofspray
operations Therewerenosignificantdifferences
onsubsequentdays Parityduringthetwotrials
rangedfrom19to175

The numberofmarked individualswhich
wererecoveredwasinsufficienttomakestate

mentsconcerningthesurvivorshipof Anfree
borniinthefieldenvironment Therecapture
patternsdohoweverprovideinsightintothe
dispersalcapabilityofthismosquito Inafew

casesfemalemosquitoesreleasedatsunsetwere
collectedthefollowingmorningasfaras15mi
fromthepointofrelease Moreofthemarked

mosquitoeswererecapturedtothenorthofthe
releasepointthantothesouth Thisprobably
reflectstheinfluenceofwindwhichwasgenerally
fromthesouthduringthestudy

Resultsofthebioassayforsusceptibilityto
malathionwerecoveredindetailbyCase1984
SprayzoneCxtarsalisweremuchmoreresistant
tocontactexposuretomalathion LCof570
ugcmforthefinalpostspraybioassaythan
weretheAnfreeborniLCof636ugcm
Therewasnosignificantchangeinthesuscept
ibilityofeitheroverthecourseofthestudy

DISCUSSIONInthe1982studyabundance
ofAnfreeborniinthesprayzonebegantode
clineonlyafterfourweeklyapplicationsofmala
thion Perhapsthepopulationwasrespondingto
continuedinsecticidepressure Achangeinthe
behaviorofthemosquitoesmayhaveincreased
theirexposuretotheinsecticideorthepopulation
declinemayhaveresultedfrommosquitomigration
outofthesprayarea Migrationofnullipars
awayfrombreedingsitesinpreparationforover
winteringcouldalsohaveinfluencedtheparity
ratesinthepopulationwhichremained

TheresistanceofCxtarsalistomalathion
indicatedbysentinalcageresultsandthefailure
todemonstratepopulationsuppressionin1982was
confirmedbylaboratorybioassaysin1983 Re

sistanceofthismosquitotoseveralcompoundsis
welldocumentedinotherareasoftheCentral
ValleyWomeldorf1984

Thefailuretodemonstratelongerlivedsup
pressionofAnophelesandCulexinthe1983
studymayhavebeenduetoimmigrationofmos
quitoesintothesprayzoneandorfailuretokill
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mosquitoes sequestered in heavy vegetation
Markreleaserecapture estimates of dispersal
ieasmuchas15miovernightindicatethat
Anfreebornihastheabilitytoinvadethespray
zoneandmasktheimpactofcontrolmeasures
Visibilityrestrictions requiredhelicopterspray
operationsbeconductedduringpredarkorpost
dawnhours Unfortunatelythismayhavebeen
whenmanymosquitoeswere resting inheavy
vegetation and therefore protected from the

spray Ideallyspraysshouldbeappliedduring
periodsofpeakactivitywhenmosquitoesarein
open areas in search of mates hosts or

ovipositionsites
Bothgroundandaerialapplicationsofmala

thionmaybeeffectivewhenconditionsareopti
mal Operationallimitationsegroadaccess
andvisibilityrestrictionstheinabilityofeither
methodtoeffectivelypenetratevegetationand
possibleinsecticideresistancehowevermaylimit
thesuccessoftheseapplicationsinmanyreal
worldsituations Additionalresearchisneces
sarytoidentifymaterialsandmethodswhichwill
giveadequatecontrolunderawidevarietyof
conditions including someofwhich wereen

counteredinthisstudy
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PANEL CALIFORNIAMOSQUITOANDVECTORCONTROL

ASSOCIATIONINC HOWWHYANDWHAT

INTRODUCTION

MarvinCKramer

Thispanelwilladdressitselftothehow
whyandwhatoftheCaliforniaMosquitoand
VectorControlAssociationInc Twogiantsof
mosquitocontrolinCaliforniahavebeenaskedto
tell you thehowand the why Thesetwo

gentlemenrepresent76yearsofexperiencein
mosquitocontrol Theircontributionismeasured

notjustinlengthofserviceextensiveasitis
butmore importantly in the qualityofthat
service Theyhavebeenpioneersofideasand
approachesandhaveexhibitedaleadershipthat
haspromptedmosquitocontrolworkersnotonly
in California but worldwide to seek their

counsel

With specific reference to the California

MosquitoandVectorControlAssociation Inc

theyhavehadadeepandabidingconcern They
haveanalyzedproblemscorrectlyhavehadcour
ageoftheirconvictionsandhavecampaigned
withvigorandsuccessinbringingaboutneces
sary changes with disregard for personal
popularity in the instances in which their

conclusionsmetwithlessthanuniversalfavor
Thefollowingbriefintroductionshighlight

their relationship to California Mosquito and

VectorControlAssociationInc theyarebyno
meanscompleteforeitherofthem

HowardGreenfieldstartedhiscareerin1948
asaresearchassistantwiththeCalifornia

CaliforniaMosquito VectorControl

AssociationInc
197OttoCircle

SacramentoCalifornia95822

DepartmentofPublicHealthmovedontothe
MercedCountyMosquitoAbatement Districtas

entomologistin1949andin1951washiredas
manageroftheNorthernSalinasValleyMosquito
Abatement District where he served with

distinctionuntilhisretirementin1982 Hewas

presidentoftheAssociationin1957andserved
oncommitteesinCMVCAandinAMCAduring
everyyearofhis31yearsasmanagerofthe
Northern Salinas Valley Mosquito Abatement

Districtfrequentlyaschairman
DickPetersworkexperiencebeganunder

Title6inthelate30sinSolanoCounty Mon

tereyCountybeckonedintheearly40sand
shortly thereafter he started a long and

illustriouscareerwiththeCaliforniaDepartment
ofPublicHealthinterruptedonlybyserviceto
hiscountryduringWorldWarIIasamosquito
control expertwhotaughtclasses in malaria

controlintheSouthPacificandbytripsto
variouspartsoftheworldasspecialconsultant
fortheWorldHealthOrganizationandAID
DickhasbeenpresidentofCMVCAandofthe
AmericanMosquitoControlAssociationInc He

has served on numerous committees in both

CMVCAandAMCAfrequentlyaschairmanand
hasbeenamemberoftheBoardofTrusteesof
theContraCostaMADforanumberofyears



WhenJackWalkerAssistantChiefofthe
Bureau of Vector Control now retired
presentedhisauthortitleindexVolumes124
1930 1956atthe25thAnnualConferencein

1957hewroteintheForewardThewritingof
a history of the California Mosquito Control

Associationisataskyettobeundertaken In

theabsenceofsuchareferencecertaincomments
arebelieveddesirablehereinordertoorient
readerswishingtousetheindexwhichfollows

The first ConferenceofSuperintendents
andTrusteesoftheMosquitoAbatementDistricts
inCalifornia washeldDecember161930at
AgriculturalHallUniversityofCaliforniaBerk
eley attheinvitationofProfessorWilliamB

HermsHeadoftheDivisionofEntomologyand
Parasitology

Nowhavingestablishedthedatewhenthe
firstconference wasconvened I believethe

eventsthatprecededthefirstconferenceareim
portantenoughtoberetoldandthepeoplein
volvedtobeidentified

Much ofthe information I am going to

presentcamefromoneofthemostunlikelypub
licationsIcanimagine TheTransactionsofthe

CommonwealthClubofCaliforniaSanFrancisco
VolumeXINo17March161916entitledThe
MalariaProblem Itwasacommitteereportsub
mittedbeforethegeneralmembershipoftheCom
monwealthClubofCalifornia

Themembershipofthecommitteewasas
follows

DrEbrightChairmanPresidentofthe
StateBoardofHealth

DrRayLymanWilburChairmanSectionon
PublicHealthPresidentofStanford
University

ProfessorWilliamBHermsAssociate
ProfessorofParasitologyUniversityof
California

DrKarlFMeyerAssociateProfessorof
TropicalMedicineintheUniversityof
California

DrGeorgeHWhippleDirectorofthe
GeorgeWilliamsHooperFoundationfor
MedicalResearch

Ibelievethemakeupofthiscommittee the

PresidentoftheStateBoardofHealththePresi
dentofStanfordUniversitytwoProfessorsfrom
theUniversityofCaliforniaandtheDirectorof
theHooperFoundationclearlyindicatesthegreat
concernthepeopleofCaliforniahadaboutmalaria
andhowitcouldbecontrolled

DrEbrightinhisremarksstatedthatma
lariawasunknowninCaliforniapriorto1850and
heconjecturedthatthediseasewasbrought

HOWTHECMVCAWASBORN

HowardRGreenfield

inbyimmigrantsfromtheMississippiValleythe
IsthmusofPanamaandfrom Italy Healso

statedthatitcosttheStateabout2820000
yearlyandthatwasin1916dollars

ProfessorHermsinhisremarkssaidthat
malariacontrol was synonymouswith mosquito
controlandthathewasverygratifiedthatthe
state legislature had passed the Mosquito
AbatementActin1915

OfcourseProfessorHermsshouldbegrati
fiedsincehehadtoiledformanyyearspriorto
thepassageoftheMosquitoAbatementActinthe
CentralValleyastherepresentativeoftheUni
versityofCaliforniaandalsoattherequestof
theSouthernPacificRailroadCompanytryingto
educatethepublicabouttheneedtocontrolma
laria SouthernPacificprovidedProfessorHerms
witharailroadcartotravelthelengthofthe
CentralValleyandalsostronglylobbiedforthe
passageoftheMosquitoAbatementAct Southern

Pacificveryearlyrecognizedthatiftheirland
holdingsintheCentralValleywereevertobe
developedinexcessof10000000acresmalaria
hadtobecontrolled

ProfessorHermsinanaddressbeforethe

BakersfieldBoosterClubsaidthatwiththepas
sageoftheMosquitoAbatementActseveraldis
trictshadbeenorganized oneinMarinCounty
oneinSanMateoCountyBakersfieldwastofol
lowwithafiftysquaremiledistrictandtenmile
squaredistrictinSpringvilleTulareCounty

WiththepassageoftheMosquitoAbatement
Actin1915sevendistrictswereorganizedand
operatingbytheyear1920 Theywere

1 MarinSonoma
2 ThreeCities
3 LosMolinos
4 Pulgas
5 DrMorris
6 Durham

7 Shasta

1915

1916

1917

1917

1917

1918

1919

27

Progresswasslowbutsteadyandby1930
twentydistrictshadbeenorganizedandeight
morewereinthemill ProfessorHermsbythis
timewasrecognizedastheauthorityonmosquito
controlinCaliforniaanditwashewhorecognized
thataneedexistedtobringtogetherthosepeople
inthefiringlineorinthetrencheswhohadac
cumulatedsome15yearsexperienceinfighting
mosquitoestoexchangeinformation Thuswas

borntheforerunnerofourpresentorganization
Nowwiththisbriefhistoryofeventsetc

thatledtotheconveningofthefirstconference
ofmosquitoabatementofficialsletsseewhothe
participantswere

ProfWBHermsUniversityofCalifornia
CollegeofAgriculture

ProfHJQuayleUniversityofCalifornia
CollegeofAgriculture
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ProfWMHoskinsUniversityof
CaliforniaCollegeofAgriculture

ProfCGHydeUniversityofCalifornia
CollegeofCivilEngineering

EdwardStuartSanitaryEngineerincharge
ofMalariaControlStateBoardofHealth

ManagersSuperintendentsNobleStover
REHackley
JCDickey
FredRush
AMEmerick
WPMenefee

HFGray

Trustees JohnFreitas
RMSheldon

ECCrowley
OliverSancomb

LBNevin

TAKeiser

OtherspresentandIfindthisveryinterest
ingwere

MSRobertsonCurtissWrightFlying
Service

HCRikerFairchildAerialService

LLFunkAerialPhotography

MrBarnhillGrowersChemicalCoLTD

ProfessorHermsinhisopeningremarkswel
comedthegroupandpresentedabriefhistoryof

mosquitocontrolinCaliforniaandsuggestedthe
groupselectachairmanandasecretaryNoble
StoverwasselectedaschairmanandHaroldGray
asSecretary

Paperswerepresentedandaftereachthe
chairopenedthemeetingforgeneraldiscussion
orquestionsabouttheinformationpresented

Duringoneofthediscussionstheideaof
thegrouphavingaclearinghouseforinformation
wasexploredanditwasfinallyagreedtoleave
thematterinthehandsofProfessorHerms

Theconferenceendedwiththoseinattend

ancestatingthatthemeetinghadproventobean
excellentwaytoexchangeinformationetcand
thattheconferenceshouldbecontinuedwith

permanentorganization Uponmotionsdulyse
condedtheabovenamedofficerswereelectedfor
anannualterm

Themeeting was sosuccessful thatthe

groupsuggestedthattwomeetingsbeheldin
1931 Themeetingwasadjournedat445pmto
reconveneinApriltimeandplacetobedeter
minedbytheofficersoftheAssociation The

Aprilmeetingwasnotheldandtheconferencedid
notreconveneuntilDecember15th1931atAgri
culturalHallinBerkeley

InconclusionthisseemstobehowtheCal
iforniaMosquitoandVectorControlAssociation
wasborn andasyouhaveprobablynotedthe
onenamethatisfoundthroughoutthisnarrative
isProfessorHerms Itisnowonderthathebe

cameknownasthefatherofmosquitocontrol
lovedbymanyandreveredbyall Professor

Hermsrecognizedtheneedtoexchangeinforma
tionamongmosquitocontrolworkersforthepro
gramstobesuccessfulandthatneediseven
moreimportanttodaysomefiftyfouryearslater



MyrecollectionoftheCaliforniaMosquito
ControlAssociationdatesbacktothemidthirties

whileanundergraduatestudentinentomologyat
theUniversityofCaliforniaBerkeley Meetings
wereheldintheauditoriumofAgricultureHallon
campusfromthetimetheAssociationbeganin
1930 ProfessorWBHermsthenChairmanof
theDepartmentofEntomologyservedashostof
theannualmeetings Ateverymeetinguntil1949
he provided the attendees mostly Superin
tendentsbutalsoasprinklingofTrusteeswitha
greetingfollowedbyanoverviewoftheworld
widestatusofmosquitobornedisease Recitals

weremadebymanyofthesuperintendentswho
relatedtheirindividualpracticesandproblems
Eachoperatingbyhislonelywaseagertohear
whattheothersweredoingworkingwithinthe
powersgrantedbytheMosquitoAbatementDis
trictAct HaroldFarnsworthGray Engineer
Alameda CountyMosquito District ofcourse
dominatedtheearlymeetings

Itmustbeappreciatedthatattheoutset
mostmosquitoabatementdistrictsweretinyand
widelyscatteredthroughoutthestate Therewas

nolinkbetweenthemandtransportationatfirst
wasbyhorseandbuggyuntilautomobilesgradu
allybecameavailable ShastaCountyhadfive
separatedistricts TehamaCountyhadonein
theareaofLosMolinos ButteCountyhadtwo
small districtscovering Durham and Oroville

ThecityofMercedandoutlyingareaconstituted
another TheDeltaDistrictcontainedonlyVisalia
andenvirons ThencametheDrMorris Mos

quitoAbatementDistrictnamedafterthephy
sicianwhotooktheinitiativeinformingthedis
trictcoveringonlyBakersfieldanditsenvirons
SantaBarbaraCountyhadasmalldistrictinthe
vicinityofCarpinteria

LosAngelescountywasrepresentedonlyby
theBallonaCreekandCompton CreekMADs

TheCoachellaValleyMADwasthendevotedonly
toHippelateseyegnatcontrol Inthebayarea
SanMateocountyhadthreesmalldistrictsthe
PulgasThreeCitiesandMataderowhichbordered
onSantaClaraCounty MarinCountywhichhad
thefirstdistrictformedinCaliforniain1915
includedSanRafaelanditsoutlyingmarshes
SonomaCountyhadonlytakencoverageofits
mosquitoproblemaroundthecityofSonoma
Napa and SolanoCounties showedwisdom by
creatingcountywidedistricts ContraCosta

1RetiredChiefBureauofVectorControl
California Department of Health Services
currently Trustee Contra Costa Mosquito
AbatementDistrict

WHYTHECMVCAWASFORMED

WHATTRUSTEESMIGHTAIMFOR

RichardFPeters1
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Countybeganwithitsdistrictcoveringonlythe
northernpartofthecounty AlamedaCountyat
firstalsoincludedonlythecitiesborderingits
marshes

Theannualassociationmeetingsalsoserved
asaforumtodiscussandofferopinionsonmos
quitospeciesbehavior Considerabletensionex

istedbetweenSuperintendentsoftheneighboring
districts inthebayareaconcerningmosquito
flightsandinvasionswhichcouldnotbeex
plained BothsaltmarshspeciesAedessqua
migerandAedesdorsalisarecapableoftraveling
manymilesand their unexpected appearances
throughoutthebayareagaverisetomuchspecu
lationchargesandcounterchargesconcerning
theirorigin Thissituationwasfinallyresolved
bydistrictconsolidationinSanMateoCountyand
moreextendedcoverageintheothercounties A

similarsituationwaslatertodevelopamongthe
districtsintheCentralValleywhereAedesni
gromaculisthepasturemosquitoandAnopheles
freebornithemalariamosquitobothalsocapable
offlyingconsiderabledistancesvexedthemana
gersofneighboringmosquitoabatementdistricts
formanyyears

Untilthestatesubventiontolocalmosquito
controlagenciesbeganin1946andwithitthe
rapidexpansioninnumberofagenciesandarea
ofthestatecoveredtheassociationwaslargelya
meansforannualinformationexchange Theim

pactofthisgrowthandtheintroductionofDDT
acompletelynewcontroltechnologyprovideda
needformoreandclosercommunicationamong
everyoneconcerned Anewelementofprofes
sionallyandtechnicallytrainedpersonnelwasalso
comingintoexistenceamongthelocalagencies
In1951theCMCAincorporatedasanonprofit
agencyadoptedaconstitutionandbylawsand
demonstrateditsintentionofstandingonitsown
feet Undoubtedlyanelementofconcernexisted
inthemindsofsomelocalagenciesthattheAs
sociationwasameansofprotectinglocalautonomy
fromthosemonsterscalledStateandFederal

government Thepatternofassociationutilized
bytheLocalHealthOfficersandDirectorsofEn
vironmentalHealth aconferencestructure
influencedthefoundersoftherevisedCMCA

Howeverthosetwogroupshadsomethingincom
mon anMDandMPHfortheHealthOffi

cersandSanitationtrainingandbackgroundfor
theSanitarians TheCMCAhadawideassort

mentofbackgroundcharacterizingitsadministra
torswhichdidntlendtoaconferencestructure

AlsotheCMCArecognizedtheneedtoprovide
fortrusteeinvolvementandinsubsequentyears
asTrusteeCorporateBoardwascreatedforthis
purpose

Sincethetrusteesgovernthepoliciesofdis
trictsparticularlywithregardtouseoflocal
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fundstheroleandfunctionsoftheTrusteeCor

porateBoardoftheAssociationbecamevirtually
thesamerelatingtotheAssociationinbehalfof
everydistrictinthestate Unfortunatelyhow
everonlytokenawarenessexistsamongtrustees
statewidethattheyareanintegralcoginthis
Association Attestthefewtrusteesattending
thismeeting Theproblemsfacingmosquitocon
trol in California today are primarily fiscal
broughtonbytheimpactofProposition13 Ac

cordingly this is primarilyatrusteematter
Ourmanagerscantsolvethisonealone Ifour

problemsweretechnicaloroperationalwecould
expecttheycouldbeeffectivelydealtwithby
them

OurdistrictinContraCostaCountyhappens
tobemarginalwithrespecttofunding Wehave

cutbackourprogramsinceProposition13toa
pointwhereonlytheprimarymosquitoproducing
sourcescanbecovered Atonestagesome
yearsagoourdistrictapproachedbeingavector
control district likeOrange County Northern

SalinasValleyandDeltaMADsinthatwealso
controlled domestic flies gnats and yellow
jackets Wenowhavediminishedourstaffand

mosquitocontrolcoveragetoapointwhereour
Boardrecentlydebatedwhethertoholdanelect
ionlikeAlamedaSanMateoSanJoaquinand
TurlockMADsdidtoboostourbudgettoamore
comfortablelevel Weconcludedthatwewouldnt

holdanelectionatthistimesincethatapproach
isshakeyandtheremustbeabetterwaytoob
tainmorecertainlongtermfunding Inorderto

starttheballrollingtowardthisendourBoard
wrotetheCaliforniaMosquitoandVectorControl
Associationthefollowingletter

FrankPelsuePresidentCMVCA
CaliforniaMosquitoandVectorControl

AssociationInc
SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenue
SouthGateCalifornia90280

DearDrPelsue

Ithasbeenfiveyearssincethepassage
ofProposition 13anditisveryapparent
thatlongtermfinancingisstillamajorcon
cernofmosquitoabatementdistrictsinCali
fornia Todate legislativeprogress has

beeninsufficientwithlimitedpiecemealpro
gramsandsupplementalfinancingthroughAB
8legislationwhichcontinuestobeinjeop
ardy

AlthoughaGovernors task forceon

localgovernmentfinancinghasbeencreated
toreviewsolutionstothischronicproblem
therearenoassurancesmosquitocontrolwill
befavorablyconsidered

ContraCostaMosquitoAbatementDistrict
urgestheCMVCAtobecomeinvolvedinthis
latestprocesstoensureafairhearinginpo
tentiallongtermsolutionsandwouldliketo
supporttheAssociationinanywayitcould
ItbehooveseachDistricttoactivelypursue

financiallegislationuntilsatisfactoryendsare
met Tothisendwewouldappreciateknow
ingwhatorganizedplantheAssociationhas
tohelpmemberDistrictsbyoutliningjust
whatisandcouldbedonebyindividualDis
tricts

Acopyofthisletterisbeingsenttothe
locallegislatorswhomwetrustwouldbewill
ingtoassistinlongtermsolutions

Sincerely

HRogerWillisPresident
BoardofTrustees

cc RHeim
MKramer

CBcjp

DrPelsuerepliedcitingpassageofSB
628theEmergencyMosquitoFundingBillwhich
willbecoveredindetailduringtheafternoon
sessiontodaybutindicatedthatnoplanpres
entlyexistswithintheCMVCAtodealwiththis
unmetneedofCaliforniamosquitocontrol He

expressedhopethatall localcontrolagencies
wouldbecomeinvolvedwiththedevelopmentofa
planneededforachievementofpermanentfund
ingforvectorcontrolagencies

Ladies and Gentlemen securing adequate
funding is a trustee oriented matter which

deservesourstatewideattention Iunderstand

theauthorofProposition13didntintendfor
such health services agencies as mosquito
abatement districts to be crippled by that

proposition It happened that way in the

inevitablepoliticalshuffleoflimitedlocalfunds
remaining availableto BoardsofSupervisors
Localaugmentationofdistrictsbudgetsisnot
prospectiveofsolvingthelongrangeneedsof
mosquitoabatementdistricts Doyourealizethat
therearemorethan300trusteesinthestatewho

couldbecomeactiveinbringingthispredicament
to the attention of our Senators and

Assemblymen IwouldwagerthateveryBoardof
Trusteeshasoneormorememberswhoareon

closespeakingtermswiththelocallegislators
Whatisneededofcourseisaplanfortified

withappropriatelegislationbywhicTitorestore
adequatefundingtolocalvectorcontrolagencies
Itissuggestedthatsuchanundertakingbethe
maineffortoftheTrusteeCorporateBoarddur
ing1984rallyingstatewideparticipationandsup
portfromthe300pluslatenttrustees Itcanbe

donebutitwontbeifwesitonourhandsand
waitforsomeoneelsetodoit

This Association properly backed and

representedbyitstrusteescouldbeapowerful
forceinachievingthestatewideneedsofvector
controlagencies Althoughwedirectlyrepresent
ourrespectivedistrictsasagentsofourcities
andcountiesasprivatecitizensweindirectly
relatetoeveryphaseofpubliclifecommercial
industrialagriculturalenvironmentalrecreational



etc Throughtheserelationshipswecanreach
ourlegislatorsandinformthemofourfiscalpre
dicament AnAssociationcan bemuch more

AseveryconscientiousmemberoftheBoard
ofTrusteesshouldbeyouareinterestedinwhat
yourdistrictreceivesfromtheCaliforniaMosquito
andVectorControlAssociationinreturnforthe

duesthatarepaid Associationactivitiescanbe

categorizedascommitteework centralclearing
houseforreceivinganddisseminatinginformation
sponsor ofconferences seminars workshops
demonstrations and cooperative negotiations
parentorganizationofthejointpowersagency
promoterofintergovernmentalprogramsaimedat
reduction of restrictions and improved
effectivenessofdistricts andpublisher

Committee work is the mainstay of the
Association Individualmembershavestrengths
butnoonepersonhasgreatstrengthinallof
thecomplexrequirementsofmosquitoandvector
control Memberswithdemonstratedproficiency
in a given area are grouped together in a

committee Withthevarietyofchargesamongthe
variouscommitteesallapproachesforeffective
mosquitocontrol areaddressed Examplesof
benefitsthataccruetoAssociationmembersare

theaccomplishmentsoftheLegislativeandCentral
OfficeCommittees TheLegislativeCommitteewas
instrumentalinsecuring325millionsfromthe
State for supplemental financial support of

mosquito and vector control districts This

programwasadministeredbytheVectorBiology
andControlBranchoftheCaliforniaDepartment
ofHealthServices allocationsweremadetoall

mosquitoandVectorControlagencieswhoapplied
forfunds

Anotheraccomplishmentofthe Legislative
Committeewassuccessful promotionin1983of
legislationtoprovideforfundingofemergency
encephalitiscontrolbymosquitoandvectorcon
troldistrictsorcountyhealthdepartmentsand
forearlysurveillancebytheVectorBiologyand
ControlBranchoftheCaliforniaDepartmentof
HealthServices Thecommitteeiscurrentlymak
ingplansforpromotingstatehelponapermanent
basisformosquitoandvectorcontroldistricts

TheCentralOfficeCommitteehasreviewed

operationoftheofficehasmadeindepthstudies
ofobjectives and procedures and has made

WHATCMVCAPROVIDES

MarvinCKramer

CaliforniaMosquito VectorControl

AssociationInc
197OttoCircle

SacramentoCalifornia95822

31

powerfulthangovernmentininfluencinglegis
lativeaction

recommendations for a more costeffective

approach Partof this wasan overhaul of

proceduresformakingpublicationscameraready
andfor printing andthe mechanicsofthis

include purchase of a computer and word

processor

OthercommitteesareBudgetandExecutive
Computer ControlwithsubcommitteesBiologi
calEntomologicalandPhysicalControl Con

tinuing Education Cooperative Planning
Environment Equipment FiscalReview
HistoricalArchives IntegratedPestManagement
Local Arrangements Program Publications
Research Training and Ways and Means

Eachofthemismakinganimportantcontribution
andifwehadmoretimeatthismeetingwecould
enumeratetheiraccomplishments butthereis

time only for the highlights of the various

categoriesofAssociationactivities
ThecentralofficeoftheAssociationisa

continuing identifiable physical location which

hascontinuingpersonneltomaintainrelationships
withmanyorganizations Asthecentralclearing
houseforreceiptanddisseminationofinforma
tiontheAssociationofficepreparesanddistri
butesquestionnairesfortheannualyearbookand
forfiscalinformation maintainsmailinglistsfor
essentialdistributionofcommunicationsandpub
licationstomembersandtopurchasersofpublica
tionspreparesminutesofBoardmeetingsand
distributesthem to members duplicates and

sendsoutagendaformeetingsannouncementof
conferences committeemeeting schedules and

BioBriefs andanswerscorrespondencefroma
varietyoforganizationsandindividualsregarding
mosquitocontrolinCalifornia

Alsothepoolingofideashelpstodevelopa
uniformpatternofoperationsfordistrictsand
allowsdistrictpersonnel toavoidmistakesof

othersandtoshareinformationonprocedures
thataresuccessful AsHowardGreenfieldhas

mentionedrepresentativesoftheCaliforniaDe
partmentofPublicHealth theUniversityof
CaliforniaBerkeleyCollegeofAgricultureand
CollegeofEngineering mosquitoabatementdis
tricts flyingservices anaerialsurveycom
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pany andachemicalcompanymetinconference
inDecember1930 TheAssociationhashadan

annualconferencecontinuouslysinceexceptfor
threeyearsduringWorldWarII Theattendees

atthefirstconferenceheardpapersonandheld
discussionsofmanagementofduckclubproper
ties countybudgetlaws relationofsanitary
engineeringtomosquitoabatementwork theuse

ofairplanesforobservationofmosquitosources
mappingandspraying highwayconstructionand
maintenanceinrelationtomosquitoabatement
theuseofGambusiaandsticklebacks theneed

fornewlegislationthatisfavorableandtheim
portanceofwatchingforlegislationthatisun
favorable thedesirabilityofacentralclearing
house controlofmosquitoesinsaltmarshes
andtheuseofalgicides

Thestagingoftheannualconferencere
quiresattentiontomanydetails Advanceprepa
rationsincludethedesigning duplicationand
mailingofthecallforpapersregistrationcards
andinvitationspreregistrationformsprelimi
naryprogramandnotificationofspeakers the

printingoftickets procurementof ribbons
awardsandnamebadges negotationsandcon
tractwiththehotel andsaleofexhibitspace
Attheconferencetherearetheregistrationdesk
andmessageboardcollectionandrecordingof
feespaidandthemyriadlastminuteadjust
ments Followingtheconferenceweauditand
paythebillsandprinttheProceedingsand
Papers

Onalessstructuredtimetablewearrange
seminarsorworkshopsforsuchsubjectsasman
agementsourcereductioncalibrationofequip
mentresistanceofmosquitoestoinsecticides
mosquitofishculturewildlifemanagementmosquito
suppressionoremergencycontrolofencephalitis

MembershipintheCaliforniaMosquitoand
VectorControlAssociationmadeitpossiblefor
districtstoformthejointpowersagencywhich
hassavedthedistrictsthousandsofdollarsin

workmenscompensationpayments
Inrecentyearsanumberoforganizations

invigorouspursuitoftheirownobjectiveshave
placedrestrictionsuponmosquitoabatementdis
trictswhichwouldhaveresultedindisruptionof
thecriticaltimingofmosquitoabatementefforts
hadtheybeenallowedtostand TheAssociation

represents46agencieswhichcovermorethan
30000squaremilesandprotectmorethan15mil
lionpeople Itsvoicecarriesmoreimpactthan
oneindividualdistrictindealingwithgovern
mentalagenciesthelegislatureorindividuals
TheVectorBiologyandControlBranchandthe
CMVCA have been successful in securing a

generalpermitwhichallowsdistrictstobypass
therestrictions

AsapublisherCMVCAproducesProceed
ingsandPapersofannualconferencesaYear
book BioBriefs guides mosquito fishfy
gnatmosquitonotesandthetrusteemanualto
recordtheinformationdevelopedandtoprovide
referencematerials

Insupportofalloftheabovewehavethe
routineongoingconstantchorestomaintainthe
officeinordertoprovidetheservices

Ifanindividualdistrictweretocontractfor

theseservicesintheopenmarket theprice
wouldbemuchmorethanthe of1ofitsactual

expendituresforoperationsitnowpaystothe
Association Eachdistricthasaresponsibilityto
itstaxpayingconstituentstoprovidethemost
efficientandeffectiveprogrampossibleand of

1ofexpendituresforoperationstowardthisend
isjustifiabledesirableandproductive

THEROLEOFTHECMVCA

ClaudeLWatson

EastSideMosquitoAbatementDistrict300SantaFeAvenueModestoCA95355

Howmanyofustendtoforgettheimpor
tanceofourCMVCAandtheCentralOffice

Manyofusneedtoberemindedfromyearto
yearofwhattheCMVCAanditsCentralOf
ficeactuallydoesforourMosquitoControlPro
grams

Mostofourformalandinformalinformation

byCMVCAmembersiscompiledbytheCen
tralOffice Thisvaluableinformationunifiesand
carriesthevoicesofdifferentindividualsofthe
resultsoftheirexperimentsandprojectstoallof
us Thisinformationhasproventobeofgreat
valuetomanyoftheagenciesthroughoutCali
forniaandTheUnitedStatesaswellastosome
foreigncountries

Theknowledgeandprofessionalismthatis
gainedbyallCMVCAmembersiswellworth
theeffortofkeepingtheassociationstrongand
itsCentralOfficeingoodoperatingcondition

TheCMVCAwasformedin1930andhas

risentothehighstandardsitistoday Itis

recognizednationwidewithparticipantsattending
theconferencesthroughouttheUnitedStatesand
foreigncountries Theseparticipantsgivere
portsandpresentpaperswithvaluableinforma
tionthatiscompiledanddistributedbyourCen
tralOfficetoallmemberDistrictsaswellasother

organizations Committeesareformedwithinour

Associationandconstantlydostudiestoenhance
ourknowledgeofallaspectsoftechnologysuch
aslegislationawarenessmosquitocontrolmethods
biologicalchemicalandphysicalplusmanymore
taskstoimproveourprograms

Thechallengetokeepthisvaluableinforma
tionflowingwillbeuptoallofus Solets
keepourAssociationstrongbyoursupport
Theexpenseweallsharewillpayusdividends
manytimesoverinthefuture



InCaliforniathefirstrecordedeffortto
controlmosquitoeswasinMarinCountynearSan
Rafaelin1903underthedirectionofProfessor
CWWoodworth

In1904theBurlingameImprovementClub
requestedProfessorWoodworthtoconductacam
paigntocontrolsaltmarshmosquitoesintheir
area HeassignedhisassistantProfessorHJ
Quayleunderwhomthecontrolworkwasbegun
Howevertherewasavastdifferencebetweenthe
controlworkperformedinSanRafaelandthat
doneintheBurlingamearea

InSanRafaelthemaincontroltechnique
waslarvacidingusingoilwhereasintheBur
lingamemarshesextensiveditchinganddiking
techniqueswereperformed Bothcampaignswere
successful

Thefirstantimalarialmosquitocontrolcam
paignwassetupinPenrynPlacerCountyin
1910underthedirectionofProfessorHermsand
concludedonOctober1stofthesameyear The

costsofthatcampaignranasfollows

1 Field6LaboratoryEquip 3083
2 Materials360galsoiletc 3520
3 Freight 427
4 SalariesofFieldAgents 45870
5 ExpensesofExpertProfHerms12915
6 ExpenseofFieldAgents 3970
7 Incidentals 17

TOTAL 71575

OneinterestingaspectinthePenyrncam
paignasidefromdemonstratingthatmalariacould
becontrolledbylimitingmosquitoproductionwas
thatthefieldagentsandProfessorHermswere
temporarilysworninasAssistantHealthOfficer
Prof Herms and Sanitary Inspectors field
agents Thisactionwastakentoprovidelegal
accesstoprivatepropertyduringthecampaign

OthercampaignsfollowedwhichIwontde
scribehereandtheywereallverysuccessful
providingadditionalsupportforthejustification
ofconductingmosquitocontrolactivitiesinthe
StateofCalifornia AlthoughtheStateofNew
JerseypasseditsMosquitoControlActin1906
CaliforniadidntpassitsMosquitoAbatementAct
until1915althoughanearlierattemptwasmade
in1911butwasvetoedbytheGovernor

WiththepassageoftheMosquitoAbatement
Actdistrictswereformedandby1920seven
7districtswereformedandoperating Whocan

givemethenameoftheveryfirstdistricttobe
formedintheStateofCalifornia MarinSonoma
in1915

Itwas1930whenProfessorHermswiththe
aidofProfessorQuayledeterminedthereexisted
agreatneedtobringtogetherthetrusteesand
superintendentsofmosquitocontroldistrictsthe

THEHISTORYOFMOSQUITOCONTROL

INCALIFORNIA OPERATIONAL

HowardRGreenfield
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StateBoardofHealthandtheUniversityofCali
forniatodiscusstheprogressoffifteen15
yearsoforganizedmosquitocontrolinCalifornia

Manyofthesubjectswewillbediscussingat
thisconferencesuchasbiologicalcontrolleg
islativeneedschemicalandphysicalcontroland
budgetneedswerealsoontheagendaatthat
firstmeetingfiftyfour54yearsago

Thesuccessofthatfirstconferencewasso
obvioustothoseinattendancethatwhenthesug
gestionwasmadetomeetagainthefollowing
yearitwasmetwithunanimousapproval

Intheseventeentoeighteen1718years
thatfollowedtheUniversityofCaliforniaannu
allyhostedtheConferenceofMosquitoControl
Districts TheAssociationgrewsteadilycommit
teeswereappointedofficerselectedandanex
ecutivecommitteewasdeveloped withthegoal
ofdisseminationofinformationtoallthoseinter
estedinmosquitocontrol By1946California
hadthirty30organizedmosquitocontroldis
tricts

In1947theStateHealthDepartmenthaving
recognizedthatreturningveteransofWorldWar
IIpresentedamosquitobornediseasehazardto
theStateformedtheBureauofVectorControlto
administer400000peryeartoprovideassistance
tolocalmosquitocontroldistricts

WiththeformationoftheBureauofVector
Controlanincredibledevelopmentinmosquito
controltookplace Newdistrictswereformed13
newdistrictsinfiveyearsanddemandswere
madetoimproveadministrativetechnicalandop
erationaltechniques

TomeetthosedemandstheUniversityof
California increased its efforts toward basic
mosquitocontrolresearch Mosquitocontroldis
trictsupgradedtheirstaffsemployingbiologists
andentomologistsandbegantoprovidefunding
foroperationalresearchintheirownareas

Theseactionsinturnincreasedtremendous
lytheacquisitionanddisseminationofinformation
betweendistrictstheStateHealthDepartment
andtheUniversityofCaliforniaandconsequently
theAssociationofMosquitoControlDistrictsbe
camemoredeeplyinvolvedingatheringpublish
ingandprovidingthatinformationtoallagencies
interestedinmosquitocontroltechnology

TheCaliforniaMosquitoControlAssociation
intryingtomeettheeverincreasingdemandsbe
ingplacedonitdecidedtobecomeacorporation
underthelawsoftheStateofCaliforniain1951

Itisinterestingtonotethatforfifteen15
years thedevelopmentyearstheAssociations
SecretaryTreasurersofficewaslocatedinthe
StateHealthDepartment In1948itwasmoved
toTurlockthentoMercedAlamedaCountyand
toKernCountybeforeitagainsettledinTur
lockforsevenyears Thenin1960theofficeof
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SecretarywasmovedtotheDeltaMosquitoAbate
mentDistrictwhereitremainedfortwenty20
yearsunderthesupervisionofDonMurray

ItismyjudgmentthatbecausetheDelta
MosquitoAbatementDistrictTrusteeswerewilling
toprovideforthephysicalneedsoftheAssocia
tionspacesecretarialdutiesphonefilesetc
DonMurraywasabletowithBoardofDirectors
approvalexpandgreatlythoseservicesexpected
byindividualdistricts Thoseservicesincluded

producingpublicationsbytheAssociationwhich
involvedprintinganddisseminatingstatisticaland
researchdataadministrativeinformationetc

Itmustbenotedalso thatduringthis
twenty20yearperiodthefinancialpositionof
theAssociationwasimprovingtosuchadegree
thatultimatelythereweresufficientreservemon
iesavailableforinvestmentsinTbills

RegardlessofthefinancialsecuritytheAs
sociationwasenjoyingchangesinitsstructure
were being discussed Questions were being
asked isthereaneedforacentraloffice
ShouldtheassociationhireafulltimeExecutive

Secretary Shouldtherebelessemphasisor
moreemphasisgiventotheprintingfacilities
Strangelytherewereevenquestionsraisedasto

theneedfortheCMVCA

Evenmorestrangethesequestionswerebe
ingraisedatatimewhendisasterwasconfront
ingallspecialdistrictsintheState Proposition
13 WiththepassageofProposition13incometo
mosquitocontroldistrictswasalmostcutinhalf
ItbecameclearthattheCMVCAhadtoplaya
moreactiveroleincontacting legislatorsand
overallbecomingamoreactivepartinthelegis
lativeprocess Thusthedecisionwasmadeto
movetheCentralofficetoSacramentohirean

ExecutiveSecretarytoanalyzeandreorganizethe
prioritiesandgoalsoftheAssociation Thisis

nowbeingaccomplished
Noonecanspeakaboutoperationalmosquito

controlonadistrictbydistrictbasisbecauseno
districtin thisState is identicaltoanother

Howevertheonecommongoalthatissharedby
alldistrictsistocontroldiseasevectorswhich

causehumanhealthproblems Howthisisdone

dependsontheBoardsofTrusteestheManagers
andtheavailabilityofinformationfromtheCali
forniaMosquitoandVectorControlAssociation
ForwithinthisAssociationsfilesliesyearsof
researchmappingthehistoryandfutureofmos
quitocontrolinCalifornia



DEVELOPMENTOFMOSQUITOCONTROLINCALIFORNIATHROUGH

THEWINDOWOFTHEDEPARTMENTOFHEALTHSERVICES

RichardFPeters

Itismyhopethatthisseethroughpre
sentationwillnotprovetoopanefull Thetitle

wassuggestedbyJackFioriProgramChairman
butIsuspectJohnCombsHistoricalCommittee
Chairmanhadsomethingtodowithgettinghim
tointerrupttheblissofmyretirementobliging
metoreflectdeeplyintothepast Jackinitially
suggestedthatIreferencemyremarksstrictlyto
theBureauofVectorControlbutthatgovern
mentalentitywascreatedin1947andtherela
tionshipoftheDepartmentofPublicHealthto
mosquitocontrolbeganoveraquarterofacentu
ryearlier hencethemoreextendedcoverage

ShortlyafterCaliforniagainedstatehoodthe
needforahealthhierarchybecameevident The

legislatureaccordinglycreatedastateBoardof
Healthcomposedofarepresentativecitizenryand
empoweredittofunctionthroughitssecretary
Thispatternofgovernmentcontinuedvirtually
unchangeduntiltheearlyyearsofthetwentieth
centurywhengrowingpopulationindustryand
commercedictatedthataDepartmentofPublic
Healthstaffedwithkeypersonnelbeestablished
toconductthegrowingresponsibilitiesofthe
BoardofHealth

Thefirstenvironmentalstaffincluded 1
AStateSanitaryEngineer CGGillespie
whobecameChiefBureauofSanitaryEngineer
ingservedthestateforaroundfortyyearsin
thiscapacity 2foodanddruginspection
MPDuffybecameChiefBureauofFoodand
DrugandCannery Inspectionandservedthe
stateoverfiftyyears 3sanitationactivities

ETRossbecameChiefBureauofSanitary
Inspectionwhichprogrameventuallyalsoper
formedplaguesurveillance Mr Rossretired
withwelloverthirtyyearsofservice

The firstindividualassociatedwithmos
quitoeswhorelatedtotheDepartmentwasnone
otherthanProfessorWBHermsUCBerk
eleynamedaConsultantinthemidteensbythe
BoardofHealthtoprovidecounseltotheBoard
onthecontrolofmalaria Heandhisassistant
S B Freebornwereengagedinantimalaria
studiesandmosquitocontroldemonstrationsin
PlacerandButtecountiesaidedbyanengineer
named Harold Farnsworth Gray During the

twentiesHaroldGrayservedtheDepartmentas
itsnorthernCaliforniaDistrictHealthOfficer

1RetiredChiefBureau ofVectorControl
California Department of Health Services
currently Trustee Contra Costa Mosquito
AbatementDistrict
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Intheearlyyearsofthiscenturymalaria
wasasignificanthealthprobleminthesouthern
United States and in California causing the

USPublicHealthServicetoundertakeanti
malariaactivities Duringtheearly1920stwo
engineersStewartandLennartweredispatched
toCaliforniatoassisttheDepartmentinfurnish
ingantianophelineconsultationtolocalagencies
includingthefewmosquitoabatementdistrictsin
existenceatthetime AbiologistWCPurdy
alsospentayearinCaliforniastudyingAnopheles
occurrenceintheSacramentoValleyricefields
ItwasPurdywhopostulatedthedeterrentimpact
ofbluegreenalgaeuponmosquitoesbasedupon
hisobservations TheseUSPHSpersonnel
arecreditedwithhavingintroducedthemosquito
fishGambusiaaffinisintoCaliforniaunbeknown
totheDepartmentofFishandCamefirstplacing
themintheSutterFortlilyponds

TheCaliforniaMosquitoControlAssociation
wasbornin1930withmidwiferyprovidedchief
lybyProfessorHermsHaroldGraytheEngi
neerSuperintendentofthenewlycreatedAlameda
CountyMosquitoAbatementDistrict andNobel
Stover Superintendent Contra CostaMosquito
AbatementDistrict1 TheDepartmentpartici
patedinthefirstactivitiesoftheAssociation
throughtheservicesofEA Reinke Senior
Sanitary Engineer Bureau of Sanitary
Engineering whowasitsSecretaryTreasurer
until1938 In1939SFDommesBureauof
SanitaryEngineeringcontinuedinthiscapacity
hebeingthefirstDepartmentemployeeassigned
full time to mosquito control activities Sid
remained only a year in mosquito control

departingforapromisingcareeropportunityin
industrialhygieneengineering Hesubsequently
wasappointedOaklandsTrusteeontheBoardof
theAlamedaCountyMosquitoAbatementDistrict
wherehehasservedformanyyears

Returningtotheearly1930sasanac
ceptantseniorcitizenIwellrememberamostde
pressing depressionwhichspawnedaneraof
governmentbyalphabet Thefederal WPA
gave rise to a CWA and SERA in
California The State Emergency Relief Act

providedmatchingstatefundsduringthethirties
for local public works agencies Mosquito
abatementdistrictswereeligibletoparticipatein
drainageandrelatedprojects Thisproveda
boon to a number of the small struggling
districtshelpingthemtosurvivethedepression

In1940CGGillespieChiefBureauof
SanitaryEngineeringinvitedayoungDepartment
entomologistattachedtothesanitationprogramof
theMontereyCountyHealthDepartmentwhoin
additiontohisotherdutiesperformedmosquito
controltobecomethestatesfirstMosquitoCon
trolOfficerthefirstnonengineerallowedin
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theBureauofSanitaryEngineering Hisname

RichardFPeters Dutiesconsistedoffurnish

ingstatewidetechnicalassistancetolocalmosquito
controlagenciesperformingmosquitosurveysfor
localjurisdictionsandrespondingtorequestsfor
mosquitocontrolinformationfromcitizensservice
organizations and variousother interests A

closeworkingcooperationwasdevelopedwithPro
fessorHermsandtwoofhisgraduatestudents
ThomasHGAitkenandWilliamCReevesin
theidentificationanddocumentationofmosquito
speciesoccurrencethroughoutthestate Mos

quitosurveysinthePortervilleandRiverside
areasbroughtmeinclosecontactwithArthurF
GeibthenwiththeTulareCountyHealthDepart
mentandTedGRaleythenservingtheRiver
sideCityStreetDepartmentcontrollingitsacute
mosquitoproblem

ThencameDecember71941withourentry
intoWorldWarIIandtheneedtoprotectourmil
itaryandessentialdefenseareasinCalifornia
from mosquitoes and mosquitoborne diseases

Againthealphabeticalagenciesemerged The

USPHScreatedanMCWAMalariaControl
inWarAreasprogramhingedtotheWPAwith
allofitscumbersomeandinflexibleeligibility
criteriaandoperationalrequirements Virtually
allofmytimeinthefirsthalfof1942wasde
votedtoextramilitarymosquitosurveysfacil
itatingcontroloperationsineligibleareasand
trainingfederalarrivalstoCaliforniainmosquito
controltechnology Ultimatelyconvincingthe
USPHSthatencephalitisaboveandbeyond
malariashouldbethekeycriterionforlocal
fundingeligibilityprovedtobeoneofthemost
significantbutdifficultaccomplishments OnJuly
11942UncleSammademea1stLieutenantSan
itaryCorpsArmyoftheUnitedStates First

dutywasCampBealenearMarysville YesI

hadrecentlycompletedamosquitosurveyofthat
areaandunderstooditscontrolneeds WasIas

signedbytheArmytoutilizethisknowledge
CertainlynotthecriticalneedatCampBeale
StationHospitalwasforaMessOfficermyas
signment 1stLtRobertFPortmanfromColor
adowasassignedtomosquitocontrol OnFebru

ary91943IdepartedtheUSonanemergen
cywarmissiontospendnearlythreeyearson
antimalariaactivitiesinAustralia NewGuinea

andthePhilippines
IreturnedtoCaliforniainJanuary1946to

findthatduringtheearlypartofmyabsence
ArtGeibhadcoveredmypostandduringthelat
terperiodaSanitaryEngineerOscarBlumberg
hadcarriedon Hegladlyrelinquishedmyprevi
ousfunctionstomepreferringwaterandsewage
engineering Ialsofoundmyselfpartofanewly
createdDivisionofEnvironmentalSanitationwith
FrankMSteadformerlyanengineerwiththe
LosAngelesCountyHealthDepartmenttheChief
Hisrolewasthatofsupervisingthethreeprevi
ouslymentionedBureauChiefswhocollectively
possessedoverahundredyearsofDepartment
experience Hisdynamicleadershipwastobe
conspicuousinthevectorcontrolpictureuntilhis
retirementin1967 ArtGeibin1946wasthe

newlynamedmanageroftheDrMorrisMosquito
AbatementDistrictinBakersfieldlatertobecome
the Kern CountyMosquito Abatement District

TedRaleywasaPrincipalEngineeringAidwith
theMCWAlocatedinMarysvillelatertobe
comemanagerofthenewlyformedSutterYuba
MosquitoAbatementDistrict GEdwinWashburn

wasanMCWAentomologistsoontobecome
managerofthenewlycreatedTurlockMosquito
AbatementDistrict 1946markedoneofthemost

dramaticyearsinCaliforniaMosquitoControlhis
tory GreatconcerncharacterizedtheCalifornia

sceneregardingthepublicriskfromintroduced
mosquitobornediseaseinthesettingofarapidly
increasing statewide mosquito problem New

strains of malaria encephalitis and dengue
threatenedtoaccompanymilitary returneesto

Californiaposingepidemichazardtothepublic
TheDepartmentwithinvaluableassistancefrom
DrsKFMeyerWBHermsWCReeves
andSBFreebornpreparedaReportonthe
DiseaseBearingMosquitoHazardinCalifornia
whichcausedthelegislaturemeetinginextra
ordinarysessiontoappropriate700000foruse
bytheDepartmentinmeetingthisemergency
400000wasearmarkedforsubventiontolocal
mosquitocontrolagenciesand300000waspro
videdtheDepartmenttoenableittoperformthe
needed administrative technical operational
epidemiologicalandlaboratoryservices Theim

pactofthislegislativeactionwastremendousin
stimulatingthegrowthofmosquitocontrolinCal
ifornia

Thestatusofmosquitocontrolin1946must
beappreciated There were 25 local control

agenciescollectivelycoveringonly5000square
mileswiththebudgetsofallbarelytotalling
500000 Peopletheirlivesdisruptedbythe
warwereswarmingtoCaliforniamostlychoosing
tosettleinthesuburbsproximaltomosquitopro
duction Irrigated agriculture was booming
DDTanewmiracleinsecticidewasbecoming
availablewhichgavepromisethatitmightwell
obliteratemosquitoes Certainlythepublicwas
nowinprospectofundisturbedoutdoorlivingin
full protection from mosquitoes and

mosquitobornediseases
Infiscalyear194647aMosquitoControl

SectionwascreatedwithintheDivisionofEn
vironmentalSanitation ArveHDahlanengi
neerwiththeMCWAprograminHawaiiwas
recruitedtoserveasChief Iwasappointeda
SeniorMosquitoControlSpecialistandassignedto
supervisethebiologicalactivities Othersre

cruitedasMosquitoControlSpecialistsincluded
entomologists Harvey I Magy Robert F

PortmanandWDonaldMurray andRobertW

JonesIIIPublicHealthEngineer DonMurray
departedtheprogramintheFallof1946toaccept
ateachingpostinIllinoistoreturntoCalifornia
ayearlaterasmanageroftheDeltaMosquito
AbatementDistrict Hisdepartureprovidedthe
Sectionwiththeopportunitytoobtaintheser
vicesofJohnRWalker

Inordertoassureobjectiveprofessional



administrative and technical management and
operation ofthis new statelocal program a

VectorControlAdvisoryCommitteewascreatedto
serve theDepartment Representation atthe
outsetincludedDr K FMeyerDrWC
ReevesDrS B FreebornHaroldFGray
CMCAalocalHealthOfficeraUSPHS
engineerandalocalDirectorofEnvironmental
Sanitation Thiscommitteerecommendedcriteria
of eligibility for subvention and statelocal

mosquitocontrolprogramspoliciescontentand
emphasis AsimilarlystructuredAdvisoryCom
mitteehascontinuedtoprovidevaluablerecom
mendationstotheDepartmenttothepresentday
1947broughtaboutanamalgamationoftheper
sonneloftheBureauofSanitaryInspectionwith
theMosquitoControlSectiontogiverisetothe
BureauofVectorControlprovidingwiththisde
velopmentforafullscopeofvectorcontrolpro
gram TheCommunicableDiseaseCenterwith
thedismembermentoftheMCWAactivitieshad
alsoreinforcedourstaffassigningentomologists
DCandErnestineThurmanRichardPDow
andBasilG MarkosandengineerWilliam P

WarnerTheUSDAalsosubsequentlyassigned
anentomologistCMGjullintoconductmos
quitocontrolstudies EarlWMortensonmade
hisdebutintheBureau Perhapsthemostsign
ificantdevelopmentoftheyearwastheincorpor
ationintotheStateAdministrativeCodeofthe
StandardsandRecommendationspreparedbythe
Bureaugoverningsubventiontolocalmosquito
controlagencies Thesestandardsplacedprimary
emphasisupontheprogressivereductionofmos
quitosources secondaryemphasisuponlarvicid
ingwithtertiaryrecognitiongiventoadulti
ciding Regrettablythisorderofemphasiswas
notcommonlyheededinthelate40sandearly
50swithlarvicidingandadulticidingreceiving
underserving priority Qualifications for local

managementandtechnicalguidancewerespelled
outinthestandardsandwerecarefullyobserved
forthemostpartaccountingfortodayswealth
ofsoundlocalmanagement

TheBureausmosquitocontrolactivitiesin
cludedsurveysecologicalstudiescontroldemon
strations training of local personnel vector

identificationandprogramevaluationallconduct
edinclosecooperationandcollaborationwiththe
CMCA Acloseworkingrelationshipdevelopedat
theoutsetbetweentheBureauandDrWC
Reevesencephalitisstudiesandseveralpersonnel
wereprovidedtothatprogramforanextended
period AYearBookcontainingmosquitocontrol
administrativetechnicalandoperationalinserts
wasdevelopedinconcertwiththeCMCA The

sectionsurveymappingandinspection treatment

recordingsystemswerejointlydevelopedwiththe
CMCA MOSQUITO BUZZ a mimeographed
California mosquitocontrol newssheet monthly
wasdisseminatedtoalllocalcontrolagencies It

evenoncecarriedthedescriptionofanewmos
quitospeciesAedesbicristatusEBThurman
TheBUZZwassucceededinafewyearsbyCali
forniaVectorViewsamoresophisticatedand
comprehensive vector control journal which
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continueduntiltheeconomycrunchofthecurrent
decade Myprimarydutyduringthisperiodwas
providingassistancetolocaljurisdictionsservice
organizationsandmiscellaneousinterestsinform
ingandexpandingmosquitoabatementdistricts
From1946to1950the25agenciesdoubledin
creasingintotalareabyabout500 withcorres

pondingbudgetaryincreases
1948foundBobPortmandepartingtheBur

eautobecomethefirstmanagerofthenewly
formedButteCountyMosquitoAbatementDistrict
ThatopeningallowedforRussellEFontaineto
join the Bureau as our Sacramento Area

Representativeprovidingthereafterforhisbeing
referredtoasSenator HowardRGreenfield
made his start in mosquitocontrol with the

Bureausoongoinglocal
1949ayearofjointmeetingoftheCMCA

withtheAMCAfoundThomasDMulhernofNew
JerseyvisitingCalifornialikingwhathesawand
returningintheheatofthatsummertostayfor
aquarterofacenturyasamemberoftheBur
eau Tommyperformedawidevarietyofservices
astheBureausTechnicalConsultantonmosquito
control

1950wasayearoftransition ArveDahl

departedCaliforniaforanewcareeropportunity
inWashingtonDC MosquitoresistancetoDDT
manifestedandseriouslarvicidingfailuresbecame
commonplace Everypossibleexplanationwasas
signedtothefailuresincludingoperatorgoof
offsformulationeconomiesandtoooldtoxicant
untildocumentationofresistanceleftnodoubt
Theneedtoinvestaportionofthesubvention
fundsintoappliedresearchaimedatdeveloping
morereliablecontrolalternativesbecameevident
andacooperativeCMCA BVCresearcheffort

tookshape Anecologicallyorientedappliedre
search project began in the TurlockMosquito
AbatementDistrictandculminatedseveralyears
later in a Fresno research facility obtained
through negotiation forwarassetsbuildings
HarveyIScudderfollowedDCThurmanasour
researchsupervisor

1951providedmeattainmentofmypersonal
goal IbecameChiefBureauofVectorControl
whichpositionIhadtheprivilegetoholduntil
myretirementin1978afterfortyoneyearsof
publicservice Someyearslaterapositionof
AssistantChiefwascreatedandeveryoneinthe
BureauwasfortunatetohaveJohnR Walker

moveuptoserveinthiscapacityuntil1978
whenhealsoretiredtohisOregonhomeland
Jackprovidedselflessprofessionalandtechnical
supporttoeveryaspectoftheprogram Hislit

erarytalentgavethewrittenwordofourentire
staffmoreclarityandreadibilityincludingthat
oftheChief

1952wasayearofhorrorwhichremains
indelibletothepresentday The195152winter

snowpackexceeded200ofnormalthroughout
themountainsystemsofthestate Amildspring
withextendedrainsleftwaterfilleddepressions
everywhere Riversandcreeksfloodedoutlying
areas EverythingwasconducivetoCulextar
sailspropagationandadultlongevity
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Encephalitiscasesbothhorseandhumanmani
fested early and continued throughout the

summer Over800humancaseswerereported
morethanhalfbeinglaboratoryconfirmedwith
fiftydeaths Overfortycountieshadhorseor
humancasesorboth Afterwhatseemedan

eternityofwaitinganemergencywasproclaimed
and funding was authorized for an

antiencephalitis program Circumventing the

routine state protocol for procurement of

equipment materials and services proved
virtuallyimpossible Finallybyearlysummer
everything came together All local mosquito
control agencies were provided supplemental
fundingforanallouteffortagainstCulextar
sails EveryBureaustaffmemberaugmentedby
personnelfromtheUSPHSandlocallyre
cruitedindividualswasassignedmosquitocontrol
dutyinstrategiclocationsthroughoutthestate
MarvinC Kramerreceivedhisintroductionto

Californiamosquitocontrolinthiseffortcalled
OPERATION TARSALIS Marv subsequently
sampledlocalpostsintheTulareandAlameda
CountyMosquitoAbatementDistrictsjoinedthe
Bureauinthemid50sservedwithdistinction
retiringin1976 Controlconsistedlargelyof
adulticidingwithDDTbyairandgroundwith
strategiclarvicidingwhereindicated Intruth

forthemostparttheeffortwastoolittletoo
late Welearnedconsiderablefromthisgruelling
experience howeverandeveryoneconcerned
stateand local resolvedneveragain I am

relievedtobeabletosaythatCaliforniahasnt
sincehadarepeatofthathorribleexperience
althoughseveralyearshavehadsimilarsettings
for potential outbreaks and they received

deservedextraordinaryantiencephalitislocaland
stateeffort Thisdoesntnecessarilyportend
thatanothermajorepidemicwonthappenandit
certainlypermitsnocomplacency

Theobviousneedfollowingthistravestywas
toinstituteastatewidesurveillanceandreport
ingsystemthatwouldhopefullyalerteveryoneto
a future potential epidemic Accordingly a

statelocalsystemwascreatedincorporatingfind
ingsofearlylarvaldistributionanddensity
adultoccurrencebylighttrapcaptureandmos
quitovirusrecoveryandhasbeenvoluntarily
performedbylocalcontrolagenciesincooperation
withBureaustaffeveryyearsincetothepre
sent

The1950sfoundorganophosphorousinsecti
cidesreplacingDDTanditsrelativesonlyto
haveOPmosquitoresistancemanifestwithinafew
years TheBureauseekingtoaugmentitspro

gramtoenableittocopewiththisdilemmawas
rewardedwithanadministrativereviewbythe
StateDepartmentofFinanceandatechnicalre
viewbytheCommunicableDiseaseCenter It

passedbothreviewswithflyingcolorsandmoder
ateprogramincreasefollowed DonJWomeldorf

and his Fresno State contemporaries were

welcomedaboard ARalphBarrwasappointed
SupervisorofVectorResearchreinforcedbya
fine staff whose activities resulted in many

productive accomplishments Surveillance of

mosquitoresistancetopesticidesbecameamajor
statewidebureauactivity

The1960ssawtheBureausresearchfunds

transferredtotheUniversityofCalifornia This

disappointingdevelopmentweacceptedwithregret
butnotnecessarilyagreement Greaterprogram
emphasisoftheBureauwasplaceduponmosquito
sourcereductionandnewlyacquiredBureauengi
neersprovidedclosesupporttolocalagencieson
specificprojects Apoliticalmisadventureofthe
NixonadministrationhappenedtheEnvironmental
ProtectionAgencycameintobeing TheBureau

respondedestablishingastatewidevectorcontrol
trainingandcertificationprogramencompassing
alllocalvectorcontrolpersonnel Thistraining
programendurestothepresentdayandhas
verifiedthatthecompetenceofvectorcontrol
workersinCaliforniaissecondtonone

The1970sfoundgrowingfederalandalso
stateinterferenceinmosquitoandothervector
control programs spurred on by the

environmentalists TheDepartmentmovedits
administrative headquarters from Berkeley to

Sacramentorequiringanumberofprogramand
personneladjustmentsAdevastatingdevelopment
calledproposition13wrackedtheveryfoundation
oftheMosquitoAbatementDistrictActwhichhad
soablyservedCaliforniamosquitocontrolsince
1915 Recoveryfromthefiscalimpactofthis
shatteringdevelopmentstillfacestheagencies
comprisingthisAssociation Thesolutionwillnot

come easily but I am certain that with a

combined statelocal effort addressed to this

matter and other unmet needs of California

mosquitocontroltheoutlookcanbeoptimistic
Inclosing Iwishtopaytributetomy

formerDepartmentandparticularlythepastand
presentstaffoftheBureauofVectorControl
VectorBiologyandControlBranchifyouwill
fortheirprofoundprofessionalservicetoCali
forniamosquitocontrol Thereneverhasbeena

morededicatedormorecompetentgroupofpeople
inthepublicservice



ThemajoremphasisoftheTrusteeCorporate
BoardTCBthroughout1983wastorebuildand
reestablish interest and participation in the
Board QuarterlymeetingsatMontereySouth
LakeTahoeandLongBeachweresettingsfor
meetingswhichsawsomeincreasedattendanceand
renewed interest inthe Board structureand

objectives Trusteeattendanceandparticipation
inBoardmatters however remainsastrong
concern

