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SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASEIN

CALIFORNIADURING1984

RichardWEmmonsMarilynMMilbyJohnDWalsh

WilliamCReevesEdmondVBayerKathleenWhite
JamesDWoodie andRobertAMurray

Thisisthefifteenthsince1969inaseries
ofannualreportsmadetotheCaliforniaMosquito
andVectorControlAssociationandpublishedin
theProceedingsandPapersoftheAnnualConfer
ence Inlastyearsreportwedescribedare
surgenceofactivitybySt Louisencephalitis
SLEvirusinvolvingtheColoradoRiverregion
6casesandunexpectedlytheoccurrenceof3
casesofSLEinSanDiegoCounty1caseand
LosAngelesCounty2cases areasnotprevi
ouslyconsideredatriskforthisdisease The

recognitionof2equinecasesofwesternequine
encephalomyelitisWEEinLosAngelesCounty
oneduring1983andonewhichoccurredin1979
butwasnotdocumenteduntilserologictestswere
doneonstoredserumsamplesin1983alsowas
unusualThepossibilitythatachangeinthe
ecologyofSLE andWEEvirusesmighthaveoc
curredormayhavebeenoverlookedinprevious
yearsandthatdenselypopulatedurbanareasof
southernCaliforniamightbeatriskofepidemic
encephalitiswasofconcern Consequentlythe

1Viral and Rickettsial Disease Laboratory
Section CaliforniaStateDepartmentofHealth
Services

2DepartmentofBiomedicalandEnvironmental
Health Sciences School of Public Health

UniversityofCaliforniaBerkeley

3Vector Biology and Control Branch
CaliforniaStateDepartmentofHealthServices

4Veterinary Public HealthUnit Infectious

DiseaseSectionCaliforniaStateDepartmentof
HealthServices

5CenterforHealthStatisticsCaliforniaState
DepartmentofHealthServices

6lnfectiousDiseaseSectionCaliforniaState
DepartmentofHealthServices

January27thruJanuary301985

surveillanceeffortduring1984wasexpandedto
theextentthatfundswereavailabletodoso
andincludedacloserlookatthesemoreurban

regionsofthestateaswellasthetraditionally
endemicareasoftheSanJoaquinSacramento
andImperialvalleys

Mosquitocollectionsforvirusisolationwere
increasedandextrasentinelchickenflockswere
addedtothenetworksothat45flocksinstead
ofthe31flocksin1983wereplacedthroughout
thestateincludingnewonesinIrvineOrange
CountyandHarborCityLosAngelesCounty
Therewasasinglechickenseroconversionfor
WEEinMeccaRiversideCountyinlateJune
andonemoreatthesamesiteinlateJuly As

usualsomeSLEandWEEvirusisolationswere
madefrommosquitoesalongtheColoradoRiverat
ImperialandSanBernardinoCountysites A

totalof56clinicallysuspectequinecasesre
portedfrom17Californiacountiesweretested
forWEE38testedserologically13casestested
forvirusinbrainspecimensand5casestested
bybothserologyandvirusisolationattempts
Noarboviruseswereisolatedandonlyonepre
sumptivepositiveWEEcasewasconfirmed a

7yearoldhorsefromFresnoCountywithonset
ofillnessonJuly131984withoutanyhistoryof
WEEvaccinationin1984 Thecomplementfixation
titerswere1128onserumsamplestakenon
July16andAugust10

Exceptforthesefindingstheearlyandmid
summerseasonwasuneventful Howeversenti
nelchickensintheIrvineandHarborCityflocks
in LateAugustunexpectedlyshowedserocon
versionsforWEEandorSLEandsubsequently3
isolationsofSLEvirusweremadefromCulextar

sailsmosquitoescollectedinHarborCitySeptem
ber13and18 Publicityaboutthesefindings
andeffortstoachievebetterhumancasesurveil

lancewerefollowedbypromptrecognitionofsev
erallaboratorydocumentedcasesofSLEinthe
LosAngelesarea Amoreextensivesurveillance

effortfollowedandbyseasonsendithadre
vealedatotalof26confirmedorprobablecases
ofSLEonefatal Severalotherpossiblecases

1
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Table1Numberofmosquitoesandpoolstestedduring1984bytheViralandRickettsiaDiseaseLabora
torySectionbycountyandspecies Source MosquitoVirusPoolDataSystemVectorBiologyand
ControlBranchDepartmentofHealthServices

COUNTY Culextarsalis Cxpipienscpx CxpeusCxerythrothoraxAedesmelanimonOTHERSPECIES TOTAL

MOSQ POOLS MOSQPOOLSMOSQPOOLSMOSQPOOLS MOSQPOOLS MOSQPOOLS MOSQPOOLS

BUTTE 1475
COLUSA 481

GLENN 250

IMPERL 14989
INYO 223

KERN 37136
LAKE 583

LA 1446
MARIN 1197
MENDOC
MERCED 523

ORANGE 2629
RIVERS 9761
SACRA 9588
SBERN 10628
SHASTA 550

SOLANO 286
SONOMA 3369
STANIS 166
SUTTER 1955
TEHAMA 1076
TULARE 3780
YOLO 12028
YUBA 1057
ARIZON 3130

30

10

5
337

10 225

839 70 3

12

36 1256 32 90 4 281
25

12

62

201

199
217

11

6

71

6
39

22

78

243

22

65

1779
2272

49
46

110

46 2

2 281 6

TOTAL 118306 2558 5533 134 465 12 986

94 2

couldnotbesufficientlydocumentedtoincludein
theofficialcasecount The26caseswereallap
parentlyinfectedlocallynotduringtravelto
traditionallyendemicareasofCaliforniaorother
states Detailsofthesecasesandoftheepi
demiologicinvestigationsarepresentedinasep
aratepaperbyDrRAMurryintheseProceed
ings Wewereparticularlyhelpedinthissearch
bytheseveralcountyhealthdepartmentsinthe
regionandbyaprivateclinicallaboratoryMicro
biologyReferenceLaboratorywhichdetectedthe
firstrecognizedSLEcasesserologicallyandwhich
assistedextensivelyinthesearchforanddocu
mentationoffurthercases Approximately550
suspecthumancaseswerescreenedserologically
inthiseffortincludingatleast352bytheMi
crobiologyReferenceLaboratory

Intotal3069mosquitopools139812mos
quitoesweretestedduringtheseasonTable1
OfthesepoolsthemajoritywereCuextarsalis
asusual2558pools833ofthetotal Virus

esisolatedfromthemosquitopoolsTable2
included46WEE25SLE15Californiaencephali
tisgroup68Turlockand110HartPark 264

isolatesinall AlloftheWEEisolatesandall
but1oftheSLEisolatesAedesdorsaliswere

335
15

100

50 1

6 799 19

13222 307

7

100 2

7

1

2

13 1

118 4

113 3a

3 1b

4 2

100 2d

1525
481

250

15102
1277
50431

583

3077
1197

94

623

4408
12368
9603
10628

650

286

3760
225

1955
1176
3780
12146
1057
3130

31

10

5

340

35

1150
12

81

25

2

14

111

254

200

217

13
6

79

9

39

24
78

247

22

65

23 14302 334 220 8 139812 3069

a Aedesdorsalis b Culisetainornata c CulisetaincidensCinornata d Aedesvexans

fromCulextarsalismosquitoes Adetailedlisting
ofindividualpositivemosquitopoolswasprovided
throughouttheseasoninthe21weeklybulletins
mailedtosurveyparticipants Afinalsummary
ofthesefindingsisavailableonalimitedbasis
RWEmmons

Therewere4144serumsamplestakenfrom
chickensinthe45sentinelflockswhichwerebled

monthlyfromtheendofMaythroughOctober
Allseroconversionsoccurredinflocksinsouthern

CaliforniaexceptforasingleWEEconversionin
1KernCountyflockTable3 Thusdespite
theusualhighCulextarsalispopulationsthrough
outthestateevidenceforWEEandSLEviralac
tivitywasnearlyallfromsouthernCaliforniaur
banandruralareasofSanBernardinoRiver
side ImperialLosAngeles OrangeandSan
DiegoCounties

Themosquitoandsentinelchickenflocksur
veillanceprogramwasagainaidedbyagrant
from special UC MosquitoControl Research

fundstotheUniversityofCaliforniaSchoolof
PublicHealthsArbovirusResearchUnitwhich
assignedMaryAnnMahoneytotheproject

A more intensive effort particularly in

southern Californiaurbanareas is anticipated



Table2Numberofviralisolatesfrommosquitoestestedduring1984bytheViralandRickettsial Disease

LaboratorySection Source MosquitoVirusPoolDataSystemVectorBiologyandControlBranchDe
partmentofHealthServices

SPECIES

Culextarsalis

Aedesmelanimon

Aedesdorsalis IMPERIAL

TOTAL

COUNTY WEE SLE

BUTTE

IMPERIAL
KERN

LAKE

LOSANGELES
ORANGE

RIVERSIDE
SACRAMENTO

SANBERNARD
SHASTA
SONOMA
SUTTER
TEHAMA
TULARE

YOLO
YUBA

ARIZONA

INYO
KERN

36 19

1

46 24

3

9 2

0 0

1

46 25

duringthe1985season Earlierandmorecom

pletedetectionofviralactivityandofencephalitis
casesisneededandbetterknowledgeofthe
ecologyofSLEandWEEvirusesintheseareasis
essentialtocontrolandpreventpotentiallyexten
siveepidemicdisease

ACKNOWLEDGMENTSWe thank the many

staffmembersoftheViralandRickettsialDisease
Laboratory the Vector Biology and Control

BranchtheInfectiousDiseaseSectionandoth
ersintheCaliforniaStateDepartmentofHealth

TURLOCK CALIFGRP HARTPARK TOTAL

2

5

12

3

3

8

19
1

3

1

4

7

68

0

68

0

3

12

15

3

1 3

2 62

77 89

3

1 4

5 5

3

4 12

2 32

1 2

1 1

3

1 2

5 5

9 13

1 1

8

110 248

3

12

0 15

1

15 110 264

Services allparticipatinglocalMosquitoAbate
mentagencies CountyHealthDepartments the

CaliforniaDepartmentofFoodandAgriculture
privatephysiciansandveterinarians theMicro

biologyReferenceLaboratory andallotherswho

helpedinthesurveillanceprogram Thispro

gramwassupportedinpartbyspecialfundsfor
mosquitoresearchallocatedannuallythroughthe
DivisionofAgriculturalandNaturalResources
UniversityofCalifornia



Flocklocation Seasonalaveragefemales
perNJpertrapnight

Number chickenspositive

WEE SLE

CxtarsCxquinqCxpeusJuneJuly Aug Sep Oct Aug Sep Oct

KernWildifeRefuge 27 00 00 0 0 0 016 0 0 0

SoutheastHarborLake 27 14 04 0 0 0 0ND213 1063 NB

Orange20RanchDuckClub 19 05 02 0 0 16 16 16 16 16319

SanBernardinoNeedles 2103 00 00 0 0 18 18 NB 18 754 NB

CoachellaValleyMecca 563 33 01 16213213 213 NB 17 533 NB

ImperialPaloVerde 102 10 00 0 0213 213 NB320 960 NB

4

Table3SerologicalconversionstoWEEandSLEvirusesinsentinelchickensCalifornia1984

Seasonisdiseaseweeks14through44

Notbled

AUchickenswerenegativeinMayTheinitialWEEseroconversionwasfoundintheJunesample
SLEpositivesdidnotoccuruntiltheAugustsample 39additionalflocks15intheSacramentoValley
19intheSanJoaquinValleyand5inSouthernCaliforniaremainednegativethroughouttheseason



EPIDEMIOLOGICASPECTSOFTHE1984STLOUISENCEPHALITIS

EPIDEMICINSOUTHERNCALIFORNIA

RobertAMurrayLaurieAHabelKatherineJMackey
HazelGWallaceBarbaraAPeckSusanJohnsonMora

MicheleMGinsbergandRichardWEmmons

INTRODUCTIONInearlyOctober1984the
Long Beach City Health Department in Los

AngelesCountywasnotifiedbyaprivatephysi
cianthataresidentofthatcitywithencephalitis
hadbeenshownbytestsperformedatalocalpri
vatemedicallaboratorytohaveevidenceofare
centinfectionwithStLouisencephalitisSLE
virus The health department subsequently
learnedthatthislaboratoryhadresultsfromsev
eralotherpatientsfromsouthernCaliforniathat
alsoindicatedrecentinfectionwithSLE

INVESTIGATION METHODSEpidemiologists
incountyhealthdepartmentsthroughoutthearea
actedquicklytogatherinformationtodelineate
thesituation Workingwiththepatientsphysi
ciansandfamiliesandoftenwiththesplendid
cooperationoftheprivateMicrobiologyReference
LaboratoryMRLinLongBeachtheydetermined
foreachsuspectcasethepertinentmedicalfind
ingsplaceofresidencedateofillnessonsetand
historyoftravelpreceedingonset Arrangements
weremadeforthecollectionofbloodandspinal
fluidspecimensfromcurrentcasesandfrompa
tientswhohadrecoveredbutretrospectivelywere
consideredpossibleSLEcases Lettersmailedto

local hospitals and media publicity alerted

physicianstothecurrentsituationandhelpedin
thesearchformissedcases Collectedspecimens
weresentforpreliminarytestingatlocalpublic
healthlaboratories theMRLorotherprivate

1InfectiousDiseaseSectionCaliforniaState
DepartmentofHealthServices

2AcuteCommunicableDiseaseControlUnit
CountyofLosAngeles DepartmentofHealth
Services

3EpidemiologyandLaboratory
BeachCityHealthDepartment

4Epidemiology Field Services

OrangeHealthCareAgency

SDisease Control Branch County
RiversideDepartmentofHealth

6EpidemiologyUnitCountyofSanDiego
DepartmentofHealthServices

7Viral and Rickettsia Disease Laboratory
Section CaliforniaStateDepartmentofHealth
Services

SerivcesLong

County of

of

5

laboratoriesandforconfirmatorytestsatthe
StatesViralandRickettsialDiseaseLaboratory
VRDL Testswereconductedonmultipleserum
specimenswheneverpossiblefromeachsuspect
caseusingcomplementfixationandindirectflu
orescentantibodyIFAmethodsforbothSLE
andwesternequineencephalomyeltisWEEvirus
antibodies IFAtestsforSLEandWEEspecific
IgMearlyantibodywereperformedwhenprelim
inarytestingrevealedthepresenceofSLEor
WEEantibodies Acasewasdefinedasanindi

vidualwithsignsorsymptomsofanillnesscom
patiblewitharboviralencephalitisandeithera
fourfoldorgreaterincreaseinantibodytiter
toSLEorWEEantigensorthepresenceofIgM
antibodytotheseagents

RESULTSBetweenAugust2andOctober
21 198426individualshadonsetofclinical
signsandsymptomsandlaboratorydocumentation
ofillnessescompatiblewithrecentorcurrentSLE
virusinfectionsinCalifornia Nohumancasesof

WEEweredetectedinthestateduring1984 Ta

ble1detailstheagesexlocationofresidence
dateofonsetandplaceofprobablecontraction
foreachcaseintheorderinwhichtheycameto
theattentionofpublichealthauthorities The

epidemiccurvebyweekofillnessonsetandcoun
tyofresidenceforeachcaseareshowninFigure
1 Superimposedonthisgraphforreferenceare
arrowspointingtodateswhenserumspecimens
fromsentinelchickenflocksatHarborLakein
LosAngelesCountyshowedrecentseroconvers
ionstoSLEonAugust30andSeptember21
Sentinelchickensin IrvineinOrangeCounty
seroconvertedalsosometimepriortospecimencol
lectionsonOctober11 Alsoreferencedaredates

whenpoolsofCulextarsalismosquitoescollected
fromtheHarborLakesiteonSeptember13and
September18weretestedandfoundtocontain
SLEvirus Detailsofthefindingsandsurveil
lancemethodsforarthropodborneviralactivity
arepresentedinaseparatepaperbyDrRW
EmmonsetalintheseProceedings

Allofthesecaseswereresidentsofurbanor
suburbanareasofsouthernCaliforniacounties
Figure2showstheapproximateresidentiallo
cationofeachcasewithinthesecountiesandat
tackratespermillionpopulationareshowninTa
ble2 Allbuttwoofthecaseshadnohistoryof
travelawayfromtheirareasofresidence The

twocaseswhohadbeeninotherareasofthe
stateduringthelimitsoftheincubationperiod
wereconsideredunlikelytohaveacquiredtheir
infectionsinthoseotherareas
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Table1ArboviralencephalitiscasesStLouisencephalitisCalifornia1984