AttherequestofsomeDistrictsthesubject
ofincreasedinlieuexpensesfortrusteeswas
consideredbytheBoard Diversefeelingson
thistopicresultedinnorecommendationhowever
thematterwasreferredtotheCaliforniaMosquito
andVectorControlAssociationCMVCA Legi
slativeCommitteeforlaterconsiderationatthe
timetheCalifornialawisrecodified

Dr RobertH BrownConsolidatedMAD
wasappointedbythechairtofilltheoneyear
directorshipontheVectorControlJointPowers
Agency VCJPAreservedfortheChairmanof
the TCR or his appointed representative
TrusteeswerewellrepresentedontheBoardof
DirectorsoftheVCJPAwithWarrenHallOrange
CountyVCDservingasChairmanoftheBoard

TRUSTEECORPORATEBOARDREPORT

RolandWFinleyChairman
TrusteeCorporateBoard
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andRolandFinleyChairmanoftheTCBSan
MateoCountyMADservingasDirectorfromthe
CoastalRegion

Sincemanytrusteesremainsomewhatun
familiaroruninformedconcerningtheCMVCAas
anorganizationeffortsweremadethroughoutthe
yeartofamiliarizethemwiththeparentorgani
zation Thevaluesofmembershipeducationally
politicallyand perhaps financially tothein
dividual district and to mosquito abatement

throughoutCaliforniawereaddressedaswelland
theproblemsmostlyfinancialwhichcurrently
facetheorganizationandthreatenbothitsef
fectivenessandexistence Thesesubjectsareto
befurtheraddressedthroughapaneldiscussion
tobeheldattheStateConferenceinLongBeach
in January 1984 Increased understanding
cooperationandmutualassistancebetweenthese
twosegmentsoftheCMVCAisacontinuinggoal

Welookforwardto1984withtheincreased

confidencethattheBoardwillcontinueitupward
thrustinattendanceandinterestandwillcontri
butetoitsoneobjective betterandmorecost

effectivemosquitocontrolforthepeopleofthe
StateofCalifornia
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COMMITTEEACTIVITIESOFTHECALIFORNIAMOSQUITOAND

VECTORCONTROLASSOCIATIONINC

January1983January1984

WilliamCHazeleur
ShastaMosquitoAbatementDistrict

PostOfficeBox331ReddingCA96099

RESEARCHJackHazelriggChairman In

anattempttofundmosquitoresearchthatmeets
the needs ofCalifornia mosquitocontrol the

CMVCA ResearchCommitteemetinMarch

1983atUniversityofCaliforniaatDavisand
reviewedthemosquitoresearchproposalsforthe
198485year Afterthereviewareportofthe
Committees recommendationswaspreparedand
sharedwiththeUniversityscommitteewhichalso
reviewsmosquitoresearchproposals

ENVIRONMENTFred Roberts Chairman
TheCommitteecontinuedtoworkontheRareand

EndangeredSpeciesDataBasecomputerizedand
continuedtocoordinateandworkwiththeCo

operativePlanningCommitteeonitsCooperative
Agreementwithwildlifeagencies

TheCaliforniaDepartmentofFishandGame
isprovidingwrittenpapersforpublicationinthe
proceedingstoinformmanagersandentomologists
onmethodstoaccesstheNaturalDiversityData
Base Hopefullythiswillprovidedistrictswith
theknowledgenecessarytoaccesstheDataBase
todeterminewhererareandendangeredspecies
existinthedistricts

BUDGET AND EXECUTIVE COMMITTEE

Frank Pelsue Chairman The Committee is

charged with theresponsibilitiesofpreparing
agendasfortheBoardofDirectorsmeetings
preparingannualbudgetsreviewingAssociation
expendituresandrecommendingtheduesschedule
forcorporatemembersbasedontheneedsofthe
Association

TheCommitteedischargeditsdutiesina
responsiblemannerduringthepastyeardoing
anoutstandingjob TheAssociationsbudget
increasedslightlyoverthepreviousyearfrom
55719to57583for1984 Thisrepresenteda
33increaseoverthe1983budget

TheAssociationwasabletokeepthecor
porateduesatthesamerateas1983withslight
modification Theduesfor1984were025of

theactualexpendituresoftheoperatingbudget
forthe198283budgetyearratherthanthe
proposed198384operatingbudget The1983

dueswerebasedon025ofthe198283operat
ingbudget Theothermodificationconsistedof

increasingthebudgetcapfrom2750to3000
forthosedistrictswithoperatingexpenditures
thatwouldhavecausedtheirduestoexceed

1Vice President California Mosquito and

VectorControlAssociationInc

3000basedon25oftheiroperatingexpendi
tures

ThisCommitteefeelswenowhavetheAs

sociationonafirmfinancialfooting withthe

futurelookingexceedingbright
PUBLICATIONS COMMITTEEJohn Combs

Chairman ThePublicationsCommitteemetfive

timesandenjoyedaverybusyandproductive
year TheCommitteecontinuestoworkclosely
withtheCentralOfficeCommitteeandwiththe

AssociationsExecutiveDirectorandstaff

Among its accomplishments in 1983 have

beenanenlargementoftheCommitteescharge
recommendationoftheIBMDisplaywriterfor
theCentralofficeapprovalofYearbookformat
anddistributionacceptancebyProfReevesof
thetaskofauthoringathirtyyearsequeltohis
monographTheEpidemiologyofArthropodborne
ViralEncephalitidesinKernCountyCalifornia
19431952 approvalforrecognitionofthecontri
butionofDrWesleyNowellincompilingacom
prehensiveindexoftheAssociationsProceedings
andPapers

TheCommitteeisdeeplyappreciativeofthe
effortsofitseditorsandparticularlyofour
EditorinChiefCDonaldGrantoftheNorth
SalinasValleyMAD

Therearetwonewundertakingsfor1984
ThefirstwillbetoprovidetheBoardwithsuffi
cientinformationtodeterminewhetherornotthe

Associationshouldprovidethemembershipwitha
newsletter Thesecondtaskwillbetheadaption
ofourpublishingprocedurestocomputerization

WAYSANDMEANSGilChalletChairman
Therewere nomajoritemssubmitted tothis

Committeeforconsideration
INTEGRATED PEST MANAGEMENTGilbert

ChalletChairman Apolicywaspresentedtothe
CMVCABoardofDirectorsItisthisCom
mitteesrecommendationthatthiscommitteebe

droppedin1984
CHEMICALCONTROLLLinoLunaChair

man TheChemicalControlCommitteeaccepted
themandatetopursuethedevelopmentofaseries
ofChemicalControlNotessimilartotheformatof

theMosquitoNotesT1 Committeehasreviewed

itsfirstdraftoftheNotesandisintheprocess
ofstreamliningthem Itishopedthatthetaskis
completedinasuccessfulmannerbytheendof
1984

TheCommitteealsodiscussedandimplement
edarequestfromtheCaliforniaDepartmentof
FoodandAgricultureto haveeverymosquito
controlagencyincludetheNumberofPesticide
Applications on their Monthly Pesticide Use

Reports



DonWomeldorfsassistanceonthisitemis

mostcertainlyappreciatedandacknowledged
ENTOMOLOGYANDBIOLOGICALCONTROL

ChuckHansenChairman Aprojectunderwayis
thedraftdevelopmentofaseriesofBioNotes
patternedaftertheMosquitoNoteswhichwill
depictvariouspredatorsandparasitesinour
operationalprogram Themermithidnematode

mosquitofishguppyandbackswimmerwillserve
asprototypesforthisproject

Thedevelopmentofacolorslideserieson
thepredatorsandparasitesencounteredbyfield
personnelwhichcanbeusedasatrainingguide
isaprojectunderconsideration

ProjectsunderwaybytheEntomologysub
committeearethedraftdevelopmentofamidge
writeupaBtisinglesheethandoutandaseries
ofhandoutsonSLEWEEandcanineheartworm

TheCommitteewillattempttodraftrecom
mendationswhichwillhopefullyimprovecurrent
systemsandgreaterstandardizationandreliability
inthecollectionoflighttrapdataasit appears

thereisawidevarianceinreporting methods

fromdistricttodistrict

EQUIPMENT COMMITTEEClaude Watson

Chairman Ofsignificantimportanceisthedevel
opmentbytheEastSideMADofaClosed
LoadingSystemforhandlingwettablepowders

COOPERATIVE PLANNINGCharles Dill

Chairman Thispastyearthe Committeehas

conductedmeetingsandcorrespondedwithState
andFederalWildlifeagenciesthelegalstaffof
theStateDepartmentofHealthServicesandwith
EarlMortensoninordertocompleteafinaldraft
ofthe Proposed CooperativeAgreement with

LocalMosquitoControlAgenciesandStateand
FederalWildlifeAgencies

There have been many changes mostly
dealingwiththeformatsincetheoriginaldraft
was submitted for comment to the various

CMVCA regions The Committee believes

thatthedocumenttheynowhavewillenablethem
toachievetheirgoalswithoutcompromiseand
willeliminatecostlydelaysexperiencedinthe
pastwhenworkinginareasofthistype Copies
ofthedraftwillbesubmittedtoregionalrepre
sentativesoftheCMVCAanduponreaching
aconsensuswiththeCMVCAtheCommittee
canformallyandofficiallymeetwithStateand
Federalagenciesinvolved

TheChairmanwishestoextendhisthanksto
all members of the Committee and to the

CMVCABoardofDirectorsfortheirsupport
SpecialthanksisgiventoEarlMortensonforhis
tremendousamountofworkondevelopingthe
conceptandalltherewritingthatwasnecessary
toproducethecurrentdraft

COMPUTER COMMITTEEChuck Beesley
Chairman A twodayworkshopwas held in

April1983attheContraCostaMAD One

dozendistrictsattendedtogetherwithstafffrom
theDepartmentofHealth Services VBCB

Thiswasapracticaloperationalworkshopwhich
includeddiscussionandcomparisonofprograms
bothwrittenandpurchasedbydistricts

Alistofprogramsonhandateachdistrict
hasnowbeencompiledforreference Thishas
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beenparticularlyhelpfulfordistrictswishingto
compareortroubleshootprograms Thelistis

availableuponrequestfromthechairmanofthe
ComputerCommittee Abrochureofoperational
programswrittenby districts iscurrentlyin
progress

Acomputerdemonstrationwasheldatthe
1984 CMVCA conference which included

computerprogramsbeingrunandwrittencopies
of district printouts on administrative and

operationalprograms Districtsusingcomputers
areAlamedaContraCostaMarinSonomaSan
MateoSolanoButteFresnoSacramentoYolo
SutterYuba San Joaquin Fresno Westside

KingsMaderaandOrange
PHYSICAL CONTROLCal Rourke Chair

man Preparationofafieldguideonphysical
control isanongoing projecton whichthe

Committeecontinuedtowork Theintroductionto

the guidehasbeenwrittenandapproved All

membersoftheCommitteearecontinuingtotake
picturesmanyofwhichwillbeusedinthe
guide TheCommitteeplanstocompletethis
projectin1984

ADHOCTRAININGDonWomeldorfChair
man TheCommitteecompleted itschargeto
developaplanforacontinuingeducationprogram
designedtomaintainahighlevelofproficiencyin
certifiedmosquitocontroltechnicians Recommen

dationsacceptedbytheCMVCA Boardof

Directorsincluded 1EstablishingaContinuing
EducationCommitteeunderCMVCAauspices
todevelopandoverseeamandatorycontinuing
educationprogramforemployeesofCMVCA
members and2EstablishingaseriesofRe
gionalAccreditationCommitteesandcarryoutthe
program

LEGISLATIVEAllen Hubbard Chairman

Specialprojectsin1983includedthepassageof
SenateBill628recodificationofthelawsrelating
tomosquitoand pestabatementdistrictsand
makingrecommendationstotheCMVCABoard
ofDirectorsaboutlegislation

Legislationthatcouldhavean impacton
mosquitoabatementdistricts aswellas local

government was reviewed In addition the

Committeeformedandmaintainedacloseliaison
withRalphHeimtheCMVCAlobbyist
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1

WHATSHAPPENINGINTHEDEPARTMENTOFHEALTHSERVICES

TheDepartmentofHealthServiceshasbeen
reorganized under thecurrent Administration

ThereareseveralDivisionsincludingEnviron
mentalHealthunderaDeputyDirectorincharge
ofPreventiveHealthServices OtherDeputyDir
ectorsheadMedicalCareServicesToxicSub
stancesControlExternalAffairsandtheOffice
of Legal Services In addition some units

answerdirectlytotheDirectorsoffice
The Governors budget for fiscal year

198485emphasizeseducation aswell ascon

structionandrenovationofpublicbuildings The

budgetforhealthandwelfarewillincreaseabout
2overall ThiswillallowtheDepartmenttocon
tinuetoprovidetheservicesneededbytheresi
dentsoftheStateofCaliforniaandtobetteras
sistthecountiesaswell

Regardingvectorcontrolwewillbeableto
continuetoprovidevectorcontrolservicesat
theirpresentlevelofactivity Anyincrease
wouldhavetocomeaboutbyredirectingother

1Presented at annual meeting California

MosquitoandVectorControlAssociationJanuary
301984

PatriciaARauscherChiefDeputyDirector

ABSTRACT

resources TheDepartmentisencouragingimple
mentationoftheEmergencyMosquitoAbatement
FundingActof1983 Wewillbeavailabletoas

sisteachofyouinimplementingthatAct Aleg
islativeproposalcurrentlybeingstudiedwould
authorizetheDepartmenttocontrolinfestationof
exoticvectorsintothestate Suchimportation
wouldbeallowedonlyifwouldnotendangerthe
publichealthandsafety

TheDepartmentisveryinterestedinlegis
lationdealingwithtoxicsubstancescontroles
peciallyinrelationtocleaninguptoxicwastedis
posalsites Thesubjectofindoorairpollutionis
receivingattentionandtheDepartmenthopesto
fundresearchin1984tolookintothecauseof
illnessrelatedtoindoorairpollution

Otherproposedlegislationwouldestablisha
newpartnershipwithcounties ThePublicHealth

EnhancementProgramwouldallowcountiestotake
controloffivemajorpreventivehealthservices
Administrativesavingswouldgotothecounties
asincreasedfunding

TheDepartmentwantstocontinuetomain
taincommunicationwiththeCaliforniaMosquito
andVectorControlAssociation Youareinvited

tocontactmeifyouhaveanyquestionsorprob
lems



CALIFORNIACONFERENCEOFDIRECTORSOFENVIRONMENTALHEALTHPRESENTATION

RichardLRobertsSecretary
135PalmyraStreetAuburnCalifornia95603

IbringyouwarmgreetingsfromCCDEHand
theCaliforniaAssociationofEnvironmentalHealth
Administrators Both President Dennis Otani
DirectorofEnvironmentalHealthKingsCounty
and BiII Norman Director of Environmental

HealthMercedCountysendtheirregretsthat
theywereunabletoattendandaskedmetopass
alongtheirregards Asyourprogramindicates
theDirectorsConferencehasaVectorControl
CommitteeandBill Normanisthechair and
serves well in this capacity as he was

instrumentalinformingtheMercedCountyMAD
andstillservesasafoundingtrustee

Iwillbrieflydiscussatleastfiveforums
wheretheCMVCAandlocalenvironmentalhealth
agencieshaveanopportunityforinterfaceand
cooperativeventures

First Severalyearsagotwowiseleaders
ofourrespectiveorganizationsdecidedthatthere
shouldbeanexchangeofpresidentstospeakat
our respective annual conferences This has

beenaneffectivemeanstobetterunderstandthe
missionofpublicservicewebothhaveandhow
ourrespectiveservicescaninterrelateformutual
publichealthbenefit Imsureifyouaskyour
PresidentFrankPelsueandPresidentElectJack
Fioritheywilltellyouthedirectorsconference
lastfallattheAsilomarwasbotheducational
interestingandentertaining

Second TheCaliforniaConferenceofLocal
HealthOfficersEnvironmentalHealthCommittee
chairedbySonomaCountyHealthOfficerBob
Holtzer YourrepresentativetothatCommittee
BillHazeltinehasbeenveryeffectiveinassist
ingtheHealthOfficerstoestablishvariousen
vironmentalhealthpositionsespeciallyonrecodi
ficationofthestateHealthandSafetyCodefor
MADVCDsandPADs Billworksquitewell
withthehealthofficersthedirectorsofEnviron
mentalHealthandtheotherpublichealthofficials
whoserveontheCommittee

Third TheCCDEHVectorControlCommit
teeformerlychairedbyyourstrulyandnowmost
capablychairedbyBillNorman Thiscommittee

establishedataskforcetwoyearsagowhichin
cludes severalmembers fromCMVCAandthe
SDOHSVector Biology Control Branch to

developalocallanduseguidechecklistforvector
control

Thechecklisthasbeenapprovedbyboth
associationsandisbeingeffectivelyusedbylocal
entities Thistaskforcewillnowtakethenext
steptodeveloplanduseguidelinestandardsfor
mosquitoesandothervectors Alotofwork

butitwillbeextremelyhelpfultolocalenviron
mentalspecialistsandplannersaswereviewand
approve local projects Frank Pelsue Gil

ChalletCalRourkeFredRobertsEarlMorten
sonandAlQuintanahavehelpedinthiseffort
IncidentallyBillNormansayshewillbecallinga
taskforcemeetingsoon Billscommitteealsohas
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achargefromourconferencetodeveloptheways
andmeanstoprovideadvancedvectortraining
forourlocalenvironmentalhealthspecialistsand
sanitarians IhearthattheCMVCAhasaMos
quito Control Certificate Continuing Education

Program Wewouldliketoknowmoreaboutit
Fourth TheSDOHSVectorControlAd

visoryCommittee Onceagainrepresentativesof
bothofourassociationsmeetwithrepresentatives
oftheSDOHSotherstateagenciesacademiaand
industrytodeveloprecommendationstotheState
DirectorofHealthpertainingtostatewidevector
issues

FifthandFinally Atthelocallevel We

areallonthepublichealthteam Thereismore

thanenoughvectorcontrolworkforeverybody
andthereiseveryreasonforthelocalMADVCD
orPADtoworkwithandcoordinatewiththelocal
environmental healthagency and vice versa

Beyond mosquitocontrol environmental health

agenciesmustdealwiththeothervectorsthat
plagueourrural suburbanandurbanareas

ratsfliescockroacheslicefleasticksspi
derswaspsetc

Forexample inOctober1979theVector
BiologyandControlBranchDepartmentofHealth
Servicesconductedasurveyoflocalenviron
mentalhealthagenciestoobtaininformationonall
vectorcontrolneeds Onesurveyquestionwas
toranktheimportanceofdifferentcategoriesof
vector problems encountered by the local

agencies Intheirresponsethedomesticrat
problemwasrankedmostoftenasthemostim
portantvectorproblemofthesevencategoriesof
vectorproblemslisted

Followingin1980anothersurveywascon
ducted The answers received were based

primarily on information derived from agency
experienceand citizen complaint response for
urban rats This survey was conducted in

cooperation with theVector Committeeofthe
DirectorsConferenceandwiththeaidofthe
CaliforniaAgriculturalCommissionersAssociation

Therewasanexcellentresponsefromthese
localagencies Fortysixofthe58countiesin
thestateindicatedthattheyhaveadomesticrat
problemreportedbyeitherthelocalenvironmental
healthagencyortheCountyAgricultureCommis
sioner

Thirtytwo outof49 local environmental

healthagenciesreportedhavingadomesticrat
problem Ofthose32havingproblems13indica
tedaproblemwithroofrats4reportedhavinga
Norwayratproblemand15saidtheyhada
problemwithbothroofratsandNorwayratsThe
problemisincreasing

Local county funding for Environmental

HealthAgencyvectorcontrolactivitieshasbeen
drasticallyreducedoverthepastseveralyears
duetocompetitionforlocalcountycityfunds
Foratleastthreereasons
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1 Itisnotamandatedprogram atleast

servicelevelisnot

2 Thereisverylittleopportunitytocollect
feesforservicesand

3 Vectorsareperceivedbymanyasalow
healthrisk

YetinmycountySanBernardinoalmost
halfofourcitizennuisanceandhealthcomplaints
arevectorrelated approximately2500year
Wearelookingforuniqueandinnovativewaysto
establishstablefundingmechanismsforVector
Control andIknowotherhealthagenciesare
doingthesame Weneedadviceandyourhelpto
satisfytheneedsofourlocalcommunities

Tomorrow on your program Lyle
StotelmyreourSupervisoroftheDENSInsect
RodentVectorControlSectionispresentinga
paper titled 1984 Brave New World For

CaliforniasNewestDistrict Hewilldescribe

howwewentaboutgettingthisdistrictformedin

ordertoprovideforastablefundingmechanism
Itisanticipatedthatthedistrictwillcontract
withtheCounty DepartmentofEnvironmental
HealthServicestoprovidethecontrolactivities
WehadourfirstBoardofTrusteesmeeting
January161984

Inconclusionwecansitemanyexamplesof
whereMADVCDandPADprogramsarewell
coordinatedandmutuallysupportedwiththelocal
environmentalhealthagencyIfthisisnotoccur
ringinyourareaIencourageyoutotakethe
firststep Invitethelocalenvironmentalhealth

officertovisitwithyoushareinformationat
tendyourtrusteesmeetingsasahealthconsul
tantandgenerallybecomebetteracquainted

Weappreciatethistimeonyourprogram
Yourprogramindicatesamosteducationaland
productivemeeting Icongratulateyou

CMVCAPresidentelectBillHazeleur We

lookforwardtoyouattendingourConference
nextfall Bringyourcardsdiceandmoney

THEVECTORCONTROLTECHNICIANCERTIFICATIONPROGRAMINCALIFORNIA

1974TO1984

KennethHHansgen

Nineteeneightyfourmarksthetenthanni
versaryoftheVectorControlTechnicianCerti
fication ProgramadministeredbytheCalifornia
DepartmentofHealthServicesVectorBiologyand
ControlBranchVBCB Thefirstexamination

forcertificationinmosquitocontrolwasgivenin
CaliforniaonApril51974 ThisyearonMay
181984wewillgiveourfifteenthstatewidecer
tificationexam

Thecertificatesweissuequalifyaperson
whileworkingonthejobinapublichealthvec
torcontrolprogramtouseorsupervisetheuse
ofpesticidesthatareclassifiedforrestricteduse
inaccordancewiththeFederalInsecticideFungi
cideandRodenticideActFIFRAasamended
andrelatedStatelawsandregulations Ourpro
gramisofficiallyrecognizedbytheUSEnviron
mentalProtectionAgencyEPAandtheCalifornia
DepartmentofFoodandAgricultureCDFA

Theideaofcertifyingvectorcontroltechni
ciansoriginated in California beforethe1972

amendmentstoFIFRAthatgavecertificationa
Federalmandate Insteaditbeganherebecause
of actions taken by the California Mosquito
ControlAssociationintheearly1970sMulhern
1975 Atthattimetherewasanextremeamount

ofconcernaboutthegrowingproblemofpesticide
resistanceinmosquitoesinmanyareasofCali

VectorBiologyandControlBranch
CaliforniaDepartmentofHealthServices

714PStreetSacramentoCalifornia95814

fornia Asonewayofdealingwiththisproblem
theCMCAanditsmemberagenciesproposedthat
astrainingprogrambedevelopedbytheState
HealthDepartmenttoteachsomeotherapproaches
tomosquitocontrolwhichcouldprovideeffective
andsafealternativestochemicalcontrolasit
thenexisted

A series of training workshops was

conductedin1971bythethenBureauofVector
ControlandSolidWasteManagementBVCSWM
laterredesignatedVBCB Thecoursesyllabi
werecombinedintoadraftmanualcalledthe
ComprehensiveMosquitoControlTrainingManual
whichwasdistributedforreviewandcommentsin
January1972 Aftertworevisionsthismanual
became the Training Manual for California

MosquitoControlAgenciesRevised1975 Itis

publishedbytheCMVCAandisinusetodayas
the basic training manual forcertification in

mosquitocontrol
Alsoin 1972 CMCA PresidentRonaldL

WolfeestablishedajointCMCABVCSWMCommittee
onCertificationofOperationalPersonnel The

committeesubmittedareportattheBoardofDir
ectorsmeetinginMay1972callingforacertific
ationprogramtobeadministeredbytheBureau
Its recommendations and guidelines closely
anticipated the standards that were later



Table1Californiavectorcontroltechniciancertificationexaminations personsexaminedandresults
19741983

EXAM DATE PERSONSEXAMINED PASSED CERTIFICATESISSUED

NO MODYYR TOTAL SECA SECB SECC SECD MOSQTERRVERTTOTAL

01 040574 603 555 555
920

02 101874 107

664

03 052375 128

711

PILOT 021976 31 31 31

968 TE

04 040976 428 428 105 355

869 581 935

05 110576 164 118 87 73

669 793 726

06 052777 405 357 195 299

919 836 936

07 110477 58 44 49

841 755

08 050578 465 150 127 377 76

620 630 894 658

09 022379 347 161 103 249 165
776 700 863 800

10 022980 319 216 103 186 176

777 553 683 784

11 052380 166 84 147

619 558

12 051581 278 169 144 140 147

763 556 679 633

13 052182 213 115 108 130 110
765 602 585 764

14 052083 271 165 137 136 128

752 496 684 641

71 71

91 91

30 30

58 313 371

65 54 119

160 285 445

43 43

81 334 52 467

47 187 103 337

58 127 131 316

81 1 5 87

77 94 94 265

65 79 88 232

66 94 83 243

TOTAL 3983examsgivento2359individuals 1518 916 1238 3672
ACTIVEasof1283 1366 871 745 897 2513
INACTIVEas1283 993 647 171 341 1159

MOSQMosquito TERRTerrestrialinvertebrate VERTVertebrate

Early105questioncombinedexamforcertificationinmosquitocontrol
1239certifiedand127notcertified
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mandatedbytheEPAinitsregulationsinOctober
1974

Atremendousboostwasprovidedtoour
programbyover70000ofFederalassistanceob
tainedfromtheEPAduring197475Hansgen
1976 Thismoneyhelpedus1toreviseCom
munityPestandRelatedVectorControlSecond
Edition1975 ourotherbasictraining manual

whichispublishedbythePestControlOperators
AssociationofCalifornia 2todevelopand
produceaseriesof19selfstudyunitsincorpor
atingsynchronizedslidetapepresentationsread
ingsupplementsandpracticequizzesand3to
purchaseaudiovisualequipmentwhichcan be

loanedtolocalagenciestoviewtheselfstudy
units

Theprogramreacheditspresentformin
1978 Sincethenatleastonceeachyearwe
administera4partwrittenexamwith50multiple
choicequestions ineach part Exam answer

sheets are graded on a ScanTron grading
machine at the CDFA in Sacramento All

applicantsmustpassSectionAtheCoreSection
tobecertifiedforanyofthethreecertificate
specialties Thentheymustalsopassaspecialty
section SectionBtobecertifiedformosquito
control Section C forterrestrial invertebrate

vectorcontrolorSectionDforvertebratevector
control Thepassingscoreforeachsectionis35
correctanswersor70percent

Fourteen14statewideexamsandonepilot
examhavebeenconductedsince1974seeTable
1foratotalof3983examsgivento2359indiv
idualsthedifferenceisbecausemanyhavetaken
theexamonmorethanonedate Atotalof3672

certificateshasbeenissuedinthethreespe
cialties Attheendof1983ourfileswhichare

updatedannuallyshowed1239certifiedtechni
ciansactivethatiscurrentlyemployedinpublic
healthandvectorcontrolagencies Ofthose871
arecertifiedformosquitocontrol745forterres
trialinvertebratesand897forvertebratevector
control

Itshouldbenotedhoweverthatnotall
thesecertificatesareheldbytechnicianswhoare
actuallyapplyingpesticidesinoperationalvector
controlprograms Manycertificateshavebeen
issuedtoRegisteredSanitariansandotherem
ployeesofcountyenvironmentalhealthagencies
Apolicydecisionwasmadeearlyinourprogram
toopenthetrainingprogramtothemalsoandto
allowthemtotaketheexamseventhoughthe
trainingandexamsarespecificallyintendedand
designedfortechnicianlevelpersonnelinopera

tionalvectorcontrolprograms
Ofthe871certifiedmosquitocontroltechni

ciansactiveatlastcount40947 areem

ployeesofagenciesthatarecorporatemembersof
CMVCA Addingthecertifiedtechniciansina
fewotheroperationalprogramsoutsideCMVCA
suchas Imperial SanDiegoandSantaClara
countiesshouldbringthatfigureuptoaround
50 EmployeesofCMVCAmemberagenciesalso
hold148certificatesforterrestrialinvertebrate
vector control 20 of the total and 142

certificatesforvertebratevectorcontrol16of
thetotal

Theadministrationofourprogramwassigni
ficantlyimprovedin1982whenVBCBacquireda
RadioShackTRS80Model11microcomputer The

certificationrecordsofallactivetechnicianswho
hadevertakenourexamwereenteredontoa
Profile filingprogram Thecomputergreatly
facilitatesthelocatingandupdatingofrecords
allowsustoquicklyproduceprintoutstosendto
localagenciesforrecordsupdatingandtoreport
examresultsanditevenfillsintheblankson
ourcertificates Italsois used asaword

processorforprintingexamnoticesandother
correspondenceandtoprintmailinglabels

TheVBCBcontinuestoassignafulltime
TrainingandCertificationCoordinatortooversee
thisprogram Thepositionschargesaretoco
ordinatefutureexamstoassisttheCMVCAwith
thecontinuingeducationprogramthatitisde
velopingandtocoordinateupdatingrevisionsof
themanualsandotherstudymaterials Inparti
cularweplansomesubstantialchangesinthe
organizationandcontentofthebasicmanuals
duringthenextcoupleofyearsandwelookfor
wardtocontinuingourclosecooperationwiththe
CMVCAanditsmembersinmakingthisprograma
success

REFERENCES

HansgenKH1976 Trainingandcertification
ofvectorcontroltechniciansinCalifornia
CaliforniaVectorViews231112 5355

MulhernTD1975 Trainingandcertification
ProceedingsCaliforniaMosquitoControlAs
sociationInc 43 132133
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TwocomputerprogramswerewritteninBasicfortheTRS80ModelIIutilizingaChatsworthData
OMR2000RS232CardReadertoinputfielddataforstorageonmagneticmedia Aconsiderableamountof

timewassavedwhenusingcardreaderinputoverkeyboardinput Copiesoftheprogramsareavailable
throughtheCMVCAComputerCommittee

INTRODUCTIONOrange County Vector
Control District OCVCD receives more than

10000servicerequestseachyear Eachoneof

theserequestsmustberecordedansweredand
summarized Usingmultiparthandwrittenforms
ittookaminimumof325dayseachmonthtosort
andproduceamonthlysummaryreport The

summarycontainedonlythevectorgroupswhich
initiated the service requests mosquitoes
midgesfliesratsorfishinthezonesinwhich
theworkwasperformed Toobtainanyother
informationsuchaswhatkindofsourcespro
ducedthevectorproblemswouldrequirethatall
theformsbehandsortedagain

OCVCDwantedalloftheinformationstored
inawaythattheinformationcouldbesortedand
summarizedasquicklyaspossible Computers
arecapableofachievingthisbutitstilltakesas
muchasoneminuteand12secondstoinputthe
necessarydatafora45characterrecordwhen
usingthekeyboard Multiplythisby10000or
soandittakes200hoursorabout21daysper
monthjusttoinputthedata Thisisasavings
ofonly115dayspermonth

Opticalcardreaderscanprocessacardin
abouttwoseconds Thatisagooddeallessthan
onedaypermonthtorecordallnotjustpartof
thedata The10minutesthatthecomputer
takestosummarizethedataandprintthereport
isnotevenworthcounting

HARDWARE DESCRIPTION The unit

purchasedbytheDistrictisaChatsworthData
CorporationOMR2000RS232CardReaderthatis
connectedtotheirTRS80ModelIIbytheway
ofthecomputersRS232serialport

TheOMR2000isanopticalmarksensecard
reader Itwillreadcardsthataremarkedwith
No 2 pencils or equivalent or can read

punchedorpreprinteddatajustaseasily The

readerwillholdabout120cardsatatimeand

processcardsthatarefrom5to12incheslong
Likemostcardreadersthecardsmustbe325
incheswideandbemadeofcardstockthatis
0007ofaninchthick Thatmeansyouhaveto
buygeneralpurposepreprintedcardsorhave
thecardsspeciallyprinted Theprintregistra
tiontolerancesareextremelyclosewithin164th
ofaninchandtheinkmustnothaveevena
traceofcarboninit Thereareseveralprinting
companiesinSoCaliforniathatcandothiskind

ofwork Namesandaddressesofthesecom

panieswillbeprovideduponrequest
Thecardsarereadbythemachineasa

seriesofcolumnsthataredividedinto12chan
nels Thiscanbeseenbyholdingthecard
horizontallywiththeblacktimingmarksatthe
bottom Eachtimingmarkrepresentsonecolumn
whileeachnumberonthecolumnrepresentsa
channel Thereare12channelsoneachcolumn

thatreadfromthetimingmarkas9876
5432101112 Thecardreaderwill

readthedatachannelsonlywhenitencountersa
timingmark Thisallowscardstobedesigned
withareasforwritteninformationthatwillnotbe

includedinthedatainput
The practical concern ofhow thecards

shouldbemarkedisalwaysimportantandcan
makeorbreakthecardreadersystemasan
effectivemethodofdatainput Experiencehas
shownthattheeasiestandmosteffectivepencil
marksaretheonesformingadiagonalslashfrom
onecornerofanumberboxtotheopposing
corner Itisveryimportanttostaywithinthe
confinesofthebox Otherwisethecardmightbe
improperlyread Itisalsovitallyimportantthat
nomarksbemadeinbetweenthetimingmarks
becausethecardreaderwouldtheninsertextra

columnsintoyourdatastringcausingthecomput
ertointerpretthedataincorrectly Alsothe
readerwillalwaysread12channelsonevery
cardthereforemarksofanykindshouldnot
appear in the vicinity of unused channels

Lastlydirtandoilsmudgeswillfrequentlybe
readasextraneousdatasothecardsshouldbe
keptclean

SOFTWAREDESCRIPTION Asalwaysthe
longestpartoftheprojectwasdevelopingthe
softwarethatwouldhandlethedataintheway
theOCVCDwanteditprocessed Thethingsthat
neededtobedonewere

1 Createafileinwhichthedatarecords
couldbestored

2 Commandthecardreadertoreada
card

3 Inputthecardsdataintothecomputer
memory

4 Checkthedatatoseeiftheyarevalid
thisisoptionalbuthighly
recommended
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5 Changethedataintoaformthatcanbe
putintolongtermstorage

6 Storethedataontofloppydisks

Twoprogramsweredevelopedthatwould
fulfilltheabovecriteria Eachprogramstores
thedatainadifferentmannerandisdesignedto
beusedforsomewhatdifferentpurposes The

firstprogramCARDRD1BASstoreseachrecord
separatelyandisintendedforthoseapplications
requiringspecial reportformatssuch asthe

Districts monthly Cause of Service Request
Report The other program CARDRD3BAS
storesrecordsingroupsofthreeinaformthat
canbeprocessedbyProfileIIRadioShacks
databasemanagementsoftware

Both programs use the same method to

commandthecardreadertoreadacard The

Hostfunctionthatcomeswiththeoperating
systemoftheModel II isturnedon SYS
TEMHOSTONCommandwhichmakesthecom
puterthinkthatthecardreaderisaremote
keyboard terminal One ofthetwo sets of

switcheslocatedonthesideofthecardreaderis

setinapatterncorrespondingtothebinarycode
ofaspecificcontrolcharacterinthiscasea
Control Q forwhich the Basiccommand is

PRINTCHR17 Wheneverthecardreader

receivesthiscontrolcharacteritreadsacard

Thecarddataaretransferredtothecomputers
memoryviathebasiccommandINPUTCD

ADoFilewiththefilenameofREADER

isusedtoturnontheHostfunction One

peculiarityofthisprogrammingmethodisthat
sincethememorylocationsusedbytheHost
functionandtheDoFilepartiallyoverlapthe
DoFilemustcontainastatementthatreloads

Basic

ListingsofbothprogramsandtheDoFile
willbemadeavailableuponrequest Magnetic
copiesoftheseprogramswillbeaddedtothe
CMVCAComputerResourceDisk Bothwillbe

availablethroughtheCMVCAComputerCommit
tee

CONCLUSIONTheuseofcardreadershas

thepotentialofeffectingconsiderablesavingsin
thetimerequiredtoinputfielddata Alsothe
potential for typographical errors is greatly
reducedbecausethedatadonotpassthroughthe
intermediate step of keyboard input Card

readersbecometrulycosteffectiveinapplications
wherethereisalargevolumeofdataorwhen
there are a number ofdifferent applications
requiringrapiddatainput Theprogramsde
scribedinthispapercanbeeasilymodifiedto
accommodateawidevarietyoffielddatainput
applications



Managerswouldliketothinkofthemselves
as being perceptive having keen judgment
capableofsizingupasituationandknowingjust
whattodoaboutit

Andemployeesarepeoplewhoarediligent
discerning show good judgment and clearly
understandinstructions

ButtheenlightenedwillagreewithHG
Wellsobservationthatnohumanbeingisal
togethernoblenoraltogethertrustworthynor
altogetherconsistentandnotoneisaltogether
vile

Soforthebedeviledmanagersthatarebeset
orplaguedbyproblemsorworriesordoubtsand
indecisionIhavesomesuggestionsforyou I

feelquitesafeindoingthisasIunderstandthat
halfofeverythingtoldtoapersonisforgottenin
thirtyminutesandtheotherhalfwasntheard

Ithasbeenmyexperiencethatexperienceis
whatyougetwhenyouwereexpectingsomething
thingelse IaminexcellentcompanyasBritish
Statesman Disraelinoted What isanticipated
seldomoccurs Andwhatweleastexpectgener
allyhappens Thisisthereasononemust

determinetheobjectiveofanyprojectandhave
anadaptable flexibleandabovealltentative
plan Rememberthosethreewordstheycanbe
appliedtomanysituations Infacttentativeis
asgoodassendingittoacommittee Forex

ampleatentativesuggestionisonethatcanbe
withdrawnasthesituationclearsuporatenta
tiveprogramcanbechangedandhopefullyim
provedastimegoesby

Onceafirmpositionhasbeentakenitis
difficulttochangeonesmindnomatterhow
strongtheevidencetothecontrary Hunches

arenotenoughitisimportanttoascertainfacts
byexaminationtrialanderrorexperimentor
anyothermeanspossible Therearealternative

methodsofarrivingatthesameresults
Dontbeafraidofappearinginconsistentas

changesarejustifiableduetoarisingcircum
stances Howeverconfusionaboutonesultimate
goalcanbedetrimentaltoattainingsuccessor
progress Ifyouareindoubtaboutwhattodo
itisusuallyagoodideatowaitdefereven
procrastinate Procrastinationhasbeensaidto

betheartofkeepingupwithyesterday
Butdontdelaydecisionsuntilyouareat

themercyofdeadlinesdontinsistupontoo
muchinformationandbeforcedintoreaction
Setyourpriorities Followthrough

Themostcommonproblemsaccidentsturn
over absenteeism and grievancesare often
related topoormorale Managing for better

moraleaimsattworelatedgoalshappierem
ployeesandimprovedproduction

As every child and successful manager
knowseachpersonisanindividualandresponds

EMPLOYMENTRELATIONSHIPSOBJECTIVES

StephenMSilveira

TurlockMosquitoAbatementDistrict
POBox1629TurlockCalifornia95381
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differentlytowhatever Butyettheseindividu
alsareto betreated fairly Anemployees
attitude towards his earnings supervision
hoursfringebenefitsfellowworkershispres
tigeandstatusandotherworkingconditionswill
determinehismorale

Itmustberecognizedthatanemployeemust
bepaidadequately Thepaymustaccurately
reflect the duties and responsibilities ofthe

positionandbejustifiedbyacceptablecomparison
methodssuchassalarysurveysandclassification
studies Astandardsalaryschedulewithsalary
rangesforallpositionshelpsestablishanorderly
and methodical procedure for handling salary
concerns

Whenanemployeeisrequestedtodosome
thingheisnotbeingpaidforordoesnothave
theabilitytocarryoutorisnotwithinreason
ablelimitationsofhisassignedjobexpectdiffi
culties Thinkaboutthepeopleinvolvedwhen
everpossibleratherthanjustthework Realiz

ingaworkersfeelingsonhisworksituationmay
notensurehighmoralebutitcertainlywillnotdo
anyharm

Youhavetobewillingtotakethetimeto
observethepeopleyouworkwithinorderto
treatthemright Everyonedoesnotreactalike
tostandardpolitenessandkindness Thetreat

mentneedstobeadjustedtothemoodand
sentiments of the individual People being
individualsrefusetobetreatedinauniform
way

Peoplewhoareupsetdothingsimpulsively
Emotionsdrivethemnotintelligence Asenseof

proportionisabsentlittlethingsaremagnified
reallyimportantmatterswillbeoverlookedor
forgotten

Althoughanemployeeserrorsinefficiences
andmaladjustmentsarehigherthanthatofa
machinetheemployeeisstillmorevaluable The

machineiseasily replaced Developand use

soundmethodsandcertainproceduresforsolving
employeeproblemsAvoidwonderingwhatyoudid
rightorwrong Ahitormisssolutionishardly
likelytobesuccessfulagainorevenremembered
Problemswhenignoreddonotgoawaytheyget
worse

Employeeswillknowtheyareappreciatedif
theirproblemsarehandledasquicklyandfairly
aspossible Ifemployeesarecomplainingabout
TheDistricttheyareactuallytalkingaboutthe
treatmenttheyhavereceivedfromyouandor
theirsupervisor Therefore choosethebest

possiblepeopleforyoursupervisorystaff It

willbethesepeoplewhowillreflectyourconcepts
onpersonnelmatters

Youcannotaffordtorunoutofsupervisory
talentanymorethanyoucanaffordtodeplete
supplies Withoutsomeonetosharetheworkload
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amanagerwillbeafrazzledwreckandmayeven
makesomemistakes Heneedsallthehelphe
canget

Thecoreofanymanagersresponsibilityto
his organizationliesindecisionmaking And

thefirstdecisiontomakeistowhomtodelegate
duties Choosewiselyadelegateddutyisstill
yourresponsibility

Developingsupervisorypersonnelisnotdone
overnightbutthetrainingimprovespresentjob
performance promotion is less difficult and

providestemporaryreliefduringabsencesand
permanentreplacementiftheneedarises Failure

tomakeuseofsubordinatesabilitiesmaydull
theirinitiativeandunderminetheirconfidence
andproficiency Ifthemanagerfeelsthathecan
dothejobbetterhehasdoneapoorjobof
training

Delegatingmeansyoutellyourpeoplewhat
youwantdonebutnothowtodoit Youare

interestedin results notminordetails Too

closesupervisionrestrictsbothyouandyour
employees Expectmistakesbutwhentheerror
isrealizedcorrectitbutdontagonizeover
itmoveon Thisproceduresavestimeand
aspirin

Provideyouremployeeswithaneffective
trainingprogram Ifthejobistobedoneade
quatelyittakesmorethananemployeeandan
instructionmanual Inhandlingpeople itis

importanttodifferentiatebetweenthosequickto
getthe pointandthosewhorequirepatient
explanation Patienceis thekeytoeffective
training Beingimpatientdoesntspeedthings
up Itproducesdisorderanddelays makes

employeesnervousrushesthemsotheybecome
lesscapableofgettingouttheworkandmay
causeresentmentandafeelingofbeingunjustly
pressured Bepatientwhengivinginstructions
insettingtimelimitsandimprovingworkhabits
Oftentimesslowerwillleadyoutoyourgoal
quicker Remainobjectivetrytoseeitfromthe
employees viewpoint Tell the employee the

reasonfordoingajobacertainway Whenhe

knowsthereasonthemethodwillbeeasierto
remember

Dontlosecontactwiththeworkforceor

youwill loseyourchancetomotivatingyour
peopletotheirbestperformance Youcanlose

anemployeewithouthimeverleavingthepayroll
Heputsinhistimebutneverlivesuptohis
potential

Keeptheworkloaddistributedfairlyeven
ifsomequalityissacrificed Donttakethe

attitudethatanemployeeispaidtodohisjob
wellandforgettoshowappreciationandre
cognitionwhenagoodjobisdone Remember

wheneverpossiblethepraiseshouldbepublicbut
criticismisalwaysprivate

Checkyourcommunicationsystemtheremay
beaninformationgap Establishgoodcommu
nicationswithyourworkers Tellyouremployees
inadvanceaboutpolicyoroperationchangesthat
willaffectthem Provideinformationandguid
anceonmattersaffectingemployeessecurity It

helpstokeep rumorsdownand buildstheir

confidenceinyou Askforsuggestionstheman

onthejobisinthebestpositiontogiveyou
ideasforimprovement Discussingchangesdoes
muchtoovercomeresistanceitgainscooperation

Keepanopenmindandanopendoor En

couragecomplaints Theyarentallbad Let

yourpeopleknowwhenyouwillbeavailableto
heartheircomplaints Nomatterifthecomplaint
istrivialitissignificanttothecomplainant
Sometimes the complaint isnt really what is

botheringtheemployee Itisnoteasytore
cognizeandexpresslesslogicalreasonsasitis
toexpressconcreteideas Thebetterworkers

usuallycomplainaboutthingsthatpreventthem
frommakingmoremoneyoraccomplishingmore
Theadequate worker usuallycomplains about

thingsthatconcernhispersonalcomfortandis
lookingforrecognition Thewaythecomplain
antnotnecessarilythecomplaintishandledwill
affecthisproductivityandmorale Complaints
aresymptomsandaretobeconsideredearly
warningsignals

Rulesandregulationsmustbeknownand
applieduniformly Youwillgetnorespectif
youtrytoretainyouremployeesgoodwillby
failingtoenforcerulesandregulations Nothing
influencesemploymentrelationshipsquiteasmuch
as the inequitable distributionof rewardsor

punishments Dontgivespecialprivilegesunless
a special situation warrants itand everyone
understandsit

Employeesareresponsibleforperformingthe
workandconductingthemselveswithinestablished
regulations Buteverybodycarries some re

sponsibility for employee discipline Hastily
applieddisciplinemaymakewasteofemployee
moralesupervisoryreputationandadministrative
time Deferdisciplineuntilindividualcircum
stances have been considered Talk to the

employeetobesureheknewtheruleandhadno
goodreasonforbreakingit Ignorancemaybe
noexcusebutwillfulviolationbringsharsher
penalties Documentationofdisciplinaryactionis
alegalandpracticalnecessity Disciplineisto
encourageeffectiveworkandsensiblebehavioron
thejob Mostpeoplearewillingtoacceptdis
ciplinetheyconsiderfairbuttheywillnever
acceptpunishment Disciplineshouldhelpem
ployees to helpthemselves Makesureyour
employeesunderstandtheestablisheddisciplinary
procedure Arbitraryregulationsorlackofdue
processwillcreatefeelingsofhelplessnessand
will encouragegrievancecomplaints wherethe

grievanceprocedureexistsandabetunionization
whereitdoesnot

Disciplineiseffectiveonlywhenitisgene
ratedbytheemployeesdesiretocooperate The

employeecooperatestokeephisjobandorto
makethingseasierforhimself Lastingdiscipline
isalwaysselfimposedandselfenforced

Inthecasewheretheemployeefailsto
respondtopriorcorrectivemeasuressuspension
ordischargemaybenecessary Keepinmind
thattheworkerisresponsibleforhispresent
situation Infairnesstotheemployeeandto
avoid morale and legal repercussions these

decisionsshouldbeplannedinadvanceandmade
withcare



When discussing personal or job related

problemswithanemployeedontadvise Listen

wellkeepitprivateandconfidential Dontjump
toconclusionsorinterrupt Relatethepersonal
problemonlytohowitaffectsjobperformance
Refrainfromusingsarcasmandspeakingina
loudandcommandingvoice Donotventyour
angerandfrustrations Theinvolvedemployees
reaction may be resentment and open angry
rebellionthatmaybedifficulttodealwith The

managermustmaintaincontrolofhimselfinorder
tocontrolthesituation Stayincontrolitis
bettertocontrolyourtemperthantoletitcon
trolyou

Thereismoretoinfluencingpeoplethan
capturingtheirattention Youhavetohandle

objectionswithoutforfeitinggoodwillwinargu
mentswithoutcreatinghostility

Positiveincentivesonthejobmakerestric
tiveregulationsunnecessary Asurveyindicated
themostimportantfringebenefitstoworkers
werehealth benefitsand sick leave Review

ruleseliminatethosethatdonotcontributeto
yourobjectives Thepurposefortheruleshould
dothefollowing

1 Maintainworkersafety
2 Avoidequipmentbreakdown
3 Controlexpenses
4 Preventdisruptionofworkflow

Ruleswhichhavenoapparentreasonare
irritating Howeverbeforechangingapolicybe
sureitisanimprovement
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Dontholdmeetingstomakeapublicexam
plewhentimeisshortwhenitinterfereswith
theworkscheduleorfornogoodreason In

fact dont change anything or do anything
exceptforagoodreason

Remembercommunicatewithyouremployees
letemployeesknowwhattherulesareandwhat
isexpectedofthemletemployeesknowhowthey
aredoingapplyyourpoliciesfairlyandequally
haveadequatewagesanddecentbenefitsand
developgoodsupervisorsandbackthemup

Cooperationcommunicationandcoordination
assureasuccessfuloperation Onlywiththe
activeparticipationbyallconcernedcangoalsbe
met

Thebasisofthisreportwasderivedfrom
thefollowingsources

ExecutiveActionSeries Bureauof

BusinessPractice
1970

PersonnelManagementandSafety
UniversityofCalifornia1983

CaliforniaAssociationofEmployers
EmployerEmployeeRelationsGuide1983

TurlockMosquitoAbatementDistrict
PersonnelRulesandRegulations1983

WaterfordConnecticut

Althoughthisreportisgeneralthereis
muchspecificinformationavailableforanyparti
cularaspectofemployeremployeerelationships
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PANEL ALTERNATIVEMETHODSTOCONTROLMOSQUITOSOURCES

PHYSICALCONTROLINSACRAMENTOCOUNTYYOLOCOUNTY

MOSQUITOABATEMENTDISTRICT

CalvinDRourke

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia958153493

Overtheyearswehaveheardavariationof
definitionsofsourcereductionorphysicalcon
trolasitisnowmorecommonlyreferredto
Whateverthewordingisthatyouarefamiliar
withitprettymuchboilsdowntoatermthat
basicallysaysthatwewouldliketophysically
alteranexistingorpotentialmosquitoproblemin
ordertominimizeoreliminateitspotentialfor
mosquitoproduction Thisisarathersimple
statementanditisveryeasilyunderstoodbut
justhowsimpleisittoconvinceanindividual
thatitwouldbetohisadvantagetoridhisprop
ertyofhismosquitosource Andhoweasyisit
forhimtounderstandthatinthelongrunhewill
bemoneyahead

Afterathoroughexaminationofthemosquito
problemthesequestionscanbeansweredbutin
theprocesstherearisesawholehostofques
tions Questionsthatmustbethroughlyinvesti
gatedandintelligentlyansweredtohelpthere
sponsiblepersontobetterunderstandthewhole
pictureofmosquitocontrolandbetterappreciate
theservicewearetryingtooffer Afewof

thosequestionsmightgosomethinglikethis

1 Istheproblemcausedbylackofade
quatedrainage or is ita problemof water

managementorarethereotherfactors
2 Ifitisadrainageproblemistherea

suitablenearbyoutletthatcanbeutilized Ifan

adjacentpropertyisinvolvedcanweimposeon
thatpropertyownertoconstructadrain Orare

thereseveralranchesthatcanbejoinedwitha
commondraintoanadequateoutlet Anyorall
oftheseoptionsshouldbeconsidered Imention

theseoptionsbecauseourdistrictconstantlyuses
combinationsofthem

3 Isanengineeringsurveyrequired Ifit

isonlyamatterofcleaninganexistingditchto
acceleratethedrainageasurveyisgenerallynot
required Iftheproblemisalittlemorecompli
catedasurveyisamustforitwilltellme
whethertheenvironmentalchangesIamrequest
ingarebasicallysound

4 Isitpossiblethatthefarmercould
qualifyforaconservationpracticethroughthe
agriculturalstabilizationandconservationservice
toreceivefinancialassistance

5 Arethereanyundergroundfacilitiesor
hiddenhazardsintheimmediateareathathaveto
belocated Puncturingahighpressuregasline
withabackhoecouldhavedevastatingresults
Severingthetranscontinentaltelephonecablethat
traversesourdistrictcouldcostthousandsof

dollarsperhourtogetitrepaired

6 Whathappensifthefarmersayshecan
notaffordtoparticipate Idontliketosound

likeausedcarsalesmanbutifwedothejob
wecangivehimuptotwelvemonthstopaythe
billwithoutafinancechargeAttheratewe
chargeitsdifficultforhimtoturntheoffer
down

IncontrasttomanydistrictstheSY
MADownsandoperatesitssourcereduction
equipment Theprimarypieceofequipmentisa
backhoe Wechargeanominalfeeforthiswhich
inthepasthasbeenadequateforequipmentre
placement Iftheownerofamosquitoproblem
doesnothavethenecessaryequipmenttocorrect
theproblemanofferismadetousedistrict
equipment

Personalcontactsaremadewiththeperson
responsibleforamosquitoproblem Webelievein

thisapproachbecausemanyquestionscanbere
solvedattheverybeginning Wetrytopoint
outthatalthoughtheinitialcostmayseemhigh
thelongtermbenefitsnodoubtwilloffsetthe
costparticularlyifourboarddeemsitnecessary
tochargetheownerforfuturechemicalcontrolto
keepthemosquitopopulationatacomfortablelev
el Inthethirteenyearswehaveusedthispro
gramwehaveneverbeenlackingforaproject
toworkon Hundredsofacresofsourceshave

beeneliminatedatagreatsavingstothedistrict
Therehavebeenoccasionsofcoursewhen

wehavenotcompletelyachievedthegoalwede
sired Letmementiontwoinstanceswhenitwas

necessarytoresorttoanalternativemethodto
achievemosquitocontrol

Casenumberone Afterseveralyearsand
manydiscussionswithalargewellknownfood
processing companyto improvetheirdrainage
systemandsetupamaintenanceprogramontheir
overlandflowsystemtodisposeoftheeffluent
ourrecommendationsweredisregarded Wefinal

lyadvisedthemthattheywouldbebilledforall
subsequentmosquitocontrol Thishasamounted

sofartoseveralthousanddollars

Casenumbertwo Ourdistrictenteredinto

acooperativeagreementwiththeownerofa40
acreranchtoimprovethedrainageandinstalla
return flow system The system was also

designedsothewinterwaterwoulddrainintoa
communitydrain Theagreementformsignedby
theownerstatesthathewouldinstallasump
pumpforthepurposeofreusing hissummer

wastewater Whenwecompletedtheprojectnot
onlydidnthecarryouthispartofthebargain
butsomeofthedrainditcheswereblocked



reverting the fields back to their original
mosquitoproducingstate Theownerhasbeen
advisedthatunderprovisionsofthePublicHealth
6SafetyCodewewillbecharginghimforfuture
mosquitocontrol

Inbothoftheseinstancesthechargingfor
chemicalcontrolcannotbesubstitutedforphys
icalcontrol Weviewitasatemporarymeansto
helpmotivatetheresponsibleindividualuntilthe
timethatenvironmentalmodificationisimplement
ed

Inspecialcasesanotheralternativetophys
icalcontrolistousetheservicesoftheWater
QualityControlBoard Thisboardisextremely
shortonpersonnelanditsometimestakesawhile
forthemtoinspecttheproblemthatwebringto
theirattentionbutoncetheydotheiractionis
swiftandverypositive Considerthecasewith

oneofourdairymenthatwasrunningdairydrain
waterintoaneighborspropertyacrossacounty
roadandintoanaturaldrain WaterQuality
calledanonsitemeeting Themeetingwasat
tendedbythedairymanWaterQualityControl
CountyRoadDepartmenttheDairyInspector
DepartmentofFishandGameandthePresident
ofthe DairymensAssociation andourselves

Needlesstosaythecaseagainsttheoffender
builtupsoconclusivelythathehadnoalterna
tivebuttocorrecttheproblem

Otherdistrictshavedifferentpoliciesand
ofcoursedifferentmethodsofsolvingsimilar
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problemsbutalldistrictshaveagreatdealin
commonwhenitcomestosolvingsomeofthepo
tentialproblems Weallhavetheopportunityto
commentontheenvironmentalimpactreportsthat
arerequiredforpracticallyeveryenvironmental
changethatisbeingplannedbydevelopersand
manygovernmentalagencies Someofthesede
velopersarenotawarethatpartoftheirdevel
opmentcouldactuallyproducemosquitoes We

shouldtakeadvantage ofthisopportunityto
bringtotheirattentionthatweareinopposition
totheirplanifitisobviousthatamosquito
problemmayarise Weshouldalsoofferanalter
nativeplanthatweareconfidentwillnotcreatea
problem Theyarelearningandtheyarecomply
ingwithourrequestsbutwehaveanobligation
tokeepremindingthemwithourwrittencom
ments

Forthosedistrictsheretodaythatarecon
templatinggoingintoaphysicalcontrolprogram
letmesaythatitisexasperatingworkbutthe
endresultsaremostrewardingandlonglasting
I haveseensomeverydramaticreductionsin
mosquitopopulationsfromawellplannedproject
Itgivesmeagreatdealofsatisfactiontolookat
acompletedprojectknowingfullwellthatIhave
notonlyhelpedimprovethatpersonsproperty
culturallybutIhavehelpedhimeliminateoneof
hisproblems
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SOURCEREDUCTIONPROCEDUREINSANJOAQUINCOUNTY

MOSQUITOABATEMENTDISTRICT

EdwardPLeipelt

Inthebeginningoftheyear1980theSan
JoaquinCountyMosquitoAbatementDistrictupon
consolidation changed its approach regarding
majorsourcesthathaveahistoryofmosquitode
velopment

Byjustsendingasourcereductionletter
onceayeartomosquitoproducersbroughtvery
poorresultswhichwasthepracticeatonetimein
theSanJoaquinCountyMosquitoAbatementDis
trict ManagerJackFiorihasincorporatednew
ideasandproceduresthatmustbefollowedatall
timeswhenmakingasourcereductioncontact

Firstthereisanonsiteinspectionbythe
managerandsourcereductionpersonnelsoboth
menhaveanopportunitytoexchangetheirviews
ontheexistingproblem

Afteradecisionisreachedbetweentheman

agerandhisassistantonwhattodoanintro
ductoryletterorfirstletterismailedtothe
propertyownerorlessee

Thecontentsofthefirstletterexplainsthe
districtcannolongercarryonanunlimitedspray
programonpropertyundertheircontrolbecause
ofunwarrantedexpensesandresistanceofmos
quitoestochemicalcontrol

Theletterrequeststhatthepersoncontact
ourofficewithintendaystoarrangeameeting
ontheirpropertytodiscussthismosquitoprob
lemwhichisapublichealthnuisance

Nocostsarementionedatanytimerelating
mosquitocontrolontheirpropertybecauseour
objectiveistoreduceoreliminatethesourcere
gardlessofsize

Thepurposeofmeetingontheirpropertyis
toavoidmisunderstandingsofallpartiesinvolved
astoomanymistakescanbemadeinanoffice
fromdrawingmapsandhavingvariousdiscus
sions Besidesnoteveryonecanrelatetomaps
anddirections

Atnotimewillthedistrictacceptano
answerfromthepersoninrelationtoreducingor
eliminatingtheproblem

Ifbychancethepersondoesnotrespondto
ourfirstletterasecondletterissenttothem
whichmerelyrepeats itself butatthistime

statesthatthe responsibilityofthemosquito
sourceisthatofthepropertyownerandalegal
abatementagencysuchasourscouldenforceArt
icle4Sections2270 2292oftheCaliforniaState

HealthandSafetyCode Mostpeoplewillthen
contactourofficeforanappointmentattheir
convenience

Themanagerandhisassistantwillthenmeet
withthepropertyownerorlesseeatthetimere
questedbythemontheirproperty

Ifeelthatthisisthekeytosuccesswhen
makingasourcereductioncontactbecause

SanJoaquinCountyMosquitoAbatementDistrict
5503SouthAirportWayStocktonCalifornia95206

I Theyaretalkingwithmanagement
2 Thereisnotimelostinadditionalmeet

ingswithsomeoneelsebeforeafinaldecisioncan
bemade Itcanbemaderightthen

3 Ifthereisdistrictfinancialparticipa
tionwhichisapracticeinourdistrictwecan
thenmakeasatisfactoryagreementwiththepro
pertyowner

4 Estimatingthecostofthejobisalways
madepriortomakingasourcereductioncontact

Themanagercanstatethatifthejobises
timatedat50000forexamplehecanassurethe
farmerthatitwillcostnomorethanthatamount

ofmoneyandifitdoescostmorethedistrictwill
absorbanyexpenseoverthisamount Thisisa

veryconvincingstatement Thisapproachhas
beenverysuccessfulinthepastbecausepeople
havehadanestimategiventothembutwerevery
muchsurprisedthatinthefinalanalysisitfar
exceededtheoriginalestimate

Ifthedistrictdoesnotreceivearesponse
onoursecondletterwethensendathirdand
finallettercertifiedforproofofreceipt

Inthisthirdandfinalletterthedistrictstill

emphasizesthatwehopetocooperativelyresolve
theirmosquitoproblemsandifnot wethen

statethealternatives

1 Citethemintothedistrictattorneysof
ficeofSanJoaquinCountyandrequestawarrant
fortheirarrestunderSection372ofthePenal

Codeforcreatingapublicnuisance
2 CitetheminundertheStateHealthand

SafetyCodeArticle35 Section2858ordering
themtoabatethenuisanceforpaya50000per
dayfineuntilithasbeenabated

Weonceagainaskthattheycontactourof
ficewithintendayssothatwecancooperatively
resolvemosquito problems on property under

theircontrol Ifthereisnoresponsetothe
thirdletterthemanagerthenrequeststhedis
trictattorneytomakearrangementstocitethe
personintothedistrictattorneysofficewithin
fivedaysafterreceivingthecitationbymail
Whenbothpartiesmeetinthedistrictattorneys
officethemanagerthenstipulatestheconditions
forcorrectingthemosquitosourceontheirprop
erty