Case Residence
No Age Sex CityCounty

1 52 M LongBeach
LosAngelesCo

2 59 M ElMonte

LosAngelesCo
3 51 M AnaheimHillsarea

OrangeCo
4 49 F Reseda

LosAngelesCo
5 28 F CanogaPark

LosAngelesCo
6 56 M Westminster

OrangeCo
7 78 F Tustin

OrangeCo
8 89 F LongBeach

LosAngelesCo
9 62 F LongBeach

LosAngelesCo
10 55 M PerrisPalmSprings

RiversideCo
11 44 M Indio

RiversideCo
12 42 F LosAlamitos

OrangeCo
13 54 F VanNuys

LosAngelesCo
14 50 F LosAngeles

LosAngelesCo
15 79 F Oceanside

SanDiegoCo
16 19 M LosAngeles

LosAngelesCo
17 32 M Banning

RiversideCo
18 67 M LaCanada

LosAngelesCo
19 37 F LongBeach

LosAngelesCo
20 55 F Hollywood

LosAngelesCo
21 57 M Riverside

RiversideCo
22 19 F LosAngeles

LosAngelesCo
23 58 F Pasadena

LosAngelesCo
24 46 M PicoRivera

LosAngelesCo
25 20 M Orange

OrangeCo
26 55 M PalosVerdesEstates

LosAngelesCo

Dateof

Onset

91184

91984

approx
92484

91984

approx
10184

10584

91284

10584

10284

10584

approx
91884

101084

10184

8284

92084

92184

91584

92884

102184

10584

9684

10484

10584

91784

101284

10284

PlaceofProbable
Contraction

LosAngelesCoarea

LosAngelesCoarea

OrangeCoarea

LosAngelesCoarea

LosAngelesCoarea
PossiblyMonoCo
OrangeCoarea

OrangeCoarea

LosAngelesCoarea

LosAngelesCoarea

RiversideCoarea

RiversideCoarea

OrangeCoarea

LosAngelesCoarea

LosAngelesCoarea

SanDiegoCoarea

LosAngelesCoarea

RiversideCoarea

Areaofresidence

LosAngelesCoarea

LosAngelesCoarea

RiversideCoarea

PossiblyShastaCo
LosAngelesCoarea

LosAngelesCoarea

LosAngelesCoarea

OrangeCoarea

LosAngelesCoarea

Remarks

CampednearDevilsPost
Pile91584

Husbandnegativefor
SLEin102984spec
Husbandnegativefor
SLEin103184spec
Originallyasuspect
rabiescase

Originallyasuspect
rabiescase

Confinedtohome

becauseofpreviousstroke

Livesparttimein
LasVegasNevada
InShastaCountil
82384
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Table2StLouisencephalitisincidenceby
countyofresidenceCalifornia1984

Countyof
Residence

LosAngeles

Orange

Riverside

SanDiego

Total 26

No July11984 RatePer
Cases Population MillionPopulation

16

5

4

1

7909300

2073000

775200

2068000

20

24

52

05

AnnualEstimatesofthePopulationofCaliforniaCounties
Report84E2StateofCaliforniaDepartmentofFinance
PopulationResearchUnitJanuary1985

Casesrangedfrom19to89yearsofage
Themeanagewas505yearsandthemedianage
was53years Themajorityofcasesweremales
14malesand12femalesbutthisdifferencewas
notstatisticallysignificant

Oneofthe26confirmedSLEcasesdiedon
January81985ofcomplicationsresultingfrom
herSLEinfection Thisvictimwasa62yearold
femaleresidentofLongBeachwhobecameillon
October21984

Manysuspectcaseswerealsotestedatthe
MRL localpublichealthlaboratoriesandthe
VRDLbuthadinsufficientornoevidenceof
recentorcurrentinfectionswithSLEvirusor
WEEvirus Includedinthisgroupwerean80
yearoldmaleresidentofVanNuysLosAngeles
CountywhobecameillonapproximatelySeptem
ber30anddiedonOctober13anda67yearold
maleresidentofLomitaLosAngelesCountywho
becameillonOctober5anddiedonOctober26

DISCUSSIONItwasapparentfromthisepi
demicthatCalifornias1984arboviraldiseaseex
periencewasasignificantdeparturefromthatof
pastseasonsandisacauseforconcernthatthis

newpatternofurbanepidemicencephalitismay
continue

Figure3displaysthenumberofhumancases
ofWEEandSLEreportedinCaliforniafrom1950
to1984 ExtensiveepidemicsofWEEandSLEoc
curredinthestateduringthe1950s Thisepi
demic activityoccurred in rural agricultural
countiesinthecentralSanJoaquinValleyareaof
thestate

WhileLosAngelesCountyreportedseveral
arboviralencephalitiscasesinthe1950sare
viewofrecordsfromthatcountyindicatedmost
wereresidentsofSanJoaquinValleycountieswho
werebroughttoLosAngelesfortreatment No

LosAngelesCountyresidentcasesinthe1950s
werefoundwhodidnothaveahistoryofimmedi
atelypriortraveltoendemicareaselsewherein
thestateMurrayunpublisheddata

After1959confirmedhumandiseasecaused
byWEEandSLEgreatlydecreasedcomparedwith
thepreviousdecade Occurrenceswerelargely
limitedtosporadiccasescontractedintradition
allyendemicareasofthestatenamelyrural
areasthecentralCaliforniavalleysImperialVal
leyandthelowerColoradoRiverareasofArizona
andadjacentSanBernardinoRiversideandImpe
rialCounties

In19836ofthe9casesofSLEdocumented
inCaliforniaresidentswereassociatedwithresi
dencenearortraveltothelowerColoradoRiver
areasofCaliforniaandadjacentArizonawhere
extensive flooding and consequently increased

mosquitoactivityhadoccurred Theotherthree

casesin1983howeverwereresidentsofLong
BeachandLaPuenteinLosAngelesCountyand
VistainSanDiegoCounty Nonehadahistory
oftravelawayfromtheseurbansuburbanareas
duringtheacceptedincubationperiodforSLE
Inretrospectthesethreecasesmayhavebeen
harbingersoftheepidemicactivitythatoccurred
thefollowingseasonin1984

The26SLEcasesdocumentedin1984arethe
largestnumberofhumanmosquitoborneenceph
alitiscasesrecordedinthestatesince1959when
40casesofSLEand2casesofWEEwerere
ported What makes the 1984 experience
particularlyunusualthoughisthedistribution
oflocationswheretheseillnesseswerecontracted
Themajorityofcasesoccurredinresidentsof
heavilypopulatedurbansuburbanareasofthree
southernCaliforniacounties AsshowninFigure
2eachdotrepresentstheapproximateresidence
locationofacase Becauseofthe relative

mobility of southern California residents in

travellingtoandfromworkortravellingfor
otherreasonsinthegeneralareaitwasnot
possibletopinpointthepreciselocationwhere
these individuals were bitten by infected
mosquitoes Place ofprobablecontraction in

Table1isthereforelistedasthecountyinwhich
theyresided Fromtheinvestigationscarried
outhoweveritisbelievedthatthemajorityof
casesacquiredinfectioninthevicinityoftheir
residence Thus1984representsanunprece
denteddeparturefrompastexperiencewithar
boviral encephalitis in California in that the

largestnumberofhumancasestooccurin25
yearswerecontractedinareasofthestatenever
beforeassociatedwiththisdisease

Thereasonsforthisnewpatternofarbo
viraldiseaseinCaliforniaareunknownbutare
thesubjectofintensiveinvestigationbyvarious
collaboratinggroups Oneenvironmentalfactor
temporallyassociatedwiththisepidemicwasan
unusualweatherpatterninsouthernCalifornia
Whilecasesoccurredduring anapproximately
threemonthperiod24ofthe26cases92had
onsetofillnessduringthe6weekperiodfrom
September1toOctober13andthemedianor
middlecasebecameillduringtheweekending
October6 DuringthisperiodsouthernCali
forniaexperiencedanunusuallyprolongedspellof
veryhotandhumidtropicalweather
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Amongpersonalriskfactorsnotedweresev
eralanecdotalreportsbycasesandtheirfamilies
thattheindividualswhocontractedSLEwereof
teninthehabitofbeingoutdoorsduringthe
eveningduskhoursperiodswhenCulexmos
quitoesareknowntobemostactive Interviews

conductedbyLosAngelesCountyHealthDepart
mentepidemiologistsindicatedthat12ofthe16
casesinthatcountyhadahistoryofoutdoors
activityduringeveninghoursinthetwoweek
periodpriortoonsetoftheirillnesses Theone

confirmedSLEinfectedpatientwhodiedwasa
womanwhooftenworkedinheryardduringthe
eveningwhileherhusbandwhowasserologically
negativeforSLEusuallyremainedindoors The

significanceofthesefindingsisuncertaininthe
absenceofdatafromcontrolswhodidnotacquire
SLEinfections

Althoughthecrudeattackratesforknown
casesinthisepidemicarelowtheactualimpact

9

oftheepidemicwasundoubtedlyevenmorese
vere Thereportedcaseswereallhospitalized
manyforextendedperiodsandonedied Giv

entheexperienceofotherurbanSLEepidemics
wheresurveysfoundtheratioofinfectedpersons
tothosewithmedicallydiagnosedencephalitisto
beatleastontheorderof200to1itislikely
thatthereweremanyadditionalcasesofovert
SLEillnessincludingpersonswithencephalitis
meningoencephalitis or meningitis and febrile

headachethatdidnotcometotheattentionof
publichealthofficials

Inconclusionthisepidemicrepresentsan
apparentnewpatternforarboviraldiseasein
California Itshowsanobviousneedforongoing
surveillanceandcontrolprogramstoanticipate
andpreventthebuildupofepidemicencephalitis
inthestateespeciallyinurbanareasofhigh
populationdensity
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COMPARISONOFA1984LOSANGELESSTRAINOFSLEVIRUSWITH

EARLIERCALIFORNIASTRAINSOFSLEVIRUS MOUSEVIRULENCECHICKEN

VIREMOGENICRNAOLIGONUCLEOTIDEANDVECTORCOMPETENCECHARACTERISTICS1

JLHardySBPresserRPMeyerWKReisen

LDKramerandAVVorndam

DepartmentofBiomedicalandEnvironmentalHealthSciencesand
NavalBiosciencesLaboratorySchoolofPublicHealth
UniversityofCaliforniaBerkeleyCalifornia94720

ABSTRACT

A1984isolateofStLouisencephalitisSLEvirusfromtheLosAngelesareadidnotdiffersignifi
cantlyfrom1954and1978SLEviralisolatesfromKernandImperialCountiesrespectivelyinitsperoral
infectivityforCulexfemalesoritsabilitytobetransmittedperorallybyinfectedCulexfemales Several

differenceswerenotedhoweverbetweentheseSLEviralstrainsintheirmousevirulencechickenvire
mogenicandRNaseToligonucleotidefingerprintcharacteristics CulexpeusfemalesfromtheLosAn
gelesareawerethemostcompetentvectorsofindigenousandnonindigenousSLEviralstrainsfollowed
byCulextarsalisandCulexquinquefasciatusfemalesinthatorderwhentheywereincubatedfor14to
21daysat25Cafteringestionofvirus ThevectorcompetenceofCxquinquefasciatusandCxtar
salisfemaleswasgreatlyenchancedatanextrinsicincubationtemperatureof32C Thusgiventheun
usuallyhighmeandailyambientairtemperaturesofover25CduringAugustandSeptember1984inthe
LosAngelesareaCxquinquefasciatusaswellasCxpeusandCxtarsalismustbeconsideredaspo
tentialvectorsofSLEinthe1984outbreakintheGreaterLosAngelesarea

ThetransmissionofSt Louisencephalitis
SLEvirustohumansinWesternUnitedStates
typicallyoccursinruralagriculturalareaswhere
Culextarsalisistheprincipalmosquitovectorand
wildbirdsserveashostsforviralamplification
ReevesandHammon1963 Monath1980There
forethehumanoutbreakofSLEinurbanLos

Angelesinfall1984wasunusualandmightsug
gestthatanothermosquitovectorwasinvolvedin
thetransmissionamplificationcycleinthisurban
environment Onewouldnaturallysuspectmos
quitoesbelongingtotheCulexpipiensComplex
becausetheyhavebeenincriminatedastheprin
cipalvectorsofurbanSLEinmidwesternand
easternUnitedStatesexceptinFloridawhereCu
lexnigripalpusistheepidemicvector However
previousvectorcompetencestudiesdoneinour
laboratoryindicatedthatpopulationsofCulex
quinquefasciatusfromtheSanJoaquinandCoach
ellaImperialValleyswereuniformallylesssus
ceptibletooralinfectionwithindigenousstrains

1Thesestudies weresupportedinpartby
Research Grant AI03028 from the National
Institute of Allergy and Infectious Diseases
ContractMIPR3504fromtheUSArmyMedical
ResearchandDevelopmentCommandandspecial
fundsformosquitocontrolresearchappropriated
annuallybytheCaliforniaStateLegislature

2lmmunochemistryBranchCentersforDis
easeControlPublicHealthServiceDepartment
ofHealthandHumanServicesFortCollinsCol
orado

ofSLEvirusthanweresympatricpopulationsof
Cxtarsalis Meyeretal1983 ThusifCx
quinquefasciatus wasanimportantvectorofSLE
intheLosAngelesoutbreakthenpopulationsin
thisareamustbegeneticallymorecompetentvec
torsofSLEvirusthanareotherpopulationsof
Cx quinquefasciatus evaluatedinCalifornia

AlternativelyitsvectorcompetenceforSLEvirus
mayhavebeenenhancedbytheunusuallyhigh
ambienttemperaturesthatoccurredintheGreater
LosAngelesareainAugustandSeptember1984

ItisalsopossiblethatstrainsofSLEvirus
involvedintheLosAngelesoutbreakaremore
infectiousforCxquinquefasciatusfemalesorcan
betransmittedmoreefficientlybyinfectedCx
quinquefasciatus females than the SLE viral
strains used in previous vector competence
studies Trent et al 1981 reported that

strainsofSLEviruswithdifferentgeographic
originscanexhibitmarkedgeneticvariationby
RNase T oligonucleotidefingerprintanalyses
Phenotypic variations observed for different

strainsofSLEvirusincludevirulenceformice
andmonkeysMonathetal1980abilityto
produceviremiasinHouseSparrowsandchickens
Bowenetal 1980andvectorcompetencefor
CxquinquefasciatusMitchelletal1983

Thusthe1984LosAngelesoutbreakhas
raisedseveralquestionsabouttheepidemiologyof
SLEinCaliforniathatcannotbeansweredsatis
factorilyfromavailabledataThereforeweiniti
atedstudiesinthefallof1984tocompareathe
biologicalandgeneticpropertiesofrepresentative
CaliforniastrainsofSLEvirusandbthevector
competenceofCulexspeciesfromtheGreaterLos
AngelesareaandKernCountyforindigenousand



nonindigenousstrainsofSLEvirus Theresults

ofthesestudiesarereportedhere
MATERIALSANDMETHODSThreestrainsof

SLEviruswereselectedforcomparativestudies
BFS2035fromCxtarsaliscollectedinJuly1954
atTracysRanchKernCounty IV824from

CxtarsaliscollectedinJuly1978atSeeleyIm
perialCounty andSOUE1684fromCxtarsalis

collectedinSeptember1984atHarborLakeLos
AngelesCounty Limitedstudiesweredonewith

3otherSLEisolatesfromCxtarsaliscollectedin

KernCountyinJuly1953BFS1750strainand
August1958FMS968strainandinLosAngeles
CountyinSeptember1984SOUE4684strain
Stockviruseswerepreparedas10homogenates
ofinfectedsucklingmousebrainsatintracranial
passages1to4 Viruswastiteredbyplaqueas
sayinmonolayerculturesofAfricanGreenmon
key kidney Vero cells maintained under a

methylcellulosenutrientmediumDavisandHar
dy1973

Standardprocedureswereusedforbiological
andgeneticcharacterizationofSLEviralstrains
ForvirulencetestsweanlingSwissalbinomice
wereinoculatedeitherintracraniallyicorin
traperitoneallyipwithserialdecimaldilutionsof
virus5micedilutionrouteofinoculationand
observeddailyfor14daysformortality Aviral

strainwasconsideredvirulentifitwasequally
lethalformicebyicandiproutesandavirulent
ifitwaslethalbytheicbutnottheiproute
Monathetal1980 Viremogeniccapacitywas
determinedon7dayoldWhiteLeghorncockerels
inoculatedsubcutaneouslywithvirusandbled
dailyfor5daysafterinoculationforviremiatiter
determinationsbyplaqueassayinVerocellsand
at21dayspostinoculationforantibodydetermina
tionsbytheindirectfluorescentantibodyIFA
test OligonucleotidefingerprintanalysisofRNA
genomeswasdoneattheCenterforDiseaseCon
trolFortCollinsColoradobyDrAVance
Vorndamusingstandardprocedures Trentet
al1981

Culexmosquitoesforvectorcompetencestu
dieswerecollectedduringearlyNovember1984as
late4thinstarlarvaeorpupaefromvariousfield
breedingsitesinLosAngelesandKernCounties
andtransportedinweticecheststotheinsectary
inBakersfieldforemergenceofadults TheKern

ColonyofCxquinquefasciatuswasusedasa
control At47days afteremergence adult

femaleswereallowedtofeedonpledgetssoaked
withapoolofdefibrinatedbloodobtainedfrom5
chickensthathadbeeninfectedsubcutaneously
with1strainofSLEviruswhenlessthan24hrs

oldandbledbyjugularvenipuncture72hrsafter
inoculation Fed females were incubated at

251Cuntiltheywereevaluatedindividuallyat
14and 21 daysafter feeding for ability to

transmitvirus by thecapillarytube feeding
methodAitken1977 Eachmosquitoandthe
contentsofthecorrespondingcapillarytubewere
testedforvirustodetermineinfectionandtrans

missionratesrespectively
Theeffectofextrinsicincubationtempera

tureonperoraltransmissionofSLEviruswasde
terminedwithCxquinquefasciatusKernand

CxtarsalisYumafemalesthatwerefedona
viremicbloodpreparationandthendividedinto3
groupsforincubationat18C25Cor32C
Transmissionratesweredeterminedatselected

timesafterfeedingbyallowingeachfemaleto
feedindividuallyonaweekoldchickenandthen
testingthe21daypostfeedingserumsamplesfor
SLEantibodybyaplaquereductionneutralization
test

RESULTS AND DISCUSSIONComparative
studiesweredonetodetermineifa1984isolate

SOUE1684ofSLEvirusfromtheLosAngeles
areadifferedsignificantlyfromearlierCalifornia
strainsofSLEvirusinitsmousevirulence
chickenviremogenic oligonucleotidefingerprint
andvectorcompetencecharacteristics Forcom

parativepurposesa1954strainBFS2035of
SLEvirusfromKernCountywasselectedbecause
itwasisolatedinayearwhen99humancasesof
SLEoccurredstatewideinCalifornia anda1978

strainIV824fromImperialCountywasselected
becauseitcamefromanothergeographicallydis
tinctareainSouthernCaliforniaandwasisolated

duringayearinwhichonlyonehumancaseof
SLEwasreportedstatewide

Mouse virulence properties Results of

mousevirulencetestsarepresentedinFigure1
The1984LosAngelesCountySOUE1684and
1978ImperialCountyIV824isolateshaveinter
mediatemousevirulencecharacteristicsascom

paredtothehighlyvirulent1954KernCounty
isolateBFS2035andtherelativelyavirulent
1958KernCountyisolateFMS968 Another

1984LosAngelesCountyisolateSOUE4684was
alsopartiallyattenuatedformiceieintermedi
atevirulenceDatanotshown Otherstudies

donebyMonathetal1980andinourlabora
torysuggestthatmostCaliforniastrainsofSLE
virusaremoderatelyattenuatedformicebythe
iprouteofinfection Thisincludesseveralother

strainsofSLEvirusisolatedinKernCountydur
ingthe1950swhenwidespreadhumandisease
wasdocumented Thusitappearsthatthe1984
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Figure1Virulenceof4CaliforniastrainsofSLE
virusforweanlingmicefollowingintracranialand
intraperitonealinoculation
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Figure2Viremiaprofilesin7dayoldWhite
Leghorncockerelsaftersubcutaneousinoculation
with4CaliforniastrainsofSLEvirus Informa

tioninparenthesisisthelogarithmPFUofvi
rusinoculatedintoeachchicken viraltiter

inindividualbloodsamplesandx meanviralin

bloodsamplestestedeachday

LosAngelesstrainsofSLEvirusdonotdiffer
significantlyfrommostCaliforniaSLEisolatesin
theirmousevirulentproperties

ChickenviremogenicpropertiesViremiapro
filesin7dayoldchickensaredepictedinFigure
2 Peakviremiatitersoccurredinchickensat3
daysafterscinoculationwithSOUE1684virus
ascomparedto4daysafterinoculationwithIV
824andBFS2035viruses Peakmeantitersin
chickensinfectedwithBFS2035viruswereabout

5foldand10foldhigherthaninchickensinfect
edwithIV824andSOUE1684virusesrespec
tively HoweverchickensinfectedwithSOUE
1684viruswereinoculatedwithasignificantly
higherdoseofvirusandthiscouldexplainboth
theearlierappearanceandlowertiterofpeak
viremias Bowenetal 1980 Interestingly
viremiainchickensinoculatedwiththeotherLos

AngelesisolateSOUE4684wasdetectedinonly
1 bloodsample Allchickensbecameinfected

afterinoculationwiththisvirussincetheyall
developedSLEantibodies Howevertheviremia
datawithSOUE4684maybemisleadingbecause
wenowknowthatthisvirusproduceslateform
ingindiscreetminuteplaquesinVerocellsand
thustheinoculatedcellculturesmaynothave
beenincubatedlongenoughinthesetestsforthe
plaquestofullydevelop Nonethelessplaque
morphologyisanotherphenotypicmarkerusedto
distinguish genetic differences between viral

strainsandSOUE4684obviouslydiffersfromthe
other3SLEviralstrainsinthisproperty

Figure3depictsviraltitersinthepooled72
hrpostinfectionviremicbloodsobtainedfrom
chickensinfectedwhenlessthan24hrsoldie
wetchickenswithIV824SOUE1684orBFS
2035virus Itneedstobeemphasizedthatthe
viraltiterinapooledbloodwouldbesimilarto
thebloodsampleinthepoolwiththehighesttiter
andthusdoesnotrepresentthemeantiterofthe
5bloodsinthepool Nonethelessitisevident
thatSOUE1684andBFS2035virusesproduced
equallyhighviremiatitersinwetchickensand

0 10 20 30 40

LogPFUvirusper01mlofblood

Figure3Viremiatiters inpooleddefibrinated
bloodobtained72hrsaftersubcutaneousinocu
lationofwetchickensie 24hrsoldwith
approximately10000PFUoftheIV824SOUE
1684orBFS2035strainsofSLEvirus Since

titrationsweredoneonthepooledbloodthe
viraltiterisrepresentativeofthebloodwiththe
highesttiterratherthanthemeanviraltiter



thatthesetiterswerehigherthanthehighestvi
raltitersproducedbythesevirusesin7dayold
chickensFigure2 Peaktitersinwetchickens

infectedwithIV824virusweresignificantlylower
thanthoseproducedbytheother2viralstrains
inthisagechicken Thusitisevidentthat
chickenviremogeniccapacitycandifferfrom1
SLEstraintoanotherandthatthiscapacitycan
beinfluencedbyinfectingdoseofvirusandthe
ageofthechicken Bowenetal1980made
similarobservationswhentheyinfectednestling
andadultHouseSparrowswithdifferentgeo
graphicalstrainsofSLEvirus Inadditionthe

avianspeciesmayalsoinfluencetheviremogenic
capacityofanSLEviralstrain Inprevious
studieswefoundthata1953SLEisolateBFS
1750fromKernCountyproducedhighviremia
titersinadultTricoloredBlackbirdsandHouse
Finches intermediatetitersinadultMourning
DovesandlowtitersinadultHouseSparrows
Thuscautionmustbeexercisedwheninterpret
ingtheviremogeniccapacityofSLEviralstrains
inlaboratoryhosts

GeneticrelatednessofSLEviral strains

RNaseToligonucleotidefingerprintsweregen
eratedwithRNAfromtheBFS2035IV824and
SOUE1684isolates Afingerprintanalysisre
vealedthattherewasonlya60homologyinoli

Table1Resultsofcomparativevectorcompetencetestsdonewith3Culexspeciesand3California
strainsofSLEvirus

Mosquito

Speciesand

Source

Culexpeus
SantaFeSprings
LosAngelesCounty

HartPark
KernCounty

Culexquinquefasciatus
HarborLake
LosAngelesCounty

Orange
OrangeCounty

KernColony

SLESOUE1684Virus

Infection

Rate

TransmissionRate

14days 21days

771071131 47

Culextarsalis

SantaFeSprings 5824 1414

LosAngelesCounty

975 01 06

2218 02 02

2240 00 119

gonucleotidesbetweenthe1954KernCountyBFS
2035and1984LosAngelesSOUE1684isolates
whereastherewasa90homologybetweenthe
LosAngelesisolateand1978ImperialValleyiso
lateIV834 Itisnotclearwhetherthesedif

ferencesrepresentacontinuingevolutionofan
indigenousCaliforniaSLEviralpopulationover
timeoranindependentevolutionofisolatedSLE
viralpopulationsinthedifferentgeographicalar
easfromwhichthesevirusesoriginated

VectorcompetenceofCulexmosquitoes An

attemptwasmadetosimultaneouslycomparethe
vectorcompetenceofeachCulexspeciesfromthe
GreaterLosAngelesareaandKernCountyfor
theSOUE1684BFS2035andIV824SLEviral
strainsTable1 Howeverthiswasaccom

plishedonlywithCxquinquefasciatussincea
sourceofCulexpeuswasnotavailableinKern
CountyandCxtarsaliscollectionsfromthe2
geographicalareasweresmallandonlyallowed
vectorcompetenceteststobedonewiththein
digenousviralstrains

Atanextrinsicincubationtemperatureof
25CCulexpeusderivedfromfieldcollections
wasthemostsusceptiblespeciestoperoralin
fectionwiththeSOUE1684andBFS2035viral

strainsfollowedbyCxtarsalisandCxquinque
fasciatusfemalesinthatorderTable1 How

SLEBFS2035Virus SLEIV824Virus

InfectionTransmissionRate InfectionTransmissionRate

Rate 14days 21days

4069 4117 5511

Rate 14days21days

79104 2536 4346 45109 1619 4529

1664 04 176 375 02

3240 02 4511 023

1ExceptforKernColonylate4thinstarlarvaeorpupaewerecollectedinthefieldduringearlyNovember
1984andadultsemergedintheinsectary

2Percentfemalesinfectednumbertestedafteringestionofvirusfrompledgetssoakedwithdefibrinated
pooledviremicchickenbloodSeeFigure3forviraltitersinviremicbloods Femaleswereincubatedat

251Cfor14to21daysbeorebeingtestedindividuallyforvirus

3Percentofinfectedfemalesthattransmittedvirustocapillarytubesnumbertested

13
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everbothviralstrainswereequallyinfectious
forfemalesofasingleCulexspecies Mosquito
infectionratesobtainedwiththeIV824viruscan

notbecompareddirectlywiththoseobtainedwith
theother2viralstrainsbecauseofthelower
titerofIV824virusintheviremicchickenblood

fedtomosquitoesFigure3 Nonethelessitis
quiteevidentthatCxpeusfemaleswerealso
muchmoresusceptiblethanCxquinquefasciatus
femalestoperoralinfectionwiththisstrainof
SLEvirus

Peroraltransmissionratesdeterminedafter

14or21daysincubationat25Cweresimilarfor
Cxpeusfemalesinfectedwitheachofthe3SLE
viralstrainsandtheseratesweresignificantly
higherthanthoseobtainedwithfieldderivedCx
quinquefasciatusfemalesthatbecameinfectedaf
teringestionoftheseviruses Culexquinque
fasciatusfemalesfromtheKernColonyappeared
tobemoreefficienttransmittersofSLEvirus

thanwerefieldcollectedCxquinquefasciatusfe
males AlthoughCxtarsalisfemaleswereless
susceptibletoperoralinfectionwithSOUE1684
andBFS2035virusesthanwereCxpeusfe
males theinfectedCx tarsalisfemaleswere

equallyormoreefficienttransmittersofSLEvi
rus

Thedatafromtheabovevectorcompetence
studiescorroboratedotherobservationsmadein

ourlaboratorywithSLEvirusandCulexspecies
Culexpeusseemstobeanexcellentvectorof
SLEvirusafactthathasbecomeevidentonly
recently Thusthisspeciesneedstobecon
sideredasapotentiallyimportantepidemicand
overwinteringvectorofSLEvirusinthoseareas
whereitisabundant IncontrastCalifornia
strainsofCxquinquefasciatusseemtobevery
incompetentvectorsofSLEvirusandtherefore
onemightthinkthattheywerenotinvolvedin
therecentSLEoutbreakinLosAngeles How

everanextrinsicincubationtemperatureof25C
wasusedinthevectorcompetencestudies Pre
vious laboratorystudies using the BFS 1750

strainofSLEvirusandtheYumaandKern

strainsofCxtarsalisandCxquinquefasciatus
respectivelyindicatedthatbothmosquitospecies
weremuchmoreefficienttransmittersofSLEvi

ruswhenincubatedat32Cthanat25CFigure
4 Bothspecieswereunabletotransmitvirus
at18C Hurlbut1973alsofoundthatCx
quinquefasciatusinfectedwithSLEvirustrans
mitted virus moreefficiently at higher tem

peraturesofextrinsicincubation Ambientair

temperaturesintheLosAngelesareaduringAu
gustandSeptember1984wereabovenormal For

exampleintheLongBeachareatheaverage
dailytemperatureexceeded25Conallbut5days
inthefirst3weeksofSeptemberreachinga
maximumaveragedailytemperatureof325Con
September6th Duringthisperiodinfectedfe
malemosquitoesweremostlikelyexposedtotem
peraturesinexcessof25Cforseveralhrseach
day UndertheseconditionsCxquinquefascia
tusmayhavebeenexcellentvectorsofSLEvirus
andthusshouldbeconsideredaspotentialvec
torsduringthe1984LosAngelesoutbreakof
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phalitisvirus AmJTropMed Hyg
32305311

MitchellCJDJGublerandTPMonath
1983VariationininfectivityofSaintLouis
encephalitisviralstrainsforCulexpipiens
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quinquefasciatus DipteraCulicidae J

MedEntomol20526533

MonathTP1980Epidemiology IN St

Louis Encephalitis T P Monath ed
AmPublHealthAssocWashingtonDC
pp239312

MonathTPCBCroppGSBowenG
EKempCJMitchellandJJGardner
1980Variationinvirulenceformiceand
RhesusmonkeysamongStLouisencephalitis
virusstrainsofdifferentorigin AmJ

TropMedHyg29948962
ReevesWCandWMcDHammon1962

Epidemiologyofarthropodborneviralence
phalitidesinKernCountyCalifornia1943
1952 UnivofCalifPublicationinPubl
Hlth Vol4UnivofCalifPressBerke
ley 257pp

TrentDWJAGrantAVVorndamand
TPMonath1981Geneticheterogeneity
amongSaintLouisEncephalitisVirusIsolates
ofDifferentGeographicOrigin Virol114

319332



16

ECOLOGICALEVIDENCEOFSTLOUISENCEPHALITISVIRUS

TRANSMISSIONINSOUTHERNCALIFORNIA

TelfordHWorkMartineJozanHazelGWallace

PatrickRyanGeraldGreeneNoorTietze

OnFriday16September1983a70yearold
retiredaerospaceengineerwasuprootingplants
inhisgardeninsuburbanLongBeachwherehe
hadbeenresidentformanyyears Hebeganto
feelbadlybuthonoredadinnerengagementata
harborsiderestaurantwhereafteranhourswait
foratablehebecameunusuallyirritable On

drivinghomehecomplainedofnauseaandbright
nessoflightsphotophobia Onarrivalhomeat

1030PMhistemperaturewas1014F
Thefollowingdayhiscomplaintswerenot

severeenoughtocallforanothertemperaturede
termination Heateonlycoldcereal Lassitude

appearedtobehisonlyproblem OnSundayaf
ternoonhenoticedfibrillationofmusclesinhis
leftarmandlowerextremities Mondaymorning
hewasvisiblyunstableandsoughtadvicefrom
hisfamilyphysicianof45years Physicalsup
portbyanursewasrequiredtogethimintothe
officewhereitwasdecidedtoterminatethemedi
cinehehadbeentakingforhypertensionasa
possiblecauseofhisunstablecondition Onre

turnhomefromthisvisithistemperaturewas
1010F

Hehadasleeplessnightbutspokerationally
inconversation Howeverhismobilitywasso
abnormalthathelayonthefloor Byafternoon
threepersonswererequiredtolifthimintoa
wheelchairwherehebegantospeakirrationally
ofhisemploymentfiveyearsbefore Bylateaf
ternoonwithafeverof104Fandmentalaber
rationshewasadmittedtoaLongBeachhospital
wherehedriftedthroughdeliriumintocoma A

spinalfluidspecimendrawnthefollowingday
showed80WBCwitha7PMNand93lymphocyte
differential