Ifallattemptsfailtocorrecttheproblemon
theirpropertyawarrantforthepersonsarrestis
madeupbythedistrictattorneyandadateis
setforahearinginmunicipalcourt Asofthis

timewehaveneverhadanyonepleadinnocent
Thejudgeusuallyasksforatimeframe

whencorrectionscanbemadeandifthisissatis



factory to the San Joaquin County Mosquito
AbatementDistrict Thepersoninmostcases
receives a two year probation period ifthe
problemiscorrectedandthatifthisreoccurs
theywillbeimmediatelybroughtbackintocourt
andsubjecttoafineimprisonmentorboth To

thisdatethedistricthasneverhadtogopast
thispointofaction

Thisdistrictpreferstousethepenalcode
becauseitismuchfasterandbringsbetterre
sults TheStateHealthandSafetyCodedoes
requiremuchmoretimeandeffortbythedis
trict

ByusingthepenalcodethedistrictsBoard
ofTrusteeswouldnothavetobetheenforcing
body

TheSanJoaquinCountyMosquitoAbatement
Districthastakentwodairymentocourtforjust
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completelydisregardingsomeofourrequestsand
notkeepingpromisesmadebythemonnumerous
meetingsontheirproperty

Evenaftertakingthemtocourtbothdairy
menappeartobefriendlytodistrictpersonnel

OnedairymanappearedinSacramentoina
disputewithanirrigationdistrictandwaterqual
itycontrolwhichcouldhavebeenavoidedifhe
wouldhavetakentheadviceofthemosquito
abatementdistrict

Sometimesourrequestsappeartobeabur
denonthefarmerbutinthefutureitbecomesan
asset Thisiswhereagoodsourcereduction
programbenefitsthefarmerandalsohelpsthe
district Alloftheproceduresmentionedinthis
talkarenowapermanentpracticeoftheSanJoa
quinCountyMosquitoAbatementDistrict
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APPROACHESINSOLANOCOUNTYMOSQUITOABATEMENTDISTRICT

Themethodsforreducingpotentialmosquito
sourcesmaybeasdifferentanduniqueasthe
areasthatproducethem Thefollowingmethods
weretriedandfoundtobesuccessfulbytheSo
lanoCountyMosquitoAbatementDistrict

Thefirstsituationdealtwithaslaughter
houseandmeatpackingplantinthenorthern
partoftheDistrict Theareathatproduced

largepopulationsofmosquitoesCulexspcon
sistedofholdingpondswhichtrappedthewaste
watergeneratedbythedailyoperationofthe
packingplant Largeamountsofwaterareused
daily

Afterseveralyearsofapplyingorganophos
phateinsecticidestothesepondsresistancede
velopedinthemosquitopopulationsthere Due

totheproximityofthismosquitosourcetoacity
immediateactionwasoftheutmostimportance

Theinitialprocedureinevaluatingtheex
tentoftheprobleminvolvedobservationsofthe
plantsoperation Itwasnotedthatthewater

fromthepackingplantwasdischargedintoapri
marypondfromthereitcouldbetransferred
intoseveralotherponds Nosetpatternhad
beenestablishedforthetransferenceofwater
betweenponds Amaintenanceprogramforthe
ponds ie weed control etc was virtually
nonexistant Consultationswithrepresentatives
fromtheCaliforniaDepartmentofHealthServices
Vector Biologyand Control Branch and the

SolanoCountyDepartmentofPublicHealthwere
heldbeforeformulatingfinalrecommendationsfor
thesolutionofexistingproblemsAmeetingwas
then arranged with the management of the

packingplant
TherecommendationspresentedbytheDis

trictwerefavorablyreceivedbythemanagement
ofthepackingplantandwereimmediatelyimple
mented TheDistrictsrecommendationswereas
follows

1 Replacethedischargepipesleadingfrom
theprimarypondtothesecondarypondswith
weirboxes Thiswouldallowthewaterlevelto
remainconstantandatthesametimepromotethe

DennisBeebeManager

SolanoCountyMosquitoAbatementDistrict
P0Box304SuisunCalifornia94585

theformationofathicklayeroforganicdebrisor
crustoverthetopofthepond Thisinturn

wouldeliminatetheopenwaterinthispond
2 Aweedabatementprogramwouldhaveto

bemaintainedspecificallyaroundtheperimeter
ofeachpond

Theforegoingrecommendationswerefollowed
bythepackingplantandhavevirtuallyeliminated
mosquitoproductionatthissite

Thesecondtypeofsituationinvolvedprob
lemscreatedbylivestockranchersusingirrigated
pastureforforagetofattenlivestock Withthe

adventoftheirrigatedpasturerancherswere
abletofattenlivestockandmakeaprofitfrom
land that had previously remained unutilized

throughoutmostofthesummer Unfortunatelyan

extremelyintolerablesituationwascreatedbythe
majorityoftheseirrigatedpastures Alongwith
prosperitycamepestilenceintheformofamos
quito Themosquitodensitiesbecamesosevere
thatlivestockweredrivenfromthefieldsand
workerscouldnolongerperformtheirduties
Eventuallyameetingwasarrangedbetweenthe
ranchersandtheDistricttodeterminepossible
solutionsfortheproblem Itwasdecidedthatall

surveillancewouldbedonebytheDistrictona
routine schedule Insecticide application by
meansoffixedwingaircraftwouldbedoneonan
asneededbasis TheranchersandtheDistrict
wouldshareonanequalbasisthetotalcostof
theinsecticideanditsapplicationprovidedthe
ranchers take whatever measures possible to

reduce the standing water in their irrigated
pastures

Thisagreementwasreachedbyrepresenta
tivesoftheranchersandtheDistrictmanyyears
agowiththeonlybindingformalitybeingahand
shakebetweengentlemen Todaythisagreement
isstillineffectwiththeresultbeingareduc
tionby70oftheacreageofirrigatedpastures
thatstillrequiretheaerialapplicationofinsec
ticidetocontrolmosquitoesintheSolanoCounty
MosquitoAbatementDistrict



PHYSICALCONTROLPROGRAMINDELTAVECTORCONTROLDISTRICT

HowardMathews

DeltaVectorControlDistrict
1737WHoustonAvenueVisaliaCalifornia93291

ThephilosophyoftheDeltaDistrictisthat
therearefiveconstituentpartsofourintegrated
vectorcontrolprogram Thesecomponentmeth
odologiesare educational physical biological
legalandchemical

Physicalcontrolwedefineastheaccomplish
mentofacarefullyexecutedphysicalalterationof
anexistingorpotentialaquatichabitatinorder
tominimizeoreliminateitspotentialforvector
production

It is generally recognized that formost

mosquitoproducing sources requiring control

physicalcontroliswheneverpracticablethe
methodologyofchoice Themannerinwhich
districtsachieve this result however varies

greatly Andourphysicalcontrolprogramat
Deltahaschangedovertheyears Alargepart
ofthischangewasevolutionarybutpartofit
wasnecessitatedbyasharpdropinthelevelof
fundingprovidedtotheDistrict

IstartedworkingatDeltain1950asafield
operator Iworkedthreeyearsasanoperator
beforethedistrictstartedasourcereduction
program AtthattimethedistricthiredGeorge
WhittenarecentgraduateinAgronomyfromthe
UCDaviscampus Hisassignmentwastohelp
organizeanddirectoursourcereductioneffort
Iwasaskedtojointheprogrambecauseofmy
lifelong background working on ranches and

having operated a wide variety of heavy
equipment

Thedistrictboughtacrawlertractorand
backhoe and George and I started making
contactswithgrowersthatwefelthadserious
fieldmosquitoproblems Atfirsttheoperational
personneldidnothavemuchconfidenceinour
sourcereductionprogrambutassoonaswegot
alittleexperienceandwontherespectofsome
growerswegraduallybegantoovercomethat
problem

Thencametheeraofresistanceintheearly
1970s Ourprincipalfieldlarvicidejustwasnot
killingmosquitoes ThemanagerDonMurray
decidedthatthisprovidedanopportunitytoquit
relyingsomuchonchemicalcontrol Theair

planewasgroundedandsubsequentlysold Not

onlydidthedirectionofthesourcereductionef
fortchangeourwholedistrictprogrambecame
integratedasneverbeforeandlegaldocumenta
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tiononallproblemsourcesbecamecritical
Westartedsendingdetailedmapsofbreeding

areasandmetwithgrowersinthefield Ifthese

contactswithdistrictpersonneldidnotachieve
thedesiredcooperationthegrowerswereinvited
intodiscusstheirmosquitoproblemswithour
BoardofTrustees

Ononeoccasionweheldsevenhearingsin
onenight Thesemeetingswerealmostalways
friendly in nature but the board expected
resultsthismadeourcontactworkmucheasier
wenowhadthegrowersattention andtheyre
spectedourprogramandourwillingnesstoassist
withsourcereductionequipment

Atthissametimethedistrictstartedafly
and other vectors program Surveillance
physicalcontrolandlegalabatementwereused
almostexclusively Routinechemicaltreatment
wasnevercontemplated

TheaftermathofProposition13forcedan
othermajorreadjustmentofourprogram Since
the constitutional amendment we have been

forcedtoparkourheavyequipment Wedo
howeverstillhaveastrongweedcontrolunit
Wehaveincreasedoureducationaleffort Wedo

muchmoreplanningandassistthecitiesand
TulareCountythroughsuchthingsassiteplan
reviewonnewdevelopment Ourmostrecent

projecthasbeentohelpinthedevelopmentofa
new UC Extension publication on dairy
wastewatermanagement

Inconclusionfarmingpracticeshavereally
improvedsincewefirststarted Useofourown
equipment isntasnecessary eventhough it

meanslosingsomeofourhandsonexperience
andfieldsavvy Ourzoneoperatorsaremaking
contactswithgrowersinthefieldasarethe
foremanandmanager Ithinkthatatthispoint
evenwithoutourequipmentwewillcontinuewith
averystrongphysicalcontrolprogram

RobertPetersstatedatour1975Conference
thatoursourcereductionprogramshadbeenrid
iculedbysuchcommentsas Theballpointpen
isthemustusedtoolinsourcereductionAl
thoughpersonally Ihavelovedworkingwith
theheavyequipmentandamproudofallweac
complishedwithititmaywellbethatinphysical
controlfromnowonthepenwillindeedbecon
sideredmightierthattheplow



58

Ultimatelymosquitoabatementdistrictper
sonnelcomeacrossanownerandorapersonin
chargeofapropertythatisproducingsomany
mosquitoesthatitdefiesnormalpublicrelation
techniques Itisthenoftenfeltbythedistrict
personnelthatlegalactionmaybeappropriate
andthequestionsaskedare

1 Whatdowedonow

2 Howdowegoaboutit
Thefollowingisanoverviewofthestatutesand
theSutterYubaMosquitoAbatementDistrictex
periencewiththisprocedure Duetolegalre
quirementsandgoodpublicrelationsnumerous
visitsaremadetothepropertyinquestioneven
totheviewthatitmaybeunnecessary These

quenceofvisitsisasfollows

1 Themosquitocontroltechniciangoesto
thefieldforemanandexplainstheproblemthe
foremanthenverifiesthisinformationbyanon
sitevisit

2 Afterreportingtothegeneralforeman
thefieldforemandrawsamapofthepastureand
follows the next irrigationcloselyenough to

identifytheexactareascausingtheproblems
andhehasthegeneralforemanverifythepro
ductionoflarvaeorpupaeduringthisirrigation

3 Thegeneralforemanthennotifiesthe
managerofthesituationandthemanagerhasthe
sourcereductionforemanorthegeneralforeman
confronttheownerabouttheDistrictsfinding
andrequesthiscooperation

4 Ifnoprogressismadethemanagerhas
thesecretarytypeupanabatementnoticewhich
requiresalegaldescriptionofthepropertythe
generalareawherethenuisanceexistsandthe
ownersnameandaddress Thisisobtainedfrom

thecountyassessorsoffice
5 Thenoticeisthepivotaldocumentand

thestatutesectionsarefollowedquiteclosely
SeeCaliforniaHealthandSafetyCode1978Di
vision3Chapter5Article4Sections2274
2289 Thenoticestatesthat

a Apublicnuisanceexistsdescribe
thenuisanceandthelocationofthenuisanceon
theproperty ieNW4ofSEquarterofSection
31Township17NRange2East

b Directtheownertoabatethenui
sancewithinaspecifictimebydestroyingthe
larvaeorpupaethatarepresent

c Directtheownertoperformwithin
aspecifictimeanyworknecessarytoprevent
therecurrenceofbreedingintheplacesspecified
inthenotice

d Informtheownerthatfailureto

complywiththerequirementofsubdivisionB
shallsubjecttheownertocivilpenaltiesofnot
morethan500perdayforeachdaythenuisance

SOURCEREDUCTIONVIALEGALACTION

EugeneEKauffman

SutterYubaMosquitoAbatementDistrict
POBox726YubaCityCalifornia95992

continuesafterthetimespecifiedforabatementof
thenuisanceinthenotice

e Informownerthatbeforecomplying
theownermayappearatahearingbeforethe
districtboardatatimeandplacestatedinthe
notice

6 Thenoticeisservedupontheowneror
upontheownersagent

7 Thenoticeisservedbyanypersonau
thorizedbytheDistrictBoardinthesamemanner
asasummonsinacivilaction

8 Ifthepropertybelongstoapersonwho
isnotaresidentofthedistrictandtherewasno
tenantoragentoftheowneruponwhomservice
canbemadeandwhoafteradiligentsearchcan
notbefoundthenoticemaybeservedbypost
ingforaperiodof10daysandbymailingacopy
totheowneraddressedtohisaddressasgiven
on thelastcompleted assessment roll ofthe

countyinwhichthepropertyislocated
9 AtthetimeofthehearingtheDistrict

Boardshalldeterminewhethertheinitialfinding
iscorrectandshallpermittheownertopresent
testimonyinhisbehalf Ifafterhearingallthe
factstheboardmakesadeterminationthata
nuisanceexistsonthepropertytheboardshall
ordercompliancewiththerequirementsoftheno
ticeorwithalternativeinstructionsissuedbythe
board Failuretocomplywiththeorderofthe
boardissuedpursuanttothissectionshallsub
jecttheownertocivilpenaltiesasdeterminedby
thediscretionoftheboardwhichshallnotexceed
500perdayforeachdaysuchorderisnotcom
pliedwith

10 Anyrecurrenceofthenuisancewithin
30daysofthetimespecifiedforabatementofthe
nuisancemaybedeemedtobeacontinuationof
theoriginalnuisance

11 Intheeventthatthenuisanceisnot
abatedtheboardmayabatethenuisancebyde
stroyinglarvaeandpupaeandbytakingappro
priatemeasurestopreventtherecurrenceoffur
therbreeding

12 Thecostofabatementshallberepaidto
thedistrictbytheowneroftheproperty

13 Whenthenuisanceoccursonproperty

ofanyagencythedistrictshallnotifytheagen
cyofthenuisance Thenoticeisalmostthe

sameasinthecaseofprivateownershipasare
theothersectionsconcerningservinganotice
abatementetc Iftheagencythinksthatthe
ordertopreventrecurrenceofthebreedingis
excessiveorinappropriatefortheintendeduseof
thelandoriftheagencydeterminesthatanui
sancedoesnotexisttheagencymayappealthe
decisionoftheboardtotheStateDirectorof
HealthServiceswithin10dayssubsequenttothe
hearing Thedirectorshalldecidethematteron



appealandconveyhisdecisiontotheagencyand
districtwithin30daysofthereceiptofthe
appeal ThedecisionoftheDirectorisfinaland
conclusive Ifthecontrolofthenuisanceis
performed bythedistrict thecostforsuch

controlisachargeagainstandshallbepaid
fromthemaintenancefundorfromotherfunds
forthesupportoftheagency Anyagencyand
adistrictmayenterintocontractualagreements
toprovidecontrolofnuisances

14 Allsumsspentbythedistricttoabate
thenuisanceorpreventitsrecurrencewhenno
ticeofthelienisfiledandrecordedshallbecome
alienuponthepropertyonwhichthenuisanceis
abated

15 Thelienisfiledintheofficeofthe
county recorder ofthecounty inwhichthe
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propertyissituatedwithinoneyearafterthe
firstitemofexpenditurebytheboardorwithin
90daysaftercompletionoftheworkwhichever
occursfirst

16 Anactiontoforeclosethelienshallbe
commencedwithinsixmonthsafterfilingandre
cordingofthenoticeoflien

17 Thelienprovisiondoesnotapplytothe
propertyofanycountycitydistrictorother
publiccorporation

Thisexplanationisnotnecessarilycomplete
andisfordiscussionpurposesonly Itisnotto
beconsideredaslegaladvice Pleaseseekthe
opinionofyourattorney



60

INTEGRATEDPESTMANAGEMENTOFANURBANSWAMP

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280

HarborRegionalParkisarecreationalarea
inSouthCentralLosAngelesthatcontainsalake
thatinrecentyearshasevolvedintoanurban
swamp Theareaatonetimewasaswampthat
waspartofthenaturaldrainageofSouthCentral
LosAngeles Infactitwasthesouthernmost
extensionofthisdrainagesystemoftenforminga
lakeafterextensivewinterrainfall

Historically SoutheastMosquitoAbatement
Districthadexperiencedmosquitoproblemsinthe
springnormallyafterwinterrainsbutasthe
summerwarmedupmuchofthewaterwouldre
cedeoutoftheshorelinevegetationandforma
centrallakewithlittleornovegetationinthe
waterthuseliminatingmosquitobreedingorat
leastprovidinggreateraccessformosquitofishto
worktheshoreandcontrolanymosquitobreeding
thatmightoccur

Consequently theDistrictseldomexperi
encedanymajoroutbreaksofmosquitoesduring
thesummermonths HowevertheCityofLos
Angelesdecidedtoembarkonaprogramofdevel
opingthelakeintoarecreationallakewithboat
ingandfishing Toaccomplishthisthelake
hadtobedeepened Priortothisexcavation

thelakewasessentiallyringedwithvegetationin
theformofbulrushScirpusspandwillow
Salixspthatwouldbeinundatedwithwaterin
thespringanddryoutinsummer In1972the

areawasdrainedandattemptsweremadeto
deepen the lake The lake was deepened
slightly but could not bedeepened to the

desireddepthassetout intheconstruction

specifications The lakewasthenfilledwith
water and maintained at an elevation that

inundatedthebulrushescontinuouslythroughout
the summer This permitted bulrushes to

increasetheir numbers and provided suitable

coverformosquitobreedingtooccuressentially
yearround

In 1973 SEMADbeganexperiencingout
breaksofmosquitoesinthesummerreceiving
numerous servicerequestsfromresidentsand
businessesthatsurroundHarborPark Inves

tigationsrevealedthatalthoughtherewasahigh
mosquitofishpopulationtheywereunabletocon
trolthelargelarvalpopulationofmosquitoesthat
wasfoundduetotheincreaseinvegetationand
thereductioninlightabletogetdownintothe
watersothatthemosquitofishcould seethe

mosquitolarvae Weundertookaspottreatment
larvicidingprogramandalsodidsomeadulticiding
withverylittlesuccess

In 1973 wecorresponded with the Los

AngelesCityofRecreationandParkspointingout
themagnitudeoftheproblemandourrecommen
dationsforreducingormitigatingthemosquito
breedinginHarborLake Theyrespondedsaying
thattheywouldinitiateavegetationmanagement

FrankWPelsue

program Thistalkbanteredbackandforthuntil
1975whentheproblemreallypeaked Thatyear
in August we collected an average of 423

mosquitoespertrapnightcausingnumerousser
vicerequests Theproblemwasasbadasithad
everbeensoSEMADcalledtheRecreationand
ParksDepartmentinforahearing Atthehear

ingRecreationandParksagreedtoattempta
vegetationmanagementprogram Theydidnot
haveenoughmoneytoremovesufficientamounts
ofbulrushestoopenthewaterupsotheypur
chasedausedSpritevehicletocutpathsinthe
vegetationopeningituptofishandallowinglight
in

Thepathswerecutinthespringof1976
andduringthatsummertherewasasignificant
reductioninmosquitoservicerequestsandlight
trapcountsandtheDistrictonlyperformedone
pesticidetreatmentwhereastheyearpreviously
weperformedfourtreatmentsreceiving48service
requests SeeTable1forcomparison In1978

trailswereagainmaintainedandweexperienced
essentiallynosignificantincreaseinmosquitoes

Table1Comparisonsofservicerequestsand
averageadultfemalespertrapnightduring
mosquitoseasonwithsourcereductionactivities

Year ServiceRequests
TotalHarbor
Area Lake

1976 71

1977 27

1978 49

1979 20

1980 27

1981 46

1982 57

1983 27

48

8

2

2

3

19

38
2

Pesticide
Treatment

4

1

0

0

0

3

3

1

Females

Trap
Night

128

050

058

041

035

045

223

069

Trailscutthroughtulestoallowfishtoforage
moreefficiently

In1978proposition13waspassedbythe
voterscausingareductioninbudgetsformany
governmentalagenciesincludingtheLosAngeles
CityDepartmentofRecreationandParks This

cutinfundingfoundtheRecreationandParks
Departmentwithoutsufficientfundingtocontinue
thetrail maintenanceprogram Intheyears
19791980howeverwedidnotexperienceasig
nificantincreaseinthemosquitopopulationbe
causeittookthatlongforbulrushrecruitmentto
fillinthetrailspreviouslycutin1978 In1981

webegantoobserveanincreaseinmosquitoac



tivityeventhoughthemosquitofishpopulation
remainedhighduetotheincreaseinvegetation
Inotherwordsthesituationhadrevertedback
towhathadoccurredpriorto1977 Weincreased

ouradulticidingandlarvicidingtreatmentstoat
tempttocontrolthemosquitoeswithessentially
negativeresults In1982thesituationdevel
oped even further causing an increase in

mosquitoservicerequestsandlighttrapcounts
asshowninTable1

In1983theDepartmentofRecreationand
Parkssufficientlygottheiracttogethertocut
trailsagainbuttoalesserdegreethanwhatwas
previouslydoneduetoequipmentbreakdowns
Howeverthisstillopenedthewaterupsuffi
cientlytoagainallowthemosquitofishtoforage
andmaintainthemosquitopopulationbelowthe
nuisancethreshold Thatyearweonlyhadone
pesticidetreatment

Insummarytheintegratedpestmanagement
ofthisurbanswampessentiallyconsistedofvege
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tationmanagementtopermitthebiologicalcontrol
agentGambusiaaffinistoforageandcontrolthe
larval mosquito population This interspersed
with pesticide treatments ofpyrethrin as an

adulticideandGB1111asalarvicidewhenthe
mosquitopopulationexceeded050femalemosqui
toespertrapnight Mosquitopopulationsthat
averagedover050femalemosquitoespertrap
nightseemedtoexceedthenuisancethreshold
Atpopulationsabove050femalespertrapnight
wereceived10ormoreservicerequests

Inconclusionwesubmitthatthecombina
tionofvegetationmanagementandmosquitofish
areabletokeepthemosquitopopulationinthis
urbanswampbelowthenuisancethresholdand
essentiallyreducingoreliminatingtheneedfor
theuseofpesticideswhilestillprovidingahabi
tatsuitableformigratingbirdsandotherswamp
wildlife
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THEUSEOFOPERATIONALCOSTRECORDSTOPROMOTEWATERMANAGEMENT

Afacetofourintegratedcontrolprogramis
touseformletterstoinformpropertyowners
aboutmosquitocontrolcostsontheirproperty
Thistypeofcontrolisinexpensiveyeteffective
andinourdistrictisresponsibleforalargede
creaseinouroperationalexpenditures Eight
yearsagotheCountywasdividedintotenopera
tionalzoneswitha1300000aircraftbudget
Nextseasonduetothereductionofmosquito
sourceareaswewillhavefiveoperationalzones
Lastyearsaircraftbillamountedto88800 In

thelasttenyearsmultiplebreedingsiteson1543
parcelsofpropertyhavebeencorrected The

greatmajorityofthesecorrectionsareduetoour
letterwritingprogram

Whentheprogramwasstartedduringthe
springof1972itwasunsuccessful Thefirst

lettersweresenttoalimitednumberofpersons
whohadmosquitoproducingareaswithhighsup
pressioncosts Theletterexplainedthemosquito
cyclethetimerequiredforthemosquitotoma
turefromeggtoadultandrequestedtheircoop
erationbymanagingthewaterinsuchawaythat
itwouldbegoneinfivedays InJacksonCoun

tyalandofbountifulwaternobodyinthepast
hadeversaidanythingaboutwatermanagement
andtoimplythatmillionsofmosquitoescould
comefromanareainapasturethatdriedup
betweenirrigationswasridiculousWhyeveryone
knowsthatmosquitoescomefromponds The

responsetotheseletterswasminimal Intwo

yearsitwasevidentthatthosewhoweregoingto
cooperatehaddoneso ThequestionwasDoI
trysomethingelseorstoptheprogram The

thoughtoccurredtomeEverybodyrelatesto
moneysoIdecidedtotryusingtheoperational
costs and the tax rates to motivate water

management Theresultofthisapproachwas
immediately noticed However there was a

percentageofindividualswhoindicatedthattheir
high property taxes more than paid forthe

control activities on their property To

counteractthistypeofreasoningweacquireda
viewerandpurchasedmicrofichefromtheAsses
sorsofficewhichisusedtodeterminevector
controltaxesoncertain parcelsofproperty
Whencontrolcostsweregreaterthanvectorcon
troltaxestheinformationwasaddedtothelet
terwiththeresultsagainbeingincreasedcoop
eration

Onedaywhilescanningamagazinecalled
BoardroomReports Ireadanarticleaboutjunk
mailwhichexplainedhowasmallpercentageof
responseswouldpayforallthejunkmailandstill

CEricHamrin

JacksonCountyVectorControlDistrict
POBox2382WhiteCityOregon97501

showaprofit Thethoughtoccurredtomethat
perhapsthejunkmailtheorycouldbeusedto
helpreduceourcostsbypromotingmosquitocon
trolthroughwatermanagement I decidedto

sendletterstoasmanyinvolvedpropertyowners
aspossible

Onparcelsoflandwherecontrolcostsin
creasedtheownerisnotifiedandhisaidin
reducingourcoststhroughwatermanagementis
solicited Whencostsarereducedsuchowners

receivealetterthankingeachfortheircoop
erationandsuggestingthathecontinuehisef
forts

Theresultofthisjunkmailapproachispos
itivetheoutcomebeingadditionalcorrections

Thecompilingoffieldrecordsintousable
datadetermininglegalownershipandtypingthe
manylettersrequiredtheservicesofanoffice
clerk

Twoyearsagowestartedtocomputerize
ouroperations Thecomputereliminatedthefull
timeofficeclerkandpaidforitselfintwoyears
IreadinanotherarticleinBoardroomReports
whereutilitycompanies whosentcomputerized
billshadabetterresponse Mythoughtswere
Ifutilitycompaniesobtainincreasedresponse
fromcomputerizedlettersthenavectorcontrol
districtcouldobtainthesamebenefits The

billswerepaidsoonerandthenumberofunpaid
billsdecreased Withthisthoughtinmindwe
purchased superscript and computerized our

letters Lastyearthedatawerecompiledthe
letterstypedandenvelopesaddressedattherate
of150aday Thefirstyearsdataindicated
thatapercentageofthepropertyownerswhore
ceived the computerized letters were more

responsive Itwillrequireatleasttwomore
yearstodetermineifthetrend istrueand

accurate

ThereisonemoreitemwhichIwouldliketo

bringtoyourattention Mostsalesmanagersare
awarethat80ofthesalesaremadeonthefifth
callorafter Thesameprincipalandpersistence
isineffectwhensellingmosquitocontrolthrough
watermanagement Acertainamountofexposure
isessentialtothepropertyownerbeforecoop
erationbecomesapparent

Lastyearimprovedwatermanagementprac
ticeseliminatedmosquitoproductionon11ofthe
irrigatedagriculturalpropertieswhichhadbreed
ingsites Wehavehada54reductioninfour

years Atthepresenitimethereareonly330
agriculturalpropertieswithmosquitosourceson
them



CONTROLLINGAEDESSIERRENSISINJACKSONCOUNTY

AYEARROUNDPROGRAM

EugeneAPapineau

JacksonCountyVectorControlDistrict
POBox2382WhiteCityOregon97501

INTRODUCTIONAedessierrensisinJackson

Countyhavebecomeoneofourmostapparentand
widespreadmosquitoproblemstocontrolandelim
inate Thesourcesarevariednumerousand
difficulttolocateandtreat

InourobservationsofAesierrensis we

collectedandidentifiedsamplesofadultfemales
asearlyasMayandaslateasOctober This

representsasixmonthspaninadultmosquitoac
tivity Larvalsampleshavebeentakenfromvar
iousnaturalandmanmadesourcesyearround
JacksonCountyislocatedinSouthernOregon
sharingacommonborderwithSiskiyouCounty
California Itencompasses2821squaremilesand
has a population of 132700 In 1983
JCVCDhandled1268calls982ofthembe
ingmosquitorelatedandofthose362wereA
sierrensis In1982there293Ae sierrensis

callsandin1981only40whichshowshow
drastictheincreaseofthismosquitohasbecome
andhowourprogramforhandlingthisproblem
neededtobeevaluated

SERVICEREQUESTSOurprocedureforre
spondingtosuchcallsisasfollows Aservice

requestistakenoverthephoneandinformation
iswrittendownsuchaswhenthepersonis
being bitten iftheyare bothered insideor

outsideandhowlongatimetherehasbeena
problem Thisgivesanindicationofwhattype
ofmosquitotheoperatorshouldbelookingfor
whenattheresidence Theusualpatternforan
Aesierrensisis bitingdaytimelateafternoon
outside Thispatternvariesslightlysometimes
andwegetpeoplebeingbitteninshadedareas
aroundtheirhouseorgardenatmostanytimeof
theday

Whentheoperatorarrivesattheaddressan
inspectionismadearoundthehouseandanadult
sample is taken ifavailable Ifthesample
provestobeAesierrensisthenanotationis
madeontheservicerequestcardthataspring
checkisneededtolocatethesource Sometimes

theownergetsthesamplewhichspeedsupthe
process WeusuallydonotaerosolwithourLeco
ULVunless itis definitelydetermined tobe

mosquitoes Thispolicyofnomosquitoes no

sprayhascausedafewnegativeremarksfrom
citizensbutisnecessarytoprotectbothusand
thetaxpayer Iftheoperatorcannotlocatean
adultsamplethentheownerisrequestedtoget
one before any further action is taken

ThroughoutthesummerallAesierrensisservice
requestsaremarkedandattheendoftheseason
sortedoutforamorethoroughinspection Ae

sierrensisrelatedservicerequestsaretakenfrom
thefirstweekofMayuntilthelastweekof
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October ULVaerosolingtakesplacefromlate
MayuntilmidAugust

Starting in September afterour regular
seasonhasendedwegobacktotheseservice
requestsmarkedspringcheckandinspecteach
residenceagain Thisinspectionusuallyinvolves
a100yardradiusaroundthehouseandmayin
cludeasmanyas200to300trees Thetypeof
treesmostoftentocauseproblemsaremadrone
andoak Ifthehouseislocatednexttoagrove
oftreesthenthisisanoperatorsmostlikely
areaofinspection Sometimestheremaybejust
asingletreeorstumpinapersonsyardthatis
causingtheproblembutaninspectionoftheen
tireareaisstilldone

Iftreesarefoundtohavecavitiesholding
waterasampleofthewateristakenwithaglass
syringetocheckforthepresenceoflarvae A

permanentmapisdrawnoftheresidencewherea
sourceislocatedshowingpositionsoftreeswith
activecavities Thesemapsarenumberedand
addedtoourfileofknowntreeholesources

Thisportionoftheoperationcontinuesuntilearly
December

Weatherpermittingwestartourtreatment
programinJanuarywiththisfileofover550
maps Eachresidenceisvisitedbyanoperator
andthesourcesaretreatedwitheitherDursban

orBaytex Thesearetreatedeveryyearand
markedonthebackofeachmaphowmanytrees
wereinspected howmanycavitieshowmany
treatedandwithwhatmaterial Thisisalengthy
operationandtimewisebringsusclosetospring
whenthecyclerepeatsitself

RAINFALLvsSERVICEREQUESTSReasons

fortheyearlyincreasesinAesierrensiscalls
mightbeexplainedbyrelatingrainfalllevelswith
Aesierrensisproductionforexample In1981
Jackson County received1043inchesofrain

whichisabout57oftheaveragerainfallforthe
area18inchesistheaverage In1982were
ceived1446inchesofrainor795oftheaver

age Thisrepresentedarainfallincreaseofap
proximately4inchesor40overtheprevious
year Thismightnotseemlikeaverylargein
creasebutingraphingoutthedailyprecipita
tionlevelswediscoveredthatinthreeseparate
monthswereceivedrecordamountsofrain In

February1982wereceived364incheswhichwas
thehighestrecordedmeasurementinthatmonth
forthepasttwelveyears Anotherobservation

wasthattherainfallwasnotspreadoutevenly
throughthemonthsbutusuallyfellallwithina
fewdays Thismeantthatwehadreceivedon

threeorfourseparateoccasionslargeshotsof
rainwithinafewdayswhichhadfilledtreecav
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itiesandothersourcesthatinpreviousyearshad
beendryorhadnotheldsufficientamountsof
watertosupportahatchofAesierrensis The

findingoftreecavitiesthroughoutthelatesum
mermonthsstillholdinglargeamountsofwater
seemedtosupportthistheory

PROJECTIONS FOR THE FUTURE1984

wouldseemagaintobealargeAesierrensis
yearwithalmost10inchesofrainaboveour
average as of December 1983 With this

knowledgeoftheeffectof largeamountsof
rainfallinshortperiodsoftimeinhandwecan
expectbylookingatourdailyprecipitationlevels
that1984couldbreakourpreviousyearsrecord
ofAesierrensisservicerequests

TREECAVITYFILLINGWehaveimplemented
anewprogramthatwillcontinueforthenextfew
yearsthatinvolvesthefillinginofallpossible
treeholesourceswithcrushedgranite Thisis

quiteanundertakingconsideringwehavewell
over3815knownAesierrensisproducingcav
itiestobefilledandtheonlywaytogetmaterial
tothesesourcesisbyhandcarryingitinplastic
buckets

Weestimatethatwewilluse20yardsor
55926 lbs ofcrushed granite to fill these

sources Ourtreecavityfillingprojectsofar
thiswinterhasbeenmetwithfavorablecomments
fromthepubliceventhoughpeoplefeelitisan
overwhelmingprojecttoundertake

Eliminationoftreeholesourcesseemstheon

lysurewayofeventuallystoppingtheyearlyin
creasesinAesierrensisservicerequestsand
keepingtheamountofbitingadultstoanaccept
ablelevel

BACILLUS THURINGIENSISvarISREALEN
SISThetrialuseofBactimosGranularCin
differentareasofJacksonCountyinvolved34
cavitieswithfirstsecondandthirdlarvalinstars
ofAesierrensis Thecavitiesvariedinsize

andamountofwaterandanaverageof135
ouncesofmaterialpersourceswasused

Theresultshavenotbeencompletelysatis
factory inmostcavities Whensourceswere

treatedwithBTIearlierinthewinterwehave
returnedtofindlarvaestillpresentbutinless
eramounts Rainfallduringthis periodwas
heavyandwefeelthatthematerialwasdiluted
enoughtoallowanewhatchtosurvive

CLIMBINGSPURSTheuseofclimbingspurs
toreachtreecavitieshasbeensuccessfulinsome
instanceswherethedensityofthewoodedarea
madecarryingladdersdifficult

Mosttreecavitiesinmadronearebasalor

notmuchhigheruponthetrunkthan6feetbut
ouroaktreesourceshavebeenfoundtohaveac
tivecavitiesat20to25feetup

Intalkingwithresidentsonstreetslined
withlargeoakswehavehadsomesourceslocat
edbyhavingthemexplaintouswheretheyhave
observedbirdstakingbathshigherupinthe
branches

INACTIVECAVITIESWithtreeholesources

havingbeeninspectedforthepast5to6years
wehavenoticedthatsomecavitiestreatedwith
DursbanorBaytexseemtobecomeinactivein2
to3years Thismaybeduetothematerialty

ingupintheorganicmattercausingresidual
carryoverintothenextrainyseasonorperhaps
thegeneralprofileofthetreecavityhasbeen
alteredinsuchawaythatithasbecomeundesir
ableforoviposition

MANMADESOURCESListedbelowaresome
artificialsourcesinwhichwehavefoundAe
sierrensislarvaepresent Allsourcesfillwith

rainwaterandareusuallylocatedinareaswhere
leavesandotherorganicmatterarepresent

1 Tires

2 Plasticormetalbuckets
3 Plastic30gallontrashbarrels
4 Woodenbarrelsusedforornamental

purposes
5 Tincansandplasticjugsintrashpiles
6 Oldcarbodiesandparts
7 Raingutters
8 Blackplastictarpsoverwoodpiles
9 Birdbaths

10 Smallornamentalponds
11 Uncoveredboats

12 Discardedsinksandwatertroughs
13 Plantvasesleftoutside

HAZARDSSome hazards encountered in

treatingtreeholesourcesinJacksonCountyare
asfollows

1 TicksInsomeareastickinfestationhas
beenheavyandaquickcheckofthepantlegs
andjacketsbeforereturningtovehiclesisneces
sary

2 PoisonOakMuchoftheareawhere

madroneoroakgrovesarelocatedareheavily
overgrownwiththisplantcausingsusceptible
personstomovecautiouslyandprobablymaking
somebasaltreecavitiesinaccessible

3 SteeporWetHillsidesWhentreatinga
groveoftreeslocatedoneithersideofasteep
ravineraindampenedleavesandfallenbranches
makewalkingdifficultespeciallywhencarryinga
solobackpackorotherequipment Anunexpect
edtripdownhillisnottoounusualunderthese
circumstancesbutnomajorinjurieshavehap
penedasofyet

4 AnimalsThetreatmentofsomelarger
basalcavitiesinareaswhereneighborhooddogs
orcatsmayusethewaterfordrinkinghasbeen
broughttoourattentionbyafewconcernedciti
zens

CONCLUSIONItwouldseemthatfromthe
results of our past efforts to control Ae

sierrensiswehavebeenfightinganuphillbat
tle Thoughsomesourcesbecometemporarilyin
activenewsourcesturnupeveryyeartoaddto
ourevergrowingpermanentfile

Inthissituationweareatthemercyofthe
elementsandarefacedwithinaccessiblesource
areascombinedwithlimitedtimemanpowerand
money Wecouldthenchooseoneoftwooptions
Keepourprogramthewayitisanduseadulticid
ingeveryyearasourprimarydeterrentorelim
inatethesourcesthroughalongtermtreehole
fillingproject Wehavechosenthelatter



ROTATIONALUSEOFINSECTICIDESINMOSQUITOCONTROLPROGRAMS

RBMellonandGPGeorghiou

DepartmentofEntomology
UniversityofCaliforniaRiversideCA92521

Asallmosquitocontrolpersonnelarewell
aware resistancetoinsecticideshasbecomea
significantobstacletoeffectivemosquitocontrol
Asameansofcombatingthisproblem novel

approachestoinsecticideapplicationshavebeen
proposedoneofwhichistheuseofunrelated
compoundsinarotationalscheme

Whatisthebasisforthisapproach First
previousworkinourlaboratoryhasshownthat
resistancetocertaininsecticidesdeclineswhen
thetreatmentswiththatinsecticidearewith
drawn Thisisbelievedtobeduetotheinitial
lowerbioticfitnessofcertaininsecticideresistant
populations as has been demonstrated fora

numberofarthropodsBhatiaandPradhan1968
Brower1974ShawandLloyd1969Whittenetal
1980 WithCulexquinquefasciatusthisdecline
isduetothedemonstratedlowerreproductive
fitness oforganophosphateresistant individuals
Ferrari and Georghiou 1981 It would be
impractical of course to withdraw selection

pressureinthefieldbywithdrawingallchemical
controlsotheuseofunrelatedinsecticidesin
rotationhasbeenproposedasameanstorelax
thispressurewhilemaintainingcontinuouspest
control LaboratorystudieswithCxquinque
fasciatushaveshownthatadeclineinresistance
toparticularorganophosphatesdoesinfactoccur
whencertainspecificorganophosphatesareused
inrotationGeorghiouetal1983 Thuswedo
havelaboratorystudiesconfirmingthefeasibility
ofthisapproachtomosquitocontrol Veryfew
studieshavebeendoneinthefieldhowever
andthosehaveshownmixedresults Thismay
beduetothechoiceofinadequatelydistinct
compoundsfortherotationaltreatments Rota
tionalapplicationswillnotworkunlessthesecond
compoundallowsforthecompleterelaxationofthe
selectionpressureexertedbytheinitialcom
poundorunlessresistancetothesetwocom
poundsisnegativelycorrelatedGeorghiou1965

Thechoiceforthatsecondcompoundisof
paramountimportance Ifcrossresistanceexists
resistancewillbeenhancedratherthandelayed
Sowhatrequirementsaretherethenforthis
secondcompound Itisimperativethatthetwo
compounds havedistinctly different modes of

actionanddetoxicationpathways Ifthisisnot

thecaseselectionpressuremaynotberelaxed
Furtherlaboratorystudieshavesuggestedthat
specificrotationschemesmustbetestedindi
viduallyinordertodeterminetheireffectiveness

ABSTRACT

Itisacomplexsituation Letusagainemphasize
thatthetwocompoundsmustexhibitnocorre
lationintheirpotentialresistancemechanismsfor
rotationalapplicationstobeeffectiveindelaying
resistancedevelopment

Takingthesepointsintoconsiderationand
withthecooperationofFrankPelsueJackHazel
riggandJimSidesattheSoutheastMosquito
Abatement District we designed a study to
determine whether the rotational use of two

unrelatedcompoundscoulddelaythedevelopment
ofresistancetoanorganophosphateinthefield
ashadbeensuggestedbylaboratorystudies

Theinsectmonitoredinourprogramwasthe
southernhousemosquitoCulexquinquefasciatv
andthecompoundswerechlorpyrifosDursban
arelativelyinexpensiveorganophosphatethatis
currentlybeingusedformosquitocontroland
Bacillus thuringiensis var israelensis BT
Thesetwocompoundshave asrequired two

distinctlydifferentmodesofactionandthusBTI
allowsforaperiodofrelaxationofthechlor
pyrifosselectionpressureandviceversa Resis

tancetoBTIhasbeendevelopedinthelaboratory
toonlyverylowlevelsVazquezGarcia1983
ThefieldareawasinthesoutheastportionofLos
AngelesCountyFig1 Theareawasdivided

intonineplots eachabout 25squaremiles
Individualplotsreceivedoneofthreetreatments
asindicatedthealternationofchlorpyrifosand
BTIdescribedabovechlorpyrifosonlyorBTI
onlyandeachtreatmentschemewascarriedout
inthreeseparatedplots Mosquitolarvaeand
eggraftswerecollectedfromthecentralsquare
mileofeachplotinordertominimizetheeffects
ofimmigrationfromneighboringplotsthathad
beenunderadifferenttreatmentschedule All

treatmentsandcollectionswerecarriedoutbythe
AbatementDistrictspersonnel

Organophosphateshadbeenusedpreviously
inthedistrictandascanbeseeninTable1
resistancetochlorpyrifosexistedthroughoutthe
areaatthebeginningofourstudy Itisour

hopethatthefurtherdevelopmentofresistanceto
thisorganophosphatecanbearrestedorslowed
bytheproposedalternatingapplications The

meanresistanceratiosfortheplotsundereach
treatmentschemedidnotvarysignificantlyso
wecanassumethatchangesobservedoverthe
courseofthisstudyareduetotheimposed
conditions

Whatsortsofchangesdidoccur First
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Theuseofrotationalapplicationsofcertainunrelatedinsecticideshasbeenshowninthelaboratory
tobeaneffectivemeansofdelayingthedevelopmentofresistancetoorganophosphatesinCulexquinquefasciatus Thispaperreportsontheresultsoftheinitialphasesofastudydesignedtodetermine
whethersuchaprogramiseffectiveunderfieldconditions
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LosAngeles

Hacienda

Heights

Treatments

ehlorpyritos

BTIonly

rotation

SeelBeach
Mv

15ml1

Figure1RegionunderstudySoutheastMosquito
AbatementDistrictanddistributionoftreatment
programs

Table1Preexperimentalresistanceratiosfor
chlorpyrifosthroughouttheareaunderstudy
LClevel

Chlorpyrifostreatedplots

BTItreatedplots

Rotationplots

X Range

21 469

18 441

18 632

letslookattheresultsfromjustoneoftheplots
thatreceivedonlychlorpyrifostreatmentsSan
Pedroplot Fig 2 Withoutarelaxationof

selectionpressurewewouldexpectresistanceto
chlorpyrifostoincreaseandthatisprecisely
whatoccurredinthisplotasreflectedinthe
shiftintheIdpline Higherconcentrationsof
chlorpyrifos were required to kill a specific

percentageofthepopulationattheendofthe
secondtreatmentseasonthanwererequiredto
killthesamepercentageofthepopulationatthe
beginningofthestudy Thereisalsoacon

comittantdeclineofthepercentofsusceptible
individualsinthepopulationasevidencedbythe
loweringorlossofthelinesplateau Asidefrom

thisplothoweverwesawnosignificantchanges
inthepercentofsusceptibleindividualsinthe
populationsandasalmostallofourpopulations
showedsusceptibleindividualsaccountingforless
than50ofourpopulationweusedtheLCand
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Figure2Logdoseprobitlinesforchlorpyrifos
in one of the chlorpyrifostreated plots

SanPedro

Rotation

10

July1982 June1983 Sept1983

Figure3MeanLCvaluesforchlorpyrifosin
Culexquinquefasciatus populations treated as

indicatedbarsdesignatestandarderror

LC95valuesasgeneralindicatorsofchangesin
resistancelevels

AttheLClevelFig3wedoseethe
expected increase in resistance in the chlor

pyrifostreated plots but there is a similar

increaseintheBTItreatedplotswhereitwas
assumedthattherewasnoexposuretochlor
pyrifos ADuncansnewmultiplerangetest
howeverindicatedthatthedifferencesbetween
thefirstandfinalvaluesforthesetwotreatment
groupswerenotsignificant Fortherotational

plotontheotherhandwegetadropinthe
LCorresistancelevelbutagainthisvalueis
notsignificantlydifferentfromthatobservedin
1982

AttheLClevelFig4whichiscon
sideredamoresensitiveindicatorofapopu
lationsresistancepotentialthechangesobserved
forthechlorpyrifosandBTItreatedplotsare
notstatisticallysignificant Fortherotational
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Figure4MeanLCvaluesforchlorpyrifosin
Culexquinquefasciatus populations treated as

indicated Barsdesignatestandarderror

grouphoweverthereisasignificantdeclinein
the resistance level The value obtained in

September1983issignificantlylowerthanthe
valueobtainedfortheseplotsinJuly1982and
fromthevaluesobtainedintheothertwotreat

mentgroupsinSeptember1983 Itwouldbe

veryencouragingindeedifwecouldconsider
thisveryshortterminformationasindicatingthat
theuseofchlorpyrifosandBTIinrotationre
ducestheselectionrateforchlorpyrifosresis
tancebutunfortunatelythisphenomenonhas
notbeenobservedinthelaboratorywithstrains
subjectedtosimilarselectionpressure Further

longterm studies are needed to determine

whetherthesefielddatareflectatrendora
natural fluctuation It ispossiblethatother
factors are contributing to this decline in

resistancesuchasrefugiauntreatedpockets
ortheisolationofthesampledpopulationsthe
actualtreatmentlevelsatthecollectionssitesor

othertreatmentandsamplingvariablesbutour
studywasdesignedtominimizetheeffectsof
thesevariablesonourresultsbytheuseof
multiple collection sites each assumed to be

undersimilarenvironmentalconditions Itshould

alsobenotedthatalthoughthemeanresistance
ratiofortherotationallytreatedplotswassimilar
tothosefortheotherplotsthemaximumvalue
wasconsiderablylower Thetreatmentprograms
describedabovehavebeenineffectforonlytwo
seasonsbutwithlongtermresearchbothinthe
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fieldandinthelaboratoryweshouldbeableto
detecttrendsandtoassesstheefficacyofthis
rotational treatment Such a program if

effectivemayleadtomoreefficientandmore
economicalproceduresformosquitocontrol
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TOXICITYOFTHEIGRDIFLUBENZURONTONEONATEADULTANDGRAVIDFEMALEDAPHNIAMAGNA

STRAUSCLADOCERA DAPHNIIDAEINTHELABORATORY

GiancarloMajori RobertoRomiandArshadAli

ThetoxiceffectsoftheIGRdiflubenzurononneonateadultandgravidfemalecladoceranDaphnia
magnawerestudiedinthelaboratory Theneonatesandadultswerehighlysensitivetolowconcen
trations 25ppbofa25WPformulationofdiflubenzuronneonateswere31Xmoresensitivethanthe
adults Exposureofgravidfemalestodiflubenzuron25WPatratesupto5ppbdidnothaveanysig
nificanteffectsontheembryosenclosedinthebroodpouchofDmagna

INTRODUCTIONInthepastdecadeinsect
growthregulatorsIGRshavereceivedagreat
dealofattentionasmosquitocontrolagents Of

theureatypeIGRsdiflubenzuronwhichinhibits
chitin synthesis and cuticledeposition during
metamorphosisofinsectsPostandVincent1973
hasbeenshowntoexhibitaveryhighlevelof
biological activity against a large number of

mosquitospeciesHsiehandSteelman1974Majori
etal1981MuIIaandDarwazeh1976Mullaetal
1975

Inmosquitolarvalhabitatsavarietyofor
ganismsareequallyexposedtovariousmaterials
usedfor mosquito larval control In several

studiesdiflubenzuronhasbeenshowntohave

adverseeffectsonpopulationsofaquaticnontar
getinvertebratesincludingspeciesofCladocera
AliandMulla1978abCunningham1976Julin
andSanders1978MiuraandTakahashi1974
1975Mullaetal 1979 Amongcladocerans
speciesofDaphniaaredistributedworldwideand
serveasanimportantlinkintheaquaticfood
chain OnespeciesDaphniamagnaStrausis
particularlyimportantbecauseitiscommonand
abundantandcohabitswithlarvaeofavarietyof
mosquitospecies The presentstudies were

therefore undertaken to elucidate the toxic

effectsofdiflubenzurononneonateadultand
gravidfemaleDmagnaunderlaboratorycondi
tions

MATERIALS AND METHODSA partheno
geneticstrainofDmagnawasrearedinthelab
oratoryforover30generationsunderconstant
conditions FromthissourcefemaleDmagna
wereobtainedandmaintainedinlotsof100each
inseparateglassdishes30X30X15cmeach
dishcontaining5litersoftapwaterpH78
electricconductivity719umhoscmtotalhardness
360 mgliter and alkalinity 304 mgliter as

CaCO Toobtainthetestorganismsofuniform
sizeandagegravidfemaleswereselectedto

1Laboratory of Parasitology Istituto

SuperioreDiSanitaVialeReginaElena29900161
RomeItaly

2UniversityofFloridaIFASCentralFlorida
ResearchandEducationCenter POBox909
SanfordFlorida32771USA
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startcoloniesinthedishesandweremaintained
for 12 days until the neonates were born

Theseneonatesweretransferredtosimilarglass
dishesandweremaintainedintapwaterforuse
inexperiments Fivemlofa1suspensionin
tapwateroftheBrewersyeastwereaddeddaily
toeachdishasfood

ExperimentI Acutetoxicity48hofdi
flubenzuronagainst2436holdneonatesand78
daysoldadultswastested Forthisexperiment
neonatesoradultsinlotsof20eachwereplaced
in300mlglassbeakers Eachbeakercontained

200mltapwatertowhich02mloftheyeast
suspensionwasaddeddaily A25wettablepow
derWPformulationoftheIGRwasemployed
Fortreatments1stocksuspensionwtvolof
theIGRwasmadeindistilledwaterandthesus

pensionwasmaintainedwithamagneticstirrerto
make the required serial dilutions and while

makingtransfersoftheIGRfortreatments Six
different concentrations ofdiflubenzuron were

added to 18 beakers containing neonates or

adultseachconcentrationwasreplicatedthree
times Three beakers containing neonatesor

adultsandreceivingyeastservedascontrols
After48hofexposureunderconstantfluorescent
lightand211Croomtemperaturemortalityof
neonatesoradultswaschecked Aneonateoran

adultwasconsidereddeadwhenitsappendages
ceasedtomove Theneonateoradultmortality
atdifferentconcentrationsoftheIGRwascor

rectedagainstmortalityinthecontrolsAbbott
1925 Thecorrectedmortalityofeachlifestage
wassubjectedtologprobitregressionanalysisto
determinetheLClevels Theexperimentwas
repeatedonthreedifferentoccasions

ExperimentII Tostudytheeffectofthe
IGRongravidDmagna20females89days
oldwereplacedineachbeakercontaining200ml
tapwaterandreceiving02mlof1yeastsus
pension Inthisexperiment18beakerswere
utilizedandthegravidfemaleswereexposedto
0050110and50ppbofthe25WPofdi
flubenzuron Eachconcentrationwasreplicated
threetimesandthreeuntreatedbeakersserved
ascontrol Thetestwascontinuedforseven

daysandthefemalemortalitywasnotedona
dailybasis Alsothenumberofneonatesap
pearingdailyineachbeakerwascountedandthe
neonateswereremoved Thedatawerestatis

ticallyanalyzedbynonparametricmethodsbecause
of the nonnormal distribution of the data



FriedmansbivalentrankANOVAFriedman1937
wasusedformultigroupcomparisonandWalshs
testWalsh1968wasusedforatwogroupcom
parison Theexperimentwasconductedunder
constantfluorescentlightand21 1Croomtem
perature

RESULTS AND DISCUSSIONTable 1

summarizestheLClevels48hofneonateand
adultDmagna Theneonatewas31timesmore
susceptible to the IGR than the adult In

generalbothlifestagesofDmagnawerehighly
sensitive to the relatively low concentrations
25ppb of the 25 WP formulation of

diflubenzuron used Previously Miura and

Takahashi1974hadreporteda50mortalityin
amixedpopulationofwaterfleaswithin48hof

Table1bToxicityoftheIGRdifulbeto
neonate andadultDaphniamagna inthelab

oratory

Life 48hlethalconcentrationppb

stage LC50

Neonate 075 033 117 305 096

Adult 2345 1075 3615 191 094

a25WPformulation

b2436hoursold

c78daysold

CI Slope

dUnder constantfluorescentlightand21 1C

roomtemperature

e95confidenceinterval

2

treatmentwitha25WPoftheIGRappliedata
rateof15ppb BycontrastJulinandSanders
1978usingthe25WPofdiflubenzuronhad
reportedanLCvalue48hof15ppbofthe
IGRagainstfirstinstarDmagna

Table2summarizesthelongtermeffectsof
theIGRongravidfemaleDmagnaexposedto
fiveconcentrations005to50ppbofdifluben
zuron25WPforsevendays Thetablealso

showsthenumberofneonatestakendailyfrom
thetreatedandthecontrolbeakers Therewas

nosignificantP005mortalityofthefemales24
hposttreatmentatanyofthetestconcentrations
The005and01ppblevelsofexposuredidnot
produceanysignificantmortalityofthegravid
femalesthroughouttheobservationperiod The

higherconcentrations0510and50ppb
howeverwerehighlytoxicandcausedcomplete
mortalityofthefemaleswithin34daysoftreat
menttheextentofmortalitywashigheratthe
higherconcentrationsandinshortertimeofex
posureTable2

Thepopulationtrendoftheneonatesunder

69

differentconcentrations resembledthesurvival

trendofthefemaleparent Theneonateslike
thegravidfemaleswerenotaffectedat005and
01ppblevelsofexposurethenumbersofneo
natestakenatthetwoexposurelevelswerecom
parabletotheonestakeninthecontrolsTable
2 Athigherconcentrationsof0510and
50ppbthedailypopulationofneonatesdeclined
inproportiontotheincreasingmortalityofthe
females Howeveracomparisonofthebroodsize
ofthesurvivingfemalesiethenumberof
neonatessurvivingfemaleatdifferenttestcon
centrationsoftheIGRindicatesnosignificant
differencex2testP005betweentheneonate
populationstakeninthetreatedandthecontrol
beakers Fromthisitcanbesuggestedthatthe
formulation ofdiflubenzuron employed in this

studyatexposureratesupto5ppbwillnot
haveanytoxiceffectsontheembryosenclosedin
thebroodpouchofDmagnaalthoughatrates
lowerthan5ppbitprovedtoxictothe2436h
oldneonatesasshowninexperiment1

Anumberofpreviousfieldstudieshave
shownthatdiflubenzuron 25WPappliedat
ratesof9to100ppbforchironomidmidgeand
mosquitocontrolsimultaneouslyreducedpopula
tionsofCladoceraincludingdaphnidsAliand
Mulla1978bMiuraandTakahashi1975Mullaet
al1975 Thepresentlaboratorystudiesconfirm
thatDmagnaishighlysensitivetotheIGRand
thevariouslifestagesofthisdaphnidwouldbe
severelyaffectedevenatlowerratesthanthose
employedforcontrollingchironomidmidgesand
mosquitoes
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IGR

concn

Gravid

femaleGF MeannoliveDmagnagravidfemalesandneonate
orneonate perbeakerpre andposttreatmentdays

ppb N Pretreatment1 2 3 4 5 6

005 200

00

01 200

N 00

05 GF 200

N 00

10 GF 200

N 00

50 GF 200

N 00

Control GF 200

N 00

GF

N

GF

a25WPformulation

MullaMSGMajoriandHADarwazeh
1975 Effectsoftheinsectgrowthregulator
DimilinorTH6040onmosquitoesandsome
nontarget organisms Mosq News

35211216
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PostLCandWRVincent 1973 Anew
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Naturwissenschaften9431432

WalshJE1968 Handbookofnonparametric
statistics111 VanNostrandPrincetonNJ
350pp

193a 190a 180a 177a 173a 170a 170a

110 283 227 203 327 167 67 198a

193a 187a 183a 183a 183a 173a 173a

157 243 237 307 347 200 83 225a

193a 170a 80b 03b 00b 00b 00b

153 217 50 00 00 00 00 60b

200a 180a 27c 00b 00b 00b 00b

153 03 00 00 00 00 00 22b

200a 153b 07c 00b 00b 00b 00b

150 00 00 00 00 00 00 21b

200a 200a 190a 187a 183a 183a 183a

137 367 260 330 327 260 100 254a

b89daysold underconstantfluorescentlightand21 1Croomtemperature

Final

Mean reduc

7 neonate GF

15

135

100

100

100

85

cMeansofgravidfemaleinacolumnandthemeannumbersofneonatesinthecolumnfollowedbythesame
letterarenotsignificantlydifferentatthe95levelofprobability FriedmansbivalentrankANOVA

testsandWalshstestofnonparametricstatistics Themeannumbersofneonatesseparatedbytheafore
mentionedstatisticaltestsrepresentthemeanofthetotalneonatestakenperbeakerduringtheseven
daysposttreatmentperiodwhilenumbersinparenthesesarethemeannumberofneonatesperbeaker
takendaily



IMPROVEDEFFICACYOFATTRACTANTTOXICANTBAITSAGAINSTHIPPELATESEYEGANTS1

IncontrollingHippelateseyegnatstheCoachellaValleyMADformulatesaSyntheticFlyAttractant
SFAmixturewithacommerciallyavailablesugartoxicantbait FemaleeyegnatsareattractedbySFA
andafewsecondsoffeedingonthesugartoxicantresultsintheirdeath Foreaseofapplicationas
spottreatmentthetwocomponentsareblendedtogetherandsmallquantities5to10gofthemixture
areplacedonthesurfaceofdampground

ExperimentalresultsindicatethatbysprinklingthesugartoxicantontoSFAmixtureratherthan
mixingthetwotogetherefficiencyofkillcanbeincreasedsignificantly Itwasfurtherdeterminedthat
reductionintheamountofsugartoxicantbyonehalffromthepresentleveldidnoteffectthisincreased
efficiency Thistechniqueifadaptedtooperationprogramscouldresultinsubstantialsavingsincost
ofsugartoxicantbaitforthecontrolofHippelateseyegnats

INTRODUCTIONHippeaces eyegnats are

small23mmlongnonbitingfliesbelongingto
thefamilyChloropidae Theyarehighlyattract
edtomananddomesticatedanimalscausinga
greatdealofannoyanceanddiscomfortBurgess
1951 Whenpresentinlargenumberstheycan
besopestiferousthattheyadverselyeffectany
outdooractivitybeitworkorplay

Implementationofcontrolmeasuresagainst
thesegnatsintheCoachellaValleyofsouthern
CaliforniaistheresponsibilityoftheCoachella
ValleyMosquitoAbatementDistrict Currentcon

troltechnologyemploystheuseofasyntheticfly
attractantSFAmixturecombinedwithatoxic
sugar bait Improved Golden Malrin IGM
againstthefemalegnats

TheSFAmixtureiscomposedoftrimethyl
aminehydrochlorideindoleammoniumsulfateand
nbutyricacidblendedwithanchovymealcarrier
Mullaetal1976 Thisattractantmixturewas
developedfromattractivechemicalsisolatedand
identifiedfromrottenchickeneggsbyHwanget
al197519761976a

Thetoxicantsugarportionofthemixture
ImprovedGoldenMalrinStarbarDallasTexas
75234isacommerciallyavailableproduct Its

primaryfielduseisforthecontrolofhouseflies
onfarmsandranches Thetoxicagentpresent
inIGMismethomylacarbamateinsecticide

Inactualpracticethetwocomponentsofthe
formulationSFAandIGMaremixedtogetherina
ribbonblenderina31SFAtoIGMratio This

mixingmakesforeasydispensingwhenappliedin
thefield Infieldapplicationatablespoonof
themixtureisdumpedinaloosepileontodamp
groundofarecentlyirrigatedfieldoronground

1Thesestudies weresupportedinpartby
theCoachellaValleyMosquitoAbatementDistrict
ThermalCalifornia

2Coachella Valley Mosquito Abatement
DistrictThermalCalifornia

HaroldAxelrodMirSMullaandMichaelJWargo
DepartmentofEntomologyUniversityof
CaliforniaRiversideCalifornia 92521
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wettedwithwaterbytheapplicators Moistureis
neededtoactivateattractantchemicalsasvolatile
attractantodorsdonotemanatewhenplacedon
drysubstrate

Withescalatingcostsofthetoxicantsugar
baitformulationinthepastfewyearsitbecame
necessarytoexplorewaysinwhichcostofsugar
toxicantbaitcouldbereduced Themostsuc

cessfulalternativeseemedtobeachangeinthe
methodinwhichIGMandSFAmixturewaspre
sentedtoeyegnats Ratherthanmixingthem
togetherthepracticenowusedIGMandSFA
couldbeappliedseparately Themethodchosen

wastosprinkleIGMontopofSFAplacedon
dampsand Resultsofexperimentsusingthis
procedurearepresentedhere

MATERIALSANDMETHODSSFAcomposition
waspreparedinthelaboratoryaslistedinTable
1 ThesugartoxicantbaitIGMwasusedasit
camefromitsmanufacturer Alltestswerecon

ductedusing8ozdixiecupsNo2168Ameri
canCanCoUSAthatcontaineddampCoachella
Table1 CompositionofSyntheticFlyAttractant

Chemical

Ingredient

Trimethylaminehydrochloride

indole

AmmoniumSulfate

nbutyricacid

Anchovymeal

bywtin
formulation

25

025

400

20

5525

aFortoxicanteffect SyntheticFlyAttractant
wasmixedwithImprovedGoldenMalrinasugar
baitcontaining1methomylinaratioof1part
ImprovedGoldenMalrinto3partsSyntheticFly
Attractant
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ValleyFineSandandthevariousmixestobe
tested Cupswereplacedontoarotaryrod
olfactometerMullaetal1973inafieldhavinga
highdensityofeyegnats Theolfactometerre

volvesat14rpm Theexperimentswererunfor
12hoursasthedeadgnatsaccumulatedinthe
cups Thecupswerereturnedtothelaboratory
forflycountingunderadissectingmicroscope

Statisticalanalysisonresultsofalltests
werecarriedoutbyfirsttransformingactual
numbers to log n1 With theaideofa

CompucorpModel145Estatisticiancomputerthese
figuresweresubjectedtoanalysisofvarianceand
DuncansMultipleRangeTesttodetermineany
significantdifferencesLeClerg1957

RESULTS AND DISCUSSIONIn the first

testconductedsprinklingofIGMonSFAwas
comparedtomixingofIGMdirectlywithSFA
TheamountofSFAwaskeptconstantwhilethe
amountofIGMwasdecreasedTable2 Incom

paringthesprinklingandmixingmethodsat
allratiostestedthesprinkledIGMsignificantly
outperformedthemixedformulations Itwas

Table2 EffectofsprinklingIGMontoormixing
itintoSFAandresultingtoxicitytoHippleteseye
gnats

Formulation
Ratio

SFA IGM

2 1

3 1

5 1

7 1

gcup MeannoGnatsCup
SFA IGM Sprinkled Mixed

2

2

2

2

100

067

040

028

467a

371a

394a

373a

252b

182c

173c

73d

aMeanbased upon5reps Meansfollowedbysame
lettersarenotsignificantlydifferentfromeach
otherat5level

notedthatregardlessofthetoxicantattractant
ratiowhenIGMwassprinkled nosignificant
differenceswereevidentamongthevariousmix
tures HoweverastheratioofSFAtoIGMin
creaseddecreasingtoxicant significantlyfewer
gnatswerefoundinthecupscontainingthe
mixedSFAIGMformulations

Furtherreductionintheamountofsugar
toxicantcomponentwasstudiedusingratiosof
91and121SFAIGMTable3 WhenIGM

wassprinkledontopofSFAratiosof91and
121wereaseffectiveasthestandard31ratio

whenmixed Ratiosof31and61withIGM

sprinkledontoSFAyieldedgnatkillthatwas
significantlygreaterthanthemixed31ratio

WhenSFAIGMformulationisappliedinthe
fielditslengthofactivityisafunctionofmois
tureinthegroundsurface IntheCoachella

Valleysufficientmoisturecouldbeavailablefrom
14daysafterirrigation Tostudythislongevi
tyofactioncupswereagedinthelaboratory
andthenfieldtestedTable4Test1 Inthe

Table3 EffectofmixingImprovedGoldenMalrin
intoorsprinklingontoSyntheticFlyAttractant

Formulation
Ratio qcup Formulation MeanNo

SFA IGM SFA IGM Method GnatsCup

3 1 4 133

6 1 4 067

9 1 4044

12 1 4033

3 1 4 133

Sprinkled 477a

305ab

210be

132d

Mixed 132cd

Meanbasedupon6reps Meansfollowedbysame
lettersarenotsignificantlydifferentfromeach
otheratthe5level

firsttesta61ratiomixtureofsprinkledIGM
wascomparedtothe31 mixed ratio The

sprinkled ratio 61 was significantlymore
effectivethanthemixedratio31whenfresh
andat3daysofaging At5and7daysof
agingtheyappearedtobeequal

Inthe second testofthisaging series

Table 4 Test 2 a 91 ratio mixture of

sprinkledIGMwascomparedtothe31mixed
ratio Through0 3and5dayperiods no

significantdifferencesbetweenthetwomethods
wereevident At7dayssignificantlyfewer
gnatswererecoveredfromsprinkledcupsthan
mixed cups Sprinkled cups showed a

significantlossinnumbersatdays5and7while
mixedcupsshowednosignificantlossthrough7
days

Thereasonforincreasedefficiencyinthe
sprinkledmethodcanbeexplainedbythefeeding
activityofHippelateseyegnatsatthesurfaceof
theformulation Theydonotdigdownorrum
magethroughthepilesofSFAIGMmixtures
ThereforethemoreparticlesofIGMplacedon
thesurfaceofthepilethemoreaptthegnats
aretoreceivelethaldosage Ratiosof31and

61SFAIGMsprinkledexposemoreIGMon
thesurfacethanthe31ratiomixed whilera

tiosof91and121sprinkledexposeamounts
ofsurfaceIGMthatarecomparabletothe31
mixedratio

In summary we have demonstrated that

sprinklingoftoxicantbaitincreasestheefficiency
ofgnatkilloftheformulationoverthepresent
methodofmixingattractantsandsugarbait The

amountofIGMpresentlybeingusedcouldbere
ducedbyonehalfwithouteffectingtheextentof
thisgnatkill TheamountofIGMusedcould

evenbereducedbytwothirdsbutresultsob
tainedwould show no increase in efficiency
Howevertheywouldhecomparabletoresults
thatareobtainednowwith31 mixedratio

Suchreductionsintheuseoftoxicantcouldre

sultinsubstantialsavingswithoutlossofeffec
tiveness



Table4CupaginginlaboratoryandeffectofsprinklingormixingtheIGMontoorintotheSFA

Test dys 61RatioSprinkled

1 0fresh

3

5

Age Meannognatscupforratios

7

2 0fresh

3

5

7

147a

122sb

85abc

70cd

aMeanbased upon5reps Meansfollowedbysamelettersarenotsignificantlydifferentfromeachother
atthe5level Tests1and2analysedindependently

Furtherresearchisneededtodevelopa
practicalmethodofapplicationunderfieldcon
ditions Asyetnoeasymethodofseparateap
plicationoftheattractantandsugartoxicanthas
evolved Various methods are under consid

erationandwillbeexploredthiscominggnatsea
son
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ArtemisiaspeciesCompositae Anthemideae

isagroupofaromaticplantswithworldwide
distribution Theseandrelatedplantsproduce
somechemicallyinterestingandbiologicallyuseful
organiccompounds Forinstancethewellknown
anthelmintic asantonin isobtainedfromthe

dried unexpanded flower heads of Artemisia

maritima L Clemoetal 1930 Insecticidal

pyrethrinsoccurinthediskflowersofChry
santhemumcinerariaefoliumViswhichalsobe
longstothetribeAnthemideaemayweedTribe

InChinaArtemisiavulgarisLisusedin
traditional herb medicine Old leaves ofA

vulgarisaredriedandmadeintoamoxasoft
woollymasswhichisusedasacauterybybeing
ignitedontheskin Youngleavesofthisplant
canbeaddedintoricecakesordumplingsforits
fragrance

IthadcometoourattentionthatAvulgaris
and related plants possessed insectrepellent
activityProfCSTsiprivatecommunication
1982 BundlesofdryA vulgarisareslowly
burnedtoproducesmokewhichreportedlyrepels
hematophagousinsects Thishasbeenacommon

practiceforrepellingbitinginsectsparticularlyin
ruralareasinChinaforcenturies Thispractice
issimilartotheuseofpyrethroidcontaining
mosquitoincensesticksormosquitocoilsinAsian
countries

Inourpreliminarystudies HwangMulla
andAxelrodunpublisheddataAvulgariswas
collectedfromtheMalianwaExperimentalsta
tion Chinese Academy of Medical Sciences

Beijingorpurchasedfromlocalherbshopsin
Beijing Theherbswereairdriedandshipped
toourlaboratory Thedryherbspossessing
characteristic fragrance were pulverized and

extractedwithaboilingmixtureofbenzeneand
methanol31VV Themixturewasfilteredto

removesolidplantmaterialsandthefiltratewas
evaporatedtodrynesstogiveagreengumlike
residue Theresidue10mgwasdissolvedin
acetone2mlandthesolutionwasappliedto
theskinofhumanarminacirculararea3cm
dia Thesolventwasallowedtoevaporateand
theportionoftheskincoveredwiththeA
vulgarisextractwasexposedtofemalemosquitoes
foragivenperiod

Aplasticfoodcontainer11cmdia 75cm

heightwithacircularscreenwindow4cmdia

1
Compositae Anthemideae

2DepartmentofBotanyandPlantSciences
UniversityofCaliforniaRiversideCA92521

1

MOSQUITOREPELLENTSFROMARTEMISIA PLANTS

YihShenHwangKuiHuaWuJunjiKumamat2
HaroldAxelrodandMirSMulla

DepartmentofEntomologyUniversityofCalifornia
RiversideCalifornia92521

in the side and containing 20 female Aedes

aegyptimosquitoeswasusedasamosquitohold
ing cage In conducting bioassay tests for

repellencythescreenwindowwaspressedtightly
againstthearmtreatedwiththeA vulgaris
extract Theskinwasexposedtomosquitoland
ingandprobingfor1minute Untreatedskin

solventonlywasalsoexposedtomosquitoesas
control Thetestwasreplicatedseveraltimes
Thelevelofrepellencywasexpressedintermsof
percentrepellencyandcalculatedbythefollowing
formula

Repellency
NcNt

x100

Nc

whereinNcdenotesthemeannumberofmos

quitoeslandingandprobingonthecontrolskin
andNtdenotesthatonthetreatedskin

Themeannumbersofmosquitoeslandingon
thetreatedandthecontrolwere3and9respec
tivelythusgivingarepellencyof67 The

differencebetweenthetwomeanswassignificant
atthe001level Thispreliminarytestclearly
showed that A vulgaris contained repellent
componentswhichmadeattractivehumanarm3
times lessattractive Ourpreliminarystudies
indicated thatthe herb A vulgaris contains

chemicalcompoundsthatpossessedinsectrepel
lentactivity Thesefindingspromptedusto
conductfurtherinvestigationsonthenatureof
therepellentcompoundsproducedinthisplant

IntheisolationprocedurethepulverizedA
vulgariswassteamdistilleduntilnomorevolatile
substancescouldbeobtained Thedistillatewas

extracted3timeswithbenzeneandthecombined
benzenesolutionswerewashedwithwaterdried
oversodiumsulfateandevaporatedtogivethe
Artemisiaessentialoil

Theresidueobtainedaftersteamdistillation
andmainlycontainingplantmaterialswasex
tractedwithamixtureofbenzeneandmethanol
andtheextractafterremovalofthesolvent
showednorepellencyagainstAeaegypti

TheArtemisiaessentialoil showingmore
than90repellencywasthenchromatographedon
aFlorisilcolumnandelutedwithaseriesof

solventsormixturesofsolventswithincreasing
polarity Relativelylargerquantitiesofeluates
wereobtainedfromhexaneelutedfractionswhich

uponbioassaystestsshowed8095repellencyto
bitingmosquitoes

Theactivefractionwasanalyzedbygas
chromatographywitha025mmx60mcapillary
silicacolumnpackedwithDB5bondedSE30
Identificationofthecomponents intheactive



fractionswasmadebycomparingtheretention
indexofacomponentwiththatofanauthentic
compound or by mass spectrometry In the

capillarygaschromatogram24peaksweresep
aratedandamongthem13peakswereiden
tified Compounds identified are camphene
8pinene myrcene carvone 18cineole a

thujone linalool 0thujone camphor
isomenthone borneolterpinen4olandestra
gole Theactivefractionwascomposedof26
camphor22borneol8terpinen4ol8estra
gole6camphene68pinene5isomenthone
and19minorcomponents

Thesecompoundsidentifiedfromtheessen
tialoilofAvulgariswereindividuallybioassayed
forrepellencyagainstAeaegyptiintheolfacto
meter described above Each compound was

dissolvedinacetoneorethanoltomake1015
and50weight solutionsand01mlofeach
solutionwasappliedonto6x6cmareaofthepalm
ofahumansubjectresultinginobtainingdosages
of028042and139mgcm respectively
Dimethyl phthalateand NNdiethylmtoluamide
deettwocommonlyusedinsectrepellents were

usedasstandardforcomparison
Asaresultofbioassaytestswefoundthat

severalcompoundsshowedsignificantrepellency
againstAe aegypti dCamphor dcamphor
andterpinen4olexhibitedmorethan90repel
lencycomparabletothatofdimethylphthalate A

mixtureofaand13thujoneandestragolepos
sessedmorethan80repellencysuperiortothat
ofdeet Linalool camphor borneol dl
isoborneol methoneand isomenthoneshowed
morethan70repellency 8Pinenemyrcene
aterpineneand18cineoleshowedsomerepel
lencyonlyathigherdosages

Exceptestragolewhichispallylanisoleall
compoundsisolatedandidentifiedfromA vul

garisandshowingmosquitorepellencyaremono
terpeneswhicharecommonlypresentinvarious
essentialoils PenfoldandMorrison1952found
thatof40AustralianessentialoilstheHuon
pinewoodDacrydiumfrankliniessentialoiland
theleafoilsofBackhousiamyrtifoliaMefaleuca
bracteataandZieriasmithiiwerethemosteffec
tivein repellingmosquitoesMarch fliesand
sand flies Mayer 1952 reported that the
essentialoils ofEucalyptus and Caryophyllum
repelledseveralspeciesofmosquitoes Although
theseessentialoilswerereportedlyrepellentto
mosquitoesnoneoftheactivecompoundswas
chemicallyidentified
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Terpinen4oland18cineolewerereported
topossessrepellencyagainstmosquitoes Thus
LionCorporation 1982 inaJapanesepatent
disclosedthatcyclicterpenealcoholsincluding
terpinen4ol weremosquito repellents Nitto

ElectricIndustrialCoLtd1981disclosedthat
acompositioncontainingcineoleandoneormore
of 24diethyltoluamide triethylene glycol
monoalkylethersandtriethyleneglycoldialkyl
etherswasamosquitorepellentforaerialand
skinapplication Thecompoundsidentifiedfrom
A vulgarisandshowingrepellencyagainstAe
aegypti except the two compounds described

aboveareforthefirsttimereportedbyusto
exhibitmosquitorepellency

Todevelopthesecompoundsintousable
longlastingspaceorcontactinsectrepellentswe
areplanningtoconductmoredetailedbiological
investigationsandformulationstudies
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EFFECTSOFANARTEMISIACANAEXTRACTONTHEDEVELOPMENT

OFCULEXQUINQUEFASCIATUS

AbdessalamSherifandRGHall

DepartmentofPhysiologyandPharmacology
SchoolofMedicineLomaLindaUniversityLomaLindaCA92354

TheeffectsoffourdifferentplantextractsonlarvaeofCulexquinquefasciotusweredetermined
UsingpetroleumethermethanolextractsoftheseplantsArtemisiaextractcaused thegreatestmortality

Whenextractswerepreparedusingsolventswithdifferentdielectricconstantsthemethanolicfraction of

ElodeaandthepetroleumetherfractionofArtemisiawasfoundtobehighlytoxic
Thesehighlytoxicplantextractscausedmortalityandinducedphysicalabnormalities inthesurviv

ingadultssuchastheinabilitytoflythelossoflegpartsorinabilityto leavetheexuviae

INTRODUCTIONMosquitoes often choose

breedingsitesdependentuponcertainmosquito
plantrelationships Mosquitoesareattractedto
certainvegetation whilesomeplants produce
substanceseitherrepellentortoxictomosquitoes
Bates1949Happold1965 Thesevariousplant
substances are potentially useful in mosquito
control

Field observations show the absence of

immaturestagesofmosquitoesinpondscontaining
certainaquaticplantsSherifandHall198
Somespeciesofbluegreenalgaeinhibitmosquito
reproduction in rice fields Gerhardt 1954

Laboratorystudiesshowthatcertainsubstances
derivedfromalgaearelethaltothelarvaeJudd
andBorden1980

PlantphenolsandalkaloidsLevinson1976
areknowntobetoxictovariousinsectsbutthe
specificcompoundsthatareinhibitoryorlethalto
mosquitoesarerelativelyunknownespeciallyin
nonaquaticplants

Inthisstudywecomparetheeffectsofplant
extractsonthesurvivaloftheimmaturestagesof
themosquito

MATERIALSANDMETHODSCuexquinque
fasciatuslarvaewereobtainedfromalaborato
ryrearedcolony Adultswerefeda10glucose
solutiononcottonpadsandlarvalstageswerefed
a31mixtureofratchowandBrewersyeast

The nonaquatic plant Artemisia cana

Tursh waschosen becauseofitsextensive

medicinal use especially in the Middle East

ChinaandNorthAfrica
Four different plants Artemisia cana

Pursh ElodeanuttalliiPlanch Macrocystis

pyriferaLinnaeusCAAgardhandSpirogyra
nitidaDillwwerecollectedinsouthernCali
fornia washedseveral times with tapwater

driedat60Cpowderedanddividedintotwo
portions Thefirstportion70gwasrefluxed
for8hwithabsolutemethanolandpetroleum
ether31volvol Thesecondportion70g
wasrefluxedconsecutivelywiththreedifferent
solvents absolutemethanolethylacetateand
petroleumethereachfor8h Thesolventwas

removedfromtheextractedmaterialinaBuchler
flushevaporator

ABSTRACT

Theextractsampleswereputintoacetone
solutions Todeterminethemaximumconcen

trationofacetonewhichlarvaeandpupaecan
toleratelarvaewereexposedtovariousconcen
trationsinwater Larvaeandpupaewereunaf
fectedbyconcentrationsupto1volvol
Thusacetoneinconcentrationsnotexceeding1
wasroutinelyusedtopreparesolutionscontaining
theinsolubleextracts Solutionscontaining65

3213and65mgofacetonesolubleextract
werepreparedandaddedto100mlglassbowls
Toeachbowl20firststagemosquitolarvaewere
added There were four replicates of each

concentration Controlsconsistedoflarvaegrown
in bowlscontaining 100mlofdistilled water

with1acetone

Mortalityofeachstagewasdeterminedevery
1or2daysanddeadorganismswereremoved
fromthebowls Ineachcaseadultemergence
was determined by counting empty exuviae

Mosquitoesunabletocompletelyleavetheexuviae
wereincludedintheadultsmortalitycounts

Eggviabilitywasdeterminedbyplacingegg
rafts in bowlscontaining thevariousextract

treatmentsorelsetap waterand acetoneas

controls

Forfurtherpurificationplantextracts100
IIIinacetonewereappliedtosilicagelprepara
tiveplatesandtheplatesweredevelopedwith
methanolpetroleumether 6040 Visualization

oftheseparatedcompoundswasaccomplishedby
placingtheplateinaclosedjarcontainingafew
crystals ofiodine Aftervisualization spots
weresolubilized inacetoneand bioassayedto
determinetheirtoxicityonthedevelopingmos
quito

RESULTSANDDISCUSSIONTheinhibitory

activityofmethanolpetroleumetherextractof
Artemisiaandthreeotherplantsagainstlarvaeof
Culexquinquefasciatus isshownin Figure1
AmongthefourplantstheactivityoftheArtem
isiaextractwasmosttoxic with 97 percent

mortalityobservedataconcentrationof60ppm
ThelowestmortalitywascausedbytheSpirogyra
extractwhichwasnotexpectedtobehighly
toxic and was chosen as a control in our

experiment Figure 2 shows that Artemisia
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Figure1 Effectofvariousconcentrationsofpetroleumetherextractfromfourdifferent
plantsonthedevelopmentofCulexquinquefasciatusSay Eachpointrepresentsfour
replicatesof20mosquitoes
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Figure2 Effectofthepetroleumetherextract90ppmfromfourdifferentplants onthe
developmentofthemosquitoCxquinquefasciatus Eachpointrepresentthemeanpercent
mortalityoffourreplicatesof20mosquitoes
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Table1 EvaluationofDifferentSlolventFractionsfromtheplants Arte

misiaElodeaandMacrocystis

EXTRACT

CONCENTRATION

ARTEMISIA

PetroleumEther

EthylAcetate
Methanol

ELODEA

PetroleumEther

EthylAcetate
Methanol

MACROCYSTIS

PetroleumEther

EthylAcetate
Methanol

CONTROL

MeanPercentMortalityinLarvaeLPupaeP
AdultAandPercentEmergenceE

65mg100mlH

L P

100 0 0 0

5 10 10 75

15 0 0 85

15 15 5 65

15 0 0 85

100 0 0 0

90 0 0 10

10 10 10 70

15 5 0 80

caused complete mortalityafterfour days of

exposingthemosquitolarvaetotheplantextract
Extracts ofElodea and Macrocystis notonly
producedlowermortalitybutalsorequiredpro
longedexposuretobeeffective

Dataontheevaluationoftheextractob

tainedwiththreedifferentsolventseachwitha
differentdielectricconstantisshowninTable1
Thedatashowsthatthemethanolicfractionof

ElodeaandthepetroleumetherfractionofArt
emisiacaused the highestmortality At low

concentration17mg100mlArtemisiawasmore
effectivethanElodeawithamortalityof60
comparedto30 Thehighestmortalityoccurred
duringthelarvalstagewithfewmosquitodeaths
occurringoncethepupal stagewas reached

Furthertestsarenecessarytodetermineifmos
quitoesreachingthepupalstagesimplyrepresent
theresistantsurvivorsfromthelarvalexposure
totheextractorifthepupalstageitselfismore
resistant

Unlikeextractspreparedbythemethanol
petroleumetherextractionsomeextractsobtained
withoneofthethreeother solvents caused

mortalityintheadultstageaswellasinthe
otherstagesofthemosquitodevelopment

ThetoxicityproducedbyextractsofArt
emisiausingthethreesolventsisshowninFigure
3 Completemortalitywasreachedinthreedays
bythepetroleumetherfractionwhileatimeof
811dayswasrequiredtocausea25mortality
bytheethylacetatefraction

TheeffectofthelowconcentrationofArt

32mg100mlH

A E L P AE

100 0 0 0

20 5 0 75

0 5 5 90

10 5 5 80

5 0 10 85

100 0 0 0

10 10 0 80

0 5 5 90

10 0 0 90

2 0 0 98 2 0 0 98

emisiaElodeaandMacrocystisextractsoneggs
causedanaveragedelayofapproximately12hin
hatchingascomparedwiththecontrol Athigh
extractconcentrationtheeggsdidnothatch
Adultmosquitoes produced from treated eggs

showedsignificantphysicalabnormalities Such

abnormalitiesincludetheinabilitytoflylossof
legpartsuponemergenceandinabilitytocom
pletelyleavetheopenedexuviae Theoccurrence

oftheseabnormalitieswasintherangeof34of
theemergingadults

Separationbythinlayerchromatographyof
themethanolicextractgavetwospotswithRf
valuesof35and71 Uponbioassaythespot
withaRfvalueof71wasfoundmoreactive

causing72mortalitycomparedwith32caused
bytheotherspot

Theabovestudy reveals thatArtemisia

ElodeaandMacrocystispossessbiocidalactivity
againstCxquinquefasciatus Ofthefourplants
testedextractsfromArtemisiawerethemost
lethal
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FIELDTRIALSOFBACILLUSTHURINGIENSISH14COMMERCIALFORMULATIONS

FSMulliganIIIandCHSchaefer

UniversityofCaliforniaMosquitoControlResearchLaboratory9240SRiverbendAvenueParlierCA93648

ABSTRACT

SeveralcommercialformulationsofBacillusthuringiensisserotypeH14werefieldtestedbyground
applicationmethodsinFresnoCountyCA VectobacTMcorncobgranulewasmoreeffectiveagainstAedes
nigromaculisLudlowlarvaethanagainstCulextarsalisCoquilettwhiletheconversewastruefor
TeknarTMcorncobgranule BactimosTMcorncobgranuleshowedgoodefficacyagainstbothspeciesbuta
BactimosTMcorncobpelletwasineffectiveagainstCxtarsalis Allwereappliedat10kgha Bactimos

andTeknargranuleswereeffectiveagainstCulexsppinamilofield Vectobacsandgranulewasinef
fectiveuntilappliedat28kgha Vectobacaqueoussuspensionproduceda98reductionofCxtarsalis
at05kgha

INTRODUCTIONTestingofnewformulations
ofBacillus thuringiensis serotype H14 Bt

H14continueswithattemptstofindeffective
meansforapplyingthisagentagainstawide
rangeofspeciesindiversebreedingsources
eg Garcia et al 1983 and Mulligan and

Schaefer1983 Ofthenewformulationsseveral

havebeengranulesofvarioustypes Becauseof

thehighcompetitionamongthemanufacturersof
BtH14forthemosquitocontrolmarketthere
hasbeenarushtomarketpromisingformulations
beforethefullextentoftheirfieldutilityis
known Inthispaperwediscussourfieldtrials
ofseveralnewcommercialformulationsofBt
H14

MATERIALS AND METHODSThefollowing
commercialformulationsof8tH14wereevalu
ated in field tests Abbott Laboratories

VectobacTMcorncobgranule200Aedesaegypti
InternationalToxicUnitspermgVectobacaque
ous suspension AS 600 ITUmg Biochem

Products BactimosTM 5 wtwt corncob grit
granule175ITUmgandBactimos5corncob
pellet400ITUmgandSandozIncTeknarTM
corncobgritgranule260AeaegyptiUnitsper
mg Alsoa sandgranuleofVectobac 100

ITUmgwaspreparedonsitethiswascomposed
of25Vectobactechnicalpowder4000ITUmg
2GB1356oilWitcoChemicalCorpand955
16Monterreysand Potencydesignationsgiven
inITUmgorAAUmgwerethosedeterminedby
therespectiveproducersnoverificationassays
weremadebytheauthors

Granuleswereappliedbyeitherwhirling
discgranulespreaderorbackpackpowerduster
KioritzCorpTokyoJapan TheASformu

lationwassuspendedin6litersofwaterandap
pliedbyhandcansprayer

Fieldtrialsofthecommercialformulations

wererunagainstnaturalmosquitopopulationsin
FresnoCountyCA FormulationrateITUor
AAUhaareaandspeciestreateddateandap
plicationmethodarelistedinTable1 Immature

mosquitopopulationsweresampledbycounting
thenumbersineachof2550dipstakenwitha
standarddipper Anadjacentuntreatedcontrol
areaforeachtrialwassampledlikewise Relative

differencesinpopulationswereattributedtothe
treatments

thenumbersineachof2550dipstakenwitha
standarddipper Anadjacentuntreatedcontrol
areaforeachtrialwassampledlikewise Relative

differencesinpopulationswereattributedtothe
treatments

Sinceitisimpracticaltoincludealldetails
recordedforeachtestegtemperaturepH
windskycoverwaterdepthetcthisinforma
tionwillbeonfileandavailabletointerested

persons
RESULTSANDDISCUSSIONResultsofthe

commercialformulationtestingareshowninTable
1 Testson712and8383wereconductedon

anirrigatedpastureagainstAedesnigromaculis
Ludlowlarvae Allformulationswereappliedat
aformulationrateof10kgha Whenthetwo

trialswereaveragedtheBactimosgranuleand
theVectobacgranuleshowedthegreatestactiv
itiesat97and96larvalreductionsrespectively
Thesetwoformulationsalsohadthelowestrela
tive laboratorypotenciesasreportedbythe
manufacturers Bactimospelletwithapotency
doubledthatoftheformertwoformulationsav

eraged 925 reduction of larvae Teknar

granulethelightestgranuleproducedanaver
ageof89reduction HoweveragainstCulex
tarsalisCoquillettalsoat10kghainanirrigat
edpasturebothTeknarandBactimosgranules
producedexcellentresultsVectobacgranuledid
notperformaswellandtheBactimospelletfailed
82483

BactimospelletandVectobacgranulewere
moreactiveagainstAenigromaculisthanagainst
Cxtarsalis Bothformulationswerelargethe
pelletswereca8mmlongand3mmdiamand
thegranulesaveraged5mm Converselythe
Teknargranulewassmallca1mmandwas
moreeffectiveagainstCxtarsalis Wespeculate
thatAenigromaculislarvaebeingbrowsefeed
ersweremoreattractedtothelargersizedcar
rierparticlesandthatthesmallersizedTeknar
granulewasmoreefficientinmakingthetoxin
availabletoCx tarsalislarvae Hencethere

appearstobeadifferentialinactivitiesofthe
formulationsbaseduponcarrierparticlesize

TheBactimosgranulealsowassmallca2
mmbuteffectiveagainstbothAenigromaculis
andCxtarsalisdespitehavingthelowestfor
mulatedpotency175ITUmg Incontrastthe



Table1 SummaryofapplicationsofBacillusthuringiensisH14formulationstomosquitobreeding sources
inFresnoCountyCAduring1983

date ha species stadia application

712 006 Aenigro 3 whirlingdisc

83 009 Aenigro 23 whirlingdisc

824 007

006

005

004

831 10

05

91 05

96 002

98 05

area methodof

Cxtar 14 whirlingdisc

Culex3 14 backpackblower

Culex

Cxtar

Culex

14 backpackblower

14 handcansprayer

14 backpackblower

2TheSandozdesignationisAAUha

3Denotesamixedpopulation Cxtarsal Cx

Bactimospelletwithmorethantwicethefor
mulatedpotency400ITUmgperformedvery
poorlyespeciallyagainstCxtarsalis Itap
pearsthatformulationpotencyisnotasimportant
asthephysicalcharacteristicsoftheformulation
intermsoffieldefficacy

BactimosandTeknargranuleswereapplied
bybackpackblowertoanirrigatedmilofieldat
156 and 175 kgha respectively 83183
Bothformulationsprovidedgoodresultsagainsta
mixed population of Cx tarsalis and Cx
quinquefasciatusSay Table1althoughbe
causeoftheirlightweighttheireffectiveswath
widths 14and12m werehalfthatofsand

granules24m TheTeknargranulewasmost
subjecttowindandhadthemostlimitedswath
width

All applications of the userprepared
Vectobacsandgranuleweretopermanentpasture
sources Thesandgranulewithapotencyof
100 ITUmg was ineffective against Ae

nigromaculisat10kgha Itwasalsoineffective
against Culex spp at 185 kgha 9183
althoughwhenappliedataveryhighrateof28
kgha9883goodresultswereobtainedagainst

company

formulation

AbbcornG
Biocorn P

Biocorn G

SancornG

AbbcornG
AbbsandG
Biocorn P

Biocorn G

SancornG

AbbcornG
Biocorn P

Biocorn G

SancornG

Biocorn G

SancornG

AbbsandG

AbbAS

AbbsandG

1AbbAbbottLaboratoriesBioBiochemProductsSanSandozInc Ggranule
suspension

quinquefasciatus21
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rate percent

x10ITUhareduction

200 99

400 96

1752 97

260 94

200 93

100 78

400 89

175 97

260 84

200 82

400 43

175 96
260 100

273 95

455 93

185 67

30 98

280 95

PpelletASaqueous

Culexspp
VectobacAS appliedat05kghatoa

drainageditchreducedCxtarsalisby98 This

liquidformulationpossessedgoodhandlingchar
acteristics
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EVALUATIONOFBEECOMISTNOZZLESFORAERIALADULTICIDINGINKERNCOUNTY

CHSchaeferHLClementWHWilderandFSMulliganIII

UniversityofCaliforniaMosquitoControlResearchLaboratory9240SRiverbendAveParlierCA93648

INTRODUCTIONOne of the biggest

problems involved in theaerialapplicationof
insecticides against adult mosquitoes is the

productionofthecorrectsprayparticlesize
Most conventionaltype atomization systems
hydraulic nozzles producea wide rangeof
sprayparticlesandmuchofthevolumeappliedis
lostbydriftoffines 10pandsettlingofthe
largerparticles200p Thelossofsubstantial

proportionsofthesprayvolumeisnotonlycost
inefficientbutalsoresultsintheproductionof
undesiredinsecticideresidues

Agreatdealofresearchhasbeenconducted
onthedevelopmentofatomizationsystemswhich
wouldproduceanarrowerrangeofsprayparticle
sizes than theconventional systems commonly
usedseveralmanufacturerssellequipmentde
signedforthispurpose Onesuchdeviceisthe

Beecomistnozzlethisdeviceisahighspeedro
tarydrumwhichdisplacesinsecticidethroughits
poroussidesviacentrifugalforce Eachunit

consistsofahighspeedrotorwhichturnsat
ca10000rpmandaporoussleeve Several

sizesofsleeveporosityareavailable Thesenoz

zlesproducedropletdiametersinarangeofless
than100uincontrastconventionalsprayparti
clediametersoftenrangeover300u Whilecon

ventionalnozzlescostonlyafewdollarseacha
Beecomistmotorplussleevesellsforca550

1Kern Mosquito Abatement District 4705

AllenRoadBakersfieldCA 93309

Aircraft equipped with Beecomist nozzles

havebeenusedforapplyingadulticidesagainst
mosquitoes in the southeastern US and in

Canada AnoperationalevaluationinCalifornia
wasconductedtoassesstheirefficacyinKern
County

MATERIALSANDMETHODSA1IbAIgal
solutionofBaygoninoilBaygon1 MOSwas

tested TwoBeecomistnozzlesweremountedona

sprayboomeachwaslocated7feetoutwardfrom
theaircraftfuselageandwereorientedbackward
and60downfromtheboomFigure1 The

dischargeratewascalibratedbyadjustingboth
pump pressure and orifice size ofdisks in

flowrestrictorsplacedinthelinestothenozzles
Forgivensetsofconditionstheactualdischarge
ratesweremeasuredfollowingtimedsprayruns
Swathwidthsweredeterminedbyflyingover
linesofcagesofmosquitoesplacedat10or20ft
intervalsovertotalspansupto600ft Separate

flightsweremadetoevaluateresultswhenflying
intoorwiththewindaswellascrosswind
Dropletsizewasdeterminedbymicroscopicmea
surementfollowingcollectionofsprayparticleson
tefloncoatedslidesexposedinarotatorwhich
turned at 4 revolutionssec Temperatures
weremeasuredat8ftand30ftwindat15ft
andrelativehumidityat4ft

RESULTSANDDISCUSSIONAtotalof17
separatespraytrialsweremade 10with20u

sleevesand7with40p sleeves Attemptsto

aligntheflightpathsintothewindordown
windledtohighlyvariableresultsduetoerratic
crosswindsthiswasespeciallytrueintheearly

Figure1 ABeecomistnozzleonsprayboommountedbetweenthe
conventionalhydraulicnozzles
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morninghours AnexampleisshowninFigure2
wherethewindshifted90afterinitiationofthe

sprayrun Thesmallsprayparticlesproduced
bythe20psleevesweresosubjecttocrosswind
effectsthattheywereconsideredtoofineforop
erationaluse Alsoitreadilybecameapparent
thatevenusingthe40usleevessprayingwould
havetobeconductedcrosswind Thuseffec
tiveswathwidthsbecamedependentondriftap
plications

Resultswithtwo40psleevesshowedthat
swathwidthsof400ft couldbeobtained

evenintheabsenceofinversionsandatapplica
tionratesfarbelowthosenormallymadeFigure
3

WhiletheBeecomistnozzlesarequiteexpen
sivetheycanachieveconsiderablesavingsof
insecticideagaineffectiveswathscanonlybe
expectedthroughdriftapplication Undercalm

AIRCRAFTCLOSEDMIXLOADINGSYSTEMFORHANDLINGWETTABLEPOWDERS

ClaudeLWatson

EastSideMosquitoAbatementDistrict200SantaFeAvenueModestoCA95355

Many Mosquito Abatement Districts use

BaygonWettablepowdersasanAdulticidefor
Mosquitocontrol TheEastSideMosquitoAbate
mentDistricthasaddedanotherfeaturetoits
Closed LoadingSystemforsafetyinhandling
wettablepowders

Regulations statethatpilotswhooperate
PestControlAircraftsshallnottransfermixor

loadliquidCategoryOneorTwopesticidescon
tainingorganophosphatesorcarbamatesunlessa
closedsystemisused Regulationsdonotre
quireaclosedsystemforBaygonpowdereven
thoughitisaCategoryTwopesticide Wettable

powdersarenotconsideredasharmfulasliquids
Thereforethepilotcanloadhisownaircraft
withouta closed system A loadermustbe

providedforthepilotifliquidCategoryOneor
Twoisusedunlessaclosedsystemisused

Afewyearsagowehadapilotwhoclaimed
thathewaspoisonedfromtheBaygonWettable
Powder Thewettablepowderwasbeingdumped
directlyintothehopperoftheaircraft Thepi
lotclaimedthatthedustwouldriseandcollect

aroundthehopperlid Whenhewouldtaxiout

fortakeoffthecollecteddustwouldblowback
intohisface Thebreathingofthedustcaused
himtobecomenauseated Inacaseofthisna

orverylightandvariablewindconditionsthis
applicationmethodwasnotoperationallyeffective
TheprevailingwindsintheSanJoaquinValley
arefromthenorthwestorfromthesoutheast
undertheseconditionseastwestflightlinesal
lowforparallelingthesectionlinesforpilotref
erence

OnebigdifferencebetweenKernCountyand
manyotherplaceswhereaerialadulticidingis
practicedisthelowhumidity Thisresultsin

conditionsofhighparticleevaporationandmay
largelyaccountforourunsatisfactoryexperiences
inusingthe20usleeves

ACKNOWLEDGMENTSThese studies were

supportedbyfundsfromaspecialCaliforniaState
appropriationformosquitocontrolresearch The

Baygon 1MOSwasdonatedbyMobayCorpo
ration

turetheClosedLoadingSystemwouldbethean
swer Thematerialisalreadymixedthoroughly
whenitisloadedintotheplane

Ourcurrentpilotisverypleasedwiththe
featurethatwehaveaddedtotheClosedLoading
Systemforhandlingwettablepowders Hefeels

thatitisnotonlyamuchsaferoperationbutit
makesitmucheasierandfastertoToad

Our new featurehasbeenapprovedfor
wettablepowdersbytheStanislausCountyAgri
cultureDepartment TheStateofCaliforniaFood

andAgricultureDepartmenthasalsoinspected
andapprovedthenewfeature Theyfoundthat
theconstructionanddesignmeetandexceedthe
minimumcriteria Theystatedthatitwascom
mendablethatoursystemisemployedformixing
loadingandtransferringallmaterialsforaerial
applications and it reflectsa sincere safety
orientedprogram

After discussions with several insecticide

specialistsIamconvincedthatinthenearfu
turetherewillbemoreandmoredemandfor

strenuousregulationsoninsecticides Thiswill

callformorematerialtobehandledthrougha
ClosedLoadingSystem Preparationnowwould
putyouonestepaheadofthegameinasafety
orientedprogram
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Table2 Nematode infection ratesofsentinel larvae in ricechecks

inoculatedin1983

Inoculation

Date

1

63

610617 N

624 N

71 S

71 N

715 1S

715 1N

715 2S

715 2N

721 S

721 N

Dateof

SentinelPlacement1983

721

729

85

812

819

826

826

826

92

92

92

workthefollowingrecommendationsforanopera
tional protocol for use of R culicivorax in

Californiaricefieldshasbeendeveloped
Inoculationrate

Tento50gramsofpostparasitesper
100mtransectwithadjacenttransects
every10to15meters Thelowerrate

isprobablysufficientforinitiatingand
perhapsmaintainingmosquitolarval
controlforoneseason Thehigher
ratewouldincreaseoverwintering
capability Inoculationratesassume

closetoa11ratioofmaletofemale
nematodesisused

InoculationMethod

Applynematodesingroupseveryoneto
twometersusingabackpacksprayeror
closedcontainerthatallowssuspension
ofthenematodesinwater All

sprayerstestedtodatehaveperformed
poorlyduetothelargesizeofthe
postparasiteswhichgraduallyruinor
plugthepumpingmechanism
Evaluationofalternateinoculation
methodsisnecessary

PercentofInfected

SentinelLarvae

1

79

76

31

21

81

62

86

68

59

85

S southsideoflevee
N northsideoflevee

FieldsprayedwithOrdram15minutesbeforepostparasites were

inoculatedalongthistransect Thistransectwassprayedatarateof

100g100m

2 Averageofsentinelinfectionin10sentinelcageseachinitiallycontaining
20secondinstarCulexpipiens

Monitoring
Periodicmonitoringofinoculatedsitesis
necessarytoinsurevirulenceofthe
laboratoryrearednematodesto
establishitspersistenceandtoallow
foradjustmentsintheinoculation
protocolasneeded

Production

Foracosteffectiveprogramanin
vitrorearingmethodmustbedeveloped
forRculicivorax Atleastfive

laboratoriesarecurrentlyattemptingto
developaninvitroproductionmethod
forthisnematode

Lagenidiumgiganteum Thechoiceofvege
tableoilsusedtoculturetheasexualstageofL
giganteumwasbasedonobservationsoftheiref
ficacyinthelaboratoryandonpublishedstudies
Domnasetal1982 Thechoiceoflinseedoil
inboththemaintenancemediumandtwoofthe
mediausedforthefieldtestswasbasedonthe
presence of high concentrations of esterified

linolenicacidC183intheoilHilditchand
Williams1964Domnasetal19771982have
reportedthathempseedextractwasoptimumfor
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Table1 SummaryofOverwinteringofRomanomermisculicivoraxBetween
the1982and1983seasons

Inoculation
methodrate

Spray
Tubes

Inoculation

Date

1982

Dateof
Evaluation

1983

Percentinfection

noofsentinelsrecovered

0166
29110

Spray100 730 624
71

Tubes25 86 624 1297
71 32133

Spray25 86 624 1113

71 16160

Tubes50 813 71 5112

78 3100

Spray50 813 71 16114

715 0142

Tubes100 820 78 27137

715 5144

Spray100 827 78 14151
715 0109

Spray100 93 78 5126

715 0122

1AlloverwinteringstudiesperformedinBLemanagersfieldatjunction
NEcornerofHumphreyandSouthButteRoads

Inoculatedusingacompressedairbackpacksprayer
Every10mtheappropriatedoseofpostparasiteswasdumpedinto
1mlongplexiglasstubes4cmdiamplacedintothebenthos

2Foreachtransect10sentinelcagesplaced5metersapartcontaining20
secondinstarCulexpipienseachwereusedformonitoringinfection

sevendaysafterrehydrationoftheoospores
motile spores therefore were released from

germinatingoosporescafivetosixdaysafter
rehydrationwithactualinitiationoftheger
minationprocessKerwinandWashino1983bbe
ginning24hourspriortosporerelease Atthe

lowestdosageinvestigated3x10oospores1
larvalinfectionpeakedatday7ofthetestand
persistedatratesaround50for20daysafter
whichactivityquicklydroppedFigure2 For

thetwohigheroosporedosagesinfectionrates
remainedat80orgreaterforca30dayswith
someactivitypersistinguntilthetestwaster
minatedonday51Figure2

DISCUSSIONRomanomermis culicivorax

Resultsfromthe1983seasonconfirmandextend

thosepreviouslydocumentedbythislaboratory
Westerdahletal1982WesterdahlandWashino
unpublisheddataKerwinandWashino1983a A

singleapplicationofRculicivoraxpostparasites
in a rice field will provide somedegreeof
mosquitocontrol throughoutanentireseason
Becauseofthelowdensityoflarvaeintheinoc
ulatedsitesitisbelievedthatmostofthere
cordedinfectionisduetomatingactivityofthe
postparasitesinoculatedintothefieldratherthan
torecyclingoftheparasiteintheindigenous
population The assumed continuous mating
andoregghatchingofthenematodeisidealfor
controlofthemultivoltinespeciesassociatedwith
ricecultureintheCentralValley

Basedonthelastseveralyearsoffield



uationofinfectionrate Sentinel larvaewere
usedtoevaluateoverwinteringofnematodesinoc
ulatedin1982establishmentofthenematodein
sitesinoculatedin1983ordistancefromthe
pointofinoculationthatlarvalinfectionoccurred
Forthemigrationevaluations10sentinelcages
wereplacedateachofthefollowingdistances
fromtheinoculationpoint 0m1m25m5m
and10m

Lagenidium giganteum fieldtests An in

vitrocultureofLgiganteumwasmaintainedon
solidmediaconsistingofg1deionizedwater
125glucose125Difcopeptone125Ardamine
pHautolyzedyeastextractDesmoChemicalCor
poration Elmsford NY 20 corn oil 10

Grumbacherlinseedoil 05mMCa and20
Difcoagar Weeklytransfersofthefunguswere
madeusingzoosporesuspensions

Forthefieldtrialsthefunguswascultured
onagrowthmediumidenticaltothemaintenance
mediumdescribedabovebutwithoutthepeptone
andagaroronthisbasalmediumwiththecorn
andlinseedoilsreplacedby30g1wheatgerm
oilor20g1 wheatgermoilplus10g1lin
seedoil Culturesweregrowninoneliterofme
diumin2500mlFernbachflasksforsixdaysona
rotaryshakerat110rpm Eachflaskwasinoc
ulatedwith20mlzoosporesuspension Aftersix
daysofgrowththeinitialliterofeachmedium
wasstoredat15Cinanincubatorforoneweek
whilethesecondliterofeachwasgrown

Inoculumwassprayedusingacompressedair
backpacksprayeratarateof05and15liters
ofmediumper10minaricefieldattheColusa
WildlifeRefugemaintainedformigratingbirds
Threesentinelcagesper10mplotcontaining10
secondinstarAnfreeborniand20secondinstar
Cxtarsalislarvaeeachwereplacedinthetest
plotsimmediatelyfollowing inoculationandtwo
weeks postinoculation An freeborni larvae
werenotavailableforthesecondsentineleval
uation Afterthreedaysinthefieldlarvae
werecollectedandreturnedtothelaboratoryto
monitorpercentinfection

Lagenidium giganteum oosporeevaluations
Lgiganteumoosporesweregrowninliquidshake
cultureonavarietyofmediacontainingyeastex
tractglucosecholesteroltrioleinortrilinolein
lecithinandmillimolaramountsofcalciumand
magnesium Sporeswerecollectedonfilterpaper
andstoredatroomtemperatureinpetridishes
foraminimumoftwomonthsbeforeinitiationof
germination Oosporeswererehydratedinasmall
volumeofwaterandcountedusingahemocyto
meter Germinationpathogenicity evaluations
wereperformedinanincubatorat302Cin
smallenamellinedpanseachcontainingoneliter
ofdeionizedwater Fourreplicatesatthreecon
centrations3x1015x10and30x10
oosporesliterwereinitiated Twentylatethird
or early fourth instar laboratoryreared Cx

tarsalislarvaewereaddedtoeachpananda
smallamountofgroundfishmealplacedineach
Astheypupatedtheimmatureswereremoved
fromthepansandheldfortwoadditionaldaysin
smallplasticcupstomonitorforinfection An

equalnumberoflarvaewasaddedbacktoeach
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pan Sevendaysafterrehydrationwhenthe
firstsignofLgiganteuminfectionwasevident
alllarvaeandpupaewereremovedfromthepans
andplacedinsmallplasticcupsfortwoadditional
days Fromthatpointuntilterminationofthe
experiment six weeks later all larvae were

removedfromtheinfectionpanseverytwodays
andreplacedwith20late instarCx tarsalis

larvaeperpan Deadlarvaewereimmediately
examinedunderadissectingscopetodetermine
whether theywere infectedwiththefungus
Livinglarvaewereheldfortwoadditionaldaysto
checkforlatentinfection Larvaewereremoved
everytwodaystoinsurethatalllarvalinfections
wereduetooosporegermination ratherthan

zoosporereleasefrompreviouslyinfectedlarvae
RESULTSRomanomermis culicivorax field

trials Thenematodesuccessfullyoverwintered
alongeightdifferentlinesofinoculationinfour
separatericechecksinwhichpostparasiteshad
beenappliedin1982Table1 Ratesofin

fectionvariedfrom0to32withgreatvariation
innematodeactivitydocumentedfromweekto
weekalongthesametransect Therewasnoob

viouscorrelationbetweenthedifferentapplication
rates2550or100gpostparasitesper100m
ormethodssprayvstubesandnematodeactiv
ityinthesefields

Migrationofpreparasitesawayfromthepoint
ofinoculationuponhatchingwasminimalFigure
1 Inthreeseparateevaluationsnearly80of
sentinellarvaewereinfectedalongtheinoculation
transectbutnematodeswerepresentinonly2of
larvaeplaced25mfromthetransect Infection

atverylowlevelsdidoccurasfaras10mfrom
the point where postparasites were originally
placedinthericefieldFigure1

ApplicationofR culicivoraxpostparasites
resultedinhighlevelsofinfectionamongsentinel
larvae 21 to 86 placed along inoculated
transects Table 2 An inadvertenttestof
postparasitetolerancetotheherbicideOrdramoc
curredwhenshortlyafterbeginning nematode

disseminationonJune3aplanebeganspraying
thefieldwiththischemical Weceasedoperations
untilsprayingceasedandresumedinoculationca
15minutesaftertheOrdramapplicationwascom
pleted Theverylowlevelofnematodeactivity
alongthistransectTable2 suggeststhatthis
compoundhadanadverseeffectonthepost
parasites

Lagenidiumgiganteumfieldtrials Atthe
inoculumratesused theasexualstageofL
giganteumsuccessfullyinfectedAnfreeborniand
Cx tarsalisonaricefieldhabitatTable3
Withtheexceptionofthe05literinoculation
usingthebasalgrowthmediumsupplementedwith
3g1wheatgermoilinfectionrateswerecompa
rableinallplots ThisstudyconfirmedthatAn
freebornilarvaewerelesssusceptiblethanCx
tarsalistotheasexualstageofL giganteum
FetterLaskoandWashino1983Westerdahland
Washinounpublisheddata

Lagenidium giganteum oosporeevaluations
Larvalmortalityoverthecourseofthemonitoring
periodduetooosporegerminationissummarized
inFigure2 Thefirstinfectionswereobserved
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EFFICACYOFROMANOMERMISCULICIVORAXANDLAGENIDIUMGIGANTEUM FORMOSQUITOCONTROL

STRATEGIESFORUSEOFBIOLOGICALCONTROLAGENTSIN RICEFIELDS

OFTHECENTRALVALLEYOFCALIFORNIA

JamesLKerwinandRobertKWashino

DepartmentofEntomologyUniversityofCaliforniaDavis California95616

INTRODUCTIONSuccessful implementation

ofbiologicalcontrolprogramsonanoperational
levelrequiresknowledgeofenvironmentalbehav
ioralandotherhostmediatedfactorswhichaffect
theinteractionofthehostandpathogenPinnock
and Brand 1981 Efforts to introducethe

merthimidnematodeRomanomermisculicivoraxand
theoomycetousfungusLagenidiumgiganteumas
alternativestothechemicalcontrolprogramscur
rentlyusedtocontrolmosquitoesintheCentral
Valleyhaveincludedstudiesonfactorsaffecting
theestablishmentandvirulenceoftheseagentsin
ricefieldhabitatsWesterdahletal1982Fet
terLaskoandWashino1983 Amongthefactors
thathavebeeninvestigatedarewatertemperature
and chemistry Brown and Platzer 1977

Westerdahletal1982FetterLaskoandWashino
1983 presence and abundance of nontarget

aquaticinvertebrates WesterdahlandWashino
KerwinandWashinounpublisheddataherbicide
and pesticide applications and soil type

WesterdahlandWashinounpublisheddata
Perhapsthemostimportantfactortobecon

sidered in attempting biological control of

mosquitoesinCentralValleyricefieldsarethe
spatialandtemporaldistributionofthelarvae
Mosquitodensityinricefieldsvariessignificantly
fromfieldtofieldCollinsandWashino1979
PalchickandWashino1979 withasmallpercent

ageofthefieldsapparentlyproducingalarge
proportionoftheadultmosquitoes Whenthelow

fielddensityisconsideredwiththemultivoltine
natureofAnophelesfreeborniandCulextarsalis
thetwomajorpestspeciesassociatedwithrice
fieldsamajorconcernofanybiologicallarval
controlstrategyishowtointroducethecontrol
agentsuchthatamoderatelevelofpathogenac
tivityissustainedthroughoutthefourtofive
monthmosquitobreedingseason

MostfieldstudiesusingRculicivoraxhave
involved direct application ofthe preparasitic

stageofthenematodereviewedbyPoinar1979
Peterson1982whichpenetratesthecuticleof
susceptiblemosquitolarvaeanddevelopsinca
sixdaysintothepostparasiticstage Useof

preparasitesallowsanassessmentofcontrolpo
tentialwithinoneweekofapplicationsbutper
sistence depends upon a sufficiently dense

indigenouslarvalpopulationatthetimeofappli
cationtoinsurecompletionofitslifecycle

Lagenidiumgiganteumfieldevaluationshave
involvedapplicationoftheasexualstageofthe
fungus Jaronski 1982 Washino 1982 Fetter

Laskoand Washino1983 Jaronski andAxtell

1983KerwinandWashino1983a Useofthe

ephemeralzoosporestageissubjecttothesame

host densityconstraintsasdescribed for R

culicivoraxalthoughrecyclingofthefungushas
beendocumentedfollowingapplicationofzoospores
in several environments FetterLasko and

Washino1983JaronskiandAxtell1983 Only

recentlywiththedevelopmentofaninvitro
methodforproductionofLgiganteumoospores
hasithasbeenpossibletoevaluatethesexual
stageofthefungusformosquitocontrolKerwin
andWashino1983b

PostparasiteapplicationsofR culicivorax

haveproventoexertsomedegreeofcontrolof
larval populations in California rice fields

throughoutthebreedingseasonWesterdahland
Washino1982KerwinandWashino1983a Fur

therevaluationoftheefficacyofthisnematodeis
includedinthisreportalongwithfieldtestingof
theasexualzoosporestageandlaboratoryeval
uation of L giganteum oospore germination
Theseresultsarediscussedinrelationtostrat
egiesfortheintroductionofbiologicalcontrol
agentsintoricefieldsformosquitocontrol Ad

vantagesofpostparasiteversuspreparasiteappli
cationsofRculicivoraxanduseofthesexual
ratherthantheasexualstageofLgiganteumare
summarized

MATERIALS AND METHODSRomanomermis

culicivorax field applications R culicivorax

postparasiteswererearedattheSutterYuba
MosquitoAbatementDistrictaccordingtoestab
lishedprotocolCritchfieldetal1982 Weekly
fromJune3throughSeptember9400gofpost
parasiteswereinoculatedca25metersfromrice
fieldleveesatarateof50gper100mlinear
transect Initiallypostparasitesweredissemin
atedusingcompressedairbackpacksprayers
howeverduetotherelativelylargesizeofthe
postparasites the pumping mechanism ofthe

sprayersinvariablybecameinoperablewithinsev
eralweeks FromearlyJulyuntilterminationof
theinoculationsnematodesweredispensedinwa
ter suspensions from backpack sprayersfrom
whichthepumpingapparatuswasremoved The

spraytankswereconstantlyshakenandaliquots
ofthenematodesdumpedevery25mthroughthe
exitporttowhichthesprayhoseandnozzlewere
previouslyattached AllfieldsinoculatedwithR

culicivoraxwerelocatednearthetownofSutter
CA

Beginning June 24 sentinel larvae were

placedweeklyinricefieldstomonitorpreparasite
activity Sentinelcagescontaining20secondin
starCulexpipienslarvaewereplaced5meters
apartwith10cagesplacedalongagiventran
sect Larvaeremainedinthefieldforthreedays
andwerebroughtbacktothelaboratoryforeval



TECHNIQUESOFCOLDFOGGINGFORADULTMOSQUITOES

KennethGWhitesell

ColusaandGlennCountyMosquitoAbatementDistrictsPOBox208ColusaCA95932

DonWomeldorfpresentedatalkattheAmer
icanMosquitoControlAssociationin1983 The

titlewasTheCaliforniaExperiencewithULV
Aerosols AnAnnotatedBibliography Donlists

inchronologicalorderpaperspublishedinthe
ProceedingsoftheCaliforniaMosquitoandVector
ControlAssociationdealingwiththedevelopment
efficacyandsafetyofULVaerosolsinCalifornia
mosquitocontrol Hehascondensedthesepapers
andpeoplewhoareinterestedincoldfoggersas
weseemtocallthemshouldtaketimetoread
thesepapers InpreparingthispaperIwas
remindedofalltheworkandtimethatagroupof
ushaveputintothedevelopmentofmachines
chemicalsdosageratestechniquesingeneral
andlastbutnotleastweather Youcanhave

thebestmachineandthebestchemicalbutif
theweatherisnotrightforgoodsprayingyou
mightaswellforgetit

Manyofyousittingouttherealreadyknow
whatImabouttosay Whatyouneedforgood
sprayingweatherisaninversion simply cool

onthebottomwarmonthetop Inthepastwe
havetalkedmarineair NormAkessonandhis

peopleusedthetermseabreeze Ifeelthatthe

marineaircomingintothevalleyfromthebay
areacreatesasoutheastbreezethathasacool
ingeffectonournorthvalley GeneKauffman

sayshedoesntneedmarineairashegetsanin
versioneverynight Heisgettingacoolair
flowfromsomewheremaybefromthehillstothe
east IseethisconditioninWillowwhichis35
milesnorthofColusaandonthewestsideofthe

valleyabout5milesfromthefoothills Thereare

timeswhenColusahasalapseconditionwarm
bottomcoldtopasdidWillowsintheearlyeven
ing Aftertheevening progressed the air

movementfromwesttoeastfromthehillspro
ducedaninversion Colusastilldidnothavean
inversion SometimestheinversioninWillowsmay
notlastlongbutifwecanhave11to2hours
wecantreatthecities

Thereareconditionsduringthedaywhich
weuseasinformationfortheevening Oneof
themainsourcesofinformationhasbeenthebar
ometer Overthelastfewyearswehavekept
informationonbarometerreadingandsprayor

85

nospraynights Ifthebarometeris299to30

pluswehaveagoodindicationofanogo
night Ititsunder299itwilllookbetter
AnotherindicatorweuseistocalltheWeather

BureauinSacramentoforthewindvelocitypre
dictedforaircomingfromthebayareaintothe
valley Ifwindsarepredictedat15mphorless
thenweprobablywillnotreceiveanycooling
Fifteento20mphisthegrayarea Withnocool

ingairwecanexpectahotquietnightandno
nightwork Wepreferwindvelocityfrom 5

mphwithasteadydirection
Nowcomes instrumentation SutterYuba

hasoneofthebetteroperationalsetupsinour
areaSlideI Thetowerwhichisabout50ft
in height has three temperature sensors as

shownSlide11and111leadingdownintore
cordingdevicesSlideIVandV Thetowersat

ColusaandWillowsconsistoftwosensorsleading
intometersintheoffices Thesensorsareabout

9ftand33ft3Mand10M Thereasonfor

theheightofthesensorsIdontknow Some

timewaybackNormAkessonsaidthatitwasthe
distanceandwedidit

NowtheStabilityRatio Thereisachart

whichyoucanusethatwilltaketheweathermea
surementdataandtransposeitintoanumberthat
willdetermineagoornogonightSlideVI
Theleftsideisthetemperaturedifferenceand
thebottomiswindvelocity Followthecurveto

anumberandthehigherthenumberthebetter
thespraynight

IhaveusedmyColusaandGlennDistricts
asexamplesofhowwehavelearnedtodetermine
weatherinregardtospraynights ThepointI
wanttoemphasizeisthis Getintoyourarea
dayandnightandlearntheindicationsthatthe
weathergivesyouonwhetheritisagoorno
go Sometimesouttherethereisaninversion

LastbutnotleastthereisaDistricttothe
northofmethathasawayofdeterminingspray
nights Themanagerrunsoutoftheofficeand
grabsahandfulofdirtandthrowsitintothe
air Ifitlaysdownandthedriftistohislik
ingthentheyspray Thismethodiscalledthe

Tehama Modified Method Thank you Mel

Oldhamforyourscientificcontribution



Table3 InfectionRatesofLagenidiumgiganteuminAnophelesfreeborni
andCulextarsalisLarvaeinaCaliforniaRiceField

Medium

InoculationRate

Liters10m

Wheatgerm 05

Wheatgerm 15

Wheatgerm
linseed

Wheatgerm
linseed

Cornlinseed

05

15

05

Cornlinseed 15

zoosporogenesisbyLgiganteum Ithasbeen
assumed that the type and concentration of

sterolsinhempseedswereresponsibleforits
utility despite the inability to stimulate

zoosporogenesisusingacomparablemixtureof
purifiedsterolsDomnasetal1977 Itispos
siblethatthehighlyunsaturatednatureofthe
constituentfattyacidsofhempseedsplaysan
importantroleintheinductionofzoosporogene
sis Becausezoosporogenesisinvolvesaseriesof
discretefusioneventsOlsonetal 1981any
compoundaffectingcleavageandfusionbehavior
willprobablyalsoaffectzoosporeformationThe
natureofmembranefattyacidsespeciallythede
greeofunsaturation hasamarkedeffecton
fusionrelated processes Cullis and deKruijff

Monitoring Anopheles Culex

Period

A 57

B

A 83

B

A 79

B

A 76

B

A 78

B

A 86

B

PercentInfection

freeborni tarsalis

67

24

100

15

100

100

0

100

7

100

11

2A Sentinellarvaeplacedinfieldimmediatelyfollowingfungalinoculation
B Sentinellarvaeplacedtwoweekspostinoculation

5

1Basal rowthmediumofg gLdeionizedwater 125glucose125peptone
125ArdaminepH0075CaC12Hsupplementedwith30gLwheatgermoil 20gLwheatgermoilprus10glinseedoil or20gLcornoilplus
10gLlinseedoil

3Afreebornlarvae werenotavailableforthesecondBmonitoringperiod
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1978 Thisclassofcompoundsthereforemer
itsevaluationinfuturestudiesonthemolecular
biologyofzoosporogenesisbyoomycetousfungi