1Forpresentation atConferenceoftheCal
iforniaMosquitoandVectorControlAssociation
StocktonCalifornia28January1985

2CenterforHealthSciencesUniversityof
CaliforniaLosAngeles

3LongBeachCityHealthDepartmentLong
BeachCalifornia

4Department of Comparative Medical and

VeterinaryServicesLosAngelesCountyDown
eyCalifornia

5CaliforniaStateUniversity Long Beach
California

Examinationon6Octoberrevealedasemi

comatosepatientwhocouldrespondtosomestim
ulation SerologicaltestsconfirmedbyHIandCF
thathewassufferingfromStLouisencephalitis
ThiswastheindexcaseofurbansuburbanSt

LouisencephalitisinLongBeach
Extensiveandintensivesubsequentinvesti

gationsinvolvingSoutheastandRiversideAbate
mentDistrictsfailedtoestablishanylikelyex
posureotherthanatwohourmiddayvisitwith
hissonatLaSierraon8September Itwasre

luctantlyconcludedthatthiswasanunexplainable
casewhoseexposurecouldhavebeenathome
notfarfromLakewoodParkCountryClubGolf
CourseinLongBeach Morethanayearlater
thispatientisvirtuallybedriddenLongBeach
PressTelegram1984althoughheiscommunica
tiveandresponsivetofamilyandvisitors

TheoccurrenceoftheLongBeachcasesin
September1984havebeendocumentedpreviously
Murray 1985 Onelivedwithinafewcity
blocksofthe1983indexcase Historyofexer
cisewithinElDoradoParkwaselicitedfroman
otherpatient One1984fatalcaseinLongBeach
accumulated320000inmedicalandhospitalcosts
beforeshedied Theeconomiccostofur

bansuburbanStLouisencephalitishasnotbeen
generallyrecognized Schwab1968calculated
thecostofthe1966Dallasepidemicatmorethan
795500 Inflationwouldamplifytodayscoststo
morethantwomillion

Theroleofwildbirdsintheamplification
anddispersionofStLouisencephalitisvirusin
urbansuburban epidemics is well documented
Work1963Stamm1963 Inthe1964epidemic
inHoustonweisolatedfourstrainsofSLEvirus
frombloodofcapturedbirdsinoneweek Blue
Jaymockingbirdpigeonandgoose Thiswas

againstabackgroundof11SLEantibodypreva
lencein2215birdsincluding70speciescollected
inathreemonthperiod ThisspreadofSLE
antibodyinavianhostsprobablyhadsubstantial
dampeningeffectonprogressionoftheepidemic
LordWorketal1973

In the 1984Southern Californiaepidemic
Murray1985limitedsentinelchickenantibody
conversionsandCulextarsalisisolationsfailedto
signalwidespreadSLEvirustransmissionuntila
monthafteronsetoftheearliestrecognizedhu
mancase Allowingforanincubationperiodof
10to14daysexposureoccurredaboutthemid
dleofJulylongbeforethecelebratedexcessive
hotspellofSeptember Thisindicatedadispers
ionandamplificationinthewildbirdcycleas
earlyasMayeitherfromanoverwinteringfocus
involvingthe1983indexcaseorreintroductionof
SLEvirusfromsomewhereelseinSouthernCali
fornia



Whenthegeographicalextentoftheepidemic
wasfinallyrecognizedinOctoberitbecamein
cumbentonthosewithavailableexpertisetoat
tempttoprobetheavifaunaoftheregionforevi
denceofwhatavianspecieswereinvolved This

ismuchthesamewayadetectiveworksforevi
dentialfingerprintsafteracrimeiscommitted
beforetheevidenceiswipedaway

Havingavailableexperiencedandknowledge
ablepersonswhocoauthoredthispresentation
afieldeffortwasorganizedtomistnetandcap
tureindigenousbirdstocollectbloodsamplesfor
hemagglutinationinhibitionHItests Because

thehighestattackrateofmorethanonecaseper
100000peoplewasrecognizedintheCityofLong
BeachanothersitewasselectedatElDorado
Parkintheeasternpartofthecity Aworkable

ecologicalsiteattheSanJoaquinMarshofthe
UniversityofCaliforniaReserveSystematUC
IrvineinOrangeCountywasidentifiedasa
locationwhereSLEantibodyconversionhadoc
curredinthecourseoftheepidemicFigure1
TheCountyComparativeMedicalandVeterinary
ServicestookcareoftheareaofeasternLos

Angeles Unfortunately the limited field re

sources could notcovertwoother localities

HarborLakeswhereserologicalconversionsand
SLEvirusisolationshadoccurredandtheclus
terofcasesincentralSanFernandoValley

Patternsofmistnetswereestablishedinthe

SanJoaquinMarshandatElDoradoParkineast
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Figure1Mistnet locations in University of

CaliforniaReserveSanJoaquinMarshOrange
CountyWilliamBretzSteward
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ernLongBeachasindicatedinFigure2 The

passerinebirdscapturedwerebledfromjugular
veins Largerresidentandmigrantwaterbirds
werecapturedorshotandsomeresidentpigeons
trapped Fourhundredandtwentyfivesera
havebeentestedtodate Thedilutedserum

specimensweretransportedtoUCLAfortheHI
testingWorkandJozan1977withresultspre
sentedinTables123and4

Itshouldbenotedthatwithmanyofthe
smallerbirdsonly2m1ofbloodcouldbeob
taineddilutedto10m1inrabbitserumdiluent
Thelowesttiterhemagglutinationinhibitionob
tainablewasthereforenomorethan140 Those

reactionsrecordedaspositiveforallspecimens
wereatleast120

Someinterpretationoftheavianspeciessam
pledisinorder Thelatenessoftheeffortin

viewoftheseasonalfallmigrationsouthwardwas
consideredimportantanddirectedtheeffortto
wardbirdsknowntoberesidentclosetocase
occurrence Someofthehumancasesactually
frequentedparksinLongBeachwhichiswidely
recognizedashavingmorepublicparksandrec
reationalareaspersquaremileor100000popu
lationthananycityofsimilarsizeinthecoun
try Oftheseparksonlythreecouldbesam
pled ElDoradoLakewoodandHeartwellwhich
encompassedlakesandpondscontainingAnseri
formes Mistnetsweredeployedonly inEl

DoradoWherepigeonsweretrappeditwasknown
thattheywereoflocalflockswithacircum
scribedrange

Ofspecialinterestwerethecootsbecause
somesummerbreedershadmigratedsouthtobe
replacedbylogarithmicincreasesinwinterpopu
lationsfromthenorth Asexpectedmostofthe
cootsshotinlocalitiesofsubstantialSLEAB
prevalenceinresidentavianspecieswereessen
tiallynegative Theoccasionalpositiveprobably
representseitheranearlyarrivalinAugustor
Septemberwhenviruswasbeingtransmittedor
areresidentbreedersofEastLosAngelesand
Long Beach which never left Thesewinter

migrantsrepresentanimportantsentinelpopula
tionfordetectionofwintertransmissionSelected
winteravian populations require morecareful

studyatanothertime Significantantibodyprev
alencewasfoundinresidentduckgeeseandpi
geonsbutnotinwintermigrantcoots

Theresidencestatusofspeciescollectedat
theSanJoaquinMarshUniversityReserveatUC
IrvinewasderivedfromobservationsbyMs
GertrudeASiptrothoftheSeaandSageBranch
oftheNationalAudubonSocietySiptroth1973
ThesubstantialprevalenceofSLEantibodyinin
digenousspeciescontrastsasanticipatedtothe
virtuallynegativeresultsinthecootscollected
forusbyMrRichardJamisonofthe20Ranch
DuckClub whichextendseastwardfromthe

UCIrvineUniversityReserve
Twosignificantresultsemerged Therewas

significantincidenceofSLEHIantibodiesinresi
dentwildandferalbirds Thedistributionof

significantSLEHIantibodieswasscatteredbut
adjacenttolocalitiesofcaseoccurrenceorsen
tinelflockconversion Ofgreaterinterestwas
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theassociationoftheseindigenous serological
sentinelstocontinuedlighttrapcollectionsof
Culexpipiensquinquefasciatusmosquitoesatthe
LongBeachandOrangeCountyfociasreported
byWebb1985 RecoveryofCpquinque
fasciatushascontinuedincollectionsinDecember

andJanuaryreflectingfavorablewinterbreeding
conditions

TheepidemiologicalincriminationofC p
quinquefasciatusasapotentialvectortourban
residentsisincontrasttopreviouslydocumented
insignificanceofthisspeciesasavectorofSLE
inCalifornia ThirteenyearsofresearchinIm
perialValleyWork1980hadestablishedthat
SLEviruswastransmittedannuallybyCtarsalis
intheFinneyLakefocusandseveralyearswork
ontheNewRiverhadresultedinSLEvirusiso
lationsfromCPquinquefasciatuswhichbecame
thesuspectedvectorofthevirustomanMagy
etal1976Worketal1977a1977bWebbet
al1977 PursuitofbasicmechanismsforCp
quinquefasciatustransmissionofSLEvirus in

Californiaendedin1980whensupportforcon
tinuingtheseinvestigationswasterminated

Figure2MistnetpatternsintheSanJoaquinMarshandatElDoradoParkineasternLongBeach

Since1954whenCpquinquefasciatuswas
identifiedasthevectorofSLEintheLowerRio
GrandeValleyChinetal1957thisspecies
hasbeenfoundtobethevectorinallurbansub
urbanSLEepidemicsfromNewJerseytotheMis
sissippi Itisnotsurprisingthattheimpactof
humanpopulationpressureintheSouthernCali
forniacommunitieshasproducedconditions in

sewagedisposalandrecreationalareairrigation
favorabletomassiveincreasesinCpquinque
fasciatusbreedingandactivityadjacenttoand
amongtheurbanandsuburbandwellersofSouth
ernCaliforniaWhite1985similartowhathap
penedinHoustonandDallasTexasin1964and
1966Workacooperativestudy1965Sudiaet
al 1967 Henderson etal 1970 Schwab
1968

NowthatCPquinquefasicatushasonce
moreemergedasthelikelyurbansuburbanvector
inLosAngelesandOrangeCountiesquestions
relevanttodiseasecontrolrequirescientifican
swers

HasthethresholdofCpquinquefasciatus
populations supporting SLE virus transmission

beenreachedorsurpassed



Table1PrevalenceofHIantibodiestoStLouisencephalitisvirusinbirdscollectedatIrvineMarsh
OrangeCountyCalifornia1984

Species

SongSparrow

YellowthroatWarbler

HouseFinch

BlackPhoebe

Wren

RubyCrownedVireo

LoggerheadShrike

WesternKingbird

TOTAL

Resident

Number

Collected

26

6

2

5

1

1

1

2

53

ResidentDuck 4

Number
Positive

11423

0

0

480

0

0

0

150

16322

125

CollectionsmadethroughoutOctoberandNovember1984
PositivewithanHItiterof120andover

MRMigrantandResident
HI Hemagglutinationinhibition

Isthis speciesinvolved inoverwintering
maintenanceofSLEviruslocally

IsSLEvirusnowreintroducedannuallyby
theclassicbirdCuex tarsalisbirdcyclefrom
somewhereliketheestablishedspringfociinIm
perialValley

Where in Southern California might the

crossoverfromC tarsalistoCp quinque
fasciatusoccur

Howcanthemostsensitiveandinformative
sitesforsurveillancebymosquitoisolationsand
wildbirdserumconversionsbeidentified

Whatresourcesforasensitivepreepidemic
surveillancemechanismwillberequired

Howimportantisextensionofmosquitocon
troltopresentlyuncoveredareas Anhowcanit

bedoneincludingthesurveillanceroleofthe
MosquitoAbatementdistricts

Wherearethekeyavianspeciesinstrumental
inchainsofeventsleadingtoepidemicdispersion
ofSLEvirus

Andfinallywhichofthediverseecological
nichesinwhichCpquinquefasciatusbreeds
andfeedsarethecriticalfociforvectorcontrol

Thesequestionscannotbeansweredexclus
ivelyinthelaboratorywithdomesticatedmosquito
populations Theywillrequirelongandintensive

Species

NonResident

WhiteCrownedSparrow

GoldenCrownedSparrow

RufousCrownedSparrow

AudubonWarbler

YellowtailWarbler

BushtitMR

NonResidentCoot

REFERENCESCITED

Number Number
Collected Positive

10

5

2

4

1

2 1

220

0

0

250

0

TOTAL 24 520

39 251
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studieswherethe diseasehasoccurred and

whereitmayoccuragainevenonaregular
basis

ChinTDYHeimlichCRWhiteRF
MasonDMandFurcolowM1957An
OutbreakofSt LouisEncephalitisinthe
LowerRioGrandeValleyofTexasin1954
Epidemiological Features Pub HlthRep
72512518

HendersonBEPigfordCAWorkTH
andWendeRD1970SerologicSurvey
forStLouisEncephalitisandOtherGroup
B Arbovirus Antibodies in Residents of

Houston Texas Am J Epid 911
8798

LongBeachPressTelegram1984
LordRDWorkTHColemanPHand

JohnstonJGJr1973VirologicalStu
diesofAvianHostsintheHoustonEpidemic
ofSt LouisEncephalitis 1964 Am J

TropMed6Hyg225662671
MurrayRAHabelLAMackeyKJ

WallaceHGPeckBAMoraSJ
GinsbergMMandEmmonsRW1985
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Table2PrevalenceofHIantibodiestoStLouisencephalitisvirusinbirdscollectedatElDoradoPark
LongBeachCalifornia1984

Species

Resident NonResident

Number Number
Collected Positive

SongSparrow 4 1 RubyCrownedSparrow 1 0

YellowthroatWarbler 3 0 GoldenCrownedSparrow 5 0

AnasHummingbird 1 0 WhiteCrownedSparrow 5 1

BlackPhoebe 2 1 AudubonWarbler 2 0

HouseFinch 4 0 BushtitMR 5 0

LoggerheadShrike 1 0 HermitThrush 6 2

MockingBird 1 1 SolitaryVireo 1 0

LesserGoldfinch 7 1

TOTAL16 2125

HI Hemagglutinationinhibition
MR MigrantandResident

PositivewithHItiterof140andover

Species
Number Number
Collected Positive

TOTAL32 4125

Table3PrevalenceofHIantibodiestoStLouisencephalitisvirusinbirdscollectedatLongBeach
California1984

Species

Coot NS

Mallard 02

MuscovyDuck 01

ResidentDucks 14

ResidentGeese 12

TOTAL

ElDoradoPark Lakewood
HeartwellPark CountryClubGolfCourse NatureCenter

05 NS 554

513 05 NS

NS 02 NS

415 01 22

326 01 NS

29222 1259203 09 756125

NumberofbirdsPositivewithandHItiterequalorsuperiorto120numbercollected
HI Hemagglutinationinhibition



Table4PrevalenceofHIantibodiestoStLouisencephalitisvirusinbirdscollectedinLosAngeles
CountyCalifornia1984

Area

Lancaster

Castaic
SanFernando
GranadaHills
Torrance
Whittier

MarinaDelRey
LosAngeles
LongBeachdowntown
Carson

Downey
SantaFeDam

Ducks Geese

NS NS
NS NS

NS NS

NS NS
11 NS
713Adult NS

084weeks
011 16
NS NS
NS NS

216 02
01 01
NS NS

EpidemiologicAspectsofthe1984StLouis
EncephalitisEpidemicinSouthernCalifornia
ProcCalifMosq VectorControlAssoc
5359

MagyHIWorkTHandThomasCV
1976AReassessmentofCulexpipiensasa
Potential SLE Virus Vector in Imperial
County ProcCalifMosq VectorCon

trolAssoc454145
SchwabPM1968EconomicCostofSt

LouisEncephalitisEpidemicinDallasTexas
1966 PubHlthReports83860866

SiptrothG1973SanJoaquinMarsh
UniversityofCaliforniaBirdCountSeaand
SageBranchNationalAudubonSociety

StammD1963SusceptibilityofBird
Populations to Eastern Western and St

LouisEncephalitisViruses Pro13thInter

nationalCongressofOrnithologyAmerican
OrnithologistsUnion

SudiaWDColemanPHChamberlainR
WWisemanJSandWorkTH1967
St Louis Encephalitis Vector Studies in