Usingtheexperimentalprotocoldescribedin
vitroculturedLgiganteumoosporesgerminated
inthelaboratoryoveraseveralmonthperiodfol
lowingactivationbysuccessivedehydrationand
rehydration Thisnonsynchronousgerminationis
idealformosquitocontrolinCentralValleyrice
fieldswheremultiplegenerationsoccurthroughout
thegrowingseason Germinationofthesporesis
likelytobeevenlesssynchronousunderfield
conditionsandasingleapplicationofoospores
wouldprobablyexertsomecontrolonlarvalpopu
lationsfromlateMaywhenfieldsarefirstflooded
untillateSeptemberorearlyOctoberwhenfields
aredrained
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Withadditionalinfectiveasexualzoospores
releasedfrommosquitolarvaewhichareinfected
bygerminatingoosporesLgiganteumhasthepo
tentialtomaintainitselfatlowlevelsduringthe
breedingseasonintheabsenceofasuitablehost
yetrapidlyincreaseitsactivitytoepizooticlevels
whenlarvalpopulationsarehigh Largerscale
testsareplannedforthenexttwoseasonsto
furtherevaluatetheefficacyofLgiganteumfor
fieldcontrolofmosquitoes
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LABORATORYSTUDIESONTHEEFFECTSOFLAGENIDIUMGIGANTEUMCOUCHONPSOROPHORACOLUMBIAE

DYAR KNABANDANOPHELESQUADRIMACULATUSSAYINTEXAS

ThierryMWorkandJimmyKOlson

CulexquinquefasciatusSay knowntobe

susceptibletoLagenidiumgiganteumCouchwas
usedasacontrolorganisminalaboratorystudy
todetermineifthefunguswaspathogenictosec
ondthirdinstarlarvalstagesofthemosquitoes
Psorophora columbiae Dyar Knab and

AnophelesquadrimaculatusSay Thisstudyalso

This work was supported in part by
ResearchGrantCR8067701RF803624148
US Environmental Protection Agency
WashingtonDC

2DepartmentofEntomology University of
CaliforniaDavisCalifornia95616

3DepartmentofEntomology TexasA M

UniversityCollegeStationTexas77843

attempted to find the concentrations of L

giganteumneededtogiveoptimummortalityfor
the three mosquito species To expose the

mosquito larvae to the fungus sections of

sporulatingagarplateculturesofLgiganteum
werehomogenizedinoneliterofdeionizedwater
Thesefunguswatermixtureswerethensprayed
intopanscontainingsecondthirdinstarlarvaeof
thethreemosquitospecies

PscolumbiaeandAnquadrimaculatuswere
found to besusceptibleto infections by L
giganteum Thiswasdemonstratedbyobserving
fungalsporangiawithinlarvalcadavers Theob

servationofexittubesandtheformationof
progeny zoospores from sporangia within An

quadrimaculatus larvae indicated that L

giganteumisabletopropagateinthismosquito
species Mortalityinducedbythefungusonall
threespeciesofmosquitoeswaserraticthere
foretheconcentrationsoffungusneededtogive
optimum mortality for the three species of

mosquitoeswasnotdetermined
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ALABORATORYSTUDYOFCRUSTACEANPREDATIONONMOSQUITOLARVAE

TMiuraandRMTakahashi

MosquitoControlResearchLaboratoryUniversityofCalifornia
9240SRiverbendAvenueParlierCA93648

CrustaceanpredationonCulextarsalislarvaewereconductedinthelaboratoryusingOstracoda
BranchiopodaandCopepodaonlysubclassCopepodacanpreyonearlystagesoflarvaewhentheyare
providedasfoodsourcesasinglecopepodCyclopsvernalisFisherconsumedameanof183firststage
larvaeina48hourperiodwitharangeof086to28

SubclassOstracodaCyprissubglobosaSowerbyandBranchiopodaSimocephalussppfailedto
preyonhealthymosquitolarvaebuttheymaycompetewithmosquitolarvaeforavailablefood

Crustaceansarethemostabundantinverte
brateinFresnowestsidericefieldsMiuraetal
1981 AmongthemsubclassOstracodapredom
inatedfollowedbyBranchiopoda Cladocerans

andCopepoda
Itisalsoknownthatsomecrustaceansprey

onmosquitolarvaeJenkins1964 eginthe
laboratory one tadpole shrimp Triops
longicaudatus Le Conte Apus lucasanus

Packardconsumed3082ndinstarmosquitolarvae
in5daysandanotherdevoured4752ndinstar
larvae in 4days Mail 1934 and a single
copepodMesocyclopsobsoletusKochdestroyed
15to20instarmosquitolarvaeina24hourperi
odBonnetandMukaida1957

Thisstudywasdesignedtoanswerthese
questions 1 Can crustaceans ostracods
cladocerans and copepods prey on Culex

tarsalisCoquillettlarvae 2 Ifsohowmany
andwhichstagesoflarvaecantheypreyonfor
alimitedtimeperiod

MATERIALS AND METHODSThe rate of

crustacean predation was studied for various

predatorsandpreydensitiesinthelaboratory
The crustaceans tested as predators were

Ostracoda Cypris subglobosa Sowerby
Branchiopoda Simocephalus sp Copepoda
Cyclops vernalis Fisher All werecollected

fromricefieldslocatedabout10kmSWofDos
Palos California They were sorted and

conditionedtolaboratoryconditionsfor2days
priortotesting Thecrustaceanswereloaded

numbersaspertables1 and2into12oz

styrofoamcupscontainingca 300mloftap
water held at 2125C Laboratory colonized

Culex tarsalis larvae were used as prey

organisms Onetotwoeggraftswereaddedto
eachcupandtheraftswereexaminedeveryday
forhatch Afteralleggswerehatchedtherafts
werecarefullytakenoutofthecupsandthento
talnumberofhatchedunhatchedanddamaged
eggswerecountedandtabulated Therateof

predationwasdeterminedat48hourposthatchby
countinglivelarvae Thenumberoflarvaedying
fromcausesotherthanpredationwascalculated
byestablishingacontrol unitforeachtest

TestswererepeatedthreetimesforOstracoda
andBranchiopodaCladoceransandseventimes
forCopepoda

ABSTRACT

RESULTSANDDISCUSSIONThedataob

tainedfromcopepodpredationstudiesisshownin
Table1 IndividualCyclopsvernalisconsumedan
averageof183firstinstarCxtarsalislarvaein
a48hourperiod Thecopepodswereobserved
toattackandinjurehealthylarvae Injuredand
weakenedlarvaewerethenclaspedbyoneor
morecopepodsandthebodycontentssuckedout
subsequently thedead bodieswerediscarded

FigIA Attackingtechniqueswerehitand
runornibbling usuallybyasinglecopepod
onasingleprey Howeveronseveraloccasions
wehaveobservedsimultaneousgroupattacksby
twoormorecopepods Preferredattackpoints
weremembraneousareasintheposteriorendof
thethoraxandthe8thabdominalsegmenthow
eversomecopepodsattackedtheconjunctivesbe
tweenabdominalsegmentsFig1B

Copepodsmay playan importantrole in

supressing immature at least early instar

mosquitopopulationdensitiesinricefieldsbe
causetheformeraresoabundantFig2and
distributedfairlyuniformlyinricepaddiesFig
3 In addition their group attacking and

ravenousbehaviormayenhancethispredationef
ficiency

Table2showstheresultsobtained from

cladoceranandostracodpredationstudies Nei

thercladoceransnorostracodsappearedtoprey
onhealthyfirstinstarlarvaeofCxtarsaliswhen
only larvaewereprovided asafoodsource

Theymayhowevercompetewithmosquitolarvae
foravailablefood

OstracodsaccordingtoPennak1953are
omnivorousscavengerstheirfoodsconsistmostly
ofbacteriamoldsalgaeanddetritus Some

largerostracodscanfeedondeadanimals Our

studyindicatesthattheycannotpreyonhealthy
mosquitolarvaebutonseveraloccasionswehave
observedthemfeedingoninjuredbutstillalive
larvaeinthetestcupsFigIC

In summary ofthe three subclasses of

crustaceanstestedonlyCopepodasuccessfully
preyedonearlystagesofCx tarsalislarvae

SubclassOstracodaandBranchiopodaappearedto
be unable to prey on healthy larvae but

Ostracoda consumed injured live larvae

Copepodamayhaveanimportantroleinsuppres
sionofmosquitopopulationdensitiesinricefields
becauseoftheirbehaviorabundanceandpopu



Table1 ACopepodpredationofCulextarsalisinthelaboratory

numberoflarvaeat48hrsposthatch

adjustedbytheAbbottsformula

Test Noraft Nohatched Nolarvaa Nocopepod Survival Reductionb Reduction

copepod

Control

1 2333 330 312 0 945 55 0

2 2225 223 196 0 879 121 0

3 1166 166 162 0 976 24 0

4 1108 103 98 0 951 49 0

5 2235 230 194 0 843 157 0

Test

1 2254 249 80 76 321 650 213

2 2346 337 49 102 140 848 280

3 1145 145 32 128 221 760 086

4 1159 147 108 12 735 200 242

5 1185 180 82 74 456 504 123

6 1153 148 24 49 162 824 249

7 186 84 33 41 393 428 088

Table2 AcrustaceanostracodsandcladoceranspredationofCulextarsalisinthelaboratory

95

Test Noraft Nohatched Nolarvaa NocrustaceanSurvivedReductionb

anumberoflarvaeat48hrsposthatch

badjustedbytheAbbottsformula

Reduction

organism

Control

1 2333 330 312 0 945 55 0

2 2225 223 196 0 879 121 0

3 1166 166 162 0 976 24 0

Ostracod

1 2275 268 257 10 899 364 0

2 2236 227 223 10 982 0 0

3 1121 113 111 10 982 0 0

Cladoceran

1 2295 276 258 68 935 0 0

2 2226 117 109 33 932 0 0

3 1114 105 98 48 933 0 0
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A Deadmosquitolarvaearrowson
thebottomofacopepodcup

B Amicrographoffreshlyinjured
mosquitolarvashowingattacking
pointsarrow

C Mosquitoheadcapsulesarrows
onthebottomofacupcontaining
copepodsandostracods
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Figure2 SeasonalpopulationdensitiesofcopepodsinFresnoWestside
ricefields
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Figure3 DistributionofcopepodsinFresnoWestsidericefields
A SpatialdistributioninapaddyNocopepoddip
B FrequencydistributionXaxis nocopepoddipYaxis

frequencyofeachcollectionmodifiedfromMiuraetal1981

lationdensitywhichgrowsastheseasonpro
gresses

ACKNOWLEDGMENTThisstudywasfunded
inpart byaspecial CaliforniaStateappro
priationformosquitocontrolresearchandby
USDAcooperativeagreementNo82CRSR21010

REFERENCESCITED

BonnetDDandTMukaida1957 Acopepod
predacious on mosquito larvae Mosquito
News1799100

JenkinsDW1964 Pathogensparasitesand
predatorsofmedicallyimportantarthropods
Annotated list and Bibliography WHO
Suppl Bull304078

MailGA1934 ThemosquitoesofMontana

100

o
0

1
111

5
1050100 100

MontanaStateColl Agri Exp St Bull
288 72P

MiuraTRMTakahashiandWHWilder
1981 Theselectedaquaticfaunaofarice
fieldecosystemwithnotesontheirabun
dancesseasonaldistributionsandtrophic
relationship Proc Calif Mosq Vector
ContAssoc496872

PennakRW1953 Freshwaterinvertebrates
oftheUnitedStates RonaldPressNew
York769P

97



98

INITIALOBSERVATIONSOFROMANOMERMISCULICIVORAXASABIOLOGICALCONTROLAGENT

MichaelRKimballandEugeneEKauffman

SutterYubaMosquitoAbatementDistrictPOBox726YubaCityCalifornia95992

INTRODUCTION SutterYuba Mosquito
AbatementDistricthashadtheobjectiveofrear
ingthemermithidnematodeRomanomermisculi
civoraxonanoperationallevelsince1980 This

yearthatobjectivewasrealized Atotalof7545

gpostparasitesandapproximately40millionpre
parasiteswereappliedthroughoutthedistrict
Onezoneinthedistrictwasgivenpriorityfor
nematodeavailabilitymonitoringandevaluation
Biologicalcontrolusingnematodeswasusedas
muchaspossible Thispaperwilldealwiththe
workdoneinthisgeographicalzone

TheSutterYubaMosquitoAbatementDis
trictlocatedintheSacramentoValleyiscom
prisedof660squaremilesandisprincipallyag
ricultural Theprimarycropisrice 138000

acresin1982whichisthelargestsingleproduc
erofmosquitoes Thedistrictmustalsodeal

withextensivedrainagesystemsandseepageas
sociatedwithagriculture

MATERIALS AND METHODSSites for

nematodeutilizationwereselectedthathadbeen
orwereactivesourcesofmosquitoproduction
Sites with Gambusiaaffinis presentwerenot
used Afternematodeapplicationnoothermeth
odsofcontrolwereused Siteselectionleaned

towardvariedsoiltypesdegreeofcanopyand
vegetation

Nematodes were introduced as both pre

parasitesandpostparasitesFigure1 Pre

parasiteswereintroducedwherelarvaewerepre
sentatgreaterthan1perdipattheinitialin
spection Howeverwherelarvaewerepresentat
lessthan1perdippretreatmentpostparasites

EMERGENCE

ANDHOSTDEATH

PARASITIC

PHASE

POST

PARASITES ADULTS

EGG

FIGURE1

wereused Preparasiteswereappliedatarate
of1000permandpostparasitesatarateof40
gperm Thereareapproximately2500post
parasitesperg Acertaindegreeofdiscretion
wasusedateachparticularsiteindetermining
theplantingrate Anirrigationcanalforexam
plewherethelarvalhabitatatthebanksissep
aratedbyastreamofswiftlymovingwaterwas
plantedoneachsideasiftwoseparatesources
Wheretheactuallarvalhabitathadamarginex
ceeding25minwidththeplantingratewasin
creasedto80gperm Theplantingofpre
parasitesrequiredadeterminationofactuallarval
habitatinm

Postparasitesweretransportedtothefield
inplasticvialswith1gofnematodesandapprox
imately10mlofwater Preparasitesweretrans
portedin3gallonplastichandcanswithadded
waterforamoreuniformapplication Applica
tionsweremademanually Preparasiteswere
sprayed evenlyover the targetarea Post

parasitesweredeposited1geach25m Atthe

timeofapplicationasitedescriptionwasmade
andsoilandwatertemperaturesrecorded

Postparasitesitesweremonitoredforin
fectionatthe3rd 4thand5th week post
treatmentandthenatvarioustimeslaterduring
theseasonwheretimepermitted Preparasite
sitesweremonitored initiallyat3to7days
posttreatmentandthenthe4thweekandsubse
quentlywhentimepermitted Thissequenceof
samplingattemptedtocoincidewithactivepre
parasitesandpossiblelarvalinfectionbasedon
thelifecycleofthenematode Ateachsampling

PREPARASITES

e EGGS

eOA
HATCH

s

LAYING0



soilandwatertemperaturesweretaken Astan

dardizedmethodwasusedtoobtaintemperature
insuring precision between sites Larvae re

coveredwerelabrearedto4thinstarthendis
sectedtodetermineinfection

Wherenolarvaecouldberecoveredpost
treatmentsentinelcageswereused Cagescon
tained20labreared2ndinstarCulexpipienslar
vaeandwereplacedfor48hoursandthenre
trieved Afterretrievalthelarvaewerereared
to4thinstarandthendissectedtodeterminein
fection Thesentinelcageconsistedofaplastic
container15cmdeepwithadiameterof20cm
Thebottomlidand4largesidepanelswere
removedandreplacedwithveryfinemeshscreen
Threelargefishingfloatswereattachedtothe
sidetoensureflotation

RESULTSANDDISCUSSIONAtotalof27
siteswereplantedwithnematodes Ofthese
sites22weresampledforinfectedlarvae In65
instances larvaewildandsentinelwerere
coveredfromsitestodetermineinfection The

meaninfectionofsitessampledwas2785 909
atthe05confidencelevel Ofthe22sitessam

pled13showedinfectionatsomepointduring
samplingor590ofthosesampled

Severalenvironmentalvariableswereexam
ined Thefirstofthesewasseasonality Mean

percentinfectionwasgraphedinrelationshipto
thetimeperiodextendingfromJunetoSeptember
Graph1 Thenumbernexttoeachpointrep
resentsthenumberofsitessampled There
gressionlineshowsadefinitetrendtowardde

NUMBEROFSAMPLES
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20

x

2

JUNE JULY

creasinginfectionforthemonthsofJunetoSep
tember Operationallythepatterndemonstrated
bythisdatamaydictateplantingnematodesup
to but no later than the beginning of
September Severalquestionsareraised Will
the postparasites planted during September
producepreparasitesandpossibleinfectionthe
followingspring Alsohowearlyinthespring
willdiapauseceaseandparasitismresume We

willattempttoanswerbothofthesequestions
nextseason

Thesecondvariablewelookedatwassoil
temperatureatthetimeofsampling Percentin

fectionwasgraphedinrelationshiptosoiltemper
atureattimeofsamplingGraph2 Thereap
pearstobenosignificantrelationshipheregiven
therangeinsoiltemperaturebetween165and
320C

Thethirdvariableexaminedwaswatertem
peratureatthetimeofsampling Percentin

fectionwasgraphedinrelationshiptowatertem
peratureatthetimeofsamplingGraph3 Here

againthereappearstobenorelationshipgiven
therangeinwatertemperaturebetween170and
400C Thesewatertemperatureresultsreally
cameasnosurprise Predominatelyourwater
temperaturesfallintotherangesthatthelitera
turesuggestsasbeingoptimalfortheinfectionof
CulexpipiensBrownPlatzer1977

Soiltypesdidnotseemtoinfluenceinfection
rates Thepercentinfectionwasveryevenbe
tweenthethreepredominantsoiltypesinourtest
zone PlacentiaHildrethStocktonandLandlow
series
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Thelastvariableconsidered wascanopy
Therewerediversedegreesofcanopyinourtest
zonewithnodegreeofcanopyshowingagreater
infectionrateoveranother

Aperplexingsituationaroseusingthesenti
nelcages Therewasahighmortalityofthe2nd
instarlarvaeduringthe48hourperiodthatthe
cageswereleftatthesites Onseveraloc

casions100mortalityoccurred Twopossible
reasonsforthisphenomenonaresuggested One

suggeststhatheavilyparasitizedsentinellarvae
arekilledimmediatelyanddecayinthefieldUni
versityofCaliforniaDavispersonalcommunica
tion Secondlyflatwormsmaybepreyingupon
thesentinellarvae Thelatterhypothesisseems
unlikelyafterseveralnocturnalanddiurnalin
vestigations of sentinel cages revealed no

flatwormsordismemberedlarvae Sincesentinel

cageswereonlyusedwhenwildlarvaecouldnot
befoundwefeelthatmultipleparasitismorwa
terqualityareprobablefactors Thisproblem
willreceivemoretestingnextseason

Initialevaluationofthepostparasiteappli
cationrateof40gperminrelationshiptothe

REFERENCESCITED
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rateof10gpermwhichwasusedinallother
zonesofSutterYubaMADshowsthattherateof
40qpermyieldsmuchhigherinfectivity We

willcontinuetousethishigherratenextseason
Nextseasononlysitesintheexperimental

zonewithlarvaepresentwillbeplanted Wefeel

thatlarvaeavailableforparasitismimmediatelyby
preparasitesareveryimportantfortheestab
lishmentandcyclingofnematodes

Theoperationaluseofnematodesandtheir
initialevaluationhaveansweredsomequestions
andalsocreatedseveralnewones Wefeelthat
moreuseandtestingiswarrantedtodetermine
theefficacyofthenematodeasabiologicalcon
trolagentinselectedhabitatsofSutterYuba
MosquitoAbatementDistrict

BrownBJandEGPlatzer 1977 The

effectsoftemperatureontheinfectivityof
Romanomermis culicivorax J Nematol
9166172
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BIOLOGICALMOSQUITOCONTROL BROADERRECOGNITIONOFPASTSUCCESSES

ANDFUTURERESEARCHEMPHASES

EFLegnerandRDSjogren

ABSTRACT

Naturalenemysystemsthatpersistintheenvironmentincreasetheireffectivenessthroughfieldre
productionandmaycoevolvewiththeirhoststominimizethedevelopmentofresistancetopesticides
Somebioticinsecticidesarecommerciallyavailableforshorttermdirectmosquitocontrol Anextended

viewofbiologicalcontrollikelihoodshoulddifferentiategeographicareashabitatcharacteristicsandhu
manannoyancetolerancelevels Intensifiedstudiesofcertaininvertebratesfungiandbacteriaarede
sirable

Theaccepteddefinitionofbiologicalcontrol
fromamedicalviewpointrecentlystatedbythe
6thWorldHealthOrganizationExpertCommittee
onVectorBiologyisThecontrolofpestsin
cludingthevectorsofhumandiseasebydirect
orindirectuseofnaturalcontrolagentswithor
withouttheirmetabolites Impliedinthisdefini
tionisthepresenceofsomelivingnaturalbiotic
agent Thefirsteffectiveefforttoorganizein
formationonbiologicalcontrolofmedicallyimpor
tantpestswasmadebyJenkins1964 Follow

ingacceleratedresearchemphasisinthe1960s
and1970snewreviewshavedealtwithvarious
aspectsofmosquitobiologicalcontrolBay1973
1974Bayetal1976Chapman1974Garcia
Dahlsten1980Hertleinetal1980Laird1971
1980Legneretal 1974 Service1983World

HealthOrganization19731982
Althoughconsiderableresearchhasshown

that natural enemies can effectively reduce

mosquitonumbersacontroversystillexistsabout
thepracticalvalueofbiologicalcontrolService
1983 Asistypicalofbiologicalcontrolgeneral
lycontrolofmosquitolarvaeandpupaeisusual
lynotasimmediateasfieldworkerscustomarily
experiencewith insecticides In manycases

howevermosquitoreductionsatdifferinglevels
havebeencontinuousandinafewcasesperma
nent Carefulfieldstudiesofsemipermanent
habitatsalsohaveshownthevalueofresident
naturalenemiesinmaintainingthemosquitolarval
densitiesatlevelswhichdonotrequirecultural
orinsecticidalcontrolmeasures Caremustbe

exercisedtopreservenaturalpredatorcomplexes
without disrupting significant interacting
predatormosquito componentsbyinappropriate
insecticideusage Recognitionofsuchareascan
greatlyreducethecostofmosquitoabatement

1Entomologist and Professor Division of

Biological Control Department of Entomology
University of California Riverside California

92521

2Director Metropolitan Mosquito Control

District2380WycliffStreetStPaulMinnesota
55114

butcarefulstudiesoverseveralyearsandsea
sonsareusuallyrequiredCase Washino1979

Collins Washino1978Glenn Chapman1978
Hauseretal19761977Washino1981 Where

field reproductionofnaturalenemycomplexes
occursthetheoreticalpossibilityofcoevolution
withtheirmosquitohosts existswhichcould
minimizedevelopmentofhostresistanceresulting
in greater predatorprey stability at lower

mosquitolarvalpopulationdensities
Sometimesperiodicadditionsofnaturalen

emiestochronicmosquitobreedingareasareef
fectiveinreducingbreedingtolevelsacceptable
bylocalresidents Thisstrategyhasgainedthe
mostattentionbyresearcherswhoareinvariably
ledtosuchproblemareas Variousorganisms
havegivenpracticalcontrolunderfavorableen
vironmentalconditionswiththisapproachAli
Mulla1983 Axtelletal 1982Chapman1974
Garcia DesRochers1979Garciaetal1980
Georgeetal1983Goldberg Margalit1977
Jaronski Axtell1983Legner19771978a1979
Legner Yu1975Legneretal1975bLevy
Miller1977a 1977b 1978 Miuraetal 1980

Sjogren Legner1974 Sweeneyetal 1983

Schaefer Kirnowardoyo1983Yu Legner1976
Yuetal1974a1974b1975 Howevertodate

massproductiontechniquesarelimitedLegner
1978bLegner Medved1974bLegner Tsai

1978Legneretal1976Lenhoff Brown1970

Medved Legner 1974 Nelson 1979 Tsai

Legner 1977 and only parasitic nematodes

BacillusthuringiensisSerotypeH14andBacillus
sphaericusNeideareavailableforwidespreaduse
Schaefer Kirnowardoyo1983Service1983
Whenrecyclingoftheseorganismsdoesoccurit
isusuallysignificantonlyduringtheyearofap
plicationwithwintercarryovernotbeinghigh
enoughtoevokesatisfactorymosquitoreductions
duringtheearlypartoftheseasonofthefollow
ingyear

Naturalenemiesmayoccasionallybeaddedto
mosquitobreedinghabitatswheretheypersist
dependablyrecyclingovertime Theminnows

GambusiasppandPoeciliareticulataPetersare
mostcommonlyusedinthismannerBayetal
1976Galletal1980Hoy Reed19701971

Hoyetal19711972Mulliganetal1983 The



use of native fishes also appears promising
Legner Medved1974aLegneretal1975a
Walters Legner 1980 Three species of

cichlidsSarotherodonmossambica PetersS
hornorumTrewazasandTilapiazilliiGervais
havebecomepermanentlyestablishedinca2000
hectaresofCulex tarsalis Coquillettbreeding
habitatintheirrigationsystemofsoutheastern
California Intheseareasmosquitoesarecon
trolledbythedualactionofthefishfeedingon
protectiveaquaticvegetationwhichcreatedfavor
ablebreedinghabitatandbydirectpredationof
mosquitoeggslarvaeandpupaeLegner1978a
1983Legner Fisher1980Legner Medved

1973a1973bLegner Murray1981Legner
Pelsue1983Legneretal1975c Thisexample
ofpermanentbiologicalmosquitocontrolisdepen
dentonfavorablewatertemperaturesthatallow
persistenceofthesubtropicalcichlidsanda
continuoussupplyofirrigationwatertocanals
anddrainageditches Itisprobablyapplicable
onlytoareaswheresimilarsophisticatedwater
managementcan guaranteea permanentwater
supply

Another case of permanent biological
mosquitocontrolisinthepavedriverdrainageof
southwestern California where two species of

cichlidfishShornorumandSmossambicaare
establishedathighpopulationdensities Aquatic
vegetationcanaccumulatetherearounddebrisin
theformofboardsandtiresprovidingprotective
nichesforCulextarsalisStarvingpopulationsof
thecichlidsLegner Pelsue19801983con

stantlyforageatthesesiteseliminatingboththe
aquatic vegetation and the mosquitobreeding
there Howevertheprincipalfoodsustaining
thesefishischironomidlarvaewhichallowsthem
tobuildupannuallytothelargenumbersneces
saryforeffectiveaquaticweedcontrolLegner
Medved1973bLegneretal1983 Persistence

ofthesesubtropicalspeciesinwinterisapparent
lydependentonanartificialsourceofwarmwater
suppliedbyapowergeneratingplantadjacentto
oneofthepavedchannels

Practical ConsiderationsThe relative

stabilityofaquatichabitatisaprincipaldetermi
nantinthesuccessfulutilizationofbiologicalcon
trolagentsformosquitoes Toachievepredator
preyequilibriumatalevelwhichwillprevent
diseasetransmissionandorsustainmosquitopest
populationsbelowthehumanannoyancetolerance
levelcostconsiderationsusuallydictatethatthe
controlagentmustreproduceafterinoculationto
achievesatisfactorycontrollevels Forthisrea

son thepermanentandsemipermanentwater
generaCulexCulisetaandAnopheleshavere
ceivedmoreattentioninbiologicalcontrolthan
haveAedesorPsorophoraInthesporaticinter
mittantwaterhabitatofthelatterbrooddevelop
mentcanoccurin35to7daysrequiringcostly
inundativereleasesofpredatoryagentsorappli
cationsofmosquitopathogenswhichserveasbio
logicalinsecticides Thehighestlevelsofcontrol
havebeenachievedunderlowtomoderatelarval

populationdensities Massivesynchronousbrood
developmentbyAedes orPsorophoramayat
timesexceedthecontrollingcapacityofeconom
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icallyfeasibleinoculationlevels Insuchcases
concurrent inoculations of compatible chemical

controlagentscanbeusedegjuvenilehor
mones

In stable aquatic habitats Gambusia

affinisaffinisBaird Girardcontinuestobe

theprimarybiologicalcontrolagentusedinearly
seasoninoculativereleases Adversesideeffects

ofthisspeciescausingphytoplanktonicblooms
Hurlbert1975Hurlbert Mulla1981Hurlbert
etal1972haveneverbeenreportedoutsideof
aquariumenvironmentWalters Legner1980
Anumberofeffectiveinsectandnoninsectinver

tebratebiologicalcontrolagentsofmosquitoesare
alsoknownChapman1976 Themostpromising
agentsinpermanentwaterhabitatappeartobe
hydrafreshwaterflatwormsandnematodesfor
whichmasscultureprocedureshavebeendevel
oped albeit in need of improvement For

sporadicfloodwaterhabitatsthemostpromising
andpotentiallyeconomicalbiologicalinsecticideis
thebacterialpathogenBacillusthuringiensisvar
israelensisdeBarjac

Asforenvironmentalalterationstoenhance

thesuccessofbiologicalcontrolagentsempirical
observationsindicatetheneedforwaterandnu
trientlevelmanipulationsundersomeconditionsto
achieveabalancedinvertebratefaunatosupport

necessarybiologicalcontrolagentsintheab
senceofmosquitolarvae Duetogreatphysical
andchemicaldiversityamonghabitatsenviron
mentalmanipulationwillprobablycontinuetoplay
asecondaryroletothatofrecognitionofhabitats
in which conditions favorthemaintenanceof

controlproducingpopulationsofnaturalenemies
Economicconsiderationsandconflictinglanduse
patternslimitthenumberofaquatichabitatsame
nabletoachievingdependablebiologicalcontrol

SpecificBiologicalandOperationalConsid
erationsA biological mosquito control agent
mustbedependableoverawiderangeofenviron
mentalconditions particularlywhenoperations
personnelarerequiredtorecognizeorpredict
whenandwhereanagentwillworkeffectively
andwhenandwhereitwillnot Unpredictability
ofcontrolisafrustratinganddifficultcomplicat
ingfactorforfieldpersonnelandonewhichcon
troladministratorsstrivetoreducetothegreat
estextentpossible Thehighleveloftraining
andtimeiemonitoringrequiredforfieldper
sonneltoutilizebiologicalcontrolagentsisex
pensive Howeverbothareessentialtoanaccu
raterecognitionofthevaryingenvironmentalcon
ditionsincludingseasonalshiftsinwaterquality
temperatureandwaterpermanence whichmay
resultincontrolfailures Tothisendthereis
aneedforoperationaldistrictstosupportfund
ingtoconductthenecessarystudies Ahigh
degreeofconfidenceisalsonecessaryinthein
troductionofamassculturedorganismorany
controlforthatmattertoinsurewithreason
ablecertaintythatknownlevelsofcontrolwillbe
achievedforthedurationnecessary
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Operationallyunlesslargeacreagesarecon
tiguousandpermitreadyaccessfortreatmentand
evaluationacontroldistrictfindsitdifficultto
utilizeabiologicalcontrolagent Iftheagent
cansurviveandexertcontrolonlyinselectand
dispersedlocationsitsusewillbeeconomically
impractical

Logisticallythetimespentintraveltoa
sitetodetermineitssuitabilityforacertainbio
logicalcontrolagentthenreturnfortreatment
andsubsequentfollowupistootimeconsuming
foralargenumberofsmallsites Conventional

methodsofsweepingthroughanareacontrolling
allmosquitobreedinginsiteswithinsecticidesor
oilsatscheduledintervalsisamorecosteffec
tiveapproach Implementinganumberofdiffer
entkindsofcontrolmethodswithinanareaatthe
sametimeeachwithitsspecificrequirementsis
morecomplextosupervise Intermittentwater

breedingsitesiewherethesitefloodsdries
andrefloodsduringtheyearholdwaterater
raticintervalswhichfrustratestheutilizationof
biologicalcontrolorganisms Conscientiouseffort

putforthisvoidedwhenerraticweatherorhu
manactivitiesaltersitestability Refloodingre
sultsinmosquitoreturnbutlittleifanypredator
carryover

Abiologicalcontrolprogrammusthavethe
totalsupportoftheprogramadministratortoen
ableittoreachithighestlevelofeffectiveness
iesupportfromthetopdownthroughthe
ranksincludingemployeesthatfrequentlyare
skeptical and resist complex technology
Combinedwiththenaturalreluctanceofgoverning
boardstoappropriatefundsforanythingbutthe
surethingaddsuptoahighriskventurefor
anadministratortosupportalargemassculture
programforareaslessthanca4000hectaresof
stablesemipermanentwater Forlargeacre
agessuchasricecostbenefitsaremorefavor
able

Withtightmoneysituationsmanagerslook
closelyatthecostperhectareperyearrequired
toachieveeffectivecontrolchoosingthecheapest
environmentallycompatiblecontrolmethodpossi
ble Ifabiologicalcontrolagentismostfeasible
forlargeacreagesamanagerisnotlikelytoput
forththeeffortnecessarytousethecontrol
techniqueinsmallsitesparticularlyifthecost
oftrainingemployeesandrepeatedvisitstothe
sitestodetermineifcontrolisstillineffectare

highandthereismuchlikelihoodthatlessthan
auniform95overallcontrolwillbeachieved

Thustheprimaryobstacletoawiderappli
cationofbiologicalmosquitocontrolappearstobe
resistanceamongabatementagenciestoadoptnew
technologiesbecauseoftheaforementionedrea
sons Thelaboratoryproductionstorageand
fieldtransferofbiologicalcontrolorganismsre
quiresahighdegreeofsophisticationwhichis
usuallyunavailableattheoperationslevel Mean

whiletherearefewcommercialsourcesformost
organismsinnumbersrequiredformosquitocon
trol Amajorthrusttoanexpandedrelianceon
biological controls will develop when highly
trainedpersonnelareemployedattheoperational
levelandorenvironmentallyacceptablechemical

controlsbecomeunavailable
Future Considerations Biological mosquito

control mustbeconsideredaccording togeo
graphicareaandhabitat Theremustbearec

ognitionofthosesystemsinwhichbiologicalcon
trolworksegirrigationsysteminthelower
ColoradoDesertduckclubpondsricefields
etc Moreintensivestudiesofthosesystems
areneededtolearnwhybiologicalcontrolworks
sothatcorrectdecisionscanbemadeforother
areasandcertainlytoprecludeitsattempteduse
whereitisnotpossibleegsubtropicalcichlids
incolderareas or in semipermanentwater
Newinsightsarealsoneededintowhatacceptable
mosquitoproductionlevelsarerelativetobreed
ingsitelocationsandadjacenthumanpopulation
whichwouldallowlessthan100controlwithbio

logicalstobeoperationallyfeasible Thecurrent

goalof100controlforallbreedingsiteswhich
drivesmostprogramsneedstobereevaluated
throughdevelopmentofpopulationmodelswhich
couldweighthevariablesofadultemergence
distancefrombreedingsitesadjacentproduction
acreagedailysurvivorshipratesbitingbehav
ioretcfortreatmentthresholddecisions

Anintensivestudyofcertaininvertebrates
especiallyflatwormsisneeded Thewiderap
praisalandapplicationofDugesiatigrinaGirard
andDdorotocephalaWoodworthmaybeexpect
edtoproducestartlingresultsandthediscovery
ofnewstrainswithresistancetoenvironmental
contaminantsandinsecticidesmaybepossible
FlatwormsofthegenusMesostomaareespecially
potentmosquitodestroyersandmassproduction
ofatleastonespeciesisneededtotestinocu
lation effectiveness Various species of

freshwaterhydrafungiinthegeneraLagenidium
andCulicinomyces andpredatoryHemipterain
thegeneraNotonectaBuenoaandPleaarecan
didateswithpromisingbiologicalcontrolpotential

Thereisalsoaneedtoexamineandcatego
rizethoseecosystemsinwhichbiologicalcontrol
effectivenessislimited Suchareasincludethe

tundrawildernesssnowmeltwildernessswamps
andmostpasturesandintermittantrainwaterde
pressions Asfurtherresearchprovidesafuller
understandingofthefactorsassociatedwithdif
ferentresultinglevelsofcontrolthatcanbe
achievedwithbiologicalagentsitwillincrease
confidenceinthepredictabilityoftheiruseand
enhancetheircosteffectiveintegrationintooper
ationalmosquitocontrolprograms
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APROGRESSREPORTONAMETHODOFREARINGGAMBUSIAAFFINISONAN

INTRODUCTIONThe use of Gambusia

affinisthemosquitofishformosquitocontrolhas
beenhamperedbyaninadequateandunreliable
supplyofthesefish Pondcultureeffortshave

encounteredmanyhurdleswithmortalityduring
thewinterbeingoneofthemostimportantprob
lems Thisprojectwasinitiatedtostudymethods
ofmassproductionandrearingutilizingclose
controlofthefishandeconomiesofscale

Thespecificgoalofourprojectistodevelop
ahatcherymethodthatcanproduce3000pounds
ofGambusiaaffinisperyearatacostof750
perpoundincludingcostoflaborandfacilities
Thestrategybywhichweplantoreachthatgoal
hasfourelements 1fryproductionandgrow
out throughout the year 2 operation in a

greenhousewithsupplementalheat3useofa
closedsystemwithbiologicalfilterstomaintain
waterquality4minimizingtheloadonthebio
logicalfiltersbycarefullymeteredfeeding

MATERIALS AND METHODSWe have

constructedourrearingtanksina20x50foot
fiberglassgreenhouselocatedinthecorporation
yardoftheContraCostaMosquitoAbatement
District Supplementalheatisprovidedbya
propaneheatercapableofdeliveringupto80000
BTUsperhour Eachofthe12rearingtanksis
8x8feetx16inchesdeepthewallsareof05
inchplywoodwith2x4inchwoodenreinforcements
alongthetopedges Twosheetsofplasticlining
20milvinylunder6milpolyethyleneholdthe
waterand filter materials Theupper sheet

protectsthelowerfromabrasionbythegravel
andsandinthefilterbedwhilepreventingthe
fungicideinthelowersheetfromreachingthe
waterinthesystem

Wateriscirculatedthroughthefilterbedby
theairliftmethodwherebyairisbubbledatthe
bottomofacolumnofwaterina3inchdiameter

liftpipetodecreasethespecificgravityofthe
mixtureinthecolumn Thelightairwater
mixturemovesupwardandspillsoutthetopof
theliftpipe Waterentersthebottomsofthe

liftpipes through a grid ofeight horizontal

OPERATIONALSCALE

JamesBHoy1CharlesBeesleyandCraigWDowns

Thestrategyforfindingamethodofrearing3000poundsofGambusiaaffinisperyearispresent
ed Ageneraldescriptionofthehatcheryfacilitiesthathavebeenconstructedisgivenalongwitha
briefdiscussionoftheresultstodate

1DivisionofBiologicalControlUniversityof
CaliforniaBerkeleyCA94720

2ContraCostaMosquitoAbatementDistrict
1330ConcordAvenueConcordAvenueConcord
CA94520

ABSTRACT

slotted15inchdiameterpipesacrossthebottom
ofthetankafterinitiallypassingdownthrough
thefilterbed Ahighvolumelowpressuresup
plyofaircomesfromablowerpoweredbya15
hpelectricmotor Airisdeliveredthrougha3
inchdiameterpipetoeachtank Two15inch

diametermanifoldsdistributeairalongtheendsof
eachtankandinto05inchdiameterairlines
whichareinsertedineachof16liftpipes All

pipesarePVCplasticwhichhastheadvantages
ofbeinginexpensivelowintoxicityandeasily
plumbed

Thebiologicalfilterscurrentlyinusehavea
bottomlayerof2inchesofpeagravelwhich
coversandseparatesthegridofhorizontalpipes
anda5inchlayerofNo3aquariumsand Wa

terdepthofabout13incheshasbeenmaintained
tomaximizesubmergenceoftheairlinewhichin
turnmaximizestherateofwatercirculation

Anautomaticfeedercontrolsystemhasbeen
designedandconstructedasanintegralpartof
thisproject Thesystemanditsrationaleare
describedelsewhereHoy1984 Ifoneassumes

agrowthrateof7percentperdaywhichisless
thanonethirdthemaximumdemonstratedgrowth
rateWurtsbaughandCech1983andamaximum
loadingoflessthanonehalfthetheoreticalmaxi
mumforthebiologicalfilter12tanksoperating
throughouttheyearshouldproduceapproximately
3285poundsoffishperyear Thissystemalso
canbeusedtocontroltheauxiliaryheatingof
thegreenhouseandtorecordairandwatertem
peratures

RESULTSANDDISCUSSIONUsingbiological
filterswith2inchesofgraveland5inchesof
sandatleast6poundsoffishpertankcanbe
supported Furthermorefishborninthesystem
havereachedsexualmaturityin60days Fishin

thesystemweregravidthroughDecemberal
thoughonlylimitednumberswereavailable

Toreachourgoalofasystemthatcanpro
duce3000poundsoffishperyearthedepthof
thebiologicalfilterwillprobablyneedtobein
creasedtothemaximumdepthie12inches
Furthermorethecirculationthroughthefilter
mayneedtobehigherthantheratewearecur
rentlyusing Thereforetodateourgoalseems
tobeattainable

ACKNOWLEDGMENTSThisprojecthasbeen
supportedbyUniversityofCaliforniaMosquito
ResearchFunds AlamedaMosquitoControlDis
tricthascontributedconstructionmaterialsand

equipmentthathasbeenveryhelpful Further



Figure1Plywoodfishtanks Notesheetplastic
linersuncoveredgridofpipesinthe
bottomofthetankandreinforcement
alongthetopsofthetanksonthe
right

Figure2Explodedviewoftheairliftmanifold
showingthehorizontal15inchmanifold
witheight05inchairlines

Figure3Assembledmanifoldandliftpipes
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Figure4Completedsystem Note3inchmanifold

runningthelengthofthesystemand
wooden splash guards covering each

liftpipe

moremanymembersofthestaffofContraCosta
MosquitoAbatementDistricthavebeenofassis
tance ThestudentvolunteerassistanceofShon
Lewiswastimelyandhelpful
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IMPLICATIONSOFLABORATORYMOSQUITOFISHEXPERIMENTSFORPOPULATION

DEVELOPMENTINRICEFIELDS

TCWainwrightRGKopeLWBotsfordandJJCechJr

DivisionofWildlifeandFisheriesBiologyUniversityofCalifornia

DavisCalifornia95616

DevelopmentofmosquitofishGambusiaaffinispopulationsinricefieldsisvariableandnotwellun
derstood Tocloselyobservetheeffectsofplantcoveronreproductioncannibalismandresultingpop
ulationdevelopmentpopulationsweregrowninaquariawithdifferentlevelsofartificialcover Inall

treatmentsparturitionoccurredinaninitialburstduringthefirstfewweeksafterstockingfollowedby
7to8weekswithnoreproductionandasecondperiodofparturitionfrombothstockedfemalesandtheir
offspring Recruitmentsurvivaloffryvariedamongtreatments Noyoungsurvivedwithoutplant
coverwhilesubstantialpopulationgrowthwasseeninalltreatmentswithmoderatetohighplantcover
Theseobservationsprovidepossibleexplanationsofpopulationbehaviorobservedinricefieldsandmay
havesomeimplicationsformassculture

INTRODUCTIONResearchintouseofmos

quitofishGambusiaaffinisBairdandGirard
forcontrolofmosquitoesinCaliforniaricefields
hasshownthatthereisconsiderablevariabilityin
both fish population growth and resulting
mosquitocontrol Observationsoffish popu

lationsegNorlandandBowman1976 Reed

andBryant19741975FarleyandYounce1978
haveshownconsiderablevariationrangingfrom
fieldsinwhichpopulations neverdevelop to

thoseinwhichpopulationsincreasemoreorless
steadilyfromthestartoftheseason Obser

vationsoftheefficacyofGambusiaformosquito
controlhavealsoshownmixedresultsHoyand
Reed1971Hoyetal19711972

Theexperimentsdiscussedherearepartof
continuingresearchdesignedtoprovidethein
formation necessary to formulate a model of

mosquitofishutilizationinCaliforniaricefields
Thisformulationrequiresanunderstandingoftwo
processes 1populationgrowthafterstocking
and2themosquitocontrolthatresultsfroma
fishpopulationofacertainsizeandagestruc
ture Theseprocessesdependonavarietyof
factorssuchasgrowthandreproductivecapacity
ofthestockedfishplantcoverstockingdensi
ty field temperature pesticides presenceof
predatorsanddensityofvariousfooditemsin
cludingmosquitolarvae Bothoftheseprocess
eshavebeeninvestigatedexperimentallyoverthe
pastseveralyearsBotsfordetal1984Cechet
al1980LindenandCech1983Wurtsbaughand
Cech1983 Ourfocushereisonthefirstpro
cessbecauseadescriptionofthestockoffish
presentatacertaintimeisrequiredbeforethe
predatorycapacity ofthose fishcan bede

scribed
Infieldobservationstodatewehaveseena

varietyofmosquitofishpopulationresponsesafter
initialstocking Wehavecollectedandanalyzed
populationdataoverthecourseoftwoseasonsin
ricefieldsintheUCDavisExperimentalRiceFa
cilityandincommercialfieldsintheSanJoaquin
ValleynearFresnoBotsfordetal1984 In

ABSTRACT

ourDavisfieldin1981 Figlaweobserved
littlepopulationincreaseforafewweeksafter
stockingfollowedbyasuddenburstduetosyn
chronousreproductionaperiodofstablepopu
lationsizeinmidseasonandfinallyasecond
burstofreproductionattheendoftheseason
Infourpaddiesinthesamelocationin1982Fig
lbtherewasaburstofreproductionimmediate
lyafterstockingfollowedbyasharpdeclinea
periodofrelativelylowpopulationsinmidseason
andinthreeoutoffourpaddiesasecondburst
attheendoftheseason

Todescribethisvariabilityinpopulationbe
haviorweviewGambusiapopulationdevelopment
in rice fields in terms of four recognizable
phases

Phase0

Phase1

Phase2

Phase3

initialperiodoflittlechangein
numbers

initialpulseofreproduction
periodofincreaseordecreasein
population
secondpulseofgrowthnotalways
seen

Therearetwoprimaryareasofvariabilitywhich
canstronglyaffectpopulationdevelopmentand
levelofmosquitocontrol Firstthetimingof
theinitialreproductivepulseisunpredictable
secondthedirectionofchangeduringphase2is
variablerangingfromasharppopulationdecline
toaslowincrease Bothofthesesourcesof

variability areclearly related to the balance

between reproduction and mortality of

mosquitofishandcouldbecausallyrelatedtoa
numberoffactorssuchascannibalismother
predationfoodavailabilitystressanddisease
Theexperimentdescribedherewasdesignedto
determinethepotentialeffectofvaryinglevelsof
plantcoveronpopulationdevelopmentespecially
effectsonreproductionandcannibalism

METHODSTocloselyobservereproduction
andmortalitywestockedeight75literaquaria
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withadultfishfourfemalesandtwomalesin
eachcollectedfromalocalcreek Alltanks
were maintained at 2627C at a neutral

photoperiodof12hourslightand12hoursdark
Theeighttanksweredividedrandomlyintofour
pairseachpairreceivingadifferenttreatment
FishweremaintainedonadietofTetramin

StapleFoodfortropicalfishwithsupplemental
feeding of Iive small invertebrates The

treatmentsdifferedinlevelofartificialvegetation
plasticriceplantsandplasticfloatingweeds
asfollows A novegetation B moderate

densityofvegetationChighdensityandD
variable density starting with no cover and

increasinginstagestohighdensity Tankswere

observeddailytotrackfemalereproductionand
fry mortality A complete census of the

populationswasmadeweeklyinwhichthelength
of each fish present was recorded The

experiment was started in June 1983 and

continuedfor20weeks

RESULTSReproduction wassimilarinall

treatmentsstartingwithnoticeableparturitionin
thefirstfewweeksfollowedbyaperiodofes
sentiallynoparturitionforseventoeightweeks
thenscatteredparturitionbythestockedfemales
andfinallysomeparturitionbyearlyoffspring
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ESTIMATED REPRODUCTION

nocover

medcover

duringthefinaltwoweeksFig2
Inspiteofsimilarreproductioninallthe

tankstherewerenotabledifferencesinpopu
lationdevelopmentFig 3 Inthenocover

treatmentAtherewasanoveralldeclinein
population andnofrysurvivedmorethan5
days Inalltreatmentswithcovertherewasan
overallincreaseinpopulationwithnosignificant
differences among the three treatments In

generalweseeapatternsimilartothe1982
DavisfieldsFig1b Inthelabtheearly
increase was clearly due to synchronous
reproduction followed by a decline due to

cannibalism Thesubsequentlevel periodwas
duetolowreproductionwithcannibalismremoving
allfryproduced Finallytherewasaperiodof
reproduction with some fry surviving to

adulthood

DISCUSSIONTheseresultssuggestpossible
mechanisms contributing to variability in

mosquitofishpopulationdevelopmentinricefields
Thereareseveralwaysinwhichthemechanisms
observedinthelaboratoryexperimentscouldcon
tributetothetwovariablephasesofdevelopment
discussedabove Firstthedurationofphase0
timingoftheinitialpopulationincreasemaybe
relatedtoavailabilityofplantcoverearlyinthe

10 20 0

WEEK

Figure2Observedreproductioninfourexperimentaltreatments
verticalbarsconnectthetwoobservations

Curves

highcover

varcover

connectmeansoftworeplicates



riceseason Ourexperimentalresultsindicate
thatthelevelofcannibalismoffrybyadult
Gambusiadependsonplantcover Plantcover

couldinfluenceothertypesofpredationaswell
Thuswemightexpectpopulationdevelopment
earlyintheseasontobesuppresseduntilthe
ricehasgrowntoprovideadequatecovereither
throughcannibalismofwhateverreproductionoc
cursorthroughselectiverepressionofrepro
ductionunderhighriskconditions Thisresult

correspondswiththeobservationofFarleyand
Younce1977thatearlystockingoffishdoesnot
leadtohigherfinalpopulationnumbers

Secondvariationinthedirectionofchange
duringphase2middlephasedependsonthe
balancebetweenreproductionandmortality Pop
ulationbehaviorduringthisphasecouldbeaf
fectedbytheoccurrenceofapauseinreproduc
tionsuchaswasobservedinourlaboratorypop
ulationsincombinationwithcannibalismandoth
erpredation Thispauseishoweverunexpect
edonthebasisofpreviouslaboratoryobser
vationsofmosquitofishreproductionwhichindi
catethatindividuallyrearedmaturefemalesre
produceatregulartwotothreeweekintervals
BVondracekunpublisheddata Additionally
acomparisonofrecruitmentinour1981and1982
Davis fields showed no detectable difference
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200
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fourexperimentaltreatments Curves

Botsfordetal1984 Nodirectdataareavail

able regarding timingofreproduction in rice

fieldsalthoughMaglioandRosen1969observed
asimilarlackofmidseasonrecruitmentinapond
inNewYork Weplantocollectmoredetailed
dataonfieldreproductionbydirectobservation
offemalereproductiveconditionthroughoutarice
season

Thesimilarityofpopulationdevelopmentin
ourlaboratoryexperimentwiththatinthe1982
Davisfieldsisstrikingbutthisdoesnotimply
thatthemechanismsobservedinthelaboratory
arethesameasthosecontrollingfieldpopu
lations Thelaboratorypopulationswereatmuch
higherdensitiesthanthosetypicalofricefields
Alsoenvironmentalconditionsinthelaboratory
especiallylightandtemperatureregimeswerenot
thesameasinthefield Theseconditionsmay
influenceGambusiareproduction

EffectiveuseofGambusiaformosquitocon
trolinricefieldshastwolimitations 1cost

andavailabilityofstockfishand2theperfor
manceoffishoncestocked Thefirstisprimari
lyanaquacultureproblemandhasreceivedmuch
attentionrecently Howeverthesecondcontin
uestobeamajorproblem Wedonotknowwhy
Gambusiaareeffectiveinsomefieldsbutnotin
others Betterunderstandingofthefactorsthat

10

andverticalbarsasinFig2
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influence Gambusia reproduction and mortality
duringcriticalphasesofpopulationdevelopment
isnecessaryforcosteffectivemosquitocontrol
Betterunderstandingofintrapopulationinter
actionsmayalsosuggestdirectionsforimprove
mentsinmassculturetechniques
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PROGRESSINTHEAQUACULTURALOVERWINTERINGOFMOSQUITOFISH PONDCONFIGURATION

ANDSOLARGREENHOUSEEXPERIMENTATION

RobertLCoykendallandEugeneEKauffman

SutterYubaMosquitoAbatementDistrictPOBox726YubaCityCalifornia95992

INTRODUCTIONOneofthemajorobstacles
limiting thecultureand useofmosquitofish
Gambusiaaffinis Bairdand Girard in Cali

forniasSacramentoValleyhasbeentheinability
toconsistentlyprovideanoverwinteringhabitat
conducivetothesurvivaloflargepopulationsof
thisvaluablebiocontrolagent Overthelastde

cadeoverwinteringpondsstockedeachfallwith
nearlyornewlymaturemosquitofishhavebeen
harvestedeachfollowingspringwithextremely
variableresults Springfishyieldshaveranged
fromlessthan10oftheinitialfallstockingtoas
muchas90ofthebiomassthathadbeenstocked

thepreviousfall Obviouslymanyvariablesad
verselyaffectfishgrowthandsurvivalwehave
longendeavoredtoidentifythesenegativefactors
anddesignoverwinteringpondsthatwouldhope
fullyminimizetheseunfortunatelosses Oneof

thedesignvariablesinoverwinteringpondsthat
hasreceivedsomeattentionhasbeenthatofpond
depth

Previous observations and experimentation
Coykendall1977JohnsonandGieke1977have
supportedthehypothesisthatdeeperpondspro
videmorestabletemperatureenvironmentsthan
doshallowerponds butouroperationaltests
havebeenunabletoconclusivelydemonstratethe
validity of this reasoning Consequently a

smallscaleexperimenttotestthishypothesiswas
conductedtoexamineactualtemperatureregimes
changes in biomass condition genderrelated
survival and effects upon the reproductive
readinessoffishmaintainedinsimulatedponds
representingthreedifferentponddepthconfig
urations

Experiments with stocks of mosquitofish
overwintered in geothermallyheated waters of

southernOregonCheyne1981havedemonstrat
edthatexcellentgrowthreproductionandsur
vivalratescanbeachievedwhenoutdoorponds
receiveadequatesupplementalheating Withthis

inmindasmallelectricalheatingsystemwas
subsequentlyinstalledinanextrapondofthe
ponddepthstudytoprovideinformationwhich
couldbecontrastedwithcollecteddatafromthe

unheatedpondscomprisingthisexperiment This

wasalsoperformedtohelpdeterminethebenefits
ofahighertemperatureregimenformosquitofish
overwinteredinthislocale

Withencouragingresultsfromongoingco
operative research in geothermal aquaculture
coupledwithobservationsmadeduringthecourse
ofthisponddepthpondheatingexperimentthe
decision wasmadetoconstructa small solar

greenhousetoassessitswaterheatingpotential
forbothrearingandoverwinteringmosquitofish
Inthissecondstudytemperaturesweremonitored
intwostockedbreedingtanks oneofwhichwas

115

installedinsidethesolargreenhousetheother
outsidetoprovideambientdataforcomparison

MATERIALS AND METHODS Ponddepth
StudyTenrectangularpondswereexcavatedin
thefallof1982 Eachmeasuredapproximately
32mby07m Threedepthconfigurations
wereselected0915and21mwiththree
pondsrepresentingeachdepth Commencingon
January71983anextrapondof15mdepth
washeatedbymeansofaseparateelectricalheat
ingsystemsuppliedwithwaterbyasubmersible
pumpsituatedinthepond Temperaturesinthis
heatedpondaveraged2371Covertheremain
deroftheexperimentalperiod Allpondswere
linedwithblackpolyethylenefilmandfilledand
maintainedatthetestdepthwithwellwater On

November181982eachofthetenpondsre
ceived136gcorrespondsto550Ibs peracre
ofmaturemosquitofishofmixedgender70699
294ad Temperaturesinpondsrepresenting
thedifferentexperimentaltreatmentsweremoni
toredbymeansoftworemoteprobethermo
graphs

FishwerefedTetramin BasicFlakeson

weekdaysatalevelcorrespondingto3oftheir
combinedweightasstocked Thisrationsizewas

usually slightly in excess ofwhatwould be

consumedinany24hourperiod Fourthinstar

larvaeofthemosquitoCulexpipiensweresup
plementallyfedonFridaystoprovidefeedonthe
weekends Asexpectedthefishintheheated
pondconsumedfarmorefeedthanthosefish
stockedintheunheatedpondsandtheamount
initiallyfed3 wasnotnearlyenoughhence
therationsizewasgraduallyincreasedtoalevel
slightlyexceeding the daily consumption rate

8

Individualfishusedinthisstudyweresam
pledandexaminedtomakecalculationsandas
sessmentsofgrowthconditionandreproductive
readiness Fifty fishofeach sex randomly
selectedfromthefishpopulationusedtostock
thisexperimentwereweighedandmeasuredat
the inception of the study likewise similar

samplingswereconductedforthefishfromall
pondsattheterminationofthisexperimenton
April13141983

Data collected were statistically analyzed
throughtheuseofpondandtreatmentmeans
ttestsandsimplecorrelation Thecoefficientof

conditionorconditionfactorKwassalculat5d
throughtheuseoftheformula K10W L

whereWrepresentedindividualfishweightin
grams and L its total length in millimeters

Carlander1969 Theconditionfactorisamea

sureofrobustnessofafish high Kvalues

usuallydenotefatterorhealthierfishwhilelow
valuesusuallyareindicativeoffishinpoorer
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condition However sexual dimorphism in

poeciliidfishesusuallypreventsvalidcomparisons
betweenmaleandfemale

SolarGreenhouseProjectSolargreenhouses
differfromstandardgreenhousesinthatsolar
designsincorporateseveraluniquefeatureswhich
enablethemtomoreeffectivelycaptureandstore
thermalenergythatisgainedduringsunnyperi
ods Atnightthisstoredenergy is slowly
reradiatedthroughoutthegreenhouse Overall
significantlyhighertemperatureregimescanbe
maintainedovera24hourperiodthanwouldbe
possibleinastandardgreenhousewithoutthe
addedexpenseofsupplementalheatingsystems

Thesmall 46mgeodesicstructurecon
structedforthisstudyincorporatedthefollowing
passivetechniquestomaximizethermalenergy
captureandstorageefficiency Firstdoublefilm
glazing was affixed to all surfaces of the

greenhouse Second thenortherngreenhouse
walls were further insulated by inserting
styrofoampackagingmaterialbetweentheglazing
films Thesetwoproceduresservedtominimize
rapidheatlossatnightwhichcommonlyoccurin
ordinarysingleglazedgreenhouses Thirdblack
plasticdrumsfilledwithwaterwerestackedin
sidethegreenhouseinfrontofitsstyrofoam
insulatedwalls Thesedrumswereusedtocap
tureandstorethermalenergyfordelayedrera
diationatnightandcoolerperiods

OnMarch91983100unconditionedfemale
mosquitofish were collected divided into two

equallotsandstockedintotwoshallow15cm
plastictankseachhavingavolumeofapproxi
mately265liters Oneofthesetankshadbeen

located33cmabovegroundlevelparalleltothe
southwallinsidethegreenhousewhiletheother
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wassimilarlyorientedbutwasfullyrecessedinto
thesoilapproximately5meastofthegreen
house

Theprimarygoalsofthispreliminaryexper
imentationweretomonitorandevaluatewater
temperatures inside and outside the solar

greenhouse Secondarily female fish were

stockedintothetankstoobservetheirbehavior
andtodetermineifasomewhatelevatedtempera
tureregimeinthegreenhousewouldstimulate
earlierparturitionthanwouldbeobtainedunder
ambientconditionsoutsidethisstructure

Topreventcannibalismofnewbornfishby
theadultfemalesahardwareclothreefenclosing
bundledplasticbirdnettingwassetintoboth
tanks Periodicdippingandobservationswere
used to determine parturition dates Remote

probethermographswereusedtorecordwater
temperatureswhichwerethenconvertedtomean
dailyvaluesforallevaluationsandcomparisons
TemperaturesweremonitoreduntilJanuary15
1984howeverparturitiondatawasntcollected
afterJuly11983duetotheexcessiveheatat
tainedinsidethegreenhouse

RESULTSAND DISCUSSION PondDepth
StudyWater temperature data summarized in

Figure1andTable1demonstratedtwofairly
pronouncedtrendsamongpondsrepresentingthe
threedepthvariables Forthefirstthreemonths

ofthestudywherepondtemperatureswerecon
tinuallydropping thedeepest21 m ponds
werealwayswarmerthantheshallowest09m
Converselyasspringapproachedandtheponds
becamewarmertheshallowestpondswarmedmost
rapidlyandtothegreatestextent Significant
differencesalsooccurredinthemagnitudeofdai
lytemperaturevariationamongthethreedepth

0

A 21mdepth

o 15mdepth

09mdepth

NOV DEC JAN FEB MAR APR

Figure1 Monthlymeanwatertemperaturesforeachofthethreeponddepths
tested Eachtreatmentcomprisedofthreepondsmaintainedatthesamedepth



Table1 SUMMARYOFMEANWATERTEMPERATURESCANDPOND

VOLUMESm

MONTH
YEAR

NOV82

DEC82

JAN83

FEB83

MAR83

APR83

MEANDAILY

VARIATIONC

MEANPOND

V0LUMEm

PondNo8dataexcluded

09m
DEPTH

95

80

72

108

129

136

15m
DEPTH

101

82

70

101

122

126

14 12

20 33

POND POND BI0MSS NO PE2CENf

NO DEPTH RCVRD FISH d
m g RCVRD 9

123 09 1282 341 292 708

456 15 1331 308 275 725

7 9 21 1321 322 322 678

10 HEATED4110 364 335 665

treatmentsinthataswaterdepthincreasedthe
lessthemeandailyfluctuationr 0999P

005 Thisappearstobesimplyademonstration
ofthegreatertemperaturestabilityaffordedby
deeperthusgreaterpondvolumes

DatasummarizedbytreatmentinTable2in
dicatedthatthemeanbiomassofthemosquitofish
recoveredfrompondsrepresentingtheintermedi
atedepth15mwasslightlybutnotsignifi
cantlygreater1331gpondthanthatharvested
from the shallowest pond treatment 1282

gpond Unfortunatelythebiomassdatacol
lectedfromthedeepestpondswereofsomewhat
limitedvalueasthefishfromonepondinthis
series 8uncharacteristicallyexperiencedover
50mortalityduetounknowncauses Thefish

biomasscollectedattheendofthestudyfromthe
singleheatedpond411gwasthreetimesthat

187

166

218

21m
DEPTH

105

92

78

105

122

127

HEATED

POND

207

251

250

228

10 10

47 33

Table2 THEEFFECTSOFPONDDEPTH SUPPLEMENTALHEATINGONMOSOUITOFISH

BIOMASS CONDITION GENDERRELATED SURVIVAL REPRODUCTIVE READINESS

TREATMENTMEANS

BIOMASS

g

1095

1165

1103

335 3775

CONDITION NO 0o

FACTORK 9 9
9 GRAVIDGRAVID

RANDOMSAMPLINGn50

0952 1152 25 167

0956 1265 67 447

1009 1267 48 480

1011 1357 49 980
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initiallystocked Ofthatbiomassallbut17g
representedoriginallystockedfish Thisremain

ingbiomassrepresented20newbornfishwhich
werefirstobservedonMarch201983

Themeannumberoffishrecoveredfromall

depthtreatmentsdidntvarysignificantlythus
obvioustrendswerentobservedwhichcouldfa
voronedepthoveranotherintermsofsurvival
throughthe198283winterhere

Finalsexratioswerealsodifficulttointer

pretnonewereradicallydifferentfromtheinitial
sexratioobservedinthosefishselectedforthis
study294ea 706W Theproportionof
maleswasslightlygreaterinrecoveriesfromthe
heatedpond335 andthedeepestpondseries
322 thanfromtheshallowestseriesofponds
292 ortheintermediatedepthponds275
Malemosquitofisharetypicallylesshardythan
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theirfemalecounterpartsespeciallyintheircold
tolerancelimits Apparentlyinthisexperiment
theyweresimplynotstressedenoughsothatfi
nalsexrationswereappreciablyalteredinfavor
ofthefemales

Mean biomass values for both sexes re

coveredfromallpondsexceptthosefromthe
heatedpondwerenotsignificantlydifferentfrom
eachother Howeverthebiomassofthefemales
collectedfromtheheatedpond3775gwasover
threetimesthemeanbiomassforunheatedponds
1123g combinedtreatments

Randomsamplingdataofferedmoreconclu
sive interpretations than the foregoing enu

merationandbiomassinformation Thefemales

recoveredfromtheheatedpondwereinmuch
bettercondition K1357thanthosefromthe
unheated ponds K1223 combined treatment

meansbutthisdifferencewasntaspronounced
incomparisonsofmalefish Perceptibletrends
eventhoughnotstatisticallysignificantwereob
servedinthemeanKvaluesobtainedforboth
sexesinthethreetreatmentsasconditionfac
torsappearedtobepositivelycorrelatedwithin
creasingdepth

Finallyreproductivereadinessasmeasured
bytheabsenceorpresenceofviableeggsinthe
femalefishprovidedaverysignificanttrend
statisticallycorrelatedr0816P 001with
ponddepth

Comparingunheatedpondsthemeanper
centageofgravidfemalesincreasedwithincreases
inponddepth Intheshallowestpondsonly
167ofthefemalesweregravidthismeasure
mentroseto447inthefishfromtheintermedi
ate depth treatment The deepest ponds
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producedafemalepopulationinwhich48of
thoseexaminedweregravid Inadditionas
ponddepthsincreasedsodidfecundityeggsize
andviability Femalessampledfromtheheated
pondwereessentiallyallgravid98andmost
eggsremovedandexaminedwereinanadvanced
stateofdevelopment Embryonictissuewasvery
commonlyobserveddevelopingwithintheseeggs

SolarGreenhouseProjectAsexpectedwa
tertemperaturesmonitored inbreedingtanks
bothinsideandoutsidethegreenhouseforthe
durationofthestudyweresignificantlydifferent
ttest P 001 Overall thegreenhouse
yieldedwatertemperaturesforthestudyperiod
thataveraged59Chigherthanthatoftheambi
entcontrol Themeantemperatureforgreen
housewaterwas219Cwhereastheambientwa
terwas1600 Figure2depictsthemeantem
peraturedataforbothtreatmentandcontrolfor
thistenmonthpreliminarystudy Thegreen
housewaterinadditiontobeingwarmeralso
hadamuchgreaterdailytemperaturevariation
thandidtheambientwater Forthestudyperi
odthemeandailyvariationwas104Cforthe
greenhousewaterwhileitwasonly51Cforthe
ambientwater Thismayproveadvantageousin
thesummermonthsasfluctuatingtemperatureen
vironmentshavebeenhypothesizedasbeingmore
beneficial forthegrowthandreproductionof
mosquitofishthanarethosehavingrelativelysta
bleorconstanttemperaturesHubbs1971 Pro

tractedperiodsofinclementweatherthatobscures
thesunandisnormallyexperiencedeachwinter
NovemberMarchintheSacramentoValleyare
typifiedbylowelevationcloudinesswithfrequent
rainandcoolerconditionscoupledwithground

y

WATER

AMBIENTWATER e

0

MAY JUNE JULY AUG SEPT OCT NOV DEC JAN

Figure2 Meanwatertemperaturesrecordeddailyandsummarizedbimonthly Dates

offirstparturitionbyfemalemosquitofishindicatedbyarrowsA greenhousefish
B fishheldunderambientconditions



levelfog Duringtheseperiodstheheatgainin
thegreenhousewaterwassubstantiallylessthan
whatithadbeenduringthesummermonths

The unconditioned stocks of female fish

stockedintobothenvironmentswerefarmoreac
tiveinthewarmergreenhousewaterandasare
sultconsumedmuchmorefeed Intermsofthe

onsetofreproductiveactivitiesthegreenhouse
femalesdeliveredtheirinitialbroodofyoungon
May3rdwhileambientcontrolfemaleshadtheir
firstbroodsofyoungonJune19th adifference

of47days Fromtheseobservationsitcanbe
seen that this solar greenhouse provided a

warmer morevariabletemperatureenvironment
whichlikelypromotedmuchearlierparturition
Inthelast15daysofMayuncontrolledgreen
housewatertemperaturesclimbedbeyondthele
thallimitsoftheoriginallystockedfemalesinthe
greenhousesodatarelatingtobroodintervals
couldntbecollected Wovenshadematerialwas

thenplacedoverthegreenhousetanksandlater
overthegreenhouseitselftolimitexcessivesolar
insolationwhichwouldhaveotherwisedeveloped
Evenwiththisshadingthenormalhighambient
daytimeairtemperaturesofthelatespringand
summercombinedwithaninadequateventingsys
temresultedinwatertemperaturesthatwould
stilloftenexceed35C Adultfishexposedtothis
fluctuatinghightemperatureregimenoftensuc
cumbedhowevernewbornfishappearedtobe
farmoretolerantandsurvivedthesehightemper
atureexcursions

CONCLUSIONS AND RECOMMENDATIONS

PondDepthStudyTheresultsofthisexperiment
furnishedsomeevidencebutdidntconclusively
demonstratethesuperiorityofdeeperpondde
signsovershalloweronesinthisregion No

ticeablyhigher mortalityor losses inbiomass

werentfoundtobesignificantlycorrelatedwith
increasesinpondwaterdepth Slightdifferences
inconditionfactoramongbothsexesmayindicate
thatthesedeeperpondsdemandedalittleless
fromthefishmetabolically Withregardtore
productivereadinesstheresultswerefarmore
revealingasponddepthpositivelycorresponded
withenhancementinthedevelopmentofstored
eggsinoverwinteredfemalemosquitofish

Thesmallpondsdesignedandexcavatedfor
thisstudydidntsimulateoperationalpondsas
closelyastheyshouldhave theyweresimply
toodeepwithrespecttotheirindividualsurface
area Tallshrubberyadjacenttothepondsite
alsoshelteredthepondssomewhatfromprevailing
southerlywinds Consequentlywindcurrentin
fluencescommonlyexperiencedintheDistrictop
erationalpondswereunfortunatelyminimizedin
thesesimulatedponds Alsoundesirableshading
effectsfromborderingwalnuttreesandshrubs
likelyinhibitedinsolationlevelssomewhat The

applicationofartificialheattooneoftheponds
producedimpressiveresults Fishthrivedinthis

environmentsizablegainsinbiomasscondition
andreproductivereadinesswereveryevident
Obviouslyitwaspossibletoaidoverwintered
mosquitofishbythermallyenhancing theiren

vironment
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SolarGreenhouseProjectTheresultsofthis
projectpromotesomeoptimisminthevalueof
freesolarenergytohelpprovideathermally
enhancedaquatichabitatformosquitofish This

fishsurvivesnicelyinawarmerwinterenviron
mentandwithsupplementallyheatedwaterthere
isalsothepotentialforgrowthandreproduction
duringtimesoftheyearthatareoften life

threateningtofishpopulationskeptunderambi
entconditions

Itwouldbeimpracticalanduneconomicalto
attempttopropagatemassivenumbersoffishin
solargreenhousesbutitwouldbedesirableto
beabletoproducenumerousyoungfishtouseto
restockpondsandotherhabitatswhenambient
conditionsaretooharshtopermitoverwintersur
vival Ofevengreaterpotentialbenefitisthe
goalofraisingmosquitofishthroughthewinterto
anagethatwouldwhenstockedinthespring
reproducesubstantiallysoonerbecauseofprior
greenhouseconditioningthanwouldstockscarried
throughthewinterinoutdoorponds

Asaconsequenceoftheseencouragingpre
liminaryresultsthisuseofsolarenergyisbeing
expandedthrough the Districtscurrentcon

structionofa much largersolargreenhouse
whichwillhopefullymakemuchmoreefficientuse
ofthisenergysource

CarlanderKD1969 Handbookoffreshwater

fishery biology Volume 1 Iowa State

UnivPressAmesIowa 752pp
CheyneS1981 Geothermalaquaculture A

pilotprojectforintensivecultureofthe
mosquitofishGambusiaaffinis ProcCalif

MosqVectorControlAssoc493536
CoykendallRL1977 Aquaculturalstudiesof

mosquitofish Gambusiaaffinis inearthen

impoundments Stocking rate optimization
foryieldprotectionofoverwinteringfish
stocks ProcCalifMosqVectorControl
Assoc458082

HubbsC1971 Competitionandisolation
mechanismsintheGambusiaaffinisxG
heterochirhybridswarm BullTexasMe

morialMuseum 19146

JohnsonCRandPAGieke1977 Suggest
edponddesignforoverwinteringpopulations
of Gambusia affinis Proc Calif Mosq
VectorControlAssoc457172
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CONTINUINGSTUDIESOFGAMBUSIAAFFINISLEPOMISCYANELLUSANDTHEIR

INTERACTIVEEFFECTSONMOSQUITOABUNDANCEINEXPERIMENTALRICEPLOTS

LeonBlausteinandRichardKarban

DepartmentofEntomologyUniversityofCaliforniaDavisCalifornia95616

ABSTRACT

StudiesevaluatingtheeffectsofthemosquitofishGambusiaaffinisthe greensunfishLepomis
cyanellusandtheirinteractionsonmosquitoabundanceandcommunity structurewerecontinuedseeBlausteinandWashino1983 ProcCalifMosqandVectorControlAssoc5142in1983 Ourresults
indicatethatLcyanellusmayprovidecontrolforCulextarsalisbut appeartoreducetheeffectivenessof
GaffinistocontrolAnophelesfreeborni

Thisstudywasconductedinreplicateplotsconstructedbyforming075mringswith sheetalu
minumandforcingthemintothericesubstrate Twentyoftheseplotswererandomlyassignedto4treatments 1Control nofish2Gaffinis3Lcyanellusand4Bothfishspp Treatments
containingLcyanellusreceived505gimmatures Faunalabundancewithintheseplotswasmonitored
throughthecourseofthericefieldseasonbydippingandbyminnowtraps

Analysesofvariancerepeatedmeasuresdesignwereconducted onabundancesofCxtarsalis
AnfreeborniEphemeropteraZygopteraandGaffinis Cx tarsalisabundancesweresignificantly
reducedinallofthefishtreatmentsascomparedtothecontrolAnfreebornipopulations weresignif
icantlyreducedonlyintheGaffinistreatmentnodifferenceswerefoundinAnfreeborniabundance
betweenthecontrolandthetreatmentscontainingLcyanellus Ephemeropteraabundancewassignifi
cantlyreducedintheLcyanellusandmixedspptreatmentsbutnotintheGaffinistreatment No
treatmenteffectscouldbedemonstratedforZygopteraabundance Gaffinispopulationsweredrastically
reducedinthepresenceofLcyanellus TheresultssuggestthatLcyanellusmaybedetrimentalto
Anfreebornicontrolsincethisfishdoesnotsignificantlyreducethepopulationsofthismosquitobut
mayreducepopulationsofGaffinis

PRELIMINARYSTUDIESOFTHEINTERACTIVEEFFECTSOFSOUTHERNNAIAD

ANDTHEMOSQUITOFISHONRICEFIELDFAUNA

LeonBlausteinandRichardKarban

DepartmentofEntomologyUniversityofCaliforniaDavisCalifornia95616

ABSTRACT

WehaveinitiatedastudytodeterminehowGambusiaaffinissouthernnaiadasubmergentaquatic
plant Najassppandtheirinteractionaffectmosquitoabundanceandcommunitystructure Ourpre
liminaryresultsindicatethatbothGaffinisandsouthernnaiadhaveindividualtreatmenteffects aswell
asinteractiveeffectsonricefieldfauna

Thisexperimentwasconductedin20075mringsconstructedfromsheetaluminumwhich were

forcedintothericefieldsubstrate Theseringswererandomlyassignedto4treatments 1No
Gambusianonaiad2Gambusianonaiad3NoGambusiaplusnaiad4Gambusiaplusnaiad
Gambusiatreatmentsreceived1gravidGaffinissouthernnaiadwasplantedintheappropriaterings
andweededfromothers Faunawithintheseringsweremonitoredthroughthecourseofthericefield
seasonbydippingandbyminnowtraps

AnalysesofvariancerepeatedmeasuresdesignwereconductedonpopulationsizesofCulex
tarsalisAnophelesfreeborni EphemeropteraZygopteraandG affinis G affinisdepressedAn
freeborniand Cx tarsalis populationswhilesouthern naiad didnotaffectabundancesofthese
mosquitoes NotreatmenteffectsweredemonstratedforEphemeroptera Plotswithnaiadhadsignificant
lymoreZygopterathanplotswithoutthevegetationifGambusiawereabsent Plotswithnaiadalsosup
portedhigherpopulationsofGaffinissuggestingthatthevegetationprovidedrefugeforfishfry
againstlargerconspecificsandorprovidedmoreabundantprey Southernnaiaddidnotgenerally
achievehighdensitiesinthisstudymoredramaticeffectsmaybedemonstratedwithgreaterdensitiesof
thisvegetation



PANEL ECOSYSTEMSIMULATIONANDMOSQUITOCONTROLINAFRESHWATERMARSH

THECOYOTEHILLSMARSHMODEL

INTRODUCTION

JamesKSchooley

DepartmentofBiologicalSciencesCaliforniaStateUniversityHaywardCalifornia94542

Thefollowingeightpapersalldealwithsome
aspect of the ecological interactions in a

freshwatermarshattheCoyoteHillsRegional
ParkinFremontCalifornia Thesepapershave
muchmoreincommonthantheirstudysite
Thesepapersarepresentedtogetherhereas
theywereinLongBeachbecausetheyrepresent
aunifiedsystemsapproachtomosquitocontrol
studies Thesestudiesareacontinuationofcali

brationstudiesCollinsetal1983andSchooley
1983insupportofanecosystemsimulationmodel
designedforusebytheAlamedaCountyMosquito
AbatementDistrictSchooleyetal1982

Adetaileddescriptionofthesiteandthe
majorbioticcomponentsoftheaquaticsystemcan
befoundinthereferencesgivenabove Insum

marythismarshisrapidlybeingsurroundedby
urban development and is also a source of

anophelinemosquitoes Theareasproducingthe
anophelinemosquitoesarethosewhichdevelopex
tensivegrowths ofthe pondweed Potamogeton
pectinatus Anecosystemsmodelwasdeveloped
inordertoaidinthepredictionofmosquitopro
ductioninmidsummerbasedonspringconditions
inthemarsh Acomputerbasedmodelwasnec
essarybecauseofthecomplexityofthebiological
interactionsinvolvingpondweedmosquitolarvae
andtheirpredatorsandtheimpactofmanage
mentoptionssuchasalteringmarshdepthstock
ingwithfishorsprayingwithinsecticides Field

studies began in 1982 tocalibratethemodel

Collinsetal1983andSchooley1983
Theeightstudiesreportedherecontinueand

expandthecalibrationbegunlastseason Inad

ditiontheworkthisseasonincludedbothlabo
ratoryandfieldexperimentationtotestimplica
tionsandassumptionsofthemodel Themodel

lingeffortwasnotdonesolelytomakepre
dictionsofthesystembutalsotoaidinourcon
ceptualizationofthesystemandtohelpusgener
ate hypotheses concerning the structure and

functionofthesystem Thesehypothesescan
laterbetestedinthefieldandlaboratoryand
willideallyincreaseourunderstandingofother
aquaticsystemsaswellastheCoyoteHillsmarsh
Threedifferentresearchgroupswereassembled
andcoordinatedbyFredRobertsoftheAlameda
CountyMADtocontinuethecalibrationandex
perimentalprogramRobertsetal1983 The

firstgroupfromtheDivisionofEntomologyand
ParasitologyatUCBerkeleyexaminedtheseasonal
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patternsofthepondweedandmosquitoesthe
seasonalityofthedominantinvertebratepredators
andtheirpreyandtheinfluenceoftrailsmadein
thepondweedbywaterfowlonthesurvivaland
agestructureoftheanophelinepopulation Their

resultsaregiveninthefirstthreepapersofthe
panel Thesecondresearchgroupwasfromthe
DepartmentofBiological SciencesatCalifornia

State University Hayward and they examined

allelochemicalinteractionsbetweenpondweedsand
mosquitolarvaeanddetailsofthefishcommunity
includingseasonalpatternsofabundanceprey
selectioninthefieldandexperimentationonthe
influenceofpondweedonpredationrates Their

resultsarepresentedinthenextfourpapers
Thefinalpaperofthepaneldiscussestheabun
danceofadultmosquitoesintheCoyoteHills
marshareaandistheresultofcollaborationof
theDivisionofBiologicalControlatUCBerkeley
andtheAlamedaCountyMAD

Asyouwillseeinthefollowingreportsjust
asmanynewquestionshavebeenposedaswere
answeredbylastseasonsresearch During1984
thethreeresearchgroupswillcontinuetheir
fruitfulcollaborationintheareasofsensitivity
analysisfieldexperimentationandadultlifehis
tories

CollinsJNSSBallingandVHResh
1983 TheCoyoteHillsMarshModel Cali

brationoftheinteractionsamongfloating
vegetation waterfowl invertebrate preda
tors alternative prey and Anopheles
mosquitoes Calif Mosq Vector Control

Assoc516973

RobertsFCJKSchooleyandGE
Conner 1983 The Coyote Hills Marsh

Model Conceptualframeworkanddirections
ofresearch Calif MosqVectorControl
Assoc516566

SchooleyJK1983 TheCoyoteHillsMarsh
Model Calibrationoftheinteractionsamong
fishandfloatingvegetation CalifMosq
VectorControlAssoc517476

SchooleyJKFCRobertsandGE
Conner 1982 Apreliminarysimulationof
mosquitocontrolinCoyoteHillsfreshwater
marshAlamedaCountyCalifornia Calif

MosqVectorControlAssoc507682
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SEASONALPATTERNSOFPONDWEEDSTANDINGCROPANDANOPHELESOCCIDENTALISDENSITIES

INCOYOTEHILLSMARSH

StevenSBallingandVincentHResh

DivisionofEntomologyandParasitologyUniversityofCaliforniaBerkeleyCalifornia94720

ABSTRACT

ExtensiveareasofthewatersurfaceofCoyoteHillsMarshareoccludedbydensematsofsagopond
weedPotamogetonpectinatus Theresultingplantwaterairinterfaceservesashabitatforlarvaeofthe
mosquitoAnophelesoccidentalis Biweeklysamplesofpondweedstandingcroptakenthroughout1983
showedthatsproutingfromtubersandseedsoccurredinMarchandAprilandthatplantsurfacingoc
curredinearlyJune Theintertwiningcanopyofleavesandstemsthatdevelopedatthewatersurface
fullyoccludedthesurfacefromJulythroughmidOctober Anopheleslarvaeoccurredinthemarshonly
whenthiscanopywaspresent HoweverthedeclineinlarvalabundanceinAugustsuggeststhatthe
mosquitoeswereunabletosustaintheirsummerproductiondespitethecontinuedavailabilityofappropri
atehabitat

INTRODUCTIONThe Coyote Hills Marsh

Modelisacomputerbasedsimulationmodelde
signed to integrate the objectives of both

mosquitocontrolandwildlifemanagementRoberts
etal1983 Thispaperpresentstheresultsof
atimeseriesanalysisofthetwomaincomponents
ofthemodelthemosquitoAnophelesoccidentalis
anditspondweedrefugePotamogetonpectinatus

STUDYSITECoyoteHillsMarsh Alameda

CountyCaliforniaislocatedalongthesouth
westernmarginofSanFranciscoBay Although
historicallyatidalsaltmarshitisnowadiked
floodwater catchbasin and therefore contains

freshwaterformuchoftheyearCollinsetal
1983 Theshallowmarginsofthemainpond
supportcattails Typha spp and bulrushes

Scirpusspp Fromlatespringthroughearly
autumnthedeeperca1minteriorsectionof
the pond supports a dense surface mat of

Potamogetonwhichinturnprovideshabitatfor
Anoccidentalis

MATERIALSANDMETHODSWechosedry
weightstandingcropasthebestmeasurementof
Potamogeton phenology Standing crop also

servesasthebestquantifiablecorrelateofthe
watersurfaceareathatisoccludedbypondweed
FromJanuarythroughMay1983priortosurfac
ingthepondweedwassampledbiweeklyusingan
Ekmangrabsamplerarea 0023m Because

theEkmantakesabottomsampleaswellasthe
attachedmaterialaboveittheseearlyseason
samplesallowedustoanalyzetherelativecontri
butionofoverwinteringseedsandtuberstothe
newyearscrop

Once pondweed reaches thesurface the

leavesandstemsquicklybecomeintertwinedand
forma densesurfacemat Ifsampled from

above the matwill sink for several meters

aroundandthusdisruptanimalsbothatthe

1
NavyDiseaseVectorEcologyandControl

CenterBldg130NavalAirStationAlameda
California94501

surfaceandthroughthewatercolumn Toavoid

suchdisruptionwedevelopedapullupsampler
tousefromthepondbottomupwardtothesur
face Thesamplerconsistsofa2mPVCpole
witha28cmcircularringarea 0062mat
tachedtothelowerendandatrightanglesto
thepole Theringis15cmfromthepoleand
supportsaconical901immeshbag

Thesamplerswereimplantedbycuttinga
Tshaped notch intheintertwined canopyof
pondweed Thestemswerecutattheirbasewith

ascytheandallowedtofloatup Thesampler
wasthenslippedunderthevegetationringfirst
andimplantedintothepondbottom Weimplant
edall15samplerspriortopullingthefirstone
therebyallowingatleastanhourforrecoveryof
thehabitatfromdisruption Thesamplerswere
retrievedbypullingquicklyupwarduntilthe
ringwasjustoutofthewaterwhichallowedwa
ter to drain through the net By cutting
pondweed around the ring the amount of

pondweedperunitareawasobtained Samples
weredriedat70Cforoneweektodetermine

dryweightstandingcrop Thepullupsampler
alsoprovideduswithaquantitativemeasurement
ofinvertebratesincludingmosquitolarvaefrom
thewatersurfacethepondweedcanopyandthe
watercolumnbelow

SamplingbeganinMarch1983andwillcon
tinuethroughApril1984 Fifteensampleshave
beentakenbiweeklyspringsummerautumnor
monthlywinterfromasiteinwhichdepthtem
peratureandwindandsuneffectsareuniform
Laboratory procedures for separating inverte
brates from the pondweed are described by
LambertiandResh1984 Mosquitosampleswere
takenconcurrentlywitheachpullupsampleusing
astandardonepintdipper Threedipswere
takenwithinonemeterofeachpullupsampleand
combined

RESULTSGrowthofPotamogetoninCoyote
HillsMarshbeganinearlyMarchatthesouthern
reachesofthemarshandinmidAprilatour
studysiteinthenorthernendFig1 The

years first shoots sprout from overwintering



tubersandseeds ContentsoftheEkmangrab
samplesshowedthattherewereabout10timesas
manyseedsca300mastubers30min
mostareasofthemarsh Howeverlaboratory
studiesindicatedthatalltuberssproutedand
successfullyproducednewplantswhereasless
than4oftheseedssprouted Thereforeat
least6070ofthenewyearscropisprobably
derivedfromtubers Thedistributionofseeds

tubersandearlyseasonmainstemsthroughout
themarshwasaggregatedwithcoefficientsof
variationof6068and87respectively This

patchinesswasdueinparttodifferencesinpond
depth Althoughpastconstructionactivitieshave
tendedtogivethepondsofCoyoteHillsMarsha
relatively uniform depth early season plant
biomasstransectsacrossa20mwidechannel

whichrangedindepthfrom86to120cmindicat
ed a significant negative correlation between

dryweightbiomassanddepthr 061p
0001

ThetimeatwhichPotamogetonfirstreached
thewatersurfacewasalsovariableindifferent

partsofthemarsh Surfacingoccurredabout
midMayinthesouthernreachesofthemarsh
butnotuntilearlyJuneatourstudysiteFig
1standingcropinearlyJunewasapproximately

1983

Figure1SeasonalpatternofPotamogetonpectinatusstandingcropinCoyoteHills
Marsh ThepondweedsurfacedinearlyJuneformedacompletecanopybyearly
JulyandpersisteduntilmidOctober

123

75gm ByearlyJulypondweedreachedap
proximately150gmandthewatersurfacewas
fullyoccluded Standing crop leveledoffin

midJulyremainingbetween170and210gm
until19Septemberandthendeclinedsteadily
through theautumn Theincreasing loadof

senescingleavesandstemscausedthecanopyto
sinkbelowthesurfaceinmidOctoberandremain
thereuntiltheentirecanopydecayedinmid
December ThereforeonlyfromJulythrough
Septemberdidpondweedfullyoccludethemarsh
surfaceandprovidemaximalhabitatforAnopheles
mosquitoes

InourmainPondstudysitepullupsamples
showedthatAnophelesoccidentalisfirstappeared
inmidJuneFig2coincidentwithpondweed
surfacing Mosquitodensitiesthenappearedto
rise inconjunction with Potamogeton biomass

HowevertheapparentlinkbetweenPotamogeton
surfacingandAnoccidentalisappearanceismis
leading Anoccidentalisfirstappearedthrough
outthemarshinmidJuneregardlessofspatial
differencesinthetimingofPotamogetonsurfac
ing InfactCrandellCreekwhichisanearby
freshwaterinlettothemarshwasfullyoccluded
withpondweedatleastonemonthpriortotheap
pearanceofAnoccidentalis Thusthetiming
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Figure2SeasonalpatternofAnophelesoccidentalisdensities
estimatedfrompullupsamples

ofthefirstbroodofAnoccidentalisappearsto
berelatedtoeitheradelayinfirstreproduction
egduetocooltemperaturesorslowimmi
grationfromremotesitesratherthantothe
phenologyofPotamogetonandtheavailabilityof
refuge

Anoccidentalislarvaereachedapeakabun
danceof435minearlyAugustbutnumbers
thendeclinedsharplyFig2 Larvaewereab

sentbymidOctoberwhichcoincidedwiththe
declineofpondweedbelow75gm Atthispoint
theplantsbegantosenesceandlosebuoyancy
whichcausedthemattodropbelowthesurface
andthusminimizetheavailabilityofrefugefor
mosquitoes

Concurrentdipsamplingallowedustoestab
lishtherelationshipbetweentheabsoluteAn
occidentalispopulationmeasureprovidedbythe
pullupsamplesandtherelativemeasureprovided
bydipsamples Linearregressionanalysisin
dicatedthattherewasastrongpositivecorre
lationr 065p 0001betweenthetwomea
sures Bothmethodsagreedonthetimingoflar
valappearancebutthepeakestimatedbydip
ping40larvae3dipsoccurredabout3weeks
laterthanthepeakestimatedbypullupsamples
Fig3comparedtoFig2

Agestructureanalysesprovidednoevidence
for the progression of well defined broods

throughthesummer InfactfrommidJulyuntil

inCoyoteHillsMarshas

lateOctober relativeabundancesofthefour

larvalinstarsremainedfairlyconstantasshown
bythecoefficientsofvariationforeachinstar
whichduringthisperiodaveragedlessthan30
Suchconsistencyinagestructuresuggeststhat
despitethelargefluctuationsinlarvaldensity
therewascontinuousrecruitmentthroughmuchof
thesummer

DISCUSSIONThecloserelationshipbetween
thepresenceofAnoccidentalisandtheinter
twiningsurfacematofpondweedagreeswithpast
studies ofanopheline mosquitoes Hall 1972
HessandHall 1943andRozeboomandHess

1944foundastrongpositivecorrelationbe
tweenAnophelesabundanceandtheamountof
airwaterplantintersection Inanarrowleaf
floatingplantsuchasPotamogetonpectinatusthe
intersection line per unit surface area is

maximized which providesoptimal habitat for

Anopheleslarvae
Despitethesynchronybetweenappearance

anddisappearanceofAnoccidentalislarvaeand
thepondweedcanopymosquitodensitiesdidnot
closelytrackpondweedbiomass Forexample
althoughpondweedbiomassremainedfairlycon
stantfromJulythroughSeptembermosquitoden
sitypeakedinAugustandthendeclinedsharply
Weandothergroupsworkingonthisproject
arepresentlyanalyzingseveralpotentialfactors
thatmaycausethediscrepancyinthepatterns
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Figure3SeasonalpatternofAnophelesoccidentalisabundanceinCoyoteHillsMarsh
asestimatedfromstandardonepintdipsamples

observedforpondweedandmosquitoessuchas
1predationbyfishandinvertebratesparticu
larlydamselflies 2availabilityofalternative
prey for marsh fish 3 mortality from

Potamogeton toxins and 4 temperatureand
diapauseinducedemigrationinAnoccidentalis
Analysisofsuchcovariatesinthissystemwill
substantiallyrefinetheaccuracyoftheCoyote
HillsMarshModelandthusimprovethecriteria
bywhichmarshmanagementdecisionsaremade
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SEASONALPATTERNSOFINVERTEBRATEPREDATORSANDPREYINCOYOTEHILLSMARSH

GaryALambertiandVincentHResh

DivisionofEntomologyandParasitologyUniversityofCaliforniaBerkeleyCalifornia94720

SeasonalfluctuationsinthedensitiesofinvertebratepredatorsofAnophelesmosquitoesandalterna
tivepreyformosquitofishGambusiaaffiniswereexaminedin1983tocalibratetheCoyoteHillsMarsh
Model Populationdynamicsofmostmarshinvertebrateswerecloselyrelatedtothedynamicsofsago
pondweedPotamogetonpectinatussuchrelationshipscanbeexpressedbylinearequationswhichare
alsosuitableforincorporationintothemodel Themostabundantalternativepreyitemsformarshfish
werechironomidmidgelarvaeandmicrocrustaceansespeciallycladoceransandcopepods Damselfly

naiadsaccountedformostinvertebratepredationonAnopheleslarvaeinAugust1983theyconsumedover
30 ofearlyinstarmosquitoesinCoyoteHillsMarsh

INTRODUCTIONThe seasonal patternsof
theinvertebratepredatorsofAnophelesmosqui
toesandthealternativeinvertebratepreyfor
mosquitofishGambusiaaffinisareimportantcom
ponentsoftheCoyote HillsMarshsystemin
AlamedaCountyCalifornia Acomputerbased
simulationmodeltheCoyoteHillsMarshModel
hasbeendesignedtointegratecontrolmethods
foranophelinemosquitoesinCoyoteHillsMarsh
withtheeventualgoalofapplyingthismodelasa
managementtoolinadiversearrayofwetland
habitatsRobertsetal 1983Schooley1984
Howeverrealisticpredictionsofanophelinedy
namicswiththismodeldependonaccuraterep
resentationofthedynamicsofinvertebratepreda
torsandpreyinthemarshCollinsetal1983
Thisreportsummarizestheresultsof1983field
studiesdesignedtodetermine 1theseasonal
abundancesofinvertebratepredatorsofmosqui
toesandalternativepreyformosquitofish2
therelationshipoftheseorganismstotheprimary
mosquitorefugeinthemarshsagopondweed
Potamogetonpectinatusand3theextentof
invertebratepredationonAnophelesmostlyAn
occidentalispopulations

MATERIALSANDMETHODSFieldsampling
ofpondweedandtheassociatedinvertebratefauna
inCoyoteHillsMarshwasconductedfromMarch
1983throughApril1984 Samplingmethodsare
describedindetailbyBallingandResh1984
Inthelaboratoryindividualpondweedsamples
wererepeatedlyflushedwithwaterandthedis
lodged macroinvertebrates werecollected in a

90pmmeshnet Allmacroinvertebratesexcept
forChironomidaewerethenidentifiedandenu
meratedmicrocrustaceaweresubsampledpriorto
enumeration

Chironomid midge larvae Diptera which

occupytubecasesonthepondweedstemsand
leavescouldnotbedislodgedusingthestandard
washingtechnique Insteadseparatesamplesof
pondweed werecollected fromthemarsh and

treatedwithamild5 hydrochloricacidsolution

1Department of Fisheries and Wildlife

OregonStateUniversityCorvallisOregon97331

ABSTRACT

thatcausedthemidgelarvaetoevacuatetheir
casesmidgelarvaewerethenenumerated

RESULTSANDDISCUSSIONThephenology
ofpondweedhighlyinfluencesthedynamicsofthe
invertebratepopulationsinCoyoteHillsMarsh
Theseasonalpatternsofpondweedandmosquito
populationshavebeendescribedbyBallingand
Resh1984 Thefollowingsectionsdescribethe
invertebratefaunaofCoyoteHillsMarshandits
relationshiptopondweedbiomassandmosquito
dynamics

Theaquaticinvertebratefaunaofthemarsh
istaxonomicallydiversetheInsectaarerepre
sentedby9orders23families39generaand
atleast43differentspecies Inadditionthere

are10speciesofnoninsectaninvertebratesthat
commonlyoccurinthemarsh Thenumberofin

vertebrate species collected on a particular
samplingdatepeakedat2530speciesinearly
summerandthendeclinedthroughtheautumn

Thedensityofmacroinvertebratesexclusive
ofChironomidaeincreasedrapidlyfromJuneto
Julystabilizedbetween15002000mfromAugust
toSeptemberandthendeclinedinOctober A

high proportion ofthe seasonal variation in

macroinvertebratedensitycanbeexplainedby
changesinpondweedbiomassTable1

AlternativePrey Themostabundantmacro

invertebratesinthemarsharechironomidmidge
larvaewhicharealsoimportantalternativeprey
for mosquitofish and stickleback Gasterosteus

aculeatusinthemarshFlemingandSchooley
1984 TheChironomidaewhicharemostlyrep
resentedbyParalauterborniellasubcinctabutin
cludeatleastsixspecies build andoccupy
tubecasesonthesubmergedpondweedrelatively
fewmidgesarepresentintheanoxicsedimentsof
themarsh Populationdynamicsofchironomids
closelyfollowedtheseasonalpatternofpondweed
biomass midgedensitiespeakedatmorethan
100000mduringmidsummerwhichisover50
timesthepeakdensityofallothermacroinver
tebratescombined Similartothepatternforto
talnumberofmacroinvertebratesthedensityof
chironomidscanbeaccuratelypredictedusinga
linearequationbasedonpondweedbiomassTable
1 Theseequationswillbeincorporatedascom
ponentsintheCoyoteHillsMarshModel



Table1 Linearregressionequationsdescribingtherelationshipbetween
biomassofPotamogetonanddensitiesofselectedmacroinvertebratetaxain
CoyoteHillsMarsh

x

gm

Potamogeton

Potamogeton

Potamogeton

Table2 Consumptionoffirst Iandsecond IIinstarAnopheles
occidentalisbydamselflynaiadsinrelationtothetotalnumberofAn
occidentalispresentinthemarshduring1983

I IIAnopheles1m

1 IIAnophelesin
Zygopteraforegutsm

TotalAnopheleslm

Anophelesingested

Y

nom

macroinvertebrates

Chironomidae

Zygoptera

Microcrustaceainthemarsharelargelyrep
resentedbycladoceransandcopepods These

organismsmovefreelyinthewatercolumnwhere
theyfeedonplankton Thusunlikemacroinver
tebratesthemicrocrustaceaarenotepiphyticand
theirdynamicsarenotdirectlylinkedtopond
weedphenology BothCladoceraandCopepoda
showedabundancepeaksintheearlysummerand
earlyautumn Thehighestdensitieswereabout
65000mforCladoceraautumnand75000m
forCopepodasummerandautumn Becauseof

theirhighdensitiesandyearroundpresencein
themarshmicrocrustaceaserveasimportantal
ternativepreyitemsformosquitofishFlemingand
Schooley1984

Invertebratepredators Invertebratepreda
torsmaybeseasonallyimportantagentsinthe
regulationofmosquitopopulationsinthemarsh
This predator guild includes hydrophilid and

dytiscidbeetleseightspeciescombineddensities
about100mandNotonecta20m However
themostnumerousinvertebratepredatorsinthe
marsharedamselflynaiadsOdonataZygoptera
which are represented by three species
lschnuracervula Enallagmacarunculatum and

Enallagmacivile Thedynamicsofdamselflies
generallyfollowedtheseasonalcycleofpondweed

11June

3

48

regressionequation R
y a bx

y 2685 92x

y 9520 488x

y 1435 26x

8Aug 6Sept

45 95 85

42 7

137 92

63 307 76

082

085

048
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damselflydensitiespeakedinlatesummeratabout
1300m TherelationshipbetweenPotamogeton
andZygopterathreespeciescombinedcanbe
describedbyalinearequationthatexplainsabout
onehalfofthevariationindamselflydensities
Table1

Damselfly densities peaked shortly after

AnophelesinCoyoteHillsMarshwhichsuggests
thatpredationbydamselfliesmayhavebeenpar
tiallyresponsibleforthedeclineinthemosquito
populationinmidsummerBallingandResh1984
Weexaminedtheforequtcontentsofdamselfly
naiadscollectedinJuneAugustandSeptember
1983 Theforegutsofthosedamselfliesheld
mostlychironomidlarvaeandcladocerans How
ever theforegutsoflaterinstarnaiadsheld
firstandsecondinstarAnopheleslarvaeTable
2 Damselfliesconsumedonlyasmallpercentage
68 ofthemosquitopopulationinJuneand
Septemberbutmosquitodensitieswerelowdur
ingthoseperiodsBallingandResh1984 How

ever inAugustwhenmosquitodensitieswere
highdamselfliesconsumedover30oftheearly
instarlarvaepresentinthemarsh

The importanceofdamselflypredation in

regulatingAnophelespopulationswilldependon
theconsumptionrateoftheseorganismscompared
totherecruitmentrateofmosquitoesintothe
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habitat Therelationshipbetweenthesefactors
willbeexaminedduring1984usingfieldandlabo
ratoryexperiments Theresultsofthesestudies

willbeintegratedintothesimulationmodelto
providearealisticestimateofinvertebratepre
dationinCoyoteHillsMarshandultimatelyto
increasetheaccuracyandapplicabilityofthisap
proachtomosquitomanagement
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DOWATERFOWLAFFECTMOSQUITOESINCOYOTEHILLSMARSH

JoshuaNCollinsandVincentHResh

DivisionofEntomologyandParasitologyUniversityofCaliforniaBerkeleyCalifornia94720

INTRODUCTIONWaterfowl thatgrazeon
vegetation while at the water surface ie
dabblingduckshavebeenshowntoaffectthe
distributiondensityandrelativeabundanceof
aquaticplantsinmanyshallowlakesandmarshes
eg Boorman and Fuller 1981 Danell and

Sjorberg1982Krull1970 AttheCoyoteHills
Marsh Coyote Hills Regional Park Alameda

CountyCaliforniadabblingducksfeedinten
sivelyonsagopondweedPotamogetonpectinatus
whichinsomeareasofthemarshcanforma
densefloatingplantcanopy Sincethiscanopyof
pondweed functionsasa refuge formosquito
larvaefrompredationbyfishwehypothesized
thatdisruptionofthecanopybywaterfowlmight
indirectlyaffectmosquitopopulation dynamics
Thispaperpresents theresultsofthe first
studies that were designed to examine this

hypothesis
METHODSStudyArea TheCoyoteHills

Marshwascreatedfromhighlydisturbed salt

marshremnantstoimprovelocalfloodcontroland
providewildlifehabitatandtobenefitenviron
mentaleducationprograms Thefloralmosaicat
themarshreflectsahistoryofvariedlanduse
patternsCollinsetal1983andacomplexhab
itat plan Zones of emergent cattails and

bulrushesseparatethemainmarshbasinsfroma
surroundingfloodplainthatsupportshalophytes
aswellasfreshwateranduplandplantspecies
Theimportantmosquitospeciesthatareassociated
withthepondweedatthemarshareAnopheles
freeborniandAnoccidentalis Seasonalpatterns
ofpondweedandepiphyticinvertebratespecies
thatincombinationprobablycomprisethemain
dietfordabblingwaterfowlattheCoyoteHills
MarsharepresentedbyBallingandResh1984
andLambertiandResh1984

SamplingDesign Wemonitoredpopulations
ofAnopheles larvaeanddescribedchangesin
pondweedstandingcropforareasofthemarsh
wherewaterfowlwereactiveandforadjacentar
easfromwhichwaterfowlwerephysicallyexclud
ed Threewaterfowlexclosureswereconstructed

duringearlyAugust1983inaportionofthe
marshwheredabblingduckscongregatedtofeed
andrest Eachexclosureconsistedofasquare
frameofsmalldiameterplasticpipethatsupport
ed25 50cmmeshnylonnettingandenclosed
10m ofmarshsurface Theopentopand
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ResultsoffieldstudiesconductedattheCoyoteHillsMarshAlamedaCountyCaliforniaindicate
thatforagingbywaterfowlonsagopondweedPotamogetonpectinatuscanpreventtheformationof a

densefloatingplantcanopyandalsocanacceleratetherateofcanopydecay Consequentlythedensi
tyofAnopheleslarvaeisreducedpossiblybecauseofpredationbyfishordecreasedavailabilityof
ovipositionsites SuchwaterfowlactivityalsocausesthepopulationagestructureofAnophelestovarywithinahabitat Thevalueofwaterfowlformosquitocontrolmaydependuponthetimingoftheirmi
grationrelativetobothpeakdensitiesofmosquitolarvaeandpondweedsurfacecover

bottomandthelargemeshsizeallowedinvasion
into the exclosures by vertebrate and

invertebratemosquitopredatorsincludingadult
and immature Odonata dragonflies and

damselflies mosquitofish and aerialfeeding
insectivorous birds eg swallows and

flycatchers
Theimmediatevicinityoftheexclosureswas

selectedasthecontrolarea Inadditionsamples
takenwithintheexclosuresandcontrolareawere

comparedtoothersamplescollectedinanearby
portionofthemarshwherewaterfowlwereuncom
mon Thislatterareaishenceforthreferredto
astheshelteredsite Foradescriptionofthe
methods usedtosampleAnopheleslarvaeand
pondweedatthislattersiteseeBallingandResh
1984

Withineachexclosureandthecontrolarea16
dipsamplesofAnopheleslarvaeweretakenina
griddedpatterneachweekbeginninginmid
AugustandendinginmidOctober Thenumber

ofindividualsofeachageclassieinstars14
andpupaewasrecordedforeachsampleandall
sampleswerereturnedtotheirplacesofcol
lection

Thenumberofwaterfowlthatremainedwith

ina2haareaaroundtheexclosuresduringour
samplingeffortswasdeterminedbydirectcount
Thesecountsindicatedtheabundanceofdabbling
ducksthatforagedinthestudyareaandthere
foreprovideameasureofwaterfowlactivitythat
mightaffecttheavailabilityofmosquitorefuge

Visualestimatesofpercentsurfacecover
weremaderegularlyforeachexclosureandthe
controlarea Attheendofthestudyacom
pleteinventorywasmadeofthetotalstanding
cropofpondweedineachexclosure Thepond
weedwascollectedwitharakedriedatabout
75Cfor2weeksandweighed

RESULTSWe consistently observed that
70100 waterfowlwerepresentinthemarshon
eachsamplingdateTable1 Themajorityof
these waterfowl were surfacefeeders eg
mallardsgadwallspintailsbutincludedsome
speciesthatdivetoforageifsufficientfoodis
unavailableatthesurfaceegAmericancoots

Foragingbywaterfowlrapidlyreducedthe
plantcoverinthecontrolarea Percentsurface

coverdeclinedmoregraduallywithintheexclos
uresTable2andalsoattheshelteredsite
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Table1 Totalnumberofdabblingwaterfowlthat
were present in the marsh during mosquito
sampling

Aug

Aug

Aug

Sept

Sept

Sept

Sept

Date

16

22

29

6

12

19

26

Exclosure

A

B

C

Count

100

86

89

90

81

71

87

Weexpectedthatafterwaterfowlwereexcluded
fromanareathepercentcoverandpondweed
standingcropwouldincreasehoweverthisan
ticipatedresponseonlyoccurredinoneofthe
threeexclosures Thelargestamountofpond
weedoccurredattheshelteredsiteandtheleast
amountoccurredinthecontrolarea

BeginninginearlySeptemberthedensityof
Anopheleslarvaedecreasedthroughoutthemarsh
Howevermosquitodensitieswerealwayshigher
attheshelteredsitethanwithintheexclosures
andwerealwayslowestinthecontrolareaTable
3 Patterns ofchange in mosquito density

variedamongthethreewaterfowlexclosuresFig
ure1 Intwoexclosureswherepercentcover
decreasedthroughoutthestudymosquitoden
sitiesalsotendedtodecrease Inthesingle
exlosurewherepercentcoverincreasedtherewas
a corresponding increase in the density of

Table2 Percentplantcoverbydateforeachwaterfowlexclosureandtotal
pondweedstandingcropcontainedwithineachexclosureattheendofthe
study

August
16 22 29

75 60 60

75 60 60

80 70 80

PercentCover

mosquitolarvae AfterthelastweekofSeptem
ber no mosquito larvae were found in any

exclosure

ThepopulationagestructureforAnopheles
wasrelativelyconstantattheshelteredsiteand
secondthroughfourthinstarswerenumerically
dominant Asimilaragestructurewasobserved
forlarvaeintheexclosuresoncertaindatesbut

duringthelastweekinAugustrecruitmentof
firstinstarsincreasedsubstantiallyFigure2in
theoneexclosurewherepercentcoverhadalso
increased Subsequenteffectsofthisrecruitment
onagestructurecouldbedetectedforthecohort
overtimeFigure2 Inthecontrolareaage
structureappearedhighlyvariableprobablybe
causeoftheverylowdensities

Duringthefirsttwoweeksofthestudy
larvalpopulationswithinthecontrolareaex
closuresandshelteredsiteweresimilarinage
structurehoweverbyearlySeptemberallre
cruitment in thecontrol area hadapparently
ceasedFigure2 Recruitmentcontinuedinat

leastoneexclosureuntillateSeptemberandcon
tinuedattheshelteredsiteforaboutonemonth

longer
DISCUSSIONThe foraging behavior of

dabblingwaterfowlattheCoyoteHillsMarshre
sultedinwidespreaddisruptionofthepondweed
surfacecanopy Anobviouscharacteristicofin

tensiveforagingwastheappearanceofwhite
pondweedstemsintertwinedwithpartiallysub
mergedshreddedpondweedleaves Stemcutting
apparently accelerated the senescence ofthe

canopyandconsequentlyitssubsidenceorits
removalbywaveaction Thisiswhyonlytraces
ofpondweedwerefoundinthecontrolareaatthe
endofthestudy

Sincethewaterfowlexclosureswerenotcon
structed until latesummer they encompassed
pondweedthathadalreadybeendisruptedby
foragingwaterfowl Theeffectofthisforaging
wasapparentlytooextensiveintwoofthethree
exclosuresforthepondweedtorecoverandform

September
6 12 19 26

50 35 20 15

60 50 50 40

90 85 80 85

Ending

StandingCrop
kg

179

326

475



Table3 DensityofAnopheeslarvaebysamplingdateforthewaterfowl
exclosuresthecontrolareaandtheshelteredsite Datawerecombinedfor
allthreeexclosures Sinceoriginaldatafortheshelteredsitewerebasedon3
dipspersamplethevarianceamongindividualdipswasnotavailable

Date

Aug16 6055

22 3935

29 4118

Sept6 3935

12 2928

19 2432

26 0105

240

200

160

120

80

40

0

Exclosures

xsd dip

16Aug 22

DensityofAnophelesLarvae

ControlArea ShelteredSite

xsd dip

2021

2224

1112

1426

0406

0103

0000

x dip

19

207

176

415

291

266

175

210

1

29 6Sept 12

SamplingDate
Figure1 Totalnumberofmosquitolarvaecollectedineachexclosureoneach
samplingdate

26
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Sept26

Sept19

Sept12

Aug29

Aug22

Aug16

Exclosures ControlArea ShelteredSite

NIPIP

Figure2 Populationagestructurebysamplingdateforthewaterfowlexclosures
controlareaandshelteredsite Datawerecombinedforthethreeexclosures Note

thatanincreaseinrecruitmentisapparentasanumericaldominanceoffirstinstarsin
theexclosuresonAugust29 Astheserecruitedlarvaematureieduringlater
samplingdatesdominanceshiftstolaterinstars

ahealthysurfacemat Insteadthepondweedin
thesetwoexclosures continued to deteriorate

throughoutthestudy Thissuggeststhatdab
blingwaterfowlcanpreventcanopyformation
andthatcontinuousforagingisnotrequiredto
acceleratecanopysenescence

Therelativelyhighrateofmosquitorecruit
mentthatweobservedforoneexclosuremayrep
resenttheimportanceofpondweedsurfacecover
formosquitoovipositionandsurvival ifthe

pondweedcanopyenhancesovipositionthenthe
exclosurewiththemostpondweedcoverwould
receivethemostrecruitment Sincethepond

weedcanopyservesasarefugefromfishpre

pupae
4th

11103rd

2nd

1stinstar

dationandsincemosquitofishattheCoyoteHills
MarshapparentlypreferearlyinstarAnopheles
Fleming and Schooley 1984 an increase in

pondweedcouldcauseanincreaseintherelative
abundanceofyoungerlarvae

AttheCoyoteHillsMarshthetimingofmi
grationofdabblingwaterfowlcaninfluencetheir
value for mosquito control Densities of

AnopheleslarvaetendtobehighestduringAu
gustandpondweedstandingcropislargestfrom
JulythroughSeptemberBallingandResh1984
However theautumn immigrationofwaterfowl
doesnotusuallybeginuntilOctoberandthe
springemigrationpreceedsboththeformationof



a pondweed canopy and the appearance of

Anopheles Thereforetoincreasethevalueof
waterfowlinmosquitomanagementeffortsmight
bemadetoincreasethenumberofwaterfowlthat
aresummerresidents

Inthisregarddifferencesbetweentheef
fectsofresidentialandmigratingwaterfowlonthe
pondweedcanopyshouldbeexamined Forexam

plewehaveobservedthatsummertimeresidents
createpathwaysthroughthepondweedbetween
themarshmarginwherethewaterfowlnestand
theforaginggroundsatthemarshinterior We

havealsonotedthatGambusiacanusethese

pathwaystoinvadethemosquitorefugeCollins
etal1983 Thissuggeststhatthebeneficial
effectsofforagingbydabblingwaterfowlmaybe
complementedbyotherwaterfowlactivities Field

researchisnowbeingconductedtomeasurehow
populations of Anopheles larvae respond to

waterfowlfeedingactivitythatoccursearlyinthe
pondweedgrowthperiodandtodeterminethe
relativeimportanceofwaterfowlpathwaysforen
hancingnaturalmosquitocontrol Theresultsof

thesestudieswillbeusefulinthedesignand
managementofecologicallydiversemarshesthat
haveareducedpotentialtosupportmosquitoes
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DISTRIBUTIONANDABUNDANCEOFTWOMARSHFISH THEMOSQUITOFISHGAMBUSIAAFFINIS

ANDTHETHREESPINESTICKLEBACKGASTEROSTEUSACULEATUS

JamesKSchooleyandLeonardMPage

DepartmentofBiologicalSciencesCaliforniaStateUniversityHaywardCalifornia 94542

ABSTRACT

Insupportofanecosystemsimulationmodeldesignedforvectorcontrolthedistribution andabun

danceoftwosignificantmosquitopredatorswerestudied TheyarethemosquitofishGambusiaaffinis
andthethreespinesticklebackGasterosteusaculeatus Thesummerdistributionsandabundanceof

eachwithintheCoyoteHillsfreshwatermarshindicatesthatthemosquitofishisinrelativelylownumbers
lessthan1perm2inJulyandincreasesto186permbySeptember Converselythestickleback

goesfromahighof27perminJulyto917perminSeptember Theverticaldistributionsofthetwo

specieswithinthedensepondweedwerealsoanalyzed Allofthemosquitofishcollectedwereinsurface

trapswhilethesticklebackswereconfinedtomidwaterandafewbottomwatertraps Finallyasimple

methodofestimatingthedensityofmosquitofishfromacatchperuniteffortmethodispresented The

utilityofthispopulationestimateisguardedbecauseofthelowcorrelationbetweenthepopulationdensity
andthecatchperuniteffort

INTRODUCTIONIntheoperationaluseof
theecosystemsimulationdescribedbySchooleyet
al 1982 a varietyofbiological inputsare

required Manyoftheseinputsareroutinemea
surementsofwaterdepthdominantvegetation
watertemperatureanddensityofmosquitolarvae
Roberts1982andRobertsetal 1983 One

measurementwhichisnotroutinefortheAlameda
CountyMosquitoAbatementDistrictisthedensity
offish in general or even the mosquitofish
Gambusiaaffinis Thecurrentsimulationmodel

isdesignedtoproducesimulationsunderawide
varietyofinitialconditionsincludingfishdensity
Oneofthekeyfeaturesoftheapplicationofthe
modelisthatavectorcontrolbiologistcouldsur
veyexistingconditionsinthemarshusethisas
inputtothemodelandmakepredictionsoffuture
conditionsforthatseasonandtotestvarious
controloptionssuchassprayinginsecticidesor
stockingfish

Thestudyreportedhereisdesignedtosup
portthecurrentmodellingeffortandisbroken
intothreeprojects Thefirstisacontinuationof
thecalibrationoffishdistributionandseasonal
abundance in the marsh begun last season

Schooley1983 Thesecondistheexamination
onafinescaleoftheverticaldistributionof
mosquitofish and the threespine stickleback

Gasterosteusaculeatus Theobjectivesofthis
secondprojectweretoexaminehowthedensityof
pondweedaltersthedistributionoftwoabundant
mosquito larvae predators and determine the

properconfigurationforminnowtrapsinestimat
ingfishabundanceThefinalprojectreported
hereisthetestingofminnowtrapsformaking
quantitativeestimatesofmosquitofishabundance
Thisprojectispatternedaftertheworkdonein
ricefieldsMiuraetal1982wheremarkand
recapturepopulationestimatesareusedingen
eratinga regressionofcatchperuniteffort
againstmosquitofishdensity Thiswillallowthe

vectorcontrolbiologistsinthefuturetotrap
mosquitofishcalculateanaveragecatchperunit
effortandthenusetheregressionequationto

predictmosquitofishdensitywithouttheproblems
ofyearly mark and recapture or unit area

samplingtechniques
METHODS AND MATERIALSQuantitative

Sampling Quantitativefishsamplesweretaken
usingahoopnet Thehoopnetconsistedofa
38cmdiametercopperpipeformedintoa111cm
diameterhoopwhichwasfilledwithsandthrough
afittinginthepipe Thecopperhoopwasat
tachedby12velcrotabstoaripstopnylonbase
withtwodrawstringssewnintoit Thisallowed

detachmentandclosureofacylindrical nylon
screennetofthesamediameterinapursenet
fashion Styrofoamflotationwassewnintothe
topofthenet Thisnetdesignwasthemost
practicalmethodavailableforsamplingfishinthe
densefloatingvegetationofthemarsh Thehoop
netwastossedabout3metersfromaboatinto
undisturbed water sinking immediately
Pondweed Potamogeton pectinatus was then

removedfromthecenterofthenetbyhandand
thebottomofthenetdrawnclosed Fishwere

preserved in 10 formalinand latercounted

weighedmeasuredandsexedinthecaseof
mosquitofish Samplesweretakeneverythree
weeksfromJulythroughOctoberatfourareasin
thenorthernbasinofthemarshandtwoareasin
thesouthernportionofthemarsh Ateachhoop
netlocationmeasurementsweretakenofthewa
terdepth airtemperaturewatertemperature
surfaceandbottomdistancestothenearshore
nextshore boardwalksandopenwater Open
waterisdefinedasanareaofatleastonesquare
meterwithnovegetationatthewatersurface
Distancesweremeasuredwithadoubleimageco
incidencehandheldrangefinder Inaddition

twopondweedsamplesweretakenadjacenttoeach
hoopsamplewitha0065mpullupsampler

VerticalDistributions Forthismicrohabitat

study three Gees minnow traps lined with

galvanizedwindowscreenwereplacedonemeter
apartinanequilateraltriangleoneonthesur
faceoneatmidwaterandoneonthebottom
TrapswereindividuallysuspendedfromPVC



polesanddepthsettingswereeasilyadjustedfor
eachtraplocationbychangesinthelengthofthe
suspensionline Settingswereconductedfroma
kayaksonottodisturbvegetationandbottom
mud Trapswerecheckedafter24hoursfor13
consecutivedayswith4trialsinAugustand8
trials in October Fish were identified and
countedinthefieldandthenreleased

MarkandRecapture Mosquitofishwerecol
lectedfromthefreshwatermarshatCoyoteHills
formarkingandlaterrelease Thecapturedfish
wereputdirectlyintoa20gallonholdingtank
treatedwith2ppmKMn0and500ppmNaCIand
heldforatleast18hourstoallowforacclimation
toholdingconditionsbeforemarking Marking
proceduresfollowedVondraceketal1980and
StewartandMiura1982withafewmodifica
tions Inbriefmosquitofishweremarkedby
sprayingthemwithafinepowderedflourescent
pigmentunderhighpressure175psi for10
seconds Bottlednitrogenwasthecompressedair
source Fishwerethenrinsedimmediatelywith
cleanwaterandreturnedtothetreatedholding
tank Sprayedfishwereheldfornolessthan4
daystoobservemortality Markedfishwere
thenseparatedcountedandreleasedintoanen
closureerectedinthemarsh

25

20

15

10

5

N

N

722 89

Three365mby365mplasticenclosures
wereconstructedinthemainmarsh Carewas

takennottodisturbthevegetationnorscatter
thefishfromtheenclosurearea Boardsand

styrofoamwereusedforedgeflotationtoholdup
theenclosure this flotation system withstood

pressurefromsittingwaterfowl Rockssecured
theplastictothebottom Markedfishreleased
intotheenclosurewereallowedtoacclimatefor24
hoursbeforetwoGeesminnowtrapsTinedwith
galvinizedwindowscreenweresetwithintheen
closure Foreachtrialthetrapsweresetat
thesurfaceapproximately2metersapartand
checkedat24hourintervalsfortwoconsecutive
days SeveraltrialswereruninJulyAugust
andOctober Thestandarddepthtemperature
and pondweed measurements described earlier

weretakenaftereachtrapping
Recapturedfishwerecheckedformarkings

usinganobservationboxequippedwithablack
lightandasmallaquariumasinStewartand
Miura1982 Markedandunmarkedfishwere
countedandrecorded Anestimateofthepopu
lationdensitywascalculatedusingtheLincoln
IndexSouthwood1978 Aregressionwasthen
runusingtheaveragenumberoffishpertrap
catchperuniteffortastheindependentvari

GAMBUSIA

GASTEROSTEUS

831 921

DATE
Figure1 SummerabundancesofthemosquitofishGambusiaaffinisandthesticklebackGasterosteus
aculeatuscollectedbyhoopnets

135



136

ableandpopulationdensityasthedependent
variablesimilartotheindexdevelopedbyMiura
etal1982

RESULTS AND DISCUSSIONThe seasonal

patternsoffishabundanceshowa remarkable

shiftoccurringinmidAugustFigure1 The

mosquitofishshowanexplosivegrowthwhichis
not uncommon for this species while the

sticklebackshowsaconsistantdecreaseinabun

dancefromanearlysummerhigh Itisinterest

ingtonotethatalthoughtheshiftinrelative
abundanceofthetwofishisdramaticthetotal
ofthetwoonlyincreasesfromapproximately25to
27indm IncomparisonMiuraetal1982
reportthegrowthofmosquitofishindigenousto
thericefieldsnearFresnoCaliforniareached
densitiesof25indmbytheendofAugust
during1980whilePotamogetoncoveredareasof
theCoyoteHillsmarshsupporteddensitiesof182
indminAugustof1983 Inricefieldsstocked

withapproximately016 indm inMay total

mosquitofishdensitiesreachedapproximately17
indmbytheendofAugust1980Miuraetal
1980 TheCoyoteHillsmarshistherefore
supportingasmanymosquitofishasricefields
wheretheyarestockedasabiologicalcontrolfor
mosquitoes

Thedensityoffishduringthesummerof
1983was27percentlowerthansummerof1982
Table1 Themajorityofthisdeclinewasdue
tothemuchlowerdensityoftheSacramento
Blackfish Orthodon microlepidotus Thetwo

mostabundantfish themosquitofishandthe
sticklebackdecreasedin1983butnotsignifi
cantly Wecurrentlyhavenoexplanationforthe
dramaticdecreaseintheSacramentoblackfish
populationnorisitclearhowthisdecreaseaf
fectstherestofthecommunity

Intheverticaldistributionsamplingthere
werenosurprisesconcerningthedistributionof
mosquitofishMoyle1976 Onehundredpercent
ofthefishtakeninsummerandfallwereinsur