HoustonTexas1964 JMedEnt4
3236

WebbJPJrWorkTHMcAndrewsT
PandJacobsenDM1977APreliminary
ComparativeStudyofCulextarsalisandCu
lexpipiensquinquefasciatusfromtheNew
River Imperial Valley California Proc

CalifMosq VectorControlAssoc45
1618

WebbJPJrMyersCM1985Response
ofLocalAgenciestothe1984UrbanSt
LouisEncephalitisOutbreakinOrangeand
LosAngelesCounties ProcCalifMosq
VectorControlAssoc532229

Other
Coots Pigeons NonPasserine Passerine

NS NS
NS NS
NS NS
NS 25
NS NS
NS NS

NS 16
NS 11
NS 67
NS NS
NS NS
922 NS

CollectionsmadefromOctober1984throughJanuary1985
HI HemagglutinationInhibition
NumberwithPositiveHItiterof120andovernumbercollected

11
11
15
NS
NS

NS

NS

NS

NS

02
02
NS

NS
NS

NS

310
NS
NS

NS
NS

NS
NS
NS

NS
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WhiteK1985FinalReport1984MosquitoVirus
Pools

WorkTH1963Virologyinthebiologyof
birds Proc13thInternationalCongressof
Ornithologypp570580

WorkTH1965EpidemicStLouis
EncephalitisinHouston1964 ACoopera
tiveStudy JAMA193139146

WorkTHJozanMClarkGGBerlin
0GWandParraD 1977Western

EquineandStLouisEncephalitisVirusesin
theFinneyLakeHabitatofRepetitiveCulex
tarsalisActivityProcCalifMosq Vec

torControlAssoc451618
WorkTHJozanMWebbJPJr

McAndrewsTPandOribaHA1977
StLouisEncephalitisVirusTransmissionin
1976intheBorderTransectoftheNew
River of Imperial County Proc Calif

Mosq VectorControlAssoc451922
WorkTHandJozanM1977Comparative

DiagnosisofTogavirusInfectionsinCompar
ativeDiagnosisofViralDiseasesedby
KurstakandKurstakAcademicPressInc
NewYorkChapter25pp621685
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STLOUISENCEPHALITISOUTBREAKINORANGEANDLOSANGELESCOUNTIES

JamesPWebbJrandCharlesMMyers

INTRODUCTIONThe1983humancasesof
St Louis encephalitis SLE in Los Angeles
CountyoccurredinLongBeachandLaPuente
andestablishedthesecondrecordedendemicSLE
casesfromtheLosAngelesbasinonecasewas
reported in 1957 from Los Angeles County
SevenhumanSLEcasesweredocumentedinCali
forniain1983sixofwhichwereassociatedwith
livingnearortravelingalongthelowerColorado
Riverandonewascorrelatedwithvirustrans

missioninnorthwesternSanDiegoCounty St

Louisencephalitisandorwesternequineenceph
alitisWEEvirusactivityisdemonstratedregu
larlyeachyearalongthelowerColoradoRiver
particularlyinthePaloVerdeValleyandthe
nearbyImperialValley ThesenineSLEcases

representedthelargestnumberofcasesinCali
forniasince1963when12casesweredocumented

SENTINELCHICKENFLOCKSThe1984en

cephalitisarbovirussurveillanceseasonwasre
lativelyuneventfuluntilearlySeptemberwhen
seracollectedfromsentinelchickenscoopedat
HarborLakesLosAngelesCountyand20Ranch
DuckClubIrvineOrangeCountyyieldedsigni
ficanttiterlevelsofSLEantibodies Oneother

sentinel chicken from the Irvine flock also

seroconvertedforWEEvirus Bothflockswere

bledonthe30thofAugustthelastbloodcol
lectionwasmadeduringtheweekofJuly2331
TestsconductedonseraobtainedfromtheHarbor
Lakesflockonthe21stofSeptemberproduced
eightadditionalbirdspositiveforSLE anti

bodies Bloodcollectedonthe11thofOctober

fromtheIrvineflockproducedtwomoresero
conversions Sentinelchickenflockshadbeen

placedatthe20RanchDuckClubandHarbor
LakessitesinJulyof1983butnoserocon
versionsforSLEorWEEantibodieswereobtained

duringthesurveillanceperiodthroughSeptem
ber

AGENCIESRESPONSE ControlOperations
Theimmediateresponsetothefirstnoticeofthe
1984SLEseroconversionsinsentinelchickensby
boththeSoutheastMosquitoAbatementDistrict
SEMADandtheOrangeCountyVectorControl
DistrictOCVCDwastoincreasethemosquito
controlproceduresatallknownandsuspectmos
quitobreedingsites Bothaerialandgroundap
plicationsofinsecticideswereperformedwithina
weekoftheconfirmationofseroconversionfor
SLEinthesentinelchickens Normalseasonal

1Orange County Vector Control District
POBox87SantaAnaCalifornia92702

2CaliforniaDepartmentofHealthServices
VectorSurveillance ControlBranch1449W
TempleStreetLosAngelesCalifornia90026

RESPONSEOFLOCALAGENCIESTOTHE1984URBAN

larvicidingactivitieswithDursban1 granules
DFigures1234wereextendedintothe
monthsofSeptemberandOctober1984inthe
mosquitoeswetlandproductionsiteswiththeex
ceptionoftheSanJoaquinMarshwhereBti5
pelletsBtiFigures13wereapplied Ground

applicationofapyrethrinfoggingconcentrate
3 foradultmosquitocontrolPFigures13
wasalsoconductedintheSanJoaquinMarsh20
RanchDuckClub Mason ParkMarsh Mini
MarshandadjacentwetlandsinIrvine

MosquitoCollectionVirusSurveillanceCon
currentlybothdistrictsincreasedandexpanded
theiradultmosquitocollectionprograms Modified

COCDClighttrapswereemployedattraditional
andmanynewcollectionsites Thetrappedmos
quitoeswereidentifiedpooledandsenttothe
CaliforniaDepartmentofHealthServicesViral
andRickettsiaDiseaseLaboratoryatBerkeleyfor
viralanalysis PoolsofCulextarsalisenceph
alitismosquitofemalescollectedfromtheHarbor
Lakesareaonthe13thandthe18thofSeptember
testedpositiveforSLEvirusnoviralisolates
weremadefromtheOrangeCountymosquito
pools

MOSQUITOACTIVITYDATASurfaceSites
ExaminationoftheNewJerseytrapdataobtained
atthe20RanchDuckClubandtheHarborLakes

sentinelflocksduringthe1984mosquitoseason
indicated that female Culex tarsalis numbers

reachedanaverageof100pertrapnightx
PTNatthe20RanchDuckCluband92atHar
borLakesduringthemonthprecedingtheAugust
30thbloodcollection Mosquitocollectiondata
fromtheNewJerseytrapsituatedattheSanJoa
quinMarshapprox05mileswestofthe20
RanchDuckClubindicatedapeakof120x
PTNfemaleCxtarsalisduringlateJulyin1984
Figure1apeakof120xPTNfemaleCx
tarsalisoccurredinthemiddleofJulyin1983
Figure2 NewJerseytrapdataobtainedfrom
1416sitesaroundOrangeCountyexclusiveof
theSanJoaquinMarshalsoillustratedasimilar
peakofCx tarsalisactivityinJulyof1984
Table1 In1983Cxtarsalisnumberswere
highinMayandJuneaswellasJuly Acom

parison of Cx tarsalis activity data from

19751984Table1suggeststhatanincreasein
Cxtarsalisnumbersbeganin1982possiblyas
earlyas1981andcontinuedthrough1984

Culexquinquefasciatussouthernhousemos
quitoreachedtheirpeaknumbersattheSanJoa
quinMarshinAugustSeptemberandOctoberin
198365femalesxPTNFigure4and198430
femalesxPTNFigure3 Since1974Orange
County Cx quinquefasciatus populations have

usuallyreachedtheirpeakintheautumnand
earlywintermonthsTable2althoughin1981
JuneJulyandAugusttherewerehighpopu
lationlevelsaswell
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Figure1TheoccurrenceoffemaleCulextarsalisfromMaythroughOctober
1984attheSanJoaquinMarshIrvinetemperatureswererecordedfrom
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Table1Averagenumberofs2Cxtarsalis OrangeCountyexcludingSanJoaquinMarsh

M J J A S 0

1984 02 09 12 06 02 04

1983 08 12 09 04 07 02

1982 03 05 04 01 01 01

1981 02 09 01 02 02 00

1980 02 01 ND ND 00 00

1979 02 02 01 01 02 ND

1978 03 05 ND ND 02 02

1977 00 02 03 02 04 01

1976 00 02 02 01 02 01

1975 00 02 02 01 01 00

ND NoData
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Table2AveragenumberofsCxquinquefasciatuspertrapnight OrangeCountyexcludingSan

JoaquinMarsh

A M J J A S 0 N

1984 002 002 004 004 024 041 027 020

1983 012 014 009 006 022 039 029 015

1982 001 004 006 007 004 004 005 025

1981 001 006 021 041 069 016 007 002

1980 001 001 001 002 001 000 004 004

1979 005 003 002 002 020 012 002 001

1978 007 004 008 005 003 007 020 005

1977 002 002 004 008 003 020 006 003

1976 001 002 003 003 014 009 015 011

1975 002 001 003 003 002 002 001 009
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Table3Averagenumberof4YCxquinquefasciatuspertrapnight undergrounddrainage

19831984

J

F

M

A

M

J

J

A

S

0

N

D

SANTAANA

ORANGECOUNTY

115

4122

692

6541

73111

199438

97358

23505

131346

2670

284

101

Underground SitesUnderground storm

drainsinOrangeandLosAngelescountiesyield
edCxquinquefasciatusspecimensthroughoutthe
yearin1983andin1984Table3MSDhillon
unpubdata The1984recordsindicaterela

tivelyhighnumbersofsouthernhousemosquitoes
fromFebruarythroughOctoberparticularlyin
theSantaAnaundergoundsiteinOrangeCounty

WildBirdBloodArbovirusSurveillanceIn

OctoberandNovemberof1984DrsTelfordH
WorkandMartineJozanfromtheSchoolofPublic

HealthUniversityofCaliforniaLosAngeleswere
invitedtoassistintheinvestigationofSLEand
WEEvirustransmissioninOrangeCounty Drs

WorkandJozanquicklysetupabirdcollecting
andbloodsamplingprogramattheSanJoaquin
Marshandassociatedadjacentwetlands Using
HemagglutinationInhibitiontechniquestodeter
minethepresenceofantibodytiterstoSLEvirus
inthecollectedbirdseratheywereabletoshow
significantlevelsofSLEantibodiesinresident
songsparrows1126 42blackphoebes45
80ducks14 25andwesternkingbirds

12 50 Asimilarprogramwasinitiatedby
theUCLAresearchgroupattheElDoradoPark
inLongBeachLosAngelesCountyincoopera
tionwithDr HazelWallaceLongBeachCity
PublicHealthDepartment

PHYSICALCONDITIONS TemperatureThe
influenceofrelativelyhightemperatures80F
hasbeensuggestedbyanumberofresearchers
tobesignificantinthetransmissibilityofar
bovirusbymosquitoesduringthelatesummerand
earlyfallmonths Meteorologistshavedocument

PICORIVERA

LOSANGELESCOUNTY

21

04

230

18

230

165184

161136

2875

14876

1446

129

320

edaworldwidewarmingtrendduringthepast
decadeandtheyearsof1983and1984inpar
ticular havehadaveragetemperaturessigni
ficantlyabovenormalFigure5intheLosAn
gelesBasinthroughthemonthsofJulyAugust
andSeptember

PrecipitationRainfallpatterns Figures6
7fromtheAprilthroughOctober19801984
demonstratednearnormaltobelownormalamounts

ofprecipitation In1983howeverAprilexperi
enced24 inchesabovenormal 152 inches

abovenormalfellintheearlyautumn Overall
1983wasanexceptionallywetyearaveraging
from 1519 inches above normal in the Los

AngelesBasin Incontrast1984wasaverydry
year46inchesbelownormal

DiscussionAlthoughstudiedOlson1977
nowelldefinedexplanationhasyetbeenadvanced
thatcanclearlycorrelatethecoincidenceofambi
enttemperaturesabove80Foccurringforseveral
consecutivedaysandtheappearanceofhuman
SLEcasesusuallyduringthemonthsofJulyAu
gustSeptemberandOctober Twofeasiblehy
potheseshaveemergedinattemptstoexplainthe
highmeandailytemperatureSLEcasesphenome
non Onesuggeststhatwarmertemperaturesin
ducesmorepeopletoleavewindowsanddoors
ajarortospendmoretimeoutsideintheeven
ingthusincreasingthechancesofexposureto
moremosquitoes Theavailabilityofaircondi
tioningmayalsobeanimportantfactorinthis
regard Theotherindicatesthatvectorcompe
tencyincreasesrelativelyinCxtarsalisCulex
peusfoulwatermosquitoandCxquinque
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fasciatuswhenhigherambienttemperaturesare
maintained thus increasingchancesofvirus
transmission

PreviousstudiesKeith1981haveindicated
thatthecombinationofearlyseasonrainsfollowed
byaperiodofdroughtconditionshasbeenim
plicatedinpreviousSLEepidemics Thissitua

tionfavorstheproductionoflargenumbersof
poolsofstagnantwaterthatprovideoptimalcon
ditionsforthedevelopmentofCulexspecies In

theSanJoaquinMarshOrangeCountymeteor
ologicalandother environmental factors have

seeminglyfavoredtheproductionofCulexspecies
mosquitoesthatdowellinstagnatingwaters Be

ginningin1981anumberofeventsfurthered
thesuccessfulproductionofCxtarsalisandCx
quinquefasciatus Alterationofthemarshbyhu
manactivitiesherbicidingburningandcutting
hasacceleratedtheproductionofthetulestands
Cattails Typhalatifoliaandsedges Scirpus
sphavereturnedeachyearingreaterbiomass
asaresultofthethinningoutattemptsandbe
causethepondsarefillinginwithsediment
Whereoncetherewerelargeopensurfaceareas

LosAngelesCounty

Figure5Theaveragedegrees Fdeviationfromnormalfor
themonthsofJulyAugustandSeptemberfromthreelocalities
inOrangeCountyandtwolocalitiesinLosAngelesCountyfor
theyears19761977and19801984
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ofpondwaterwithfringesoftulesalongthe
shorelinetherearenowpracticallynoopenwater
surfacesatall Winterrainspumpwaterand
waterpiped fromthenearbywatertreatment
plantmaintainthewaterlevelsinthemarshuntil
MayandJunewhentheusualdroughtconditions
begin ThepondsarenearlydriedbylateAu
gustandthewaterqualitychangesfromarela
tivelycleanwaterCxerythrothoraxandAno
phelesfreebornihabitatstoaquaticconditions
thatsupportCxtarsalisandCxquinquefascia
tuslarvaeinlargenumbers Table4illustrates

thechangeintherelativenumbersofCxtarsalis
andCxerythrothoraxcftheyears19751980
and19811984 Mosquitoproductionisfurther
enchancedbecausethethickstandsoftulesalso

protectthemosquitolarvaeandpupaefromthe
mosquitoeatingfish

Theseconditionshavebeensomewhatparal
leledatHarborLakesLosAngelesCounty es

peciallyduringtheyears1983and1984when
extensiveredevelopmentoperationswerebegun
BothHarborLakesandtheSanJoaquinMarsh
losewateronlybyevaporationthusincreasing
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thechangeofwaterqualityfromrelativelyclean
watertomorepollutedconditionsasthedrought
seasonproceedsthroughthelatersummerand
earlyautumnmonths

InvestigationsofSLEepidemicsinbothur
banandruralenvironmentsnationwidehavepro
videdinsightsintotheevaluationoftheSLE
transmission cycle that occurred in the Los

AngelesBasinin1984 SouthernCaliforniais
howeverecologicallyverydifferentfromother
SLEepidemicsites Fieldstudiesmustthere
fore be established that peruse the broad

hostvectorandenvironmentalrelationshipsinthe
SLEtransmissioncycle Itisrecommendedthat
extensivefield investigationsbeconducted in

boththewetlandhabitatsandtheurbanhabitats

includingtheundergrounddrainagesystemsin
thelatter Determinationofthereservoirhosts

birdsandmammalsaswellasthesignificant
vectors Cx tarsalis Cx quinquefasciatus
andCxpeusisalsoimportantforearlywarning
ofvirustransmissionandthedevelopmentofef
fectivevectorcontroloperations