Table1 MeandensitiesoffishduringtheperiodAugusttoOctober1982and
1983

SPECIES

Gambusiaaffinismosquitofish

Gasterosteusaculeatusthreespinestickleback

OrthodonmicrolepidotusSacramentoblackfish

CottusspSculpin

Cyprinuscorpiocarp

LepomismicrolophusRedearsunfish

Total

facetraps Thesticklebackhowevershoweda
morecomplexverticaldistributionpatternFigure
2 InJulyover70percentofthefishwere
trappedatmidwaterintheloweredgeofthe
densePotamogetoncanopy InNovemberasthe

pondweedwasrapidlybreakingupandsinkingto
thebottomthesticklebacksweremoreequitably
distributedthaninJulybutwerestilluncommon
atthesurface Alsoofinterestisthefactthat

twofishwhichwererareinJulysculpinand
sunfishweremoreabundantinNovemberand
wereveryevenlydistributedwithinthewater
columnFigure3 Neitherofthelattertwospe
ciesweresignificantpredatorsonmosquitolarvae
Fleming unpublished butdid preyon both

mosquitofishandstickleback Theresultsforthe

mosquitofishsupportourearlierassumptionthat
midwaterminnowtrapsarenotneededincen
susingmosquitofishpopulationsinmarkandre
capturestudies

Inthemarkandrecapturestudydonehere
markingmortalitieswerekeptatlessthan10by
selectionoflargerfishformarking Wefoundin

preliminary markings that smaller individuals

35mmandmalessufferedthehighestmarking
mortalitiesthesearesimilartotheresultsof
StewartandMiura1982 Wehoweverworked
withsmallersamplesizesandcouldsizeselectour
fishpriortosprayingtoreducemortality

The linear regression equation developed
gavearatherpoorfitFigure4 Theintended

applicationofthisequationwasfortheestimation
ofmosquitofishdensitiesinspringwhendensities
aretypicallyverylowinsystemsliketheCoyote
Hillsmarsh Theapplicationofthistechniquein
ricefieldsgaveareasonablygoodfittocatch
datawhichexceededanaverageof15fishper
trap Only25ofourtrappingsreachedthis
level At15fishpertraptheestimatedpopu
lationdensitieswerebetween37and59fishper
metersquareinthericefields Miuraetal
1982 CoyoteHillsmarshdensitiesgreaterthan

DensityNom
1982 1983

128 125

168 148

84 04

27 28

11 02

04 02

422 309
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Figure2 Aseasonalcomparisonoftherelativecatchesofthesticklebackinminnowtrapsatdifferent
positionsinthewatercolumn R meancatchpertraporcatchperuniteffortstandarddeviation
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30fishpermetersquarewerenotreacheduntil
midAugust Inadditiontothenormalhighvari
anceexpectedwhenestimatingsmallpopulations
usingmarkandrecapturetechniquestwopor
tionsofthedesignalsoneedtobeconsidered
thesizeoftheenclosuresused134mandthe
patchinessofpondweedwithineachenclosure
Webelievetheedgeeffectwassignificantin
alteringfishdistributionsandthatlargerenclo
sureswouldoffsetsomeoftheseproblems Larg
erenclosureswithanincreaseintrapsperenclo
surewouldalsoreducesomeofthevariablility
producedbysignificantdifferencesinpondweed
biomassoverafewmetersdistance Thesedif

ferencesinpondweedbiomassproduceobvious
shiftsintheabundanceofseveralinvertebrate
preyspecies Collinsetal1983Ballingand
Resh1984andLambertiandResh1984which
can lead to differences in mosquitofish
production Insummarytheuseofthecatch
perunittrappingmethodsareclearlyoneofthe
easiestmethodsavailabletousforestimating
mosquitofishabundance Howeverduetothe

highvarianceatlowdensitiesitwillprobably
givemoreaccurateestimatesoffishdensitieslat
erintheseasonthanitwillinthespring
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FORAGINGPATTERNSANDPREYSELECTIONBYMARSHFISH

KevinJFlemingandJamesKSchooley

DepartmentofBiologicalSciencesCaliforniaStateUniversityHaywardCalifornia94542

Preyselectionandfeedingelectivityinthe
mosquitofishGambusiaaffinisandthethreespine
stickleback Gasterosteus aculeatus were ex

aminedduringthesummerof1983intheCoyote
HillsFreshwaterMarshFremontCalifornia One

ofourobjectiveswastostudytheeffectthefish
hadonmosquitopopulations

Inbothspeciesinteaspecificpreyselection
changedoverthesummer Thesechangeshow
everhadlittleeffectontheinterspecificprey
selectiondifferenceswhichweredramatic The

mosquitofishdietwascomposedofapleustonie
adultdipteraandgerridsandnektonportions
Averagedoverthesummerthenektonportionof
the mosquitofish diet consisted of 4344

cladocera2766copepods1331chironomids
508culicidlarvae 113corixidadultsand
938others Sticklebackwhichfedonlyon
nektonpreyhadadietof 4824chironomid

larvae3526cladocerans1566copepods33
ostracods12culicidlarvaeand39others

Electivityvaluesforthemosquitofishindicate
significantselectionformosquitolarvae Se

lectionforthemosquitolarvaeincreasedduring
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themonthofAugust Thisincreaseinelectivity
valuescorrespondedwithincreasesinthepond
weedPotamogetonpectinatusinthedensityof
mosquitolarvaeandinthepercentageofthe
mosquitofishdietsmadeupbypleuston

Sticklebackhadinsignificantelectivityvalues
forthemosquitolarvae Mosquitolarvaewere
thereforetaken in proportion totheir abun

dances InAugustlarvalandpupalchironomids
madeup8566ofthesticklebackdiet BySep
temberthenumbersofchironomidsfoundinthe

guts declined to 1082 ofthe total intake

Correspondinglythenumberofcladoceransin
creased Ofparticularinterestwasthechangein
the electivity values of these prey The

electivityvalueforchironomidschangedfromzero
to significantly negative for cladocerans the

electivityvaluewentfromzerotosignificantly
positive Thesechangescorrespondtoadramatic
decreaseinthechironomidpopulation Thefact

thattheelectivityvalueshavechangedarecon
sistentwithaswitchingbehaviorbetweenthetwo
preyitems
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EFFECTSOFPONDWEEDDENSITYONPREDATOREFFICIENCYGAMBUSIAAFFINISANDGASTEROSTEUS

ACULEATUSASPREDATORSONANOPHELESOCCIDENTALISLARVAE

StephenLCurtinTheodoreWYoungandJamesKSchooley

DepartmentofBiologicalSciencesCaliforniaStateUniversityHaywardCalifornia 94542

PreviousworkintheCoyoteHillsFreshwater
Marshhadshownanegativecorrelationbetween
the presence of pondweed Potamogeton pec

tinatusandthemosquitofishGambusiaaffinis
Onehypothesistoexplainthisdistributionpat
ternwasthatthepondweedwasnegativelyaffect
ingthemosquitofishsabilitytolocateandcap
turesurfaceprey

Ourexperimentsweredesignedtotestim
plicationsofthishypothesisandtocrosscom
parepondweedeffectsonGambusiaaffinis with

Gaterosteusaculeatusthethreespinestickleback
anotherverycommonfishinthissystem The

experimentsreportedhereusedearlyinstarsof
Anophelesoccidentalisasthesurfaceprey

Sixrunswereconductedwitheachfishspe
cies Arunentailedplacingthreefishandfifty
anophelinelarvaeintooneofsixbrownplastic
tubs each containing a different amount of

ABSTRACT

pondweed Pondweeddensitiescorrespondedto
0102550and100maximumdensitiesfound
inthemarsh Arunlasted24hoursattheend
ofwhichthefishwereremovedandthesurviving
larvaecounted Significantresultsfromourtest
ingshowalinearrelationshipbetweenincreasing
pondweeddensityanddecreasingpredatoreffi
ciency Bothfishwereadverselyaffectedbythe
pondweedwiththesticklebackshowingthegreat
ereffect Atalllevelsofpondweeddensitythe
sticklebackhadmoretroublecapturinganopheline
larvaethandidmosquitofish

Theimplicationstheseresultshaveonthe
CoyoteHillMarshModelsare 1thattheas

sumptionofalinearinterferencebypondweedon
mosquitofishpredationofmosquitolarvaeisrea
sonableand2thatthetwomostabundantver
tebratepredatorsonmosquitolarvaeareaffected
differentiallybythepresenceofpondweed



TOXICITYOFMYRIOPHYLLUMANDPOTAMOGETONTOMOSQUITOLARVAE

MicheleAGrahamandJamesKSchooley

DepartmentofBiologicalSciencesCaliforniaStateUniversityHaywardCalifornia94542

ExtractsofthecommonpondweedsMyrio
phyllumspicatumandPotamogetonpectinatuswere
individuallyassayedagainstfirstandsecondin
star larvae of field collected Anopheles oc

cidentalisandlaboratoryrearedCulexpipiens
Whenlarvaewereexposedtoincreasingorganic
extractconcentrationsof32mg100mlH64
mg100mlH958mg100mlHand1275
mg100mlHvariouslevelsofcumulativemor
talitytopupationwereobserved

AnoccidentalislarvaecollectedatCoyote
HillsEastBayRegionalParkFremontCaa
fresh watermarsh dominatedbyPotamogeton
wereassayedagainstPotamogetonextractcollect
edatCoyoteHills DuncansMultipleRangeTest
P001showedlarvalmortalityatallconcen
trationsofextracttobesignificant Larvaeof

AnoccidentalisfromCoyoteHillswereassayed
againstMspicatumcollectedfromquarryponds
inLivermore Ca Cumulativemortalityatall
concentrationswassignificantandcumulativemor
talityinthepondwatercontrolgrouponeoftwo
controlstheotherbeingdistilledwaterwithap
propriatesolventsalsoshowedsignificantmortal
ity Culexpipiensshowedresistanceatallcon
centrationsofbothextractsexceptat958mg100
m1H Whilethetwohighestconcentrations
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werenotsignificantlydifferentfromeachother
thehighestwasnotsignificantlydifferentfrom
thecontrol

An occidentalislarvaecollectedatLiver
moreCashowedadifferentialsusceptability
towardthelarvacidalactivityofPotamogetonfrom
CoyoteHills Assaysat64mg100mlHwere
withinfourpercentofthemortalityshownby
CoyoteHillslarvaebutassaysat32mg100ml
Hweresignificantlylowerthanformosquitoes
fromtheCoyoteHillsbutweresignificantlydif
ferentfromthecontrols Perhapsthemostinter
estingandimportantfindinginthisworkisthat
CoyoteHillsAn occidentalisexhibitasuscep
tabilitytotoxinspresentinpondwatersamples
fromMspicatumdominatedponds Thereisa
strongsimilaritybetweenmortalitiesobservedin
pondwaterandthoseobservedinextractconcen
trationsof64mg100m1 11 Thisfinding
suggeststhatfurtherworkshouldbedirected
towarddeterminingwhetherthereisreleaseand
accumulationoftoxinsduringanannualcycle
and whetherthe natural accumulation ofhy
drophytetoxinsduring anannualcycle and

whetherthereisanaturalaccumulationofhydro
phytetoxins is sufficientto reducemosquito
populations
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PRELIMINARYINVESTIGATIONSONADULTANOPHELESOCCIDENTALISACTIVITYAT

DivisionofBiologicalControlUniversityofCaliforniaBerkeley1050SanPablo

AveAlbanyCalifornia94706

StudiesontheactivityofadultAnophelesoccidentalisintheCoyoteHillsMarshareaarereported
AdultsreachedpeaknumbersinAugustanddeclinedthereafterandwerenotfoundaftermidOctober
Therewasapositivecorrelationbetweenthenumbersoflarvaesurveyedinthemarshandthenumbers
ofadultsrecoveredinredboxes Preliminaryparitystudiesindicatethatthemajorityoffemalesundergo
asinglegonotrophiccycle

INTRODUCTIONThis paper summarizes

studieson adultAnophelesoccidentalis popu

lationsintheCoyoteHillsMarsh Thisworkis

beingconductedaspartofalargeresearcheffort
whoseobjectivesaretodevelopacomprehensive
modeloftheanophelineinteractionsinthemarsh
ecosystemRobertsetal1983 Theinformation

reportedherewasfromstudiesstartedinthelate
springof1983andisthereforeonlypreliminary
Themajorobjectivesofthisphaseoftheproject
istodescribethepopulationdynamicsofadult
anophelinesproducedinthemarshsystem

MATERIALSANDMETHODSAdultAnopheles
occidentalisactivitiesweremonitoredwithNew
Jerseylighttrapsandwithredboxesdimensions
1cubicfootatstationssetupinthevicinityof
themarsh Thelighttrapswerelocatedinsub
urbanareastwomilesdueeastandthreemiles
northeastofthemarsh Theywereoperatedona
weeklybasisfrommidAprilthroughthefirst
weekinNovember Thesetrapshavebeenop
eratedatthesesitesforseveralyearsbeforethe
startofthisstudy Oneofthemajorpurposes
forthesetrapswastomonitorAnophelesen
croachmentintoresidentalareas

Fourareasrelativelyclosetothemarshwere
chosenassitesforredboxcollectionstations A

setofthreeboxeswerehungaboutthreefeet
fromthegroundinwillowtreesborderingthe
southernedgeofthemarshatintervalsofabout
25meters Anothersetofthreewerepositioned
inasimilarmannerinwillowsalongtheeastern
perimeteroftheparkadistanceofabout400
metersfromthemarsh Thefinalgroupswere
placedonthegroundonslopingrockyterrain
Onegroupoffourboxeswereplacedunderlow
shrubsBaccharisspabout100to150meters

1Thisresearchwassupportedinpartby
SpecialState FundsforMosquitoResearchin
CaliforniaandtheAlamedaMosquitoAbatement
District

2AlamedaMosquitoAbatementDistrict3024
E7thStreetOaklandCalifornia94601

COYOTEHILLSMARSH

RGarciaBDesRochersandGConnor

ABSTRACT

fromthemarshwhiletheremainingfiveboxes
wereplacedbehindtheParkHeadquartersunder
CalifornialaurelUmbellulariacalifornicaapprox
imately200metersfromthemarsh Mosquitoes
werecollectedfromtheboxeswithamodified
portablevacuumsweepereitheronceortwice
weekly from midJuly to November and then

countedandidentifiedinthelaboratory Adult

femaleswereexaminedforthepresenceofblood
anddevelopingeggs Atotalof136femaleswere

dissectedtodetermineparitystatus Larvalpop
ulationsinthemarshwereassessedbytaking10
dipsonceaweekandaveragingtheresults

RESULTS AND DISCUSSIONAnopheles
occidentaliswereonlyfoundinIighttrapcol
lectionsontwooccasionsduring1983 Asingle
malewascollectedinmidJunefromthetraptwo
mileseastofthemarshandasinglefemaleduring
thelastweekinAugustinthetraplocatedthree
milesnortheast ThiswouldsuggestthanAn
occidentalisrarelymovedistancesoftwomilesor
more Howeveranintermediatelighttrapstation
tobelocatedapproximatelyonemilefromthe
marshandanotheradjacenttoitplannedforthis
seasonmaygiveusabetterunderstandingofthe
patternofmovementforthisspecies

Theuseofredboxesprovedsatisfactoryfor
monitoring Anoccidentalisatthemarshsite
Figure1showstherelationshipbetweenlarval
densitiesandtherecoveryofadultsfromred
boxes Therewasapositivecorrelationbetween
thenumbersofbothsexesfoundintheboxes
andthenumberoflarvaesurveyedinthemarsh
Thefoursmallpeaksobservedformalessuggests
thatatleastfourgenerationsoccurredfromJuly
toOctoberhoweverthiscannotbesupported
statistically Boxespositionedontheslopingter
raintothesouthofthemarshcontainedthe
greatestnumberofmosquitoes Atotalof1109

adultsinaboutanequalsexratiowereretrieved
betweenJulyandmidOctober Fourboxeson

thesouthslopeaccountedforover75ofthe
adultmosquitoesrecovered

Table1showstheresultsofovarioledis
sections Unfortunately these analyses were

startedlateintheseasonandonly136females
wereexamined Thesepreliminaryresultsindi
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catehoweverthatthemajorityoffemalesun
dergoonlyasinglegonotrophiccycleindicating
thatthelifespanofadultsisprobablynotlong
Muchmoredataisrequiredhoweverbeforeany
conclusivestatementsregardinggonotrophicpat
ternsandphysiologicalagecanbemadeforthese
populationsofAnopheles

CONCLUSIONThesepreliminarystudiesin
dicatethatAnophelesoccidentaiswastheonly
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andadultswerenotobservedafterOctober Ex

aminationofarelativelyfewfemalesindicatethat
theyundergoasinglegonotrophiccycleduring
theirlifenearthemarsh Furtherresearchis

necessarytoverifythepreliminaryinformation
presentedinthispaper
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FACTORSAFFECTINGMOSQUITOLARVALABUNDANCEINNORTHERNCALIFORNIARICEFIELDS

SusanPalchickandRobertKWashino

DepartmentofEntomologyUniversityofCaliforniaDavisCalifornia95616

INTRODUCTIONRice fields in the Sac

ramentoValleyaremajorbreedingsitesofCulex
tarsalis and Anopheles freeborni in northern

California Avarietyofstudieshavenotedthat
thedensityofmosquitolarvaevariessignificantly
fromfieldtofieldCaseandWashino1979 It

hasyettobeshownwhatfactorsmightbeimpor
tantforenhancingovipositionorlarvalsurvival
orboth

Potentialfactorscanbegroupedintothree
categoriesbiological chemical and physical
Biologicalfactorsincludethepresenceofpreda
torsandtheinteractionofthemosquitolarvae
withotherorganismsinthericefieldecosystem
Chemicalfactorsincludevariationsinionconcen

trationsinthewaterandthetimingandapplica
tionratesofherbicidesandpesticides Physical
factorsincludewatersourcericeheightwater
depthwatertemperatureandfieldpreparation

MATERIALSANDMETHODSFieldsinsouth

SutterCountyweremonitoredonceperweekfrom
June20untilSeptember19orwhenthewaterwas
turnedoff Eachfieldwasdippedby3people
spaced20metersaparttaking3dipswithaone

Table1 CulexcollectionsinfieldswithandwithoutMesostoma

Samplingperiod Fieldswith

flatworms Culex flatworms

74

711

718

74

711

718

711

718

725

81

718

725

81

107 1716

52 806

98 2085

225 4946

793 127 4

423 7016

268 4776

217 2373

270 3843

117 2023

aMeannumberoflarvaeper180dips SDfieldssampled

pintmosquitodipperineachspot Dipswerere
peatedfor20stopsat5meterintervalsona
transectperpendiculartotheaccessroadand
paralleltothelevee Mosquitolarvaeper3dip
intervalwererecordedastospeciesandnumber
perinstar Sampleswerethenputthrough200
micronmeshscreensplacedin gallonbuckets
andtransportedbacktothelabinastyrofoam
cooler Estimatesofzooplanktonpopulationsand
abundanceofotherfaunawererecordedwithin24
hours

Atthetimeofcollectionthewatertempera
tureincludingmaximumandminimumforthe
weekriceheightabovewaterandwaterdepth
wererecorded Watersamplesforchemicalanaly
sispHCaMgNaCISONOPOandB
weretakeneveryotherweekandanalyzedby
LandAirandWaterResourcesSoilExtension
UC Davis On alternate weeks invertebrate

predatorswerecollectedandimmediatelyfrozenin
dryicetobetestedbyEIAforpresenceofmos
quitolarvaeingutcontents Thisworkisinco

operationwithDrCHTempelisUCBerkeley

Fieldswithout

flatworms

319 45614

294 36114

623 90811

219 24014

348 59812

263 30912

283 41312

515 86813

371 50913

261 38113



Growerswereaskedtosubmitpesticideand
herbicideapplicationrecordswhicharestillbeing
collected Theinformationobtainedfromthem
willbecomparedtofluctuationsinthemosquito
populationsovertheseason

RESULTSFlatwormshavebeensuggestedas
beingimportantpredatorsofCulextarsalislarvae
inthericefieldsCaseandWashino1979and
Mesostomannlinguaseemstobethepredominant
flatwormpresentinthericefields Therefore
fieldswereevaluatedastowhethertherewasa
differenceinthenumberofCulexlarvaecollected
inthepresenceorabsenceofMesostoma Inad

ditiontolookingatthenumberofCulexforthe

Table2 Larvalcollectionsinnewfirstyeartobeplantedinriceandold
greaterthan1yearplantedinricefields

Collection Culextarsalis

week

620

New Old

10 82 68 120

7 6

628 136 151 141 188

9 9

74 165 177 346 537

10 10

711 284 3604 158 283

10 10

718 631 906 286 671

8 8

725 50 577 176 294

8 10

81 378 423 16 386

9 10

88 257 361 6 89

9 10

815 179 453 12 35

10 10

822 51 127 336 674

10 11

829 63 196 3 7

10 10

95 425 112 3 85

8 8

sametimeperiodaswhenthefieldswerede
terminedtobe flatwormsitwasalsoofinterest
toinvestigateapossibledelayedpredationeffect
Table1 Forthethreetimeperiodsevaluated
therewasnosignificantdifferenceinthenumber
ofCulexcollectedbetweenfieldswithandwithout
flatworms Thiswastruefor4weeksafterthe

flatwormdetermination

Furtherdiscussioninthispaperwillbelim
itedtophysicalfactors Continuinganevaluation
ofthehypothesisofCollinsandWashino1979
thatnewfieldsweresupposedtosupporthigher
populationsofCulextarsalislarvaedatawere
comparedfornewfieldsfirstyearplantedin

Anophelesfreeborni

New Old

1 37 67 163

7 6

67 71

9

22 26

10

125 136

10

535 369

8

30 34

9

23973006

9

1687 2224

10

14571793

10

156 1554

10

22971700

8

13 21

9

36 79

10

85 161

10

122 282

8

184 194

10

128 1148 165 164

9 10

693 668

10

801 493

10

5745 272

11

622 417

10

8725 754

8

aMeannumberoflarvaeper180dips standarddeviationfieldssampled

Significantdifferencebetweenmosquitopopulationsfromnewandoldfields
atthe05levelusing2tailstudentttest
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riceandoldfieldsmorethanoneyearinrice
NewfieldsTable2hadasignificantlygreater
numberofCulexlarvaeduringonlyonesampling
period725 Anophelespopulationsweresig
nificantlylargerinnewfieldsduringthe718
81and95samplingperiods Itisinterestingto
comparethiswith1982whentherewasnosignifi
cantdifferenceforeitherCulexorAnophelescol
lectionsbetweennewandoldfields

AnothertheoryofCollinsandWashino1979
wasthatwellwaterirrigatedfieldswouldyield
moreCulexlarvaethansurfaceorditchwater

irrigatedfields Fromthe1983datatherewasno

differenceinCulexcollectionsfromthedifferent
watersources TheAnophelescollectionshow
everweregreaterinthewellwaterfieldsfor
threesamplingperiods Thiscontrastswith1982

whenAnopheleslarvaldensitiesweregreaterin
wellwaterfieldsJulytomidAugustbutlowerin
lateAugusttoearlySeptember

Increasedlaserlevelingofricefieldshas
raised the question of how this will affect

mosquitopopulations Thisyeartherewasno
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differencebetweenregularfieldsandlaserfields
foreitherCulexorAnopheles In1982there

weremoreCulexinlaserplanedfields
Neitherriceheightnorminimumwatertem

peratureseemedtoinfluencethenumberoflarvae
collected GreaternumbersofAnopheleswere
collectedinfieldswithlowermaximumwatertem

perature 27CFig1greaternumbersof
Culexwerecollectedinfieldswithhighermaxi
mumtemperature39CFig2 Fieldswith

deeperwater 20cmhadmoreAnophelesthan
shallowerfieldsFig3 Waterdepthdidnot
seemtobeassociatedwithCulexabundance

Therewereafewfieldsthatstoodoutas

being unusual inthehighnumbersofCulex
collectedespeciallylateintheseason High
numbersofCulexwerecollectedfromthesefields
in lateAugustthrough early September In

other fields Culex peaked in midJuly and

leveledofftolownumbersfortheremainderof
the season These were organic fields no

herbicidesorpesticidesandweredrainedand
dryforthreeweeksinmidseason71881
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Theyhadahighchlorideionconcentrationmean
206me1comparedtootherfieldsmean039
me1 Thecalciumlevelwasalsohigherthan
forother fields Itwould beinteresting to

furtherevaluatethesefieldsforotherfactors
that might be influencing mosquito larval

abundance

DISCUSSIONThe lackofcontinuityfrom
1982to1983inpopulationtrendsrelatedtofield
agewatersourceandlaserlevelinglimitsthe
usefulnessofthesefactorsforpredictinglarval
abundance Theassociationbetweentemperature
and larvalabundancewarrants further inves

tigationincludinglaboratorystudiesattemptingto
discerntheeffectoftemperatureonoviposition
andlarvalsurvival Therelationshipbetween
waterdepthandAnophelesabundancemaybea
reflection ofthe temperature relationship as

deeperfieldswouldbeexpectedtohavelesstem
peraturefluctuationandhencelowermaximum
temperature
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AGESTRUCTUREANDSURVIVORSHIPOFCULEXTARSALISINCENTRALCALIFORNIARICEFIELDS

RichardJStewartCharlesHSchaeferandTakeshiMiura

UniversityofCaliforniaMosquitoControlResearchLaboratory9240SRiverbendAvenue
ParlierCalifornia93648

SamplingofimmaturepopulationsofCulextarsalisinricefieldsofFresnoandKings Countieswas

carriedouttodetermineagestructureandstagespecificsurvivorshipestimates Countsofeachstage

wereconvertedtoabsolutedensityestimatesanddividedbythetimedurationofthatstageandplotted
againsttimeindaystodevelopment Amodifiedkfactoranalysiswasperformedonselecteddatafor
comparisonofdifferenttimeperiodsandfieldsituations

INTRODUCTIONIn mosquito control pro

gramsitisimportanttoknowwhatcountsofim
maturestageswillrepresentintermsofexpected
adultproduction Manyfactorsaffectimmature
survivalandresultincorrespondingadultemer
gence Thisstudywasconductedtodetermine
survivorshipratesofimmaturestagesofCulex
tarsalisinsomericefieldsofcentralCalifornia

Thelifetableapproachtopopulationstudy
allowsonetosummarizesurvivalandmortality
rates Apreliminarystep in lifetablecon

structionisthedeterminationofagedistribution
Oncetheagedistributioniscoupledwithstage
durationstagespecificsurvivalestimatescanbe
made Varley and Gradwell 1970 emphasize
thatforthisapproachitisbesttousecontinu
ousandintensivesamplingtechniquesinasingle
habitatratherthansamplingdifferentpopulations
insimilarhabitatsoverseveralyears Ourap

proachwastosampletwodifferentfieldsinten
sivelyandcontinuouslytogaininformationon
populationdynamics

MATERIALSAND METHODSThe immature

populationsofCulextarsalisweresampledfrom
twodifferentricefieldsincentralCalifornia In

1982alargefield90hawassampledinKings
Countyandin1983asmallerfield8hainwest
ernFresnoCounty Thepintdipper473mlca
pacitywasusedforsamplinglarvaeandpupae
SamplinginKingsCountytookplacefromAugust
23toSeptember21 Somesampleswerecounted
inthefieldwhileotherswereconcentratedand
taken to the laboratory forcounting Four

transectsweremadeacrossthefieldwitheither
50or100samplespertransectoverthesampling
period ThefieldinFresnoCountywassampled
fromJuly13toAugust24 Samplingwasalmost
dailyuntilnomoreimmatureswerefound Aset

numberof60sampleswastakeninasectionof
thefieldwherepresamplinghadindicatedacon
centrationofCxtarsalisimmatures Allsamples
from1983wereconcentratedandtakentothelab
oratoryforcounting Inthelabthesamples
weresortedandidentifiedtostageunderami
croscope

Theimmaturesamplingdatawasanalyzedfor
timespecificsurvivorshipusingthemethodsof
Service1976 Stagedurationwasdeveloped
fromdatacollectedin1982 Survivorshipcurves
were constructed with methods described in
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Service1976andSouthwood1978 Estimates

ofabsolutepopulationdensitiesweremadefrom
conversionsofmeandippercountsaccordingto
StewartandSchaefer1983 Amodifiedkfactor

analysiswasperformedonselecteddatafollowing
VarleyandGradwell1960andSouthwoodetal
1972

RESULTSANDDISCUSSIONFigure1shows
themeandippercountsofCxtarsalisfrom1982
sampling There were four mosquito control

treatments applied during theseasonon this

field ThefirsttwowerewithBtifollowedwith
oneofparathionandafinaltreatmentwithBtion
August20 Afterapopulationreductiondueto
thesecond Bti treatmentand later parathion
treatmentwethoughtwemightbeabletofollow
developmenttimeinthefield Thethirdtreat

mentwithBtigaveagoodstartingpointfora
newgenerationofimmaturestages Thebracket

edsegmentAinFigure1showstheperiodof
timeoverwhichdatafromcollectedsamplesshown
inTable1wastaken Table1showstheresults

ofsamplingandwasthebasisofstageduration
estimation Daysofstagedurationwereestimated
tobe 20forI15forII19forIII32for
IVand19forpupae Theseresultsareconsis

tentwiththosereportedbyBaileyandGieke
1968andRosay1972

Figure2showsasurvivorshipcurveusing
datafrom1983sampling Thecurveresultsfrom

aplottingofthenumberofeachstageinmeter
squarevaluesdividedbytheappropriatestage
durationagainstageindaysoftheimmature
stage Asmoothcurvewasfittedthroughthe
midpointsofthestagehistograms InFigure3
asimilarcurveisshownforKingsCountydata
Itcanbeseeninthesecurvesthatthehist
ogramsrepresentingIstagelarvaeissmallerthan
thoseofIIstagelarvae Thisseemstorepresent
anerrorinsamplingyetthe95confidenceinter
valforIstagelarvaeasshowninFigure2is
relativelywide AlsoCxtarsalisisaspecies
withoverlappinggenerationsandasynchronusegg
laying Eggsarelaidinraftswhichcanleadto
a clumped distribution pattern and higher

samplingvariance
Themeandippercountsoverthesampling

seasonin1983areshowninFigure4 There

werenocontrolmeasuresappliedtothisfieldfor
mosquitoesotherthanearlyseasonplantingof
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Figure1 MeandippercountsofCulextarsalisfrom1982sampling Countsare
combinedtotalsofallimmaturestages Thebracketedareashowstheperiodofmost
intensivesampling

Table1 Culextarsalisdippersamplesfrom1982inaKingsCountyricefield The

countsareexpressedaspercentoftotalforeachday Thediagonallineapproximately
representsthedevelopmenttimeofoneimmaturegeneration

August 20
21
22
23
24
25
26
27
28

29
30
31

Stage
I II III IV P

TreatmentwithBti

1 500 09 0 0

395 4 221 0 0
486 18 164 96 0
374 122 339 165 0
52 328 79 241 0

194 185 169 347 105
117 108 126 32 117

September 1 333 29 0 39 246
2 36 0 107 750 07
3 111 83 28 333 4
4 23 227 23 545 182

149
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mosquitofish Thepopulationofimmaturemos
quitoeswassampleduntildippercountsreached
zeroinmidAugust Thebracketedareasshown

inFigure4representtimeswhenthepopulation
waseitheratitspeakorintoadecline These

periodswereusedforkfactoranalysisofthe
figuresfromsurvivorshipestimates

Table2representscalculatedkvaluesfor
1982and1983data InthistablevaluesforI
andIIstagelarvaewerecombinedtoensureposi
tivevaluesforkanalysis FromJuly14toJuly
311983whenthepopulationwaspeakingtheK
valueishigherthanfortheperiodofJuly25to
August11whenitwasdeclining Approximately
equaltimespansarecomparedtocoveronegen
erationandkeepuniformity Thedeclineinmor

talitywasnotgreatbutshowsthatthepopulation

FRESNOCO

725 811

N1080

8 10

Figure2 Agedistributionandsurvivorshipcurvefor
theimmaturestagesofCulextarsalis 95confidence

limitsofthemeantotalfrequenciesareindicatedfor
eachstage

declinewasprobablyrelatedtofactorsotherthan
larvalmortality TheoverallKvalueforthe1982

samplinginKingsCountyislowerthanthatfor
theFresnoCountyfield ThefieldinKings
Countyhadahigheroverallfieldpopulationof
Cxtarsalisbutalsoasmallerpredatorcomplex

Thedevelopmentofsurvivorshipestimates
andmortalitycomparisonscanbeimportantinthe
descriptionofpopulationdynamicsofCtarsalis
inricefields Larvaldensitiesinandofthem

selvesdonotrealisticallydescribepotentialadult
populationsormortalitytrends
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Table2 KvaluesofCulextarsalisfromricefieldsinFresnoandKingsCounties

FresnoCountyField

July14to I II 16143 22080 05298

July31 III 4766 16782 03144

IV 2311 13638 04596

P 802 09042 K13038

July25to I II 8620 19355 03909

August11 III 3504 15446 02240

IV 2092 13206 03493

P 936 09713 K09642

KingsCountyField

Aug23to I II 14250 21538 04351

Sept21 III 5233 17187 04560

IV 1831 12627 03143

P 888 09484 K12054
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Figure4 MeandippercountsofCulextarsalisfrom
1983 sampling Counts arecombined totals ofall

immaturestages Thebracketedareasindicateperiods
ofgreatestsignificance



PREDICTINGCULEXTARSALISABUNDANCEINKERNCOUNTY
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Thequestionhasbeenaskedatencephalitis
virussurveillancemeetingsandworkshops how

canwecombineclimatologicaldatawithhistorical
abundancepatternstopredictthesizeofCulex
tarsalis populations Time series analyses
Hackeretal1973stochasticprobabilitymodels
Moon 1976 and thermal summation models

Toscanoetal1979RingandHarris1983have
beenusedinrecenteffortstoforecastinsect
abundance Thepresentanalysisutilizedstep
wisemultipleregressiontechniquesandwasbased
onrecordsfromNewJerseylighttrapsoperated
bytheKernMosquitoAbatementDistrictat2325
ruralsitesintheyears1978through1983

Themeanseasonalabundancepatternsfor
these6yearsfellintotwofairlydistinctcat
egories 19791980and1981whenthepeak
abundanceofCxtarsaliscameinSeptemberand
19781982and1983whenpopulationswerehigh
inJunethenfellofforstayedataboutthesame
levelandwentupagainwithasecondpeakin
thefallFigure1 1978and1983followedvery
wetwintersbut1982wasanaveragerainfall
yearinBakersfieldTable1 Evenwhenthe

JulythroughDecemberrainforthepreviousyear
wasaddedtherankorderofyearsdidnot
change Sothepopulationsmustbeinfluenced
byacombinationofrainandsomethingelseper
hapstemperature

4

2

0

7

1978

1 1 F 1

A M J J A s 0

Monthlyindicesfemalemosquitoespertrap
night were calculated for Cx tarsalis and

Culisetainornataforeachtrap Theactualtrap
indiceswhichhaveaveryskeweddistribution
wereconvertedtonaturallogarithmsLCTARand
LCINOR Thisstabilizedtheirvariancesothat

standardregressionprocedurescouldbeused
RainfallandtemperaturedatawerefromtheUS
WeatherStationattheBakersfieldAirport The

Table1 CumulativerainfallJanuary1 June

30recordedatBakersfieldCalifornia

1

Year Inchesofrain

1978

1983

1980

1979

1982

1981

A M J J

1981

A

Figure1 FemaleCulextarsalispertrapnightrural
TighttrapsKernMosquitoAbatementDistrict

1979

0

NewJersey

879

689

583

518

499

460

153
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meteorologicalvariablesincludedrainininches
RAIN cumulative rain since January 1

CRAINmeantemperatureinFTEMPnum
berofdegreedaysabove65FDDAYandcu
mulativedegreedayssinceJanuary1CDDAY

Preliminaryanalysesdeterminedthatmoon
phasecloudcoverandbarometricpressurehad
nosignificantinfluenceontrapcatches Day

lengthwashighlycorrelatedwithabundancebut
covariedsignificantlywithtemperatureandwas
notincluded

Thenextstepwastodevelopaseriesof
equationswhichwouldattempttopredictCx
tarsalis thedependentvariable foragiven
monthasafunctionofthevaluesofall7vari
ablesinapreviousmonth Thestatisticthatis

usedtoindicatehowwellaregressionmodelfits
thedataisRwhichtellswhatproportionofthe
totalvariationinthedependentvariableCx
tarsalisabundanceinourcaseisexplainedby
themodel Thestepwisemultipleregressionpro
cedureselectsinorderofimportancethosein
dependentvariablesthatmakesignificantcontri
butionstothevalueofR Ifnoneofthein

dependentvariableshasahighenoughcorrelation
withthedependentvariablenonewillbechosen
andnoequationwillbedeveloped

Thishappenedwhenanattemptwasmadeto
predictAprilabundanceusingonlytheclima
tologicaldataforMarch Marchtemperatureand
cumulative rainfall hadthehighestcorrelation
withCx tarsalisabundanceforAprilsoan

equationwasdevelopedusingonlythosetwoin
dependentvariables

LCTARAPR158 0033TEMP

0024CRAIN

Rwasonly0035whichisverypooritsays
themodelonlyexplained30ofthevariationin
CxtarsalisabundanceinApril

Thestepwiseregressionprocedureworked
forthesucceedingmonths Attemptstopredict
MayorJuneabundancewithMarchdatawereun
satisfactory ButforaMaypredictionbasedon
Aprildata5ofthe7variableswereusedinthe
equationandtheRwas058

LCTARMAY211 078LCTAR

030LCINORAPR 024CRAINAPR

00087CDDAY 037RAIN

Thecloserwegettothemonthweretrying
topredictthebettermodelweendupwith
whichcertainlymakessense

LCTAR 107 071LCTARAPR

042LCINORAPRR2 037

LCTAR 130 090LCTARMAY

023CRAIN 00022CDDAYMAY
R 053

Culisetainornataabundancewasasignificant
variableinequationsforMayandJuneusing
Aprildatabutwasnotselectedforanysubse
quentmonthsprobablybecausethisspeciesis
rarelycollectedinmidsummer

Atthispointitwouldseemthattryingto
predictabundancebeforetheendofAprilisa
wasteoftime Italsobecomesobviousthatthe

bestwaytoestimatenextmonthspopulationsize
istolookatthecurrentmonthsCxtarsalisin
dices Thisconfirmsempiricallywhatwasshown
theoreticallyinthemodeldevelopedbyaformer
BerkeleydoctoralstudentTEMoon1976

Theconsistency ofthe models forJune

aboveJulyandAugustwasencouragingand
illustratedthecombinedinfluenceofrainand
temperature

LCTAR 217 082LCTAR

020CRAINJUN 000082CDDAYJUN
R 063

LCTAR 3 076LCTAR

031CRAINjut 000065CDDAYJUL
R 065

Foreachofthesethreemonthsthevariablesse
lectedforthemodelwerethepreviousmonths
Cx tarsalisabundancecumulativerainfalland
cumulativedegreedays Butthesignsplusor
minusofthecoefficientsassociatedwithrainand
temperaturewerenotconsistent FortheJune

equationtheywerebothpositiveindicatingthat
alotofrainandwarmweatherwillincreasethe
JuneCxtarsalislevels ForJulyandAugust
theywerebothnegativewhichsaysmidsummer
populationsshouldbelowerinwetwarmyears
Italsocouldmeanthatifpopulationsarehighin
Junecontroleffortsareintensifiedandthesum
merpopulationsarereduced

InanycasebySeptembertheonlything
thatmatteredwashowmanymosquitoesthere
wereinAugust AndtheequationforSeptember
hadthehighestRvalueofall072

LCTAR 053 086LCTAR

TheequationforOctoberindicatedfallpopu
lationswouldbedecreasedifsignificantamounts
ofrainfellinSeptemberRwas051

LCTAR 197 056LCTARSEP

034CRAINSEP 054RAINSEP

Note theseequationsweredevelopedfora
specificsetofruralKernCountytrapsand
shouldnotbeexpectedtoworkfortrapsina
differentlocation

Themodelwastestedbyusingtheequations
topredictmonthlyCxtarsalisindicesforbotha
latepeakyear 1980andanearlypeakone
1982 Ineachcasetheestimatedabundancewas
veryclosetotheactualobserveddatawhichis
preciselywhatonewouldexpectsincethesetwo



yearsrepresentonethirdofthetotaldataused
todevelopthemodel The bottom line of

courseishowaccuratelywillthemodelpredict
1984abundance
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GENETICIMPROVEMENTANDINBREEDINGEFFECTSINCULTUREOFBENEFICIALARTHROPODS
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Improvementsinreproductivepotentialofbeneficialarthropodsandaminimizationofinbreedingin
culturemaybepossibleusingsimpletechniques Howeverconsiderationsofpopulationgeneticsarecom
plextothepointofdiscouragingpracticalbreakthroughs Thislackofunderstandingshouldnotimpede
implementationoftechnologythatmayleadtoimprovedbiologicalcontrol

Geneticstudiesofbeneficialarthropodsre
vealgreatcomplexitieswhichcausehesitationto
experimentwithimprovementattheappliedlevel
Howeverresearchersoverlookprobablefieldex
amplesofgeneticimprovementandthereisa
tendencytodevoteaninordinateamountoftime
viewing limited genetic diversity revealed by
electrophoreticanalysis

Geneticconsiderationsareimportanttobio
logicalcontrolbysuggestingimprovedstrategies
fortheacquisitionofnewnaturalenemiesfrom
abroadintheirbreedingforintroductionpro
gramsandintheirmassreleasefordirectcon
trolLevins1969 Lucas1969Mackauer1976
1980 Myers Sabath 1980 Remington 1968

Whitten1970
Accordingtopastrecords80ofthenatu

ralenemiesintroducedintoanewenvironmentfor
biologicalcontrolintheUnitedStateshavefailed
Clausen 1956 42oftheCanadianprojects
failedbetween1929and1955Turnbull Chant

1961and90failedworldwideTurnbull1967
Thereisanapparentmoderntrendtowardmore
failuresHall Ehler1979Ehler Andres1983

Manyofthesefailuresinvolvednaturalen
emiesthatwerepoorlyadaptedtothehostspe
ciesagainstwhichtheywereintroducedorwere
handledinefficientlyreleasedininadequatenum
bersandunderimpropercircumstances Adverse

environmentalconditionsatthetimeofliberation
arecitedasprincipalcausesforfailure These

includeunavailablehostsorhostplantsscarcity
offoodwaterorshelterseverecompetitionwith
analogous organisms adversetoxic effectsof

chemicals adversecultural practices diapause
problems Legner 1979b and hostparasite
asynchrony Researchersareoftenabletomini
mizemostoftheseobstaclesoratleastrecognize
theirpresencesothatestablishmenttrialsmaybe
repeatedduringfavorableintervalsbutthege
neticmakeupofthecolonizednaturalenemiesis
usuallyunknownHoy1976Mackauer19721976
Messenger vandenBosch1971Myers Sabath

1980Roush1979
Biologicalcontroltraditionallyinvolvesthe

permanenttransferofnaturalenemiesfromone
geographicareatoanother Thesenaturalen

emiesorcolonizersafterleavingtheirsource
populationarefacedwithproblemsnotencoun
teredpreviously Whilesearchinginthenewen
vironment they invariably confront situations

ABSTRACT

completelydifferentfromthoseprevailingattheir
pointsoforigin Duetothecomparativelysmall
numbersofindividualsinthecolonizingflock
withrespecttothepointoforiginintraspecific
competitionisrelaxedenablinglessfitgenotypes
tosurvivereproduceandinteract Thusa

highgeneticvariabilitydevelopswhichmayeven
tuallygiverisetoanewgenotype Suchapro
cesswasapparentlyrecordedinEnglandbyFord

Ford 1930 with thecolonial checkerspot

butterfly Euphydryas aurinia Rottenburg
Furthermoreifthecolonizeroriginatesfroma
marginalpopulationitmaymoresuccessfullyex
ploititsgeneticopportunitybecauseofasmaller
genetic load and a possible lower inversion

heterozygosityForce1967Remington1968
Agroupofcolonizersisanatypicalisolate

ofthesourcepopulation Inthenewareato

whichitisintroduceditnolongerissubjected
tothedilutingeffectofgeneflowfromthemain
bodyofthepopulation Achangeingenefre
quenciesoccurswhichiscalledtheFounderPrin
ciple However relaxation from intraspecific
competitionmaybeaccompaniedbyanincreased
interspecificcompetitiontowhichthecolonizer
maynotbepreadaptedandnewenvironmental
conditionsmaymakesuchcompetitionimpossible
Whentheenvironmentalresistanceisintheform

ofalreadyestablishednaturalenemiestheintro
ductionofsuperiorspeciesmaybedifficultor
impossibleEhler Andres1983

Whenacolonizerencountersrelatedspecies
inthenewenvironmenttheoutcomeofsuchen
counters depends on the perfection of the

prezygoticbarrierstohybridizationanduponthe
relativefitnessofthehybridandtheparental
speciesRemington1968

Callan1969offeredalistofthreemajor
geneticgroupsofentomophagouscolonizers1
colonizerswithbuiltinsuccesswhichbecomerap
idlyestablished2colonizerswithdelayedsuc
cessand3colonizerswhicharepredestinedto
fail Remington1968andLucas1969present
edoppositeviewsofthegeneticmakeupofpop
ulationsandwhatshouldbesoughtinbiological
control HoweverMyers Sabath1980sug
gestthat Lucas failed todistinguishbetween
probablemarginalandcentralpopulations

TheFieldPopulationatitsOriginThesize
ofthepopulationatitsorigindeterminesitsge
neticvariabilityduetomutationincludingchro



mosomalabberationsoutcrossingthelargerthe
populationthehighertheoutcrossingrate and

geneticdriftwhichendangersverysmallpopu
lationsbytheTossofgenes Theoriginalpopu
lationmaybeeithercontinuousandnumerous
continuousandraresubdividedintosemiisolated

segmentsordemesandsubdividedintowholly
isolateddemesRemington1968

Thecentralportionofthesourcepopulation
dwellsintheecologicallyoptimalregionofthe
specieswhilemarginalportionsarefoundnear
theecologicalboundariesofthespecies Datafor

central and marginal insect populationscomes
principallyfromDrosophilastudiesconductedin
theWesternHemispherebyCarson19551959
1965Dobshansky1956Prakash1973and
Townsend 1952 andfor insectsandverte

bratesNevo1978
Compared tomarginal populations central

populations are subjected to greater hetero

selectiontheyarelargerandoutbreedingthey
haveincreasedconcealedgeneticvariabilityand
carryahighergeneticToad Theymayshowin
creasedinversionheterozygosityandtherefore
maynotbeasevolutionarilyplastic Centralpop
ulationsareadaptedtotheaverageenvironment

Marginal populationsmaybesubjectedto
greaterhomoselectionandaresmallandinbreed
ing Theyhavelessallelesperlocusandin
creasedhomozygosityinDrosophila Thereisa

lessergeneticloadbuttheymaybeendangered
bygeneticdrift Theymayshowlesshetero
zyzosityforinversionsand thereforehigher
evolutionaryplasticity Marginalpopulationsare
adaptedtonarrowerniches Remington1968
andMessenger vandenBosch1971discussed
ingreaterdetailthecharacteristicsofthesetwo
majortypesofpopulations Nevo1978showed
electrophoreticdatawhichsuggestoppositeallelic
characteristicsfromthosedescribedbyRemington
1968fromastudyofbothvertebratesandin
vertebrates Myers Sabath1980concluded

thatgeneralizationsaboutcentralandmarginal
populationsarenotvalidandcannotbeusedasa
basisfordecisionsonwheretocollectbiological
controlagents Butthisconclusionseemsto

weightheelectrophoreticdatamoreheavilythan
thecytologicalevidencefromDrosophilaThefact
thatmostoftheallelesmarkedinelectrophoresis
areprobablyneutral99asbelievedbymany
casts doubton conclusions referringto ex

pressed hetero or homozygosity Futuyma
1979 revealed further limitations ofelectro

phoreticdataandespeciallyemphasizedthepos
sibleroleofregulatorgeneswhichcannotbeas
sessedbiochemically

Cultured parasitic Hymenoptera show low

levelsofenzyme polymorphism Crozier 1971

1977Kawooya1983Metcalfetal1975sug
gesting thatmost introductions that involved

culturingprobablywerealsodeficientinallelic
variability Thussuchculturesmayhavecon
formedcloselytothedescriptionofthemarginal
populationgivenbyRemington1968

NaturalEnemyIntroductionsTheexistence
ofracesinnaturalenemiesiswidelyknownbut
inforeignexplorationgeneticvariabilityisusual
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lynotclearlyexpressed Thusthestresshas
beentointroducenaturalenemiesfromvariedar

easwheneverpossibletograingreatergenetic
heterogeneityWhitten1970

Whennaturalenemiesarefirstintroducedto

newenvironmentsthepaceofgeneticdriftis
acceleratedandquickevolutionanticipated The

introducedorganismbyvirtueofbothhaving
beensampledfromtheoriginalpopulationand
thenpassedthroughthebottleneckofculture
theoreticallycontainsbutasmallfractionofthe
originalgenepool Manyofthelostallelesmay
havebeenessentialforfitnessandamarked
trendforgreaterhomozygosityexistsLegner
1979aUnruhetal1983

Mostnaturalenemyintroductionattemptsfall
naturallyintotwoorthreephases Thefirst

phaseinvolvesaninitialsearchfornaturalen
emieswherelittleisknownaboutwhatspecies
existor their potential for biological control

Zwolferetal1976 Restrictedfinancialsup
portusuallydictatesalessthanthoroughsample
oftheindigenousarea Thesecondphaseistak
enafterrepeatedsearchhasturnedupafew
naturalenemyspeciesbutinitialcolonizationhas
failed Additionalinformationisavailablesince

thefirstattempt Continuedsearchingiscarried
outorpreviouslydiscoveredspeciesaretried
againinthequestforgreatergeneticdiversity
Afinalphasemaybeenteredbyresearcherscog
nizantoftheimportanceofgeneticmakeup
whichinvolvestheacquisitionofseasonaland
geographicstrainsofaninitiallycolonizedspe
cies Newspeciesareoftendiscoveredinthis
processwhoseactivitymaybeconfinedtocertain
seasons Howeverthenumerousstepsoutlined
byMackauer1980toassuregeneticstabilityin
laboratorystockscanrarelybetaken

Improving Fitness of Natural Enemies

Fitnessofagivenenemytoatargetenvironment
maybeimprovedgenerallyintwoways1by
artificialselectioninwhichastockoftheenemy
iscreatedbyselectioninthelaboratorytoenable
ittocopewithsomelimitingenvironmentalfactor
suchastemperatureorinsecticidetreatmentHoy
19761979and2byincreasinggeneticdiver
sitythroughhybridizationorbycolonizationofa
greaternumberofindividualsfromthesource
population Amoreplasticordiversestockis
createdwhichaftercolonizationwillhaveanin
creasedchanceforimprovementthroughnatural
selection Athirdpossibilitygeneticengineer
inghasnotyetbeenattemptedinbiologicalcon
trol

Examplesofartificialselectionarefewand
itspracticalityincontinuedimprovedbiological
controlisdoubtful Difficultiesincludealackof

knowledgeconcerningthegeneticbasisforinher
itanceofthedesiredcharacteristics Thereis

alsousuallylittleinformationontheamountof
geneticdiversityonwhichtobaseselection The

possibilityofunintentionalcoselectionfordetri
mentalqualitiesisalwayspresentAshleyetal
1973

Neverthelesstherehavebeennumerousat
temptstoselectadaptivefeaturesforbeneficial
organisms Oneofthemostcommoneffortsin
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volves the improvement ofclimatic tolerance

Wilkes 1947 attemptedthiswith Dahlbominus

fuscipennisZetterstedtandDeBach Hagen

1964andWhiteetal1970reportedonwork
withAphytislingnanensisCompere

Improvementsinthesexratiotofavorfe
males were sought by Wilkes 1947 with

DahlbominusfuscipennisandSimmonds1947with
Aenoplexcarpocapsae Cushman Hostfinding

abilitywasimprovedin Trichogrammaminutum
RileybyUrquijo1951andachangeofhost
preferencewas inducedin Horogenes molestae

UchidabyAllen1954 1958andChrysopa
corneaStephensbyMeyer Meyer1946

ResistancetoDDTwasproducedinMacro

centrusancylivorousRohwerbyPielou Glasser

1952whileinpredatorymitesresistancewas
producedtophosphateinsecticidesCroft1970
Croft Brown1975topermethrinHoy Knop
1981Hoyetal1982andtosulfurHoy
Standow1982

Interspecificcrossesbetweentwospeciesof
Spalangia parasitesofsynanthropic flies in

Australiayieldedahybridinthefieldwithim
provedfecundityandlongevityHandschin1932
1934

Intraspecific crosses crosses between

strainshaveresultedinimprovedhostprefer
ence behavior in the tachinid Paratheresia

claripalpis Box1956 inincreasedlaboratory
productivityin thebraconidApanteles melan

oscelusRatzeburgHoy1975andinimproved
fecundity and longevity with Spalangia and

Muscidifurax parasites of synanthropic flies

Legner1972 Inthelattercasethereproduc
tivepotentialwasutilizedwhichgaveastrong
measureoffitnessprobablyinfluencedbymany
polymorphicgenes Truefitnessinthefieldof

course isalsoinfluencedbyotherbehavioral
traitssuchashabitatselectionseeHoy1976
However theprocess ofintraspecific hybrid
izationandheterosisisprobablynaturalcausing
thehybridstobemorevigorousandbetterable
towithstandenvironmentalresistanceandtoex
tendtheirrangeinallnichesapopulationhas
masteredCarson1959 Theselectionofappro
priatestrainsforintraspecificcrossesiscritical
asdetrimentaloutcomesduetonegativeheterosis
hybriddysgenesismayoccurCroft1970Mahr

McMurtry1979Legner1972 Hoy1976and
Whitten Foster1975discussgeneticimprove
mentfurther

Experimentalfielddemonstrationsofnatural
enemyimprovementthroughheterosisapparently
exist ThemitepredatorPhytoseiuluspersimilis
AthiasHenriotwhichwasinitiallyestablishedin
CaliforniafromacultureobtainedinChileim
proveditseffectivenessfollowingthesubsequent
introduction of another strain from Italy
McMurtry et al 1978 A triple hybrid of

Apantelesmelanoscelusgavegoodinundativere
leaseeffectsalthoughthefinaldegreeofhost
parasitismwasnothigherthanthatrenderedby
nonhybridsHoy1975 Howeverfieldestablish
mentmightnothavebeensuccessfulwitheither
ofthesinglestrainsavailableatthetime

Fitnessofparasiticinsectscanalsobeim
provedphysiologicallywithoutanyapparentge
neticchangeasevidencedbyexperimentalcold
storagetreatmentsLegner1976

ProlongedCultureTheproblemincultureis
tojudgewhetherthestockmaterialisgenetically
changed as time goes on Some commercial

insectariesinCaliforniahavemaintainedsustained
culturesof beneficial arthropods forover 45

yearswithoutknowinglychangingtheirstockor
itseffectiveness Inmanycasesabeneficialspe
ciesbecomesestablished fromculturesstarted

withveryfewfoundersMackauer1972Simmonds
1964andDeBach1965foundnocorrelation
betweenthenumberofindividualsliberatedand
theprobabilityofestablishment

Studies of three parasitic species
Muscidifurax raptor Girault Sanders M

zaraptorKogan LegnerLegner 1979aand

AphidiuserviHalidayUnruhetal1983show
thatculturesareindeedchangedgeneticallywith
time Intheformertwospeciesculturesmain
tainedforover100generations25daysallowed
for one generation were compared to those

gatheredfromthefieldjustoneorthreegen
erationsearlier Anexaminationoftheirrepro
ductivepotentialsindicatedanimmediatelossof
wildallelesduringthefirstcoupleofgenerations
inculture Howeverconsiderableheterogeneity
andpresumablyheterozygositywasretainedin
cultureoverthe100generationsLegner1979a
Declinesinallozymevariabilityinlaboratorypop
ulationsofAerviUnruhetal1983support
theinitiallossofheterozygosityinculturesof
arrhenotokousHymenoptera

Thereisnoclearagreementhoweveron
how to retain heterozygosity Unruh etal

1983believedthattheonlywaytopreventge
neticdriftinlaboratorycultureistokeeppopu
lationsizeslarge Wright 1951 recommended

subdividingthepopulationintoseveralsmaller
subpopulations stepping stones among which

geneflowmayoccur Acompromisesuggestedby
studieswithMuscidifuraxspeciesLegner1979a
mightbeconsideredasfollows

Initialacquisitionsoffieldculturescouldbe
convertedtoaseriesofinbredlinesmaintained
withoutgeneflowamongthemtoguaranteetheir
separatecharacteristicsandtheretentionofa
greaternumberofalleleswithrespecttoalllines
cultured Thisispossiblewith somehymen

opterousspeciesbecausegeneticdecayisuncom
monorunknownCrozier1970Legner1979a
Thenumberofindividualsineachlinecouldbe
heldrelativelylowwiththeheterozygosityamong
linesretainedbyhavingalargenumberofsuch
separatelines Themorelinesinitiallyestab
lishedfromindividualsacquiredinthefieldthe
greaterthegeneticvariabilitypresentamongall
ofthem Sincegeneflowiseliminatedthere
wouldbeareducedtendencyforcertaingeno
typestodominateasinasinglelargeculture
Thetotalnumberofindividualsofaspeciesthus
culturedmightnotbemuchgreaterthanthat
recommendedbyadvocatesofthelargepopu
lationsthegreatestincreaseinlaborbeingthat
associatedwithtendingseparateunits



Thetechniquewouldhavetobemodifiedfor
HymenopterapossessingtheWhitingsinglelocus
multiple allele scheme of sex determination

Crozier1971Whiting1943 Alsovariabilityin
thestockofinbredlineswouldprobablynotre
constitutetheoriginalsampledpopulationWright
1980 Admittedlyduplicatingthestructureof
theoriginalpopulationisimpossible However
theinbredisolatedlineapproachwouldoffera
further step in the direction of increasing
heterozygosity Not employing the technique
guaranteeslosingheterozygosity Forexample
intheMuscidifuroxstudyLegner1979a con

trarytoexpectationstraitsforbothhighand
lowreproductivepotentialwerelostinprolonged
culture Suchtraitsalongwithotherunknown
attributesoffitnesssuchashighsearchingca
pacitymighthavebeenpreservedhadoriginal
genomesbeenisolated ThusalthoughUnruhet
al1983believedthatinbredlinesdonotpres
entlyrepresentapracticalalternativeformain
taininggeneticvariabilityinbiologicalcontrol
programsitseemsthattheymaybeanexpedient
waytoretaingreaterheterozygositythanisnow
usuallybeingretained

Finallyisthereaneedforheterozygosityin
ourimportedbiologicalcontrolorganismsinthe
firstplace Introductionsfrommarginalhomo
zygouspopulationsmayyieldorganismswiththe
capacityforrapidchangeinthenewenvironment
Remington1968 Becauseasmentionedearlier
conditionsattheplaceofintroductionalwaysdif
fertosomedegreefromtheplaceoforiginthe
colonizer invariably is faced with differences

whichmayrequireittomodifyitsgenotypein
ordertobemaximallysuccessful Thusorga
nismswithgreaterhomozygositymaybebetter
candidatesforintroductionbecausetheyhavea
bettercapacityforevolvingintonewsuperiorly
adaptedtypesRemington1968 Inbiological
controlwhichaimsatreducingpestdensities
thishasimportantimplications Liberationsof

thepreviouslydescribedinbredlinesindifferent
geographicportionsoftheintroductionareaof
fersameansfortestingthishypothesis Some

supportforitsvalidityistheevidenceofmany
successfulbiologicalcontrolintroductionshaving
obviously involved highly inbred homozygous
linesofnaturalenemiesMackauer1972

Theforegoingbrieflyillustratesthecomplex
itiesinvolvedingeneticconsiderationsofnatural
enemyintroductionwhichleavessomeresearch
ers perplexed when considering practical so

lutions Thiswasagainmadeobviousinarecent
statementbyUnruhetal1983thatGenetic
driftaswellasinbreedingandselectionoccur
ringinfoundercoloniestransportquarantine
andcultureofnaturalenemieswilldeterusfrom
reachingourgoalsuntilwegraspthenatureof
variationwithinandamongpopulations How

everachievementsintheimprovementoffitness
arecommontoentomologistsandplantscientists
aswellHoy1976 Sincelaboratorytechniques
forcreatingapparentlybetteradaptedstrainsare
available and fielddemonstrations are known

Hoy19761982a1982bMcMurtryetal1978
Whiteetal1970thereisnoreasonwhywe

cannotproceedwithotherplannedattempts
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ATIMESEGREGATEDSAMPLINGDEVICEFORDETERMININGNIGHTLYHOSTSEEKINGPATTERNS

OFFEMALEMOSQUITOES

RPMeyerWKReisenMWEberleMMMilbyVMMartinezandBRHill
ArbovirusFieldStationP0Box1564BakersfieldCalifornia93302

NightlyhostseekingpatternsofCulextarsalisCulexquinquefasciatusandCulisetainornatawere
investigatedinamixedagriculturalhabitatinthesouthernSanJoaquinValleyKernCountyCalifornia
USA Hostseekingpatternsweredeterminedbyhourlycollectionsusinga110VACtimesegregated
samplerorTSSthatfeaturedaCDCminiaturelighttrapfanregulatedflowofabottledCO
attractantvariabletimingmodesandlivetrappingoflargecollectionsofadultmosquitoes

MostfemaleCxtarsalisandCxquinquefasciatuswerecollectedbetween20002400hwithpeak
hostseekingactivity12haftersunset FemaleCsinornataexhibitedadistinctlybimodalpatternin
Octoberwithmostactivityoccurringca1haftersunsetandca1hpriortosunrise

INTRODUCTIONDetermination of the

nocturnal hostseeking or biting rhythms
exhibitedbybothvectorandnuisancemosquito
species indicateswhendiseasetransmission is

mostlikelytooccurandwhenadulticidescanbe
most effectively applied Nocturnal biting
patterns of Culex tarsalis Coquillett were

describedbrieflybyNelsonandSpadoni1972in
theSacramentoValleyofCaliforniahoweverthe
biting patterns of Cx tarsalis Culex

quinquefasciatus Say and Culiseta inornata

WillistonhavenotbeeninvestigatedintheSan
JoaquinValleyofCalifornia

Studies were initiated in Kern County
Californiaduringthesummerof1983toexamine
thenightlyhostseekingpatternsofCxtarsalis
CxquinquefasciatusandCsinornatainamixed
agricultural habitat Since western equine
encephalomyelitisWEEvirushasbeenprevalent
inKernCo inrecentyearscollectionswere
madewithaCOattractantratherthanusinghu
manbait FemalescollectedatCObaithave
beenshowntobeatthehostseekingstageof
ovariandevelopmentReisenetal1983 Hourly
collectionsweremadewitha110VACtimeseg
regatedsamplerTSSdevelopedattheArbovirus
FieldStation Unlikesimilartimesegregatedde
vicesdevelopedbyStandfast1965andMitchell
1982theTSSlivetrapsadultfemalemosquitoes
andprovidessufficientspaceforlargehourly
collections