Table4SanJoaquinMarshIrvineNewJerseylighttrapdataTCxtarsalis sCxerythrothorax

MAY JUNE

1984 2921 70125

14 06

1983 2731335 5521803

02 03

1982 ND ND

1981 43639 620

112 620

1980 23838 307201
62 15

1979 10016 8336

63 23

1978 17195 151269

18 06

1977 5321 129354

25 04

1976 304 10098

75 10

1975 382 2322

190 10

ND Nodatatrapmalfunction

Alweeksdatamissing
B2weeksonly

JULY
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PERSPECTIVESANDPREDICTIONSFOLLOWING

THESTLOUISENCEPHALITISOUTBREAKINSOUTHERNCALIFORNIA

WilliamCReeves

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealth

UniversityofCaliforniaBerkeley

Iwasaskedtogiveyoumyperspectiveand
predictiveviewsontheepidemicofSt Louis

encephalitisSLEthatoccurredinsouthernCal
iforniain1984 Thatisnotasimpletaskand
muchofwhatIsaywillreinforceviewsexpressed
bytheotherspeakersonthepreceedingpanel

PerspectivesThepresentationsofthepanel
leftnoquestionofthegeneralsurprisethat25
casesofSLEwerediagnosedinthegreatermet
ropolitanareaofLosAngelesOrangeSanDiego
andRiversideCountiesin1984

AsbackgrounditwasknownthatSLEand
westernequineencephalomyelitisWEEviruses
hadbeenhighlyactiveinthesouthernportions
of Imperial Riverside and San Bernardino

CountiesandadjacentareasofArizonainrecent
summersandcaseshadoccurredinthatareain
1983 Itwouldhavesurprisednooneifthere
hadbeenaflurryofSLEorWEEcasesinthose
areasin1984

Incontrastthehistoryofencephalitisin
thegreatermetropolitanareawasquitedifferent
asonlyoneSLEcasehadbeenconfirmedinthe
37yearperiod19451982andtherehadbeenonly
afewWEEcasesintheareainhumansorequines
inthoseyears Duringthesame38yearperiod
hundredsofcasesofthetwodiseasesweredi
agnosedintheSanJoaquinandSacramentoVal
leys ThreecasesofSLEhadbeenreportedfrom
thesouthernurbanareain1983buttherarityof
suchcasesintheareahadraisedquestionsif
theywereexposedelsewhereorpossiblywere
misdiagnosed Themosquitoabatementdistricts
intheregionhadnotreportedany unusual

increaseinsuspectedvectorsin1983or1984and
noinfectionwithWEEorSLEviruseshadbeen
detectedintheseveralsentinelchickenflocksin
theareain1983 Allavailableevidenceindicated

thatSLEandWEEviruseswerenotwellestab
lishedinthemetropolitanarea

InspiteoftheaboveevidenceinAugust
andearlySeptember1984sentinelchickensat
IrvineandHarborLakebecameinfectedwithSLE
virusmosquitopoolsyieldedSLEvirusandthese
occurrencescoincidedwiththreeweeksofun
usuallyhotweather However populationsof
CulextarsalisCulexquinquefasciatusorCulex
peushadnotincreaseddramaticallytothenum
bersusuallyassociatedwitheffectivespreadof
infectiontoman Asinglesentinelchickenhad
convertedtoWEEinAugustintheurbanarea
HoweverthissingleWEEconversiondidnotindi
catewidespreadactivity Theexpectedpattern
inCaliforniaandotherfarwesternstateswasfor
WEEvirusactivitytoprecedetheappearanceof
SLEvirus

Atthistimeandinspiteofpoorreporting
SLEcasesbegantoturnupandoccurredinun
expectednumbersoveralargeareaofthemetro
politan region When onset dates were de

terminedtheonsetofsomecaseshadpreceded
viraldetectionbythesurveillancesysteminbirds
ormosquitoes

Twentyfivecasesarenowknowntohave
occurred in a population ofover 12000000

people Thisisalowattackrateascompared
withurbanoutbreaksinthemidwestorhistorical
lyinthecentralvalleyofCalifornia Thisnum

berandmorecasesoccurredinsomeyearsofthe
1940sand1950sinmuchsmallerpopulationsin
thevalleyarea Weneverwillknowthetotal
numberofcasesin1984butevenifitwasonly
25wecanberelativelycertainthatanadditional
10000ormorepersonsprobablyhadinapparent
ormildinfectionsanddidnotcometomedicalat
tention

QuestionsraisedbythisexperienceAsI
indicatedinapriorpresentationthismorning
theheartofresearchisthereexaminationofac
ceptedconceptsonthebasisofnewfacts The

principalnewfactthatemergedwasthatSLEvi
ruswaspresentoveranextensivemetropolitan
areain1984andhadinfectedpeopleinsufficient
numberstocause25cases Thiswasanewex

perienceinthisregionofCalifornia Wemust

determinewhathappenedin1984ifweareto
preventtheoccurrenceofsucheventsinthe
futureinourstate

Some questions that this experience has

raisedare

1 Howwasthevirusintroducedandwas
itanewstrainwithunusualinfectivity
andpathogenictraits Sofarthereis

noevidencethatthiswasthecase

2 Howdiditspreadoversuchalarge
areasoquietlyandapparentlyrapidly

3 Weretheresidualmarshesreclaimed
waterareasandrecreationalwatersin

theregionkeysitesforintroduction
andestablishmentofinfection Itis

possiblethatourearlierexperiencesin
ruralareasmerelyledustosuspect
thiswasthecasebecauseoftheecolo
gyofsuchsitesastheyobviouslysup
portabundantbirdandmosquitopopu
lations

4 WhichofthethreespeciesofCulex
commonintheareaandthatweknow



arepotentialorprovenvectorsofSLE
viruswastheprimaryvector Wasan

interactionofknownefficientprimary
vectorssuchasCxpeusandCxtar
salisandasecondaryvectorCxquin
quefasciatusnecessaryforthiseventto
occur Thisisthesubjectofongoing
research

5 Werepreviousthresholdlevelsofvector
populationsthatwerethoughttobe
necessaryforepidemicspreadofSLE
virusinvalidinthissituation Ifso
was it because a population of

12000000peoplemademanacompeti
tivehostformosquitobitesascompared
withbirds Didthehotweathercause

peopletoincreasetheiroutdoorex
posuretomosquitobites

6 Whatisthebloodfeedingrangeor
frequencyoffeedingofCx tarsalis

CxpeusandCxquinquefasciatuson
differenthostsinametropolitanarea
Weknowfromcarefullydonestudiesin
ruralandsmallerurbansuburbanareas

thatthese3speciesfeedmostlyon
birdsbutincludearangeofdomestic
andwildmammalsandmanasblood
sources Indeedwehavecometoac
ceptthatthisfeedingpatternisessen
tialifthesespeciesaretomaintainin
fectioncyclesinbirdsandspreadin
fectiontootherhosts Wesimplydo
nothavesimilardatafromthesouthern

Californiametropolitanarea

7 WasitpossiblethatSLEvirushad
becomeestablishedasatransovarialin
fection that was spread from female

mosquitoestotheirprogeny Hadthe

virusspreadthroughoutanextensive
areaoverseveralyearsasacovertin
fectioncausingnoproblemsuntilthe
unusually hotperiod inthesummer

changedthecharacteristicsofthevirus
soitmultipliedrapidlyinvectorsand
wastransmittedtopeople Weknow

SLEviruscanbetransovariallytrans
mittedatalowrateinmosquitoes

The panel presentationsdemonstratedthe
importanceofmyquestionsandsomearealready
beingstudied Itisclearthatwehavethemeth

odsavailabletostudythesequestionsinthis
uniqueenvironmentalsetting Ibelievethe1984

epidemicwasdifferentinmanywaysfromthatof
previouslystudiedSLEepidemicsthatoccurredin
metropolitanareasofthemidwestandeastern
UnitedStatesorruralareasofCalifornia

PredicationsforthefutureIwasaskedto
predictwhatwillhappennextyearandfurther
intothefuture ItistemptingtorespondIfI
hadGodasaconsultantmytaskwouldbe
easy YouknowthatIdonothavethatprivi
lege
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ItwouldbelessthancandiditifIdidnot

remindyouagainthatweexpectedcasesinthe
SanBernardinoImperialCoachellaValleyareain
1984 BothWEEandSLEviruseswereactivein
thisareain1984andafewcasesofSLEwerede
tected Thecasesoccurredinresidentsofthe
desertareaofRiversideCounty Wedidnotex

pectcaseswherethemajorityoccurredintheLos
AngelesBasinarea

Myfirstpredictionfor1985isifwecarry
outintensiveandcostlystudieslookingtoanswer
thequestionsIraisedwecanalmostbecertain
thattheviruswilldisappearforafewyears
Thathasbeenmyexperienceandthatofmany
othersoverthepast40yearswhenstudieswere
carriedoutfollowinganepidemic Historytells
usthatmajormetropolitanoutbreaksofSLEhave
rarelycontinuedforasecondyear Inmostin

stancesthediseasehasdecreasedordisappeared
inthesecondyearandhasnotrecurredfora
considerableperiod inthesameurbanareas

Sometimesithasseemedthatthecheapestcon
trolprogramistotrytodofollowupstudiesto
researchtheproblemsassociatedwithaprior
epidemic

MysecondpredictionrequiresthatIknowin
advance thetemperaturesintheLosAngeles
Basinnextsummertheextentandeffectiveness
ofthemosquitocontrolprogramsandthesuccess
ofthevirusinsurvivingoverthewinterinthe
sameareawhereitprevailedin1984 Icannot

knowthisinformationinadvanceandhaveto

awaitdevelopments AllIknowisthattherestill

willbemillionsofsusceptiblepersonsinthearea
andthevirusbecamewidespreadin1984inspite
ofcontrolefforts Iftheexactconditionsthat

prevailedin1984weretorecuritwouldberea
sonabletoexpectcasestooccuragainin1985

Iurgethatresearchbecarriedoutonthe
problemsuncoveredandintendtosupportsuch
activity Iobviouslyencouragedevelopmentof
anintensifiedsurveillanceprogramincludingbet
tercasefindingandverification Irecommend

theintensivecontroloflarvalpopulationsofall
3suspectvectorsspeciesin1985tominimizeviral
activity There isanexcellentbasicorgan
izationstaffandknowhowforvectorcontrol
intheareathatshouldbeabletohandlethe

problem
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AIRCONDITIONINGANDTELEVISIONASPROTECTIVEFACTORSIN

ARBOVIRALENCEPHALITISRISK

PaulMGahlingerandWilliamCReeves

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

Exposuretoarboviraldiseasevectorsmaybealteredbychangesinhumanbehavior Humanbehav

ioralfactorsthatmayinfluenceexposuretoarboviraldiseasevectorsincludeprotectionfromvectorsby
remainingindoorsduringvectorfeedingperiods InCaliforniatheadventofairconditionedhousing
andtelevisionhascoincidedwithageneraldecreaseinarboviralencephalitis Airconditioningandtele
visionencouragepersonstoremainindoorsduringsummereveningswhichistheprimarytimewhen
infectedCulextarsalistransmitWesternequineencephalomyelitisandStLouisencephalitisviruses The

attackratesforthese2diseasesin33countiesinthecentralvalleyofCalifornia19451982werecom
paredwiththeextentofhouseholdairconditioningandtelevision Encephalitisrateshadasignificant
negativeassociationwithtelevisionownershipinthesecounties AtelephonesurveyconductedinKern
Countyrevealedthatairconditionerandtelevisionutilizationtimescorrespondedcloselytothefeeding
timesofCxtarsalisandrespondentsindicatedapreferencetoremainindoorsduringthistimebecause
oftheseappliances Itisconcludedthatchangedbehavioralpatternsmayprotectfromvectorborne
diseaseandbecomplementarytovectorcontrolprograms

1Thisresearch wasfundedinpartbyResearchGrantAI3028DfromtheNationalInstituteofAllergy
andInfectiousDiseasesBiomedicalResearchSupportGrant5S07RR05441fromtheNationalInstitutesof
HealthandbyspecialfundsformosquitoresearchallocatedannuallythroughtheDivisionofAgriculture
andNaturalResourcesUniversityofCalifornia

2CurrentlyattheDepartmentofHealthScienceSanJoseStateUniversitySanJoseCalifornia



GEOGRAPHICDISTRIBUTIONANDINCIDENCEOFCANINEHEARTWORM

INASIXCOUNTYAREAOFNORTHERNCALIFORNIA

ChrisDeidrickandKennethBoyce

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815

INTRODUCTIONIn1984theSacramentoCoun
tyYoloCountyMosquitoAbatementDistrictin
cooperationwiththeSacramentoValleyVeterinary
MedicalAssociationconductedacanineheartworm
prevalencestudy Thepurposeofthisstudywas
todeterminethecurrentincidenceandgeographic
distributionofdogheartworminthetwoDistrict
ValleycountiesSacramentoandYoloandfour
adjacent foothill counties Placer El Dorado
AmadorandCalaveras

A recent veterinary hospital survey in

NorthernCaliforniaencompassingAlamedaContra
CostaNapaSolanoSonomaStanislausMerced
SanMateoandMarinCountiesAcevedoandTheis
1980reportedcanineheartwormprevalencerates
rangingfromanestimated40to400 Unfor

tunatelySacramentoValleyandMotherLodevet
erinarianswerenotincludedinthesurvey An

otherstudyoftheregionsheartwormactivity
WeinmannandGarcia1980determinedthatDiro
filariaimmitisLeidythedogheartwormparasite
waspresentinthenativecoyotepopulationofEl
DoradoCountybutdidnotexaminethecanine
population

Littlehasbeendonetoassessthecurrent

statusofheartwormincaninesresidinginthere
gionsoasurveywasundertakentodetermine
this

METHODSOnthe22ndofMarchaletter

andsurveyformsweremailedto102veterinarian
hospitalsinSacramentoYoloPlacerElDorado
AmadorandCalaverasCountiesaskingthemto
participateinthecanineheartwormprevalence
study Localveterinarianswereaskedtosubmit

monthlysurveyformsfromApriluntilDecember
1984 Foreachmonththeveterinariansindicated

thenumberofdogstestedthenumberofdogs
positiveforDipetalonemathenumberofdogs
positiveforDirofilariathenumberofcatsposi
tiveforDirofilariaandthetypeoftestusedto
detectinfecteddogsandcatsFigure1 Ifa

dogwaspositivethebreedtheownersaddress
andwhetherthedogwaslocalortransientwere
indicated

RESULTSANDDISCUSSIONOfthe102vet

erinarianhospitalscontacted34respondedtothe
survey A333responsetoacanineheartworm
surveyiscomparabletothepercentagesreported
byotherinvestigators21to28Noyes1980
and359Schlotthaueretal1979 Responses
tothesurveyrangedfrom25oftheveterinar
iansin AmadorCountyto 100 in Calaveras

CountyTable1
Responsetothesurveyvariedgeographical

ly FoothillveterinariansinPlacerElDorado
AmadorandCalaverasCountieshadagreater
percentageresponsetothesurveythanvalley

Table1Numberofveterinarianhospitalsthat
respondedto1984heartwormsurvey

Numberof
Veterinarian

County HospitalsSurveyed

Sacramento 59

Placer 16

ElDorado 15

Yolo 7

Amador 4

Calaveras 1

TOTAL 102

Table2Sixcountysummaryofincidenceofcan
ineheartworm

County Tested

ElDorado 855

Amador 153

Calaveras 56

Placer 2152

Yolo 334

Sacramento 2042

TOTAL 5592

NumberDogs NumberDogs PercentDogs
Positive Positive

107

18

6

122

11

66

Number

Responded
ToSurvey

17

8

5

2

1

1

34

Percentage

288

500

333

286

250

1000

333

125

118

107

57

33

32

330 59

33

veterinariansinYoloandSacramentoCounties

416comparedto288 Foothillveterinarians

interestinthesurveymayhavebeenprompted
bytheirawarenessoftheheartwormactivityin
thefoothillcounties Howevermostofthevet
erinarianhospitalsparticipatinginthesurvey19
or56 werefromthetwovalleycounties Fif

teenhospitalsor44ofthetotalresponding
werefromthefourfoothillcounties

Duringtheninemonthstudy5592dogs
wereexaminedforheartworminfection2152in
Placer2042inSacramento855inElDorado
334inYolo153inAmadorand56inCalaveras
CountyTable2 Foothillveterinarianstested