1ThisresearchwasfundedbyGrantNo
Al3028fromtheNationalInstituteofAllergyand
Infectious Diseases General Research Support
GrantIS01FR0441fromtheNationalInstituteof

Healthandbyspecialfundsformosquitocontrol
researchappropriatedannuallybytheCalifornia
Legislature

2DepartmentofBiomedicalandEnvironmental
Health Sciences School of Public Health

UniversityofCaliforniaBerkeleyCa94720

ABSTRACT

Thepresentpaperincludesabriefdescrip
tionofourtimesegregatedsampleroperational
datacomparingTSSsamplingefficiencywiththat
ofaCDCtrapbaitedwithdryiceabriefsynop
sisofthenocturnalhostseekingpatternsexhib
itedbyCxtarsalisandCxquinquefasciatus
and preliminary data on the nocturnal host

seekingpatternofCxinornata
MATERIALSANDMETHODSDescriptionof

TSS ThecomponentsoftheTSSconsistofa
woodenframestand Saluminumramp R

trolleyTandcounterweightsystemW a110

VACtimergroupingMandsolenoidanda
dualregulatedCOdeliverysystemCFigure
1 Piecesofthestandrampandcounterweight
supportmastaremodularsothatthesamplercan
bedisassembledfortransporttothefield When

fullyassembledtheTSSmeasures3widex3
high end x 6 long x 65 high height
includingcounterweightmast

StandandRamp Thestandisconstructed

fromstandardgradelumber2x4and2x
2rampsupportsandtherampfromaluminum
angleequallegvarioussizesUchanneland
kickplateFigure1Aand8 Six312dia

holesequallyspacedineachoftwo3x10kick
platesprovidetheopeningandattachmentsites
forthecollectioncartons Collectioncartonsare

securedtotheundersideoftherampby4x3
clothesdryerreducerwrappedwithfoamrubber
weatherstrippingFigure2

Trolley Thealuminumtrolleyissupported
by4screendoorrollersandaccommodatesthe6V
DCCDCminiaturelighttrapHausherrsMachine
WorksTomsRiverNJ110VACDormeyer4
x240solenoidDormeyerElectricCo3418N
MilwaukeeAveChicagoIL2CF6V8Care
freegelcellbatteriesEaglePicherIndustries
IncSenecaMOconnectedinparalleltooper
atethefanmotoratsufficientRPMsfor16h

andplasticCOdispersalfunnelFigures1Cand
D Hourly collections were accomplished by
movingthetrolleydowntherampat60minin
tervals TheCDCtrapispositioneddirectly
overtheopeningtoeachcollectioncartonbya
systemofcarefullyplacedwindowlockssecured
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Figure1 A AssembledTSSshowingthewoodenstandStrolleyTrampRcounterweightW
timergroupingMandCOcylinderC B EndviewofTSSCTrolley D SolenoidandE

Timer

totheUchannelFigures1BandD When

releasedbythesolenoidthecounterweightpulls
thetrolleydowntherampuntilitisstopped
whentheTarmofthesolenoidcontactsthe

frontedgeofthenextwindowlock
Counterweight system Movement of the

trolleyisinitiatedbyacounterweightthatpulls
inlinewiththesolenoidarmtominimizelateral

torquewhenthetrolleyisstoppedFigure1B
ThecounterweightPVCpipeandcapsiselevat
edbyanaluminummastandapulleysystemto
maintainalignmentandtopreventtheweightfrom
contactingtheground

Collectioncartons Collectioncartonsare

fabricatedfrom1qt338diaFondaNo109
papercansSaxonIndustriesIncUnionNJ
TheconeinsertFigure2SC ismadefrom

fiberglasswindowscreeningandhasa14dia
opening at the tip Mosquitoes are forced

throughtheopeningintheconebytheCDCtrap
fan without apparent injury Design and

placementoftheconepreventedtheescapeof
trapped mosquitoes in allnight laboratory
evaluationswithknownnumbersofmosquitoes

Timergrouping Movementofthetrolleyis
controlledbyaDaytonNo2E021A24hsingle
throw110VACtimerandadjustableAgastatNo
SCR72A1BAsolidstaterepeatcycletimer260
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mintimeoff05 15sectimeonAmerace

CorpUnionNJFigure1E Therepeatcy
cletimerisenergizedonlyduringtheoncycle
ofthe24htimerie 19000700h Atimede

layof05secsisusedtocloseandopenthe
solenoid and release thetrolley CDC trap
whichisthenstoppedoverthenextcollection
carton Anoptionalinlinerelaywasinstalledto
protecttheAgastattimeragainstanelectrical
overload

CO delivery system An adjustable
flowmeter02litersminutewasusedtocontrol
thereleaseofCOthroughtheplasticdiffusion
funnelat1litermin Adualgaugeregulator
maintainsaconstantCOpressure10psitothe
flowmeterfroma20Ib1000psicapacityCO2
tank

FieldEvaluations Thesamplingefficiency
oftheTSSwascomparedwiththatofaCDCmin
iaturelighttrapSudiaandChamberlain1962
baitedwithca20kgofdryiceCOata
mixedagriculturalhabitatJohnDaleRanchor
JDlocatedca10kmWofArvinKernCounty
CaliforniaUSA TheTSSwasoperatedfrom
19000700hatweeklyintervalsconcurrentwith4
COspacedat60mintervalsinanEWtran
sectalongamaturestandofFremontcottonwood
PopulusFremontiiWats TheTSSwasplaced
midwaybetween2COatthewestendofthe
transect

COandTSScollectionswereprocessedthe
day following the night of trap operation
Mosquitoes collected during each hour were

combinedpertrapnightforstatisticalcomparison
withCOcollections Meancollectionsizefe

malestrapnightandthesimilarityofseasonal
changesintherelativeabundanceofCxtarsalis
andCxquinquefasciatussampledbytheTSSand
COwereevaluatedbypairedttestandtime
seriescorrelationsN 50respectivelySokal
andRohlf1969

RESULTS AND DISCUSSIONOverall the

TSScollectedsignificantlymorehostseekingfe
male Cx tarsalis but significantly fewer

hostseekingfemaleCxquinquefasciatusthanthe
COTable1 Changesinrelativeabundance
offemaleCxtarsalisweredetectedsimilarlyby
bothsamplingmethods Markeddifferencesin

theefficiencyoftheTSSandCOtosample
femaleCxquinquefasciatuswereobservedinlate
SeptemberandOctoberandmayhavebeenrelated
tothereleaserateoftheCOattractant Reeves

1953demonstratedthatnightlycatchesoffemale
CxquinquefasciatuswereincreasedastheCO
releaseratewasdecreasedfrom25litersminto
0025litersmin Apparently the1 litermin

flowrateofCOsuppliedtotheattractantfunnel
oftheTSSwastooconcentratedforsamplingCx
quinquefasciatusbutwaswellsuitedforattract
ingfemaleCxtarsalis

Nocturnalhostseekingpatternsdetermined
bytheTSSforfemaleCxtarsalisCxquin
quefasciatusandCsinornataareillustratedin
Figure3Hourlycollectiondataarepresentedas
thepercentofthetotalnumberoffemalescollect
edpertrapnight PeakactivityofCxtarsalis

andCxquinquefasciatusoccurred12hafter
sunsetanddecreasedthereafter Mostfemales

56ofbothspecieswerecollectedbetween
sunset and midnight Female Cx

quinquefasciatusremainedrelativelymoreactive
aftermidnightthanfemaleCxtarsalisbutac

Table 1 Comparison of the mean numbers

collectedpertrapnightoffemaleCulextarsalis
andCulexquinquefasciatussampledbytheTSS
andCOtrapsatJohnDaleRanch 1983

CollectionMethod xSETrapNight Correlation

n 50 n 50

Culextarsalis

TSS

CO2T
2

Cxquinquefasciatus

2

TSS 194 28

CO

TrapAbundanceIndices

165

2051 329 r 092

1673 217

322 45

r 057

1TimesegregatedsamplerCOgasreleasedat
ca10litersmin

Meanof4COtrapsCDCminiaturelighttrap
baitedwithca2kgofdryiceandoperated
withoutlightatJohnDaleRanch

3Meannumberoffemalescollectedpertrapnight
significantlygreaterinpairedttestdf 48

P 0001

4TimeseriescorrelationbetweenTSSandCO
samplesdf 48 P 0001

tivitydecreasedmoreabruptly23hpriorto
sunrise Thenightlyhostseekingpatternexhib
itedbyfemaleCsinornatasampledinOctober
Novemberwasdistinctlybimodalwithpeaks1h
aftersunsetand1hbeforesunrise Anunex

plainedsmallerpeakoccurredfrom23002400h
Thenocturnalpatternsofhumanbitingac

tivitydeterminedbyNelsonandSpadoni1972
forfemaleCxtarsalisintheSacramentoValley
agreedwellwiththepatternsresolvedatJD
Thesimilarityinthehostseekingpatternsoftwo
geographicallyseparatepopulationsofCxtarsalis
indicatedapossibleuniformityinthenocturnal
activityofthisspeciesintheCentralValleyof
California

Baseduponthehostseekingactivitydata
presented herein adulticiding tocontrol Cx

tarsalisandCx quinquefasciatusshouldcom
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Figure3 Thenocturnalhostseekingpatternsof
CulextarsalisCulexquinquefasciatusandCuli
setainornata N numberofnightstheTSSwas
operatedfordeterminingspeciesspecifichost
seekingpatterns TimescaleofPacificDaylight
TimePDT Arrowsindicatethemeantimeof
sunriseSRandsunsetSSforthesampling
period

menceshortlyaftersunsetandcontinuefrom34
hthereafter Applicationsofadulticidesduring
thesecondhalfofthenightorearlymorning
wouldbelesseffectiveincontactinghostseeking
females Epidemiologicallythegreatestriskfor
arboviraltransmissionbyCxtarsaliswouldmost
likelyexistduringthe34hperiodaftersunset
Studiesareplannedtoresolvethatportionofthe
nightwhenparousandpotentiallyinfectivefe
malesarehostseeking
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WATERHYACINTHAQUACULTUREASAPOTENTIALMOSQUITOSOURCE

KRTownzenandBAWilson

VectorBiologyandControlBranchCaliforniaDepartmentofHealthServices
714PStreetSacramentoCalifornia95814

Water hyacinth Eichornia crassipes in

troducedasanornamentalwasfirstrecordedin
CalifornianearClarksburgin1904 Inthelast
decadethisprolificweedinvaderhasbeenactive
lypromotedasapotentiallyinexpensivemecha
nismforthetreatmentofwastewater Aqua
culturesystemshaveprovidedeffectivetreatment
ofwastewaterinthreeways 1 asbiofilters
supportinglargeanddiversepopulationsofbac
teriawhichbreakdownorganicmaterials2in
the absorption ofnutrients and 3 in sedi
mentationofwastewatersolids Hyacinthsappear
tobeabletoreduceBODnitrogenandsuspend
edsolids Thesesystemshavebeenpromoted
partiallyontheassumptionthattheywouldre
quirelittlemanagementandwouldnotgenerate
environmentalproblems Howeverbytheendof
1980severalmosquitoabatementdistrictsrespond
edtocitizencomplaintsofmosquitoproblemsas
sociatedwithwaterhyacinthsewagetreatment
Thefinaloutcomewasremovalofthehyacinthsat
considerablecoststothesewagetreatmentplants

Inviewoftheinterestinaquaculturesys
temsandtheassociatedmosquitoproblems a

twoyearprogrammonitoringmosquitoproduction

1Abstracted from Survey of mosquito
production associated with water hyacinths
198346ppareportcompletedincooperation
withtheStateWaterResourcesControlBoardand
theconsultingfirmofDewanteandStowell
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in an experimental wastewaterwater hyacinth
aquaculture project was completed at the
Roseville California sewage treatmentfacility
Larval and adult mosquito populations
mosquitofishGambusiaaffiniswatertempera
tureswaterqualityandgeneralpondconditions
weremonitoredthroughouttwomosquitoseasons

Theinvestigatorsconcludedthat

1 IntolerablelevelsofCulexpeusCxpipiens
andCxtarsalisareproducedintreatment
facilitiesusingwaterhyacinthaquaculture
Waterhyacinthsarenotrecommendedfor
treatmentofprimarysewage

2 Itmaybepossibletoreducemosquitopro
duction toacceptable levels by intensive

pondmanagementandbymaintaininghigh
densitiesofmosquitofish

3 Aerationofpondsisadvantageous
4 Winterdiebackofhyacinthswillcontributeto

accelerated eutrophication anaerobic con

ditionsandfishkills
5 Pondsmustbedesignedtoenhancefishpre

dationplantharvestingponddrainageand
totalremovaloftheplants

Promotionofwaterhyacinthinthetreatment
ofsewagewastewateriscontinuingwithamajor
multimilliondollarpilotprojectinSanDiegoan
experimentalfacilityinStocktonandproposalsfor
moreinMontereyCounty Inordertominimize
mosquitoproduction mosquitocontrol agencies
mustmonitorandworkcloselywithfacilitiesusing
orcontemplatingtheuseofwaterhyacinthsin
wastewatermanagement
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ADEDINEFLIGHTDISPERSALSTUDIESINANALPINEHABITAT

RobertKWashino

DepartmentofEntomologyUniversityofCaliforniaDavisCalifornia95616

ToevaluateGiemsaformarkingadultmos
quitoesbytreatingthelarvaeaspresentlybeing
doneinNewJerseystudiesbyworkersatRut
gersUniversitythreeseparatelaboratoryexperi
mentsandonefieldtrialwereconductedutilizing
Giemsaconcentrationsof15to20mgml Results

wereinconsistentandpendingfurtherworkin
the future subsequent markreleaserecapture
trialsinCaliforniaandOregonwereconducted
usingthemoreconventionalfluorescentpowders
tomarkadults StudiesinCaliforniawerepre
liminarytothemainstudyinOregonwherea

AnautomaticfeedingsystemforaGambusia
hatcheryfacilitatesdeliveryofsmallamountsof
feedatmanytimesthroughoutthedaythereby
allowingsteadyconsumptionandminimizingwaste
feed that places an unproductive load on a

hatcherysbiologicalfilters Furthermoreauto

maticfeedingreduceslaborcostsandscheduling
problems

Theautomaticfeederissimplyahopperover
ashuttlelikefeedreleasethatisactivatedbya
smallsolenoidandacounterspring

Signalsthatactivatethesolenoidaregen
erated accordingtouserspecifiedtimesand
amountsbya6502typemicrocomputer Relay
devicesisolatethe5voltmicrocomputerelectron

ABSTRACT

AMICROCOMPUTERBASEDSYSTEMFORFEEDCONTROLTEMPERATURECONTROLANDTEMPERATURE

RECORDINGINAGAMBUSIAHATCHERY

JamesBHoy

DivisionofBiologicalControlUniversityofCaliforniaBerkeleyCalifornia94720

ABSTRACT

totalof3054mosquitoesweremarkedandre
leased sixtythreewererecapturedwithin 72

hoursie21 18wereAedeshexodontus

and45wereAedescommunis Theresultsof

thesetrialsdemonstratedtheabilityofsnowpool
mosquitoestoflyatleast2kmdistancefromtheir
breedingsitetoseekbloodmeals Thismatter

willhavetobetakenintoaccountindefiningthe
magnitudeofacontrolprogramnecessarytosuffi
cientlysuppressthebitingmosquitopopulation
associatedwithrecreationalsitesinalpineareas

icsfromthe110voltsolenoids Asmanyas6
relaysmaybeactivatedeachwithdifferentspec
ifiedamountsoffeedatupto24feedingtimes
perday Upto4solenoidsmayreceivesignals
fromasinglerelaythereforethissystemcanco
incidentallycontrolupto24feedingdevices
Thefeedingsystemhasbeenexpandedtosense
controlandrecordairandwatertemperatures

Theelectroniccomponentsofthesystemare
anApplecompatiblemicrocomputeraTVmonitor
adiskdriveaninputoutputboardaclockand
atemperatureboardwithsensors Theeasily
modified programiswrittenin BASICand is

availableuponwrittenrequest
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IMPACTOFGAMBUSIAAFFNISWINTERINGATMENDOTAWILDLIFEAREA

FSMulliganIIITMiuraandCHSchaefer

UniversityofCaliforniaMosquitoControlResearchLaboratory9240SRiverbendAvenue

ParlierCalifornia93648

MosquitofishGambusiaaffinisBairdandGirardwerestockedinafloodedwetlandsfieldinthe
MendotaWildlifeAreaduringthefallof1982todetermine 1overwinteringsuccess2impacton
aquaticinvertebratepopulationsand3efficacyagainstmosquitoes Duringspringdraining144kgof
mosquitofish11ofthestockedfishbiomasswererecovered Teninvertebratetaxawerecollectedin

significantlygreaterPs005numbersinthestockedfieldandninetaxawerecollectedingreaternum
bersinasimilarunstockedfield Therewasnodifferencebetweenfieldsinthemeannumbersoftaxa

collectedbyanysamplingmethodareasamplerdipperorminnowtrap Culextarsalis Coquillettlarval
populationinthestockedfieldwasapparentlyreducedby72sevendaysafterstocking

INTRODUCTIONThemosquitofishGambusia
affinisBairdandGirard isanimportantcom
ponentinricelandmosquitocontrolprogramsin
California Eachspringwiththeadventofthe
riceandmosquitogrowingseasonmanymosquito
abatementdistrictsstocknewlyfloodedricefields
with mosquitofish Most fish are obtained

throughactivefishculturesystems Inthefall

withthedrainingofthericefieldsasmallper
centageofthefisharerecapturedtorestockor
supplementtheculturesystemhoweverthevast
majorityofGaffinisarecarriedoffincanalsto
anunknownfateandarelostofricelandsasa

mosquitocontrolagent
Concurrenttothefalldrainingofricelands

winteringwaterfowlrefugesfloodtheirwetlands
to attract and support migratory waterfowl

throughthewinter Often waterisheldin

thesewetlandfieldsuntilspringdrainingwhich
coincideswithspringfloodingofricelands Our

studywasdevelopedtodeterminewhetherthese
synchronousregimescanbecombinedtoproduce
apassivemeansforwinteringmosquitofishto
stockricelands

Recentstudiesbywildlifemanagementper
sonnel show that invertebrates especially
chironomidmidgeimmaturesareveryimportant
inthedietofwinteringmigratorywaterfowlin
the Central Valley of California Ream and

Gruenhagen1980andEuliss1984 Thuswhen

dealingwithwaterfowlhabitatsitisnecessaryto
ascertaintheeffectofanyoutsidemanagement
implementationontheaquaticinvertebratecompo
nent

Ourstudywasdesignedtodetermine 1

theoverwinteringsuccess2impactonaquatic
invertebratepopulationsand3efficacyagainst
mosquitoesofGaffinisattheMendotaWildlife
Area

MATERIALSANDMETHODSThestudysites
weretwo flooded wetland fields within the

1CaliforniaDepartmentofFishandGame
locatedinwesternFresnoCountyCalifornia

ABSTRACT
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MendotaWildlifeArea Bothfieldsweremanaged
forandpredominatelycomposedofbarnyardgrass
watergrassEchinochloacrusgalliandirrigated
withwaterfromtheFresnosloughoftheSan
JoaquinRiver Thefieldswerelocated25km

apartandhadthesamesoiltypeTachiclay
Onefield13hawasstockedatarateof10kg
unsortedG affinisihawithfishcollectedfrom
ricefielddrainageditchesbyseining 48mm

openingseine Theotherfield104hawas
leftunstocked

Aquaticinvertebratesandmosquitofishpopu
lationsweresampled frommidSeptember 1982

throughApril1983bythreemethods 0045m

areasamplerstandardmosquitodipperandmod
ifiedminnowtrap Areasamplingmethodsin
cludingprocessingcountingandidentificationof
organismsgenerallyfollowedthosedescribedby
Takahashietal 1982 however insteadof

boxshapedsamplingunitsasingleunitcylin
drical24cmdiamdevicewasused Water

containingorganismsandbenthoswasremoved
andcondensedthrougha10mmopeningscreen
washedandplacedinalcohol Twelvesamples
werecollectedfromeachfieldonninedatesdur
ingthestudy

A400ml6x10cmdiamlonghandled
dipperwasusedtocollectsixsamplesalonga
transectineachfield Eachsamplewascomposed
of15dips6litersofsurfacewatercondensed
througha250popeningscreenandplacedinal
cohol Therewasatotalofninesamplingdates

Minnowtrapswere40x22cmdiamandthe
interiorswerelinedwith15mmwindowscreen
Tenofthesetrapswereplacedineachfieldcol
lectedafter24handthecontentsofeachtrap
wereputinseparatejarswithalcohol There

weresixtrappingdatesduringthestudy
Allsamplesweretransportedtothelaborato

ry where the organisms were identified and

counted Thedatawasanalyzedbyanalysisof
variance ANOVAonaHewlettPackard9830A
calculator

RESULTS Twentyfive taxonomic groups

weresampledinnumberssufficientforstatistical
analysisbytwowayANOVA Whereataxonwas
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sampledbymorethanonemethoddatafromthe
methodwhichyieldedthemostnumberswasused
Ineverycasetherewasasignificantdifference
P005betweensamplingdates Overallmeans

generatedthroughtheentirestudyperiodof19
aquaticinvertebratetaxawerefoundtobesignif
icantlydifferentbetweenthestockedandun
stockedfields Thesemeansandthesampling
methodutilizedarelistedinTable1

Teninvertebratetaxawerecollectedinsig
nificantlygreaternumbersinthefieldstocked
withmosquitofish ThesetaxawereCladocera

Eucopepoda Ephemeroptera Corixidae Noto

nectidae Laccophilus Thermonectus Tropis

Table1 OverallmeansandstatisticalanalysisANOVAofinvertebrateorganisms
sampledfromanunstockedwetlandsfieldandafieldstockedwith10kgofGambusia
affinishaintheMendotaWildlifeAreafall1982throughspring1983

taxa

Arthropoda
Crustacea

Cladocera

Eucopepoda
Podocopa

Insecta

Ephemeroptera
Odonata

Zygoptera
Anisoptera

Hemiptera
Corixidae

Notonectidae

Coleoptera
Laccophilus
Hygrotus
Agabus
Thermonectus

Berosus

Hydrophilus
Tropisternus
Enochrus

Diptera
Culicidae
Chironomidae
Chironomidae

Ceratopogonidae
Tabanidae

Syrphidae
Ephydridae

Annelida

Oligochaeta
Chordata

Osteichthyes
Gambusia

sampling

method

D

D

D

A

A

D

T

T

T

A

T

T

A

T

T

A

D

D

A

A

A

A
D

A

T

ternusEphydridaeandOligochaeta Mosquitofish
werealsomorenumerousinthestockedfield

Intheunstockedfieldthefollowingtaxahad
significantlygreaterpopulations PodocopaZy
gopteraAnisopteraAgabusBerosusEnochrus
CeratopogonidaeSyrphidaeandChironomidaecol
lectedbyareasampler Therewerenosignifi
cantdifferencesbetweenfieldsinthemeansof
HygrotusHydrophilusCulicidaeTabanidaeand
Chironomidaesampledbydipper

Asameasureofdiversitythemeannumbers
oftaxacollectedbyfieldandsamplingmethod
were statisticallyanalyzed with paired ttest

Themeannumbersoftotalinvertebrateorganisms

meannoorganisms
2

unstocked stocked

807 1345

95 232

32 45

46 78

54 28

21 074

45 16

045 27

012 12

0093 011

077 037

040 17

44 29

0017 017

073 19

013 0019

39 24

117 135

151 77

71 033

023 027

25 063

063 23

17 52

013 89

1D dipsamplesper6liters A areasamplesper0045m T trap

samplespertrap

2Asterisk denotessignificantlygreatermeanP005thanthatinotherfield



Table2 Statisticalcomparisonparedttestofmeannumbersoftaxaandorganisms
collectedby3samplingmethodsfromstocked10kgGaffinishaandunstocked
wetlandsfields

Sampling

Method

Dip

Area

Trap

MeanwassignificantlygreaterP5005thanthatinunstockedfield

20

15

10

5

Unstocked Stocked

0 10 20

DaysAfterStocking

Figure1 ComparisonofCulextarsalisimmaturepopulationsina
wetlandsfieldstockedwith10 kgGambusiaaffinishaandan
unstockedfieldper6literssurfacewater

collected were likewiseanalyzed Results are

showninTable2 Althoughtheunstockedfield
average12moretaxapercollectiondatethanthe
stockedfieldbydipandareasamplingmethods
the means were not significantly different
P005 Significantlymoreorganismsonanav
eragewerecollectedinthestockedfieldbytrap
thanintheunstockedfieldhowevermeannum
bersoforganismscollected byothermethods
showednosignificantdifferencebetweenfields

WhileANOVAshowednosignificantdiffer
encebetweenfieldsinnumbersofmosquitoescol
lectedthroughtheentirestudytherewasanap
parentreductionof72belowtheunstockedfield
sevendaysafterstockingFig1 Virtuallyno
mosquitoeswerecollectedfromeitherfieldafter
21dayspoststocking CulextarsalisCoquillett
wasthepredominantspecies

Taxa Organisms

135 119 1081

149 129 207

83 90 95

lm Unstocked
4

i

6004 Stocked

6666664 j

Unstocked Stocked

1735

153

266

Drainingofthestockedfieldwasinitiated
6183 Collectionofmosquitofishinascreened
outflowenclosureandbylimitedseiningyielded
144kgofGaffinis Thispartialrecoveryof
theavailablemosquitofishbiomassrepresented11
ofthestockedbiomass

DISCUSSIONMosquitofish transplanted
fromricefieldsinthefallsuccessfullyoverwin
teredinretrievablenumbersinafloodedwetlands
fieldontheMendotaWildlifeArea Whilethe

physicallayoutofthefieldpreventedcomplete
drainageandfullrecoveryofGaffinis144kg
ofmosquitofishwerecollected Itwasestimated
thatthisfigurerepresentedbetween1033ofthe
actualGaffinisbiomasspresentatthetimeof
draining Thisestimatedbiomass43144kgis
asubstantialamountwithrespecttotheinitial
stockedbiomass 130kg Improvementofthe

171
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drainagesystemwithinthewildlifeareacould
greatlyfacilitaterecoveryofGaffinis

Basedonboththemeannumbersoforga
nismsbytaxacollectedandthemeasureofdiver
sitybetweenthetwofieldsthereseemstobeno
overalldetrimentaleffectuponthefaunalconstit
uentsfromwinteringGaffinis Majordiffer
encesinthenumbersofcertaintaxabetween
fieldswereevidenthowevernoconsistenttrend
wasapparent Suchdifferencesbetweenfieldsas
werefoundmightreasonablyoccurwithoutany
effectoftreatment

Itissignificantthatcladoceranandcopepod
populationsweregreaterinthestockedfield
Severalstudieshaveindicatedmosquitofishprey
heavilyoncrustaceansAhmedetal1970Farley
andYounce1977andMiuraetal1979although
Farley1980foundthatcrustaceanswerenotse
lectedinproportiontotheirabundance Fur

therthesestudiesshowedchironomidimmatures
tobehighlyselectedbymosquitofishhowever
BayandAnderson1966consideredtheimpactof
thispredationuponthemidgepopulationtobe
negligible Whileourstudyshowednodifference
inchironomidpopulationsbetweenfieldsbydip
samplingtherewasanapparent50reductionof
largerchironomidsinthestockedfieldbyarea
sampling TheeffectofwinteringGaffinison
chironomidsshouldbefurtherstudiedinviewof
theimportanceofmidgestowaterfowlfeeding
ecology

Thatmosquitofishproducedminimalimpacton
invertebrate populations may be a result of

reducedactivity WurtsbaughandCech1983
foundtemperaturetobeimportantinmovement
foodconsumption and growth of juvenile G

affinis Atlowerwatertemperatures 10and

15Cswimmingspeedandactivityweregreatly
diminished with concomitant reduced food

consumptionandgrowthrates Meandailyair
temperaturethroughourstudywas111CNo
vember1982 April1983and81CforDecem
ber January Theactivityandfoodconsump
tionratesofthewinteringfishwereprobably
verylowthroughoutmostofourstudy

Inconclusionthewaterfowlrefugehabitat
ispromisingasawintering preserveforG
affinisfromricelandsandasourceforsubsequent
restocking Ofaddedbenefitispossiblere
ductionofmosquitoesintherefugehabitat
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TOWARDSANINTEGRATEDMOSQUITOCONTROLSTRATEGYFORGRAYLODGE

WILDLIFEREFUGEWITHEMPHASISONTHEFLOODWATERSPECIES

AEDESMELANIMONANDAENIGROMACULIS

RichardGarciaandBarbaraDesRochers

DivisionofBiologicalControlUniversityofCaliforniaBerkeley
1050SanPabloAvenueAlbanyCalifornia94706

INTRODUCTIONAresearchprogramtode
velopamosquitocontrolstrategyforGrayLodge
WildlifeRefugewasinitiatedin1977byseveral
governmentalagencies Theproposedplanwas
comprehensiveandincludedstudiesrangingfrom
theeffectofmanagerialpracticesonmosquitopro
ductiontotheassessmentofthesuccessofany
controlactionattemptedLusk1979 Intensive

fieldinvestigationswerebegunin1978andcon
tinuedthrough1979byHanna1982whostudied
theecologyofAedesmelanimonandAenigro
maculisandexaminedseveralmethodsfortheir

controlHannaconductedtestswiththemosquito
fishGambusiaaffinisandtheinsecticideChlor
opyrifosagainsttheAedesontherefugeand
foundthatneithertacticprovidedmorethanmar
ginal control Consequently furtherresearch

wasnecessaryinordertodevelopasatisfactory
programformosquitosuppression In1981re

sultsofpreliminaryfieldtrialswiththemicrobial
pathogenBacillusthuringiensisvar israelensis

serotypeH14BTIwereencouraging Investiga
tionswithBTIalongwithstudiesontheecology
andbiologyofmosquitoesontherefugewere
thencontinuedthrough1983bythepresentau
thors

Thestudiesreportedinthispaperprimarily

1Thisstudy wasfundedinpartfromspecial
fundsforMosquitoResearchinCaliforniaaswell
as the following cooperating agencies
SutterYuba Mosquito Abatement District
CaliforniaDepartmentofHealthServicesUnited
StatesFishandWildlifeServiceandtheCalifornia
DepartmentofFishandGame

ABSTRACT
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Studiesrelatedtothedevelopmentofanintegratedcontrolprogramformosquitoesproduced onGrayLodgeWildlifeRefugearereported TheprincipalspeciesoccurringontherefugeareAedesmelanimon
AenigromaculisCulextarsalisandAnophelesfreeborni Lighttrapmonitoringinconjunctionwith
fieldfloodingpatternsandlarvalsurveyindicatethattheaedinemosquitoes arelargelyproducedonthe
refugewhileCxtarsalisandAnfreebornihaveimportantbreedingsourcesoutside aswell Lighttrap
analysisindicatedthatthemostabundantspecieswereAnfreeborniandAenigromaculisin1982 and
AemelanimonandCxtarsalisin1983 Speculationisgivenforthesedifferences Summerfloodingof
fieldsformilletproductionformedsuitableovipositionsitesforfemaleAedes spp Larvaearefrequently
foundinassociationwithbermudagrassandpopulationsrequiringcontrolaction aregenerallyrestrictedtoafewfields TreatmentwithgranularformulationsofBacillusthuringiensisvarisraelensis appears
practicalandisrecommendedforcontroloftheAedesspp

highlightworkconductedin1982and1983 Al

thoughresearchhasbeenconductedattherefuge
overthelastsixyearsmajorchangesinflooding
practicesafter1981makecomparisonswithearlier
studiesimpossibletoanalyzeexceptingeneral
terms Asinmostfieldstudiesofthisnature
morequestionswereraisedthananswered How

everitisbelievedthatenoughinformationwas
generatedtoofferapreliminarystrategyforthe
controlofthefloodwaterAedessppproducedon
therefuge

STUDYAREATheGrayLodgeWildlifeRef
ugeisalmostentirelyinButteCountyandisloc
atedapproximatelyfivemileswestofGridleyjust
northoftheSutterButtes Inconsistsofabout
3200hectaresofwhichthemajorityisfloodedat
leastonceduringtheyearaswaterfowlhabitat
foramoredetaileddescriptionseeLusk1979
ConteandHanna1980Rosenfieldetal1981
andHanna1982 Duringthefirstthreeyears
oftheprojectapproximately400hectareswere
floodedinMayandJuneandapproximately1600
hectaresduringSeptemberandOctoberHanna
1982 During1981majorchangesintheflooding
practiceswereinitiatedandincludedamarked
reductioninthespringfloodingtoabout250hec
taresandamajorincreaseinthefallfloodingto
2500hectares Rosenfieldetal 1981 This
general pattern has continued through 1983

althoughsomefieldsthatwerefloodedinthe
springof1981werenotfloodedinthespringof
1982and1983andin1983thespringflooding
wasnotbegununtilthefirstpartofJuly

MATERIALSANDMETHODSAdultmosquito
activitywasmonitoredbyNewJerseylighttraps
setatthreelocationsonthenortheastand
southwesternbordersoftherefugeFigure1
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Figure1 LayoutandtraplocationsforGray
LodgeWildlifeRefugelocated2milesnorthofthe
SutterButtesinButtecountyCalif

Thesetrapswereoperatedfromonetoseven
dayseveryweekfromApriltoNovember The

periodofoperationforeachweekdependedin
partonthelevelofmosquitoactivity Other

monitoring systemssuch as rabbitbaited CO
trapswereusedbuttheresultsarenotincluded
inthisreport Collectionsfromthethreelight
trapswereanalyzedseparatelyhoweverinthe
finalanalysistheresultswerecombinedtode
terminetheaveragenumberofmosquitoescol
lectedpertrapnight

Eggandlarvaldistributionswerestudiedin
threefields 3671 and88whichwereknown

tosupportlargelarvalpopulationsfromprevious
observations ThedistributionofviableAedes

sppeggswasassessedbyremovingsamplesof
soil29cmx20cmx5cmdepthfromran
domlyselectedsiteslocatedalong10 12transect

linesthathadbeensetupineachfield Soil

sampleswerereturnedtothelabplacedinalu
minumpanssubmergedwithwaterandheldout
doorsforsevendays Larvaewhenpresent
werethencountedandidentified SoiIsamples
werecollectedinJulyandAugustof1982and
1983

Larvaldistributionandabundancewassur

veyedinthethreefieldsinthefallwithin24to
48hrsofflooding Threedipsweretakenina
standardizedpatternaroundeachsoilsamplesite
andthenumberoflarvaediprecorded This

distribution of larvae in the field was then

comparedwiththeresultsofthesoilsamples
collectedinthesummer Thelarvalsurveywas

conductedinSeptemberinall3fieldsin1982and
infield71in1983 Duetoamisunderstandingin
floodingschedulesfield36wasfloodedin1983
beforeafollowupcouldbeconducted

2YellowSpringsInstrumentCompanyInc
YellowSpringsOhio

Larvaldevelopmenttimesandattritionrates
weredeterminedforthefallpopulationsofAedes
sppinanotherfield75inareaswherelarge
populationsoflarvaehadbeenrecoveredfromsoil
samples Ninestripsofaluminum45cminwidth
wereusedtoformcirclesonemeterindiameter
Theringswerethenplacedinthefieldinclus
tersofthreealonga100metertransect They
wereheldinplacebywoodenstakeswhichwere
drivenintothesoilalongtheinsideandoutside
wallsandthennailedtogetherthroughthering
Afterthefieldwasfloodedandtheenclosures
filledwithwaterthepopulationsofAedescon
tainedinsidewerefollowedevery24hrsatmid
dayusingthefollowingstandarizeddippingpro
cedure fivedipsweretakenalongtheinside
edgeoftheringsandfiveweretakeninthein
teriorwithatleastoneminuteallowedbetween
dips Threeofthenineenclosureswerediscard

edfromanalysisbecauseofwateroverflowingthe
wallsduringthefloodingofthefield Dueto

similaritiesinpopulationsizestheremainingsix
enclosureswerepairedandtheirresultsaveraged
inthefinalanalysis

Thefinalstudyreportedinthispapercom
paresthepresenceanddensitiesoflarvalpopu
lationswithdifferenttypesofvegetation Soil

samplespredominantlycomposedofeitherbermuda
grassCynodondactylonorswamptimothyHele
ochloaschoenoideswereremovedfromfield75
returnedtothelabandsubmergedwithwateras
inpreviousexperiments Grassbladelengths
weremeasuredandlarvalpopulationsanalyzed
Inadditionatthetimesoilsampleswereremoved
fromthefieldthefollowingtemperatureswere
recorded using a telethermometer base of

bermudagrassmidcrownbaseofswamptimothy
grassandambientshade Temperatureswere
taken8timesbetween1045amand1230pm
September 9 1983 The same temperature
measurementswerealsotakenwhenthesamples
weresubmergedatthelaboratoryin Albany
California

Otherweatherdatausedintheanalysisof

lighttrapswerecollectedbytheBiggsWestGrid
leyWaterDistrictinGridleyCalif andconsist

ed ofmean daily averages departures from

30yearnormsandprecipitationlevels
RESULTSANDDISCUSSIONResultsoflight

trapcollectionsindicatethatbetween1982and
1983rathermarkedchangesinrelativeabundance
occurredamongthefourmajorspeciesofmos
quitoesfoundontherefugeTable1 In1983

AemelanimonandCxtarsalispredominatedrep
resenting40and35 respectivelyoftheseason
totalwhileAenigromaculisandAnfreeborni
represented14and11 respectively These

resultswereinsharpcontrasttotheprevious
yearwhereAnfreeborniandAenigromaculis
werethemostprevalentspecies

A previous survey by Rosenfield etal

1981indicatedthatlarvalCxtarsalisandAn
freeborniarerelativelyrareontherefugeduring
thespringandsummerprobablyduelargelyto
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Table1 Comparativeabundanceofthe4majorspeciesofmosquitoes
foundatGrayLodgeWildlifeRefugeButtecounty Califin1982and
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Ae Ae Cx
melanimon nigromaculis tarsalis

No Tot No Tot No Tot No Tot

1982 40 19 51 25 44 21 73 35

1983 136 40 47 14 119 35 38 11
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Table2 AmbienttemperaturesrecordedatBiggsWestGridleyWater
DistrictGridleyCalif

May

June

July

August

September

October

500 1982

co 1983

c
1400
O
W

Q300

E200
O
c

to
100

1982

Xhi Xto

304 119 211 285 118 201

304 139 221 324 150 237

354 170 262 340 158 245

340 162 251 351 176 263

298 155 226 329 152 241

245 101 173 283 113 198

1
it
1

May Jun Jul Aug Sep Oct

Aemelanimon

thelackofsuitablebreedingsourcesbutare
fairlycommonfrommidSeptemberthroughOcto
berafterthefallfloodingofthefields In1982

lighttrapindicesshowedCxtarsalispeakingin
numbersbetweenlateAugustandearlySeptember
whenthefallfloodingswerejustgettingunder
wayFig2 Thisspeciesdeclinedthereafter
suggestingthefloodedfieldsontherefugewere
notcontributingsignificantlytoitsproduction
In1983thispatternofeventswasdifferentwith
themajorincreaseinpopulationnumbersshifting
toSeptemberandOctober Thiscorrelatedwell

withthepresenceofthestandingwaterinthe
floodedrefugefields Thereasonsforthisin

creaseinactivityoverthepreviousyeararenot
entirelyclearbutacontributingfactormayhave
beenthewarmertemperaturesinthelatesummer
andearlyfall theaveragetemperaturesinAu
gustSeptemberandOctoberwererespectively

Daily
X
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xhi

1983

xlo
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X
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Aenigromaculls

Figure3 Resultsoflighttrapcollectionsin1982and1983forAemelanimon
AenigromaculisGrayLodgeWildlifeRefugeButtecountyCalif

Oct

and

12 15 and25Cdaygreaterthanin1982
Table2 IncontrasttoCx tarsalispopu
lationsofAnfreeborniweremarkedlydepressed
in1983particularlyinthelatesummerandearly
fall Anumberoffactorsmayhaveaccountedfor
thischangeincludingthereductioninriceacre
agesurroundingtherefuge

Thereweresomemajordifferencesintheac
tivitypatternsoftheAedesspeciesontherefuge
between1982and1983 In1983neitherspecies
appearedinthelighttrapsuntilearlyJuneal
mostamonthlaterthanin1982 Thiswaspro
bablyduetothelongwetspringwhichresulted
inadelayintheirrigationofpasturesoutside
therefugewhich producethefirstbroodof
Aedes AstheseasonprogressedAemelanimon
wasunusuallyactiveinthemidsummerinJuly
whileAenigromaculisdidnotpeakinnumbers
untillateAugustandearlySeptember activity



patternsthatwerealmostcompletelythereverse
forthesetwospeciesin1982 Thesechanges
maybepartlyexplainedbythecoolJulytempera
tureswhichaveraged17Cdaylessin1983than
in1982andthewarmlatesummerandearlyfall
temperatures mentioned previously Several

workershavereportedthatAenigromaculisis
morethermophilicthanAemelanimonandassuch
ismoreprevalentinthewarmergenerallymid
summermonthswhileAemelanimonismoreac

tiveinthecoolerperiodsofearlyspringand
latesummerBohartandWashino1978 Itcan

bespeculatedthatin1983thedelayofthereally
warm temperatures until the late summer
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Figure4 AppearanceofadultAedessppand
availabilityofsuitableovipositionsitesin1983
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larvaeinfield71
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1983

50

4
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contributedtotheshiftinactivityforAenigro
maculiswhilethecooltemperaturesinJulyal
lowedAemelanimontopredominate

Thetremendousincreaseinthenumbersof
Aemelanimoninthefallof1983areprobablythe
resultofeggslaidinthesummerinfieldsthat
hadbeentemporarilyfloodedfortheproduction
ofmillet Bothlighttrapdataandfieldobser
vationsconfirmthepresenceoflargenumbersof
adultAemelanimonontherefugeatthistime

Inthespringof1983allfieldswerecom
pletelydryforapproximatelytwoweeksbefore
thefirstAedessppwereeithernotedinlight
traps or observed landing on investigators
Fig4 Asaresultitisspeculatedthatfields
ontherefugedidnotserveassuitablesitesfor
ovipositionatthistime Howeversinceweather
canvaryfromyeartoyearthisisprobablynot
alwaysthecase Forexamplein1982thespring
waswarmeroutsidefieldswerefloodedearlier
andAedessppappearedinlighttrapsinearly
May Assomeoftherefugefieldswerestill
dampatthistimeitisassumedthatoviposition
couldhaveoccurred

Soilsamplesremovedfromfields36and71in
JulyandAugustof1983showedamajorreduction
inthenumberthatwerepositiveforlarvaeas
comparedwiththosethathadbeencollectedin
1982Table3 Itisassumedthatthemostlike
lyreasonforthisgreatreductionin1983wasthe
lackofsuitablemoistsubstratesavailablefor
oviposition in the spring However further

studieswouldberequiredtoclarifytheseobser
vations

Thefalllarvalsurveysconductedinfields
71and36in1982showedacorrelationbetween
thepositiveandnegativesoilsamplesitesandthe
presenceorabsenceoflarvae In1983however
thelarvalsurveyfollowingthefallfloodingof
field71revealedlargenumbersoflarvaewhich
werenotexpectedbecauseofthelownumbersof
larvaepresentintheAugustsoilsamples This

apparentinconsistencyisdifficulttoexplainin
viewofthepositivecorrelationsobservedin1982

Table3 Comparisonofsoilsamplescollectedin1982and1983 Gray
LodgeWildlifeRefugeButtecountyCalif

Field36
1982 1983

84

25

30

42

7

6

15 55 25

233 1183 181
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Onepossibleexplanationisthe018cmofrain
thatfellonAugust191983oneweekafterthe
soilsampleshadbeencollected ItwasaTight
rainbutitdampenedthefieldsandthismight
havebeensufficienttoactivatethenecessary

cuesthattriggeroviposition Thelighttrapdata
showfewadultaedinespresentatthistimein
Augustandthiswouldseemtodiscountthis
hypothesis howeveritisnotknowntowhat
extentgravidfemalesenterlighttraps

Therateoflarvaldevelopmentandattrition
observedinthethreepairedenclosuresduring
thefallfloodingarepresentedinFigure5 The

increaseinpopulationsizeseeninthisfigurewas
duetoastaggeredhatchthatresultedfromthe
slowfillingofthefieldandenclosures Regard
lessoftheinitiallarvaldensitieseachenclosure
containedaboutthesamenumberofpupaesug
gestingthatintraspecificcompetitionmaybean
importantmortalityfactorathigherdensities
Larvalattritionaveraged85withmostofthe
mortalityoccurringinthefirstfourdays Pupae
werefirstnotedonday6andbyday8accounted
for865ofthepopulation Therewasnomor

tality noted among pupae placed in floating
screenedcagesand97ofthesehademergedbe
tweendays8and9

Thehighattritionrateobservedduringthe
earlyinstarssuggeststhatalarvicidaltreatment
withamaterialsuchasBTIwouldbemoreeffec
tiveifappliedthreetofourdaysafterthefield
wasflooded

Table4showsthedifferencesinthenum
bersoflarvaerecoveredfromsoilsamplestaken
fromsitescontainingbermudagrassversusswamp
timothygrass Inthisparticularsituationa
positiveassociationwasfoundbetweenthepres
enceofbermudagrassandlargenumbersoflar
vae Routinedippinginotherfieldsknowntobe
heavyAedesproducershasalsodemonstratedthis
relationship Relativelymildtemperaturesoccur
attheroot soilinterfaceofbermudagrass
standsascomparedtoothervegetationandthis
maybeanimportantreasonfortheaboveasso
ciation TemperaturesrecordedinearlySeptem
berinfield75showedanaverageof28Cforthe
baseofbermudagrasswhilethebaseofswamp
timothygrassaveraged37CTable5 Temper
aturesasmuchas6Clowerthanambientshade
wererecordedatthebaseofbermudagrassin

Bermudagrass 8

Swamptimothy 12

Nosoil Nowith

samples larvae

8
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Figure5 Development
Ae melanimon under

appearanceofeachinstar

2 4 6 8 10

NoDaysPostFlooding

temperatures xhigh 256Cxlow 175C

anotherfieldwherethegrasswasgreenerand
taller

Thebaseofbermudagrassthenhasa
rathermildmicroclimatewhichmayservetopro
tectaedineeggsfromtheharshdryingtempera
turesandtoprovidetheadultswithalongterm
coolandquiethabitatforoviposition However

bermudagrassdoesnotappeartobetheonly
reasonforAedesoviposition therearefields

containing other vegetative types that have

populationsofAedesandtherearefieldscontain
ingstandsofbermudagrasswithsectionslacking
larvae Althoughfurtherstudiesareneededto
clarifytheseobservationsitwouldappearthatif
allconditionsforovipositionaremetthepres
enceofbermudagrasscanprovideanidealhabi
tatforAedes

Table4 DifferencesinrecoveryoflarvalAedesfromsoilsamplestaken
frombermudagrassversusswamptimothygrasssites Field75Gray

LodgeWildlifeRefugeSeptember1983

Ave

blade

Rangelength

651 3921460 124cm

0 4Ocm

ofthreepopulationsof
field conditions and

andpupae Water



Table5 Acomparisonoftemperaturesbetweendifferentlocationsin
vegetationandambientshades

Location

Bermudagrass

Bermudagrass

Swamptimothy

Ambientshade

base

midcrown

base

CONCLUSIONSAe melanimon Ae nigro
maculisCxtarsalisandAnfreeborniarethe
fourimportantspeciesfoundontherefuge The

firstadultAedescollectedinlighttrapsinthe
springcomefromsourcesoutsidetherefuge
whereasmidsummerandfallpopulationsareder
ivedfromtherefugeaswellasfromoutsidepas
tures Theextenttowhichthedryingrefuge
fields serveasgoodoviposition sites inthe

springisprobablyhighlyvariable in1983by
thetimethefirstbroodoffemalesarrivedthe
refugefieldswerecompletelydry

Observationsoverthelast212yearsindi
cateonlyafewfieldssupportlargepopulationsof
floodwaterAedes Manyofthesefieldsareamong
thosethatarenormallyfloodedduringthelate
springandearlysummerformilletseedproduc
tion Thefloodingofthesefieldswiththesub
sequentformationofidealovipositionsitesduring
thedryingupperiodappearstobenefitAemel
animonandAenigromaculisasbotharepresent
asadultsontherefugeatthistime

Recedingwaterlevelsnotedincertainfields
afterthefallfloodingmaybeprovidingimpor
tantovipositionsitesforAedessppparticularly
alongtheshallowmarginsofthefields

Infieldsknowntosupportlargelarvalpop
lationstheAedesspparefrequentlyfoundin
associationwithdenseconcentrationsofbermuda

grass Bermudagrassstandsmaybeprovidinga
quietmoisthabitatattractivetoovipositingfe
malesandaprotectedenvironmentfortheaedine
eggs

AdultAnfreebornipopulationsseeninAu
gustareapparentlyfromsurroundingricefields
whiletheCx tarsalisadultscomefromoutside

sourcesduringthemidsummerandinsideandout
sidesourcesduringthefall

RECOMMENDATIONS
1 Aedeslarvaearelargelyrestrictedto

specificareasinafewfields Usingsimpledip
pingmethodsmapscouldbedevelopeddelineating
problemfieldsandmajorproductionsites Gran

ularformulationsofBacillusthuringiensisvar
isroelensisserotypeH14havebeenshowntobe
extremelyeffectiveagainstbothfloodwaterAedes

xC

281

392

369

259

1Recordedbetween1045amand1230

Range

25 30

30 43

3041

2527

pmSept91983

179

atGrayLodgeGarciaetal1982Garciaetal
1983 Manylarvalsourcesarenotthatexten
siveandcouldbetreatedwithaminimumofcost
andeffort

2 Maintenanceofconstantwaterlevelsaf

terthefallfloodingwouldprobablyreducesuit
ableovipositionsitesduringaperiodwhenadult
Aedesareactive

3 Controlofcertainplantspeciessuchas
bermudagrasstoeliminateattractiveandprotec
tiveovipositionsitesmaybeappropriatebutthis
wouldrequirefurtherresearch

4 ControlofCx tarsalisandAnfree
borniwouldbedifficult TheuseofGambusia

affinisrecoveredfromricefielddrainagemaybe
possiblebutmoreresearchwouldbenecessaryif
thesespeciesweretobeincludedforcontrol

Management practices related to summer

floodingformilletseedandthetimingofthefall
floodinginlateAugustareimportantreasonsfor
thelevelofAedesproductionontherefuge
Howeveritisassumedthatthesepracticesas
theyarecurrentlycarriedoutarevitaltothe
goalsoftherefugeandassuchhavenotbeen
consideredforalterationintheserecommenda
tions
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releases 7778

FishesseeVertebrateAnimals

Flies

familiesalsoseeAquaticInvertebrateGroups

Anthomyiidae 8997

Calliphoridae 97

Chloropidae 899197100

Glossinidae 89

Muscidae 80899799100

Sciaridae 8089

Syrphidae 94

symbovine 99100

synanthropic 47489798

FluorescentFAantibodytest 7

Fly

control 474880979899100

studies 4748

FoggingmachinesseeNonthermalAerosoling

FungusparasitesofmosquitoesseeBiologicalControlAgents
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GambusiaaffinismosquitofishalsoseeVertebrateAnimals
continuousproduction 4446

distributions 76

ecology 70

geothermalponds 44

intensiveculture 4446

overwinteringponds 44

planting 5965

populationdensities 4566747576

populationsampling 74

predator 657071

predatorefficiency 42

predatorevaluation 4266

preyselection 43

ricefields 59

survival 42

tidalsaltmarshes 52

toxicitytesting 8182

Geneinsertionmosquitopopulation 78

Geneticstudies 78

Geothermalponds 44

GnatsseePestInsects

Granularformulationsinsecticidal 263093

BactimosBTI 262729303132

BAYSIR8514 818384

VectobacBTI 26272930

Granules

corncobgrit 262729303132

sandgrit 262729303132

GrayLodgeWildlifeRefuge 272830

Groundapplicationpesticides

biologicalcontrolagents 19202224

chemicalspray 2326869293

optimumdropletsize 92
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HachKitanalysis 26

Herbicides 649394

Hymenopteraparasitesofflies 47489798

Indices

mosquitolarvae 252679

mosquitoovipositionalactivity 87

mosquitotrap 45

IndirectfluorescentFAantibodytest 7

IndirectimmunofluorescenceIFAantibodytiters 678

Insectgroupsgeneral

Coleoptera 99100alsoseeAquaticInvertebrateGroups

Diptera 4748alsoseeAquaticInvertebrateGroups

EphemeropteraseeAquaticInvertebrateGroups

HemipteraseeAquaticInvertebrateGroups

Hymenoptera 474897

Lepidoptera 48

OdonataseeAquaticInvertebrateGroups

InsectgrowthregulatorsIGRs
BAYSIR8514 8085

InsecticidalgranulesorpelletsseeGranulesPellets
Insecticide

fieldevaluation 13458085

resistance 1351994

susceptibilityadultmosquito 235

Insecticides

biologicalseeBiologicalControlAgents

chemical

BendiocarbFicamULV 135

Chlorpyrifos Dursbanmosquitocoldfoggingconcentrate 135

Dursban 9394

Malathion 1586

Parathionethyl 31

Parathionmethyl 3134

piperonylbutoxide 35

ResmethrinSBP1382MFZ 135
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insectgrowthregulatorsseeInsectGrowthRegulatorsIGRs
microbial

Bacillussphaericusstrains1592and2362 3537

BacillusthuringiensisvarisraelensisSerotypeH14BTI 1921

2425303134

Bactimosformulations 26303132

Teknarformulations 3132

Vectobacformulations 26303133

IntegratedpestmanagementseeControlMethodsorPrograms

Laboratorycolonystudiesmosquitoes 77777878

Landreclamation 69

Larvicidesmosquito

BAYSIR8514 8085

Larvicidingmosquito 119252530313493

Lighttrap

indicesseeIndices

summaries 95

LighttrapsseeTraps

Lipidscuticular 8991

MADcomputerprograms 626768

Malarias 86

MarkReleaseRecapturestudies 45

Marsh

management 495365

vegetationseeVegetationTypes

Marshes 51526566697374

MemorialsCMVCA iiiii

MendotaWildlifeArea 3134

MicrobialinsecticidesseeInsecticidesMicrobial

Microturbellariansflatworms 3941
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Mosquito

autogeny 45

controlmethodsorprogramsseeControl

controlproblems 9394

controlrecirculationditches 4953

ecology 54575860

fieldreleases 77

flightmillstudies 77

geneinsertion 78

growthregulator 8085

laboratorycolonyanalyses 777778

larvaepredators 687176alsoseeGambusiaaffinisPredatorPopulations
lighttrapsseeTraps

management 65

marking 45

matingbehavior 77777878

naturalenemies 59

ovipositionrepellents 8788

parityrates 45

populationdensitieslarvae 2531395859697279

populationsampling 252639545758697179

predatoravoidancelarvae 59

radiosterilizedmales 77

resistancetoinsecticides 13594

sources

brackishmarsh 2627

catchbasins 2627

dairywastewater 61649396

datacomputer 67

drainagecanal 2628

irrigatedpastures 26272930

ricefields 192539415457586079

sewereffluent 3537

tidalmarshponds 495370

undergroundstormdrain 42

spatialdistributionlarvae 58606971
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surveillance 817

susceptibilitytoinsecticides 235

swarming 7778

trapcounts 5

vectorsseeArboviralDiseases

MosquitoAbatementDistrictsMADs California

AlamedaCountyMAD iv26656768697073

AntelopeValleyMAD iv

BurneyBasinMAD iv

ButteCountyMAD iv

CarpinteriaGoletaValleyMAD iv

CoachellaValleyMAD iv

Coalinga HuronMAD iv

ColusaMAD iv

ComptonCreekMAD iv

ConsolidatedMAD iv

ContraCostaMAD iv44

CorningMAD iv

DelanoMAD iv35

DeltaMAD 93

DiabloValleyMAD iv26

DurhamMAD iv

EastSideMAD iv

FresnoMAD iv34

FresnoWestsideMAD iv313234575960

GlennCountyMAD iv17

KernMAD iv3534

KingsMAD iv

LakeCountyMAD iv

LosAngelesCountyWestMAD iv

LosMolinosMAD iv

MaderaCountyMAD iv

MarinSonomaMAD iv26

MercedCountyMAD iv

MoorparkMAD iv

NapaCountyMAD iv
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NorthernSalinasValleyMAD iv

NorthwestMAD iv

SacramentoCounty YoloCountyMAD iv19

SanJoaquinCountyMAD iv

SanMateoCountyMAD iv

ShastaMAD iv17

SolanoCountyMAD iv

SoutheastMAD iv

Sutter YubaMAD iv192639

TehamaMAD iv17

TulareMAD iv

TurlockMAD iv

WestsideMAD iv

Mosquitobornevirussurveillance 617

MosquitoesinCalifornia

Aedesdorsalis 8

Aedesmelanimon 81626303134

Aedesnigromaculis 262729328185

Aedessquamiger 26276568

Anophelesfreeborni 19222429394142707986
Anophelesoccidentalis 70

Culexerythrothorax 865

Culexpeus 8

Culexpipienscomplex 8911141519222627353768
Culexquinquefasciatus 18426187889395
Culextarsalis 13458171819212426293133394142435457

58606570777778788183
Culisetaincidens 262835

Culisetainornata 6570

MosquitoesoutsideCalifornia

Culexnigripalpis 35

MosquitofishseeGambusiaaffinisVertebrateAnimals
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NematodeparasitesofmosquitoesseeBiologicalControlAgents

Nontargetorganisms 19688085

Nonthermal

aerosolgeneratorsseeEquipment

aerosoling 13192486

OfficersandDirectorsoftheCMVCA1983 iv

Oils

GoldenBearoil1356 2627

OpenMarshManagementprograms 49

Overwintering

fishes 38

mosquitoparasites 24

mosquitofish 44

Ovipositionalrepellentsmosquito 8788

Parasitestudies

flies 47489798

mosquitoes 1925253031343537

Parasitic

arthropods 474897

Hymenoptera 474897

ParityratesseeMosquito

Pelletsslowreleaseinsecticidal 26272930

Pestinsects

blowflies 97

ClearLakegnat 80

eyegnat 899197100

facefly 8997

fliesseeFlies

hornfly 9799100

housefly 808997

littlehousefly 89

mushroomfly 89

poultryfly 97
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rattailedmaggotdronefly 94

sprucebudworm 80

stablefly 97

tsetsefly 89

PestplantsseeVegetationTypes
Pesticideresistance 19

Pesticides

herbicidesseeHerbicides

insecticidesseeInsecticides

larvicidesseeLarvicides

Pheromones 8991

Predator

efficiency 42

populations 343839414242435965

Predatoryarthropods 97100

Preyselectionmosquitofish 43

Pvalue 73

Qualitycontrol 77

Radiosterilizedmalemosquitoes 77

Recirculationditchesmosquitocontrol 4953

RegionalRepresentativesoftheCMVCA1983 iv

Repellentstomosquitooviposition 8788

ResistanceseeInsecticideResistanceMosquitoResistance
Ricefieldstudies

computerdatasource 74

mosquitobiology 5457586079

mosquitocontrol 192539414243

mosquitohabitatcategories 58

mosquitolarvaecontrol 1

mosquitosamplingpatterns 5457

spatialdistributionofmosquitolarvae 5860
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SaltmarshesseeTidalSaltMarshes

Sampling

dataforcomputersystems 6671727475

flypopulations 9798

Gambusiapopulations 74

patternsformosquitopopulations 5457

Sentinel

buckets 1920

cages 122022244086

populations 1381719202224

pupaeflies 9798

ServiceLokhanimethod 79

Sexpheromones 8991

Slowrelease

briquetsseeBriquets

insecticidalpelletsseePellets

Slugdosesinsecticides 9394

Soilsterilant 93

Solidwasteseparatingponds 6265

Spatialdistributionofmosquitopopulations 5860

Surveillance

arboviralactivity 617

dairywastewaterponds 62

mosquito 817

SustainingMembershipoftheCMVCA1983 v

Symbovineflies 99100

Synanthropicflies 47489798

TableofContentsCMVCAProceedings1983 viiviii

Targetpopulations 24532697078

Tidalsaltmarshes 49536972

Toxicalgae 58

Toxicitystudies 8085

TracyExperimentalPlot 8081
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Trapssheltersandcontainers

cardboardbox 478

CDClighttrap 24

CDCCO
2 lighttrap 4

egressconetrap 4

emergentsleevecages 99

lighttrapgeneral 39

minnowtrap 81

NewJerseylighttrap 4

pipetrap 24

portabledropboxfish 7475

quonsetcage 77

redbox 486

sentinelbuckets 1920

sentinelcages122022244086

TrusteeCorporateBoardoftheCMVCA1983 iv

UniversityofCaliforniaseeCaliforniaUniversityof

UnsaturatedfattyacidsseeFattyAcids

Vectorcompetencemosquito 18

VectorControlDistrictsVCDsCalifornia
DeltaVCD iv6163659396

OrangeCountyVCD iv

VegetationtypesalsoseePestPlants

bulrushesScirpussp 6971

cattailsTyphasp 6971

computerdata 68

marshgrindeliaGrindeliahumilis 52

pickeweedSalicorniasp 26516970

pondweedPotamogetonsp 38656669737476

saltgrassDistichlissp 69

saltmarshorDouglasbaccharisBaccharisdouglassi 52

watermilfoil Myriophyilumsp 38
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Vertebrateanimals

birds

Americancoot 71

clapperrail 68

housesparrow 48

saltmarshsongsparrow 51

fishes

bass 38

bluegill 38

carp 7576

catfish 38

cichlid 38

greensunfish 42

mosquitofishseeGambusiaaffinis

rainwaterkillifish 52

redearsunfish 7576

Sacramentoblackfish 707576

Sacramentosquawfish 75

scuplin 7576

threespinedstickleback 52707576

whitecatfish 75

mammals

redbelliedharvestmouse 68

ViralandRickettsialDiseaseLaboratoryVRDL 616

ViraldiseasesseeArboviralDiseases

Wastesolidsseparatingponds 6265

Wastewater

managementdairy 61659396

storageponds 61649394

Weed

control 6493

sterilants 9394

Weedsaquatic 38
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Wildlife

management 65

refuges

GrayLodge 272830

Mendota 3134

Zooplankton 80

Zoosporogenesis 2425
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