583216ofthedogswhilevalleyveterinarians
tested422376ofthedogs
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Ofthe5592dogstested330werefoundin
fectedwithheartwormparasites Mostofthe

cases122werereportedfromPlacerCounty
withElDoradoreporting107 Sacramento66
Amador18Yolo11andCalaveras6 Thefour

foothillcountiesaccountedfor253or76ofthe

caseswhilethetwovalleycountiesreported77
or23ofthecases

Inthesurveyareamostofthecaninesposi
tiveforheartwormwerelocaldogs Ofthe330

positivedogs18or5weretransient Sacra

mentoCountyhadthehighestnumberofpositive
transientdogs12ElDoradowasnextwith
twoAmadorCalaverasPlacerandYoloCounties
eachreportedoneConsideringthenumberof
localinfecteddogsitwouldappearthatheartworm
isendemicinthecaninesofcountiessurveyed

Nofelineswerereportedinfectedwithheart
wormduringthestudy Inasurveyofthistype
alackofcatsreportedinfectedwithheartwormis
notsurprising since reported heartworm in

fectionsofcatsinothersurveyshasbeenrare
AsixyearsurveyofIllinoisveterinariansNoyes

HOSPITALNAMEANDADDRESS

PHONE

Monthyear

Numberofdogstested

NumberofdogspositiveforDipetalonema

NumberofdogspositiveforDirofdaria

NumberofcatspositiveforDirofilaria

POSITIVECASE

Breed StreetAddress

SACRAMENTOYOLOMOSQUITOABATEMENTDISTRICT

AND

SACRAMENTOVALLEYVETERINARYMEDICALASSOCIATION

HEARTWORMPREVALENCESTUDY

CodeCity zip

Figure1HospitalSurveyForm

1978indicatedthat05catsperyearweredi
agnosedforDimmitis

AlsonodogswerereportedpositiveforDi
petalonemareconditumGrassi Thisisalittle

unusualsincereportedDip reconditum preva

lenceratesinothersurveysOtto1972ranged
from2to55 Alackofdogsreportedinfected
maybearesultofthetestingtechniques Nine

tythreepercentofthedogstestedwerebythe
Difilfiltrationtechnique6byamodifiedKnotts
testandlessthan1byeitherradiographyanti
bodyornecropsy Nobloodsamplesweretested
bythedirectsmearmethod

Theoverallpercentageinfectionrateforthe
studywas59 ElDoradoCountyhadthehigh
estinfectionrate125 whileSacramentoCounty
hadthelowestinfectionrate32 Inallfoothill

countieswiththeexceptionofPlacerCountythe
infectionrateswerethreetofourtimesgreater
thanthevalleyratesFigure2 ThePlacer

Countyprevalencerateof57wascomparableto
thevalleyratesof32and33 Onereason

citedforthelowerinfectionrateinPlacerCounty

Typeoftest

LocalDogyeano



VOLO

33

57

PACER

MINT

32

ElDORADO

125

AMAOOM

118

CALAVAS

107

Figure2CountyPrevalanceRates

Figure3ApproximateGeographicDistributionofCanineHeartwormCases
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Richard Pollack DMV personcommunication
GraniteBayVeterinaryClinicisthelargenum
berofdogsonpreventivemedicationandextens
ivetestingprogramandpubliceducationinthat
county

Surveyresultsindicatedthatthegeographic
distributionofcanineheartworminthesixcounty
areavariedwiththelocationofpopulationcen
terselevationsandlocalvegetationtypes

InElDoradoCountywitha125prevalence
ratemostoftheheartwormactivityoccurred
aroundfouroftheeighteenreportedcommunities
Placerville38 Aukum 18 ShingleSprings
16andGardenValley15accountedfor82of
thecases Heartwormactivitywasalsoreported
fromGeorgetown4Cool4Greenwood3
PilotHill3Camino3GrizzlyFlats2Dia
mondSprings2PollockPines2Lotus2
MosquitoCamp1 Rescue1 Somerset1
Coloma1andPleasantValley1Figure3
TheAukumareacasesillustratethefocalnature
ofthedisease Ofthe18reportedcases17oc
curredatonekennel
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Threevegetationtypesfoothillwoodlands
pinefirwoodlandsandcultivatedpasturespre
dominatedinareaswherepositiveheartwormcases
occurred InElDoradoCountytheelevationfor
positiveheartwormareasvariedfrom680feetat
Lotusupto3980feetatPollockPines

InAmadorCounty118ofthedogstested
hadheartworm Themajorityofheartwormactiv
itywasfoundaroundthetownofSutterCreek
10 Infectionswerealsoreportedfromsix
otherareasPineGrove2Pioneer2Fiddle
town1RiverPines1Volcano1andJack
son1

Thepredominatevegetationtypesinthear
easwherepositivecasesoccurredwerepinefir
woodlandsandfoothillwoodlands Theonlyex
ceptiontothiswasSutterCreekwheregrassland
vegetationpredominated Theelevationinthe

areasofpositiveheartwormcasesrangedfrom
1198feetatSutterCreekupto2951feetatPi
oneer

Thethirdhighestprevalenceratewasre
portedbyCalaverasCountyveterinarians The

areaaroundSanAndreas3accountedformost
oftheactivityinCalaverasCounty Threeother

communitiesJennyLind1MokelumneHill1
andArnold1alsoreportedheartwormcases

Foothillwoodlandswasthepredominatevege
tationtypeinheartwormareas Thehighestre
portedelevationforaheartworminfectionoc
curredatArnold 4000feet Casesranged
fromanelevationof2434000feet

PlacerCountyveterinariansfoundan in

fectionrateof57 Alargefocusofactivity
occurredaroundthecityofAuburn Fiftynine
casesrepresenting48ofthecountytotalwere
distributedaroundAuburn Threeothersmaller

focioccurredinForesthill10Rocklin9and
Roseville8 Twelvecommunitieswereheart

wormpositiveincludingLoomis 7Applegate
7Colfax6GraniteBay6Lincoln4
MeadowVista4Penryn1andAlta1

Thepredominatevegetationtypesinthepos
itiveheartwormareaarepinefirwoodlandsand
cultivatedpastures However48ofthepositive
heartwormactivityoccurredaroundthefoothill
woodlandareaofAuburn Theelevationinareas

wherepositiveheartwormcasesoccurredvaried
from161feetatRosevilleto3590feetatAlta

Thesecondlowestprevalenceratewasre
portedinYoloCountywhere33ofthedogs
testedhadheartworm Althoughtherewereonly
11positivecasesthesecaseswerewidelydis
tributed Positiveinfectionswerereportedfrom
thecommunitiesofWestSacramento3Davis
2KnightsLanding2Winters1Capay
1Madison1andBrooks1

InYoloCountymostofthereportedcases
werenearriparianwoodlandhabitats Theele

vationinareaswherepositiveheartwormcases
occurredvariedfrom18feetinWestSacramento
to300feetinBrooks

InSacramentoCountyallthecaseswere
reportedfromtheNorthernhalfofthecounty
roughlytheareabetweenHighways80and50
fromdowntownSacramentotothecityofFolsom
Heartworm activitywas concentrated in three

areasoneinCarmichaeltheothersnearFolsom
andthedowntownsection Heartwormactivityin
SacramentoCountymaybeexpanding Onevet

erinarianlocatedinthePocketareareportedhis
firstcaseineightyearsofpractice Caseswere

reportedfromthecommunitiesofSacramento40
Orangevale8Carmichael6CitrusHeights
5Folsom3FairOaks3andRioLinda
1

Theelevationofpositiveheartwormareas
rangedfrom25feetindowntownSacramentoto
300feetinOrangevale

CONCLUSIONSFiftysixcommunitiesinthe
surveyareawerepositive for heartworm in

fections Inallcountiessurveyedwiththeex
ceptionofSacramentothegeographicdistribution
ofreportedcaseswaswidespread Caseswere

reportedranginginelevationof18feetinthe
valleyupto4000feetinthefoothillcounties
Casesoccurredinfivevegetationtypesinthe
studyarea foothillwoodlandspinefirwood
landscultivatedpasturesgrasslandandriparian
habitats

Surveyresultsindicatedthattestingnum
berofpositivecasesandprevalencerateswere
greaterinthefourfoothillcountiesthanthetwo
valleycounties
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THEHISTORYOFMOSQUITOCONTROLINCALIFORNIA

WilliamCReeves

DepartmentofBiomedicalandEnvironmentalHealth
SchoolofPublicHealth

UniversityofCaliforniaBerkeley

InOctober1984theCooperativeExtension
oftheUniversitycalledtogetheraWorkingGroup
onMosquitoControlandResearch Thepurpose
ofthe2dayworkshopwastoidentifyvoidsin
theUniversitysresearchprogramandtodevelop
prioritiesforfutureprograms Manypeoplein
thisaudienceparticipatedinthatmeeting Dr

Fontaineaskedmetomakeanintroductorypre
sentationonHistoricalPerspectivesofMosquito
ResearchinCalifornia

WhileIprotestedbeinggiventhattaskI
wasassureditwouldbenoproblemasIcoulddo
itoffthetopofmyhead Asyoucansee
anythingoffthetopofmyheadatthisstageof
lifewouldhaveverylittlesubstance Ifinally
hadnoalternativebuttoacceptthatthechore
wasthepricetobepaidforsurvivingover40
years in the University devoting mycareer

largelytomosquitoresearchwiththestatepro
vidingnecessarymoneyandknowingalmostall
thepeopleinvolvedinthehistoryofmosquito
controlresearchinCalifornia Idugintomy
memorybankandrereadmanydocumentsandre
portsincludingreviewsofthehistoryofthe
CMVCAandUniversityresearchprograms This

resultedinsomenoteswhichIspokefrom The
program Chairman for todays meeting Mr

Hazeleurwhodidnotparticipateinthework
shopsthenhadthebrightideaIshouldgivethe
sametalktoday Iapologizeforhisjudgement
andtothosepersonswhoheardtheearlierpre
sentation

Iamnotgoingtotalkoffthetopofmy
head asthesubjectdeservesbetterthanthat
Iwilldescribestartingpointsandturningpoints
inthe80yearhistoryoftheprogramandIhope
giveyousomeperspectiveviews Thereviewwill

emphasizethatthesuccessoftheresearchde
pendedontheinvolvementofmanyindividuals
andagencieswhoidentifiedproblemsandfre
quentlyjoinedinamutualefforttoresolvethe
problems Theresearchhasdemandedthecon

tinuousreexaminationofacceptedknowledgein
lightofnewfactsandthepracticalapplicationof
revisedapproaches

19041930 thefirst26yearsofmos
quitoresearchinCaliforniaMosquitoresearchin
Californiastarted80yearsagowiththerecogni
tionthatsaltmarshmosquitoesintheSanFran
ciscoBayregionwereinterferingwithdevelop
mentoftheareaandthehealthoftheresidents
In1904ProfessorCWWoodworthoftheDe
partmentofEntomologyUniversityofCalifornia
Berkeleywasaskedtoreviewtheproblemandto
conductacontrolcampaignintheBurlingamearea
ofSanMateoCounty In1905theBurlingame
ImprovementCluballocated2000toimplementa
programbasedonrecommendationsofDrHJ

Sciences
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QuayleUCBerkeleywhohadbeenassigned
totheproblem SanRafaelsoonfollowedthe

lead TheBurlingameprogramemphasizedwater
managementandtheSanRafaelprogramempha
sizedoiling Bothweresuccessful Basedon

thissuccesstheUniversityofCaliforniaAgri
culturalExperimentStationissuedthefirstbulle
tinonmosquitocontrol

In1909theStateDepartmentofHealthand
residentsofseveralregionsoftheSacramento
Valleyrecognizedtheimportanceofmalariaasan
endemicdisease DrWBHermsanewmem
beroftheUniversityfacultywasdeputizedas
anAssistantHealthOfficergivenabudgetof
700fromthePenrynFruitCompanyandsentto
PlacerCountytodetermineifcontrolwasfeasi
ble By1910OrovilleandBakersfieldbegan
malariacontrolprogramswhichwereformalized
in1915whenthestatelegislaturepassedtheMos
quitoAbatementAct By1921malariatrans
missionasanendemicmosquitobornediseasehad
ceased Howeverwestillconcernourselvesto
daywiththepotentialformalariareintroduction
From 1910to1912 S B Freeborn W B

HermsHFGrayandassociatescarriedouta
mosquitosurveyofCaliforniaandmalariasurveys
ofcentralCalifornia

In 1919 the state legislature allocated

10000totheUniversityforresearchonmos
quitocontrolintheSacramentoValley In1920
theCaliforniaMosquitoControlAssociationwas
formedandin1921thefirsteffortatbiological
controlwasbasedontheintroductionofGombusia

nearRedding
Asafinaldevelopmentinthisfirstperiodof

slightlymorethan20yearsFreebornpublished
thefirsteditionofTheMosquitoesofCaliforniain
1926listing36speceissummarizingtheirhabits
anddistributingandprovidingkeysfortheir
identification Istillperiodicallyreexaminemy
copyofthispublicationwithinterestandrespect

Theimportantcharacteristicofthisfirst26
yearperiodwasthataverysmallgroupofscien
tistsintheUniversityworkedcloselywiththe
StateDepartmentofHealthconcernedlocalcom
munitiesandthestatelegislatureto

1 Definetheprincipalmosquitoproblems
thatfacedthestate Theyweremalaria
controlandpestmosquitocontrolasthey
affectedurbanandagriculturaldevelop
ment

2 Developthefirstknowledgeofthe
mosquitospeciesinvolvedandtheirbi
ologyinCalifornia

3 Recommendacombinationofthebest
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availablephysicalbiologicalandchemical
controlmethodstocontroltheproblem

4 Establishlegislationtoimplementcontrol
basedonresearchfindings

Wewoulddowellinanyperiodofourhis
torytoemulatethosepioneerstheirgroundwork
waswelldone Accomplishmentsinvolvednotjust
researchbytheUniversitybutthecollaborative
effortandinterestofallpersonsconcernedwith
mosquitoesandthediseasestheycarry

19301950 thesecondtwodecadesofmos

quitoresearchThenext20yearperiod1930
1950sawmanynewfacesinmosquitoresearch
andmajordevelopmentsoccurred

Thefirstconferenceonmosquitocontrolwas
heldinBerkeleyin1930andincludedUniversity
StateDepartmentofHealthandmosquitocontrol
personnel

InthatsameyearDrKarlFMeyerand
hisassociatesfromtheUniversityrecoveredthe
virusofwesternequineencephalomyelitisfromthe
brainofahorseinMercedCounty Theirreport
establishedthecauseofadiseasethatin1930

affectedsome6000horsesandmuleswitha50
casefatalityrateintheSanJoaquinValley The

descriptionofcasesprovidedepidemiologicalevi
dencethattheviruswascarriedbymosquitoesor
otherbitinginsectsandthatitalsoinfectedpeo
ple In1933StLouisencephalitiswasfoundin
MissouriandwassoonprovedtooccurinCali
forniaasadiseaseofhumans

ThesefindingsopenedaPandorasBoxof
problemsrequiringresearchandaresearchunit
wasdevelopedattheHooperFoundationatthe
UniversityofCaliforniaSanFranciscotostudy
them Theproblemwasnotinsignificantasthe
StateDepartmentofHealthandAgriculturere
portedthattherehadbeen1383casesofence
phalitisinpeopleand3370casesinhorsesfrom
193619 Subsequent research in the early
1940srevealedthattheprincipalmosquitovector
ofbothvirusesintheCentralValleywasCulex
tarsalisandthatthebasiccycleinvolvedbirds
Theresearchsetthestageforestablishmentofa
programintheStateDepartmentofHealthand
localmosquitocontroldistrictsforsurveillance
andcontrolofencephalitisinCalifornia

In1940and1944HermsandGraypublished
the2editionsoftheirbookMosquitoControl
Theseclassicsclearlyshowthatthemosquitocon
trol problems in California hadalreadygone
throughasignificantchange Itisnotanexag
gerationtosaythatmanhadalteredtheecology
ofthestatewithreferencetoprimarymosquito
sources Extensivenewsourcesofmosquitopro
ductionhaddevelopedthatrequiredreexamination
oftheproblems

Intheearlierdecadesspringtimefloodingof
the Central Valley had maintained marshes
sloughsandhighlevelwatertables Bythe
1940s rivers werebeingdammedanddiked
majornewirrigationsystemsweresupportingin
creasedagriculturaldevelopmentandurbande
velopmentsandpopulationswereexpandingrapid
ly Althoughmarsheshadbeendrainedorstabi

lizedandriversdikedtheruralregionshadnew
typesofmosquitoproducingareasrelatedtoir
rigation Atthesametimeseptictankscess
pools and privies were being related with

sewers waste water treatment plants dairy
drainsandindustrialwastewaterponds The

majormosquitoproblemshadbecomemanmade
rather than natural in most of the heavily
populatedareasofthestate

Forthefirsttimeanewclassofinsecti
cideswasmentionedfirstDDTandthenthere
latedhydrocarbons Thesematerialswereapro
ductofresearchduringWorldWarII Their

possiblevaluelimitationsandmethodsofap
plicationinCaliforniademandedaresearcheffort

WorldWarIIalsoledtoaresurgenceofcon
cernaboutmalaria TheFederalMalariaControl

inWarAreasProgramincludedaunitinCali
forniahousedintheStateDepartmentofHealth
beginningin1942 AttheendofWorldWarII
thescenewassetformajordevelopmentinboth
researchandcontrol Thestatelegislatureand
thegovernorwereinareceptivemoodtoprovide
support InJune1944theSenatepassedares
olutionentitledRelatingtotheInvestigationof
theMalariaHazardinCalifornia InJanuary
1945 thestate legislature received a report
representingtherangeofconcernsoftheState
DepartmentofHealththeUniversityandmos
quitocontrolagencies ThereportwastitledA
ReportonInvestigationoftheDiseaseBearing
MosquitoHazardinCalifornia Thereporturged
ashiftfromwartimeconcernsalmostsolelywith
malariatoabroadenedprogramofdiseaseand
pestmosquitocontrolforthestate

AtthattimetheUniversityhadavery
smallresearchstaff Itwasalmostlimitedtothe

HooperFoundationprogramofwhichIwasa
memberandtoDrsRMBohartandSF
BaileywhohadjustreturnedfromtheArmed
Forces ThecontrolresourcesoftheStatecon

sistedof29MosquitoAbatementDistrictsMADs
coveringonly4645squaremilesapopulationof
slightlyover1millionpeopleandabudgetfrom
localtaxationof369000 Thereportpredicted
thatthecostofanaffectivemosquitobornedis
easecontrolprogramforthestatemighteventu
allyreach10million HowIwishthatprediction
wastruetodayasitwouldmakethetaxpayers
happy Theresponseofthelegislaturein1945
wastoallocate400000totheStateDepartment
ofHealthforsubventiontoMADsand200000to
demonstratetheroleofCulextarsalisasavector

ofencephalitis
Theaboveactionsprovidedarealshotin

thearmforresearchandforcontrolprograms
basedonthefindings TheBureauofVector

Controlwasorganizedin1947andsubventions
requiredthattheMADsmaintainrecordsofmos
quitoabundanceandcontroleffortsaddento
mologiststotheirstaffsandestablishstandards
forthequalificationsofmanagersandoperators

The outstanding characteristics of this

second20yearperiodwere

1 Recognitionthattheencephalitidesa
pairof new mosquitoborne diseases



shouldandcouldbemanagedthrough
mosquitocontrol

2 Realizationthatnewapproacheswere
neededtocontrolmosquitoesassociated
withthechangedecologyofthestate
andtousethenewinsecticides

3 Adramaticextensionoftheareasand
populationsundercontrol

19501970The19501970periodwasatime
ofmaximumgrowthanddiversificationofmosquito
researchinCalifornia Italsowasatimewhena

combinationofpublichealthbiologicalandad
ministrativedevelopmentsarosethatchallenged
ourabilitiestocopewithunanticipatedproblems
Letmeillustratethiswith5examples

1 In1952weexperiencedthelargest
epidemicofencephalitisinthehistoryof
thestate 375WEEand45SLEcasesa
totalof420cases Wealsohadthe

largestepidemicofmalariainmodern
times35casesatLakeVera

2 Inbothpestandvectorspeciesthere
wasawidespreaddevelopmentofresis
tancetoDDTandotherhydrocarbonin
secticideswhichextendedtotheorgano
phosphorus compounds Research re

vealedthemechanismsbywhichmos
quitoesinactivatedthesecompoundsand
theirgeneticbasis Howeverwestill
neededtoperfectpracticalwaystoby
passthisproblem

3 TheFresnoFieldStationoftheVector

ControlSectionoftheStateDepartment
ofHealthwasestablishedin1953inre

sponsetotheneedforacentralizedand
integratedresearcheffortonmosquito
biologyandcontrolinCalifornia This

programhadbroadobjectiveswhichin
cludedsupportofthelimitedUniversity
researchprograms

4 InFebruary1965areportwasprepared
on Proposed Expanded Researchand

ExtensionProgramsfortheControlof
MosquitoesAffectingtheHealthandWell
BeingofManandAnimals Thisreport
representedthebestjointeffortofUni
versityStateDepartmentofHealthand
mosquitocontrolpersonnel

5 OnJune211965thestatelegislature
unexpectedlytomostofusproclaimed
thatasofJuly1ofthatyearallre
sponsibilityforresearchonmosquitoes
andthebudgetfortheFresnoFieldSta
tionwastransferredtotheUniversity

Iprefernottodiscusstherightnessor
wrongnessofthatdecision Possiblythemost
importantthingwasthattheimpossiblewasac
complishedthroughthecombinedeffortsofper 1statefundsof557800annuallyfor
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sonneloftheUniversityandtheStateDepartment
ofHealth Inlessthan2weeksabudgetof
141000and12professionalstaffmembersat
Fresnoand6onsubassignmenttotheUniversity
atBakersfieldandDavisweretransferredtoUC

andprogramcontinuitywasassured Theeffec

tivenessandcontributionsofDrRalphBarras
DirectoroftheFresnoFieldStationcannotbe
overstated TheFresnoFieldStationhadmade

majorcontributionstomosquitoresearch Atthat

timeotherprogramsoftheStateHealthDepart
menttooktheresponsibilityforcarryingforward
theprogramsondiagnosisandsurveillanceof
diseasesspreadbymosquitoes

Partially promoted by the reallocation of

StateHealthDepartmentfundsbutalsobybud
getarysupportwithin the University system
majorresearchprogramsrapidlydevelopedinthe
mid1950sand1960sontheRiversideLosAn
gelesDavisandBerkeleycampuses Indeedby
1970nootherUniversityandfewmajorgovern
mentagencieshadprofessionalstaffsandre
searchfacilitiesequaltothoseoftheUniversity
fullysupportedbytheVectorControlandother
programsoftheStateDepartmentofHealthand
mosquitocontrolagenciesthatcoveredmostofthe
denselypopulatedareasofthestate Thevalue

ofthecontinuousrepresentationinsupportofthe
mosquitoresearchprograminSacramentobythe
CaliforniaMosquitoandVectorControlAssociation
canneverbyoverstated

Itbecameveryclearduringthisperiodthat
anacceleratedresearchprogramwasneededthat
wouldencompassneglectedareas Includedwere

alternativeapproachesformanagementofmosquito
populationsotherthanbyinsecticides Priority
subjectsforstudywerebiologicalagentsphys
icalalternationofagriculturalenvironmentsim
provedmanagementofexcesswaterorwastewater
frommetropolitanareasandresolutionofissues
raisedbypersonsconcernedwithenvironmental
quality

1970presentIwillspendaminimumamount
oftimeontheperiodsince1970 Itisthecur

rentperiodandyouknowthemostaboutit
In1975aspecialappropriationof300000

wasallocatedtotheUniversitybythelegislature
forresearchonmosquitoesandmosquitoborne
diseases Again this programwasvigorously
supportedinSacramentobyallconcernedparties
theCMVCAStateDepartmentofHealthandthe
University Subsequentlycoordinatorswerere
cruited DrsCarlMitchellEdmondLoomisand
RussellFontaine Awardingandpolicycommittees
wereappointedthathadbroadrepresentation
Since1973annualreportshavebeenissuedthat
haveworldwidedistribution In1978thethird

editionofTheMosquitoesofCaliforniawaspub
lishedbyRBohartandI2KWashinoand
covered47speciesinthestateascomparedwith
36speciesin1926

Thisprogramstimulatednewresearchandan
assuranceofthecontinuityofestablishedre
searchefforts ResourcesavailableinCalifornia

todayformosquitoresearchare
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committeeallocation to University re

searchersbasedontheirresearchpro
posals

2departmentalbudgetsof684300for
facultyandstaffinvolvedinresearchon
mosquitoes

3awardstoresearchworkerswho
throughtheirowninitiativehavealmost
doubledtheabovebudgetsbyreceiving
grantsandcontractsfromfederalpri
vate and other sources that total

1162800and

459000eachyearinlocalfunds
providedbymosquitocontrolagenciesin
directsupportoftheUniversityresearch
effort

Wemaynothavemoneytosupportallthe
researchthatcouldorshouldbefundedbutwe
havecomealongwayfrom10000in1919or
600000in1945toatotalofalmost2500000in
198485

TheUniversitynowhasalargeprofessional
staffdedicatedtoresearchonmosquitoes Ifone

comparestheprojectscurrentlybeingcarriedout
andtheprogramforthismeetingascompared
withthesameinformationfrom1975itisobvious

thattheresearcheffortisconstantlychangingits
focusinanefforttofacetodaysproblems That

ishowitshouldbe

EquallyimportanttheStateDepartmentof
HealthServiceshasawellorganizedsurveillance
programonvectorbornediseasesandvectorand
pestpopulations Thiseffortiscloselyinte
gratedwiththoseoflocalvectorcontroland
healthagenciesandstatepersonnelareincon
stantconsultationwiththoseagenciesandthe
University

FinallyCaliforniasmajorresourcerelatedto
mosquitoesisthecorporatemembershipofthe
CMVCAwhichin1984representedsome60agen
cieswithanannualbudgetfromlocaltaxationof
24millioncoveringanareaof31000square
milesand15millionpeople Manyofthedistricts
arecarryingoutappliedresearch

Fewareasintheworldhaveatotalmosquito
researchresourcecomparabletoCalifornia Itis

staffedwithcompetentprofessionalsandhasa
broadbaseofagenciessupportingtheresearch
andapplyingpromisingnewresearchfindings
Toconcludetheresearchonmosquitoesandmos
quitobornediseasesinCaliforniarepresentsa
collaborativeeffortofalloftheaboveagencies
andeachhasaseriousresponsibilitytocarryout
itsportionofthateffortwithdedicationinitia
tiveandingenuityastheyhavesince1904



INTRODUCTIONOneofmyparticularinter
estsinmosquitocontrolhasbeenintheareaof
mosquitoprevention AsamemberoftheCMVCA

historicalarchivescommitteeIwantedtomakea
contributiontothehistoryofthisvitallyimpor
tantaspectofmosquitocontrolinCalifornia

Theprocessofmosquitopreventionconsists
oftwomainparts Thefirstpartwouldbethe
initial actions taken topreventenvironmental
conditionsresponsibleforpropagatingmosquitoes
Theseactionswouldbeclassifiedasprimarypre
ventionatermnowusedinotherareasofpublic
health Thesecondpartwouldbethephysical
modificationofanexistingmosquitosourceto
eliminateorreducemosquitopopulations This

secondpartwouldbeclassifiedsecondarypreven
tioncommonlyreferredtoasSourceReduction
AtermadoptedbytheCaliforniaMosquitoControl
AssociationsWaterResourcesCommitteeatthe
1951AnnualConference Thiscommitteebecame

theSourceReductionCommitteein1956
Themajoractivitiesinvolvedinprimaryand

secondarymosquitopreventionincludeengineering
designconstructionandmaintenancepublicedu
cationinteragencycooperationandcodeenforce
mentofmosquitopreventionstandards Theyal
soincludedirectoperationalinterventioneither
bythecontrolagencyorpropertyownertomodi
fytheenvironmentalconditionscausingahabitat
toproducemosquitoes Historicallytheseen
vironmentalmodificationshavetakentheformof
fillinglowareasconstructionofdrainageand
watercirculationchannelsinstallationofwater
controlstructuresclearingchannelsofvegetation
anddebristoenhancenaturalflowchangesin
irrigationpracticesandproperfielddesign

THEEARLYYEARS1904 1930Thefirst

organizedmosquitopreventionprogramtookplace
inthesaltmarshesofSanRafaelMarinCounty
in1904 Informationfromlettersandnewspaper
articlesofthatdayindicatethatthesaltmarsh
mosquitoesweresopestiferousthatpersonswait
ingattheSanRafaeltrainstationworehead
nets Smudgepotswerealsooperatedatthe
traindepot Becauseoftheseveremosquito
problemrealestatecouldonlybesoldduringthe
wintertime TheSanRafaelImprovementClub
sentalettertoProfessorCWWoodworthEnto

mologistUniversityofCaliforniaBerkeleycam
pusrequestingassistanceinsolvingthemosquito
problem InresponsetotherequesttheProfes
sorsentoneofhisgraduatestudentsMrHJ
Quayletosurveytheproblem Quaylerecom
mendedtwobasiccontrolmeasures Onewasto

drainthetidalpondsbyconstructingaseriesof
smallhanddugdrainditchesthatwouldconnect

AHISTORICALREVIEWOFMOSQUITOPREVENTION

INCALIFORNIA PARTI1904 1946

EarlWMortenson

VectorBiologyandControlBranch
CaliforniaDepartmentofHealthServices

BerkeleyCA94704

41

uptothemaintidalchannels Theotherap
proachwastosprayamixtureofcrudeoiland
keroseneonimpoundedwaterstokillthemosquito
larvaeandpupae TheImprovementClubcon
ductedaseriesofcommunityfundraisingactiv
itiestoobtainfundstohirepersonstodothe
controlwork AttherecommendationofProfessor

WoodworthaReverendEHAshmanwashired
todirectthecontroloperation Thisearlyento
mologicalsurveybyWoodworthandQuaylein
dicatedthattwospeciesweretheprimeoffend
ers CulexsquamigernowcalledAedessquami
ger occurredearlyinthespringandCulex
curiilaterrenamedAedesdorsaliswasfoundto
bemoreprevalentinsummermonths

Ayearlaterin1905theBurlingameIm
provementClubfollowedSanRafaelsexampleand
requestedhelpfromProfessorWoodworthtocon
ductamosquitosurveyanddevelopcontrolrec
ommendations Oneofthelessonslearnedfrom

theearlierSanRafaelexperiencewastoempha
sizeditchingasamorepermanentsolutionto
mosquitocontrolandlesseffortonoilingwhich
hadtoberepeatedaftereverymonthlyhightide

Theamountofmoneyactuallyexpendedin
SanRafaelforthecontrolworkduring1905was
about2000 Thelargerportionofthiswasex
pendedforlaborinditchinganddiking Akey
observationcitedinoneofProfessorWoodworths
reportsstatedItwasobservedbothatSan
RafaelandatBurlingamethatinnocasewhere
thetideshadfreeaccesstoapoolwhereeggs
werelaidweremosquitoesproducedandanat
temptwasthereforemadetoconnecteverypool
bymeansofaditchwiththechannelsupwhich
thetidecame

Withtheachievementofsuccessfulcontrolof
saltmarshmosquitoesdemonstratedinselected
areasofSanRafaelandBurlingamemembersof
theEntomologicalDepartmentattheUniversityof
CaliforniaBerkeleydirectedtheirattentiontoa
specialstudyoftworegionsofthestatethe
overflowlandsalongtheSacramentoriverand
thefoothillcountiesoftheSierraNevadas In

bothcasesthemostprevalentmosquitoeswerethe
Anophelesandthroughoutthetworegionsma
lariawasverycommon

InDecember1909aletterfromthePenryn
FruitCompanyofPlacerCountywassenttothe
UniversityofCaliforniasAgriculturalExperiment
Stationrequestinghelpinfightingthemalaria
mosquito InresponsetotherequesttheDepart
mentofEntomologyinBerkeleysentProfessor
WilliamBHermstomeetwithcommunityleaders
ofPenrynandtheothernearbytownsofLoomis
NewcastleandAuburn Hermsevaluatedthema
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Figure 1The workat Penryn begins lefttoright
BenjaminBairosHerbertLeakLawrenceWoodworthWB
Herms

Figure2Oilingamosquitosource
Oroville1916

lariamosquitoproblemsconductedapublicedu
cationcampaignanddevelopedvoluntarylocal
funding FieldagentsHaroldFGrayandMr
CornellassistedProfessorHermsintheseactiv
ities Duringthesameyear1910theCityof
Orovillerequestedhelpindevelopingaprogram
similartoPlacerCounty Thefundsraisedfor

thecontrolprogramatOrovillewerefromacom
munitysponsoredtagday Theladiesclubof

Orovillesoldmosquitotagsonstreetcornersin
the business section oftown Themosquito
controlworkatPenrynwasthefirstorganized
antimalariacontrolprogramtobecarriedoutin
thenation Themajorsourceofmalariamos
quitoesinButteandPlacercountyareasduring
thisearlycontrolprogramwereoverflowand
seepageareasfromirrigationditchesdredger
poolsandotherplacerminingtailingsandwater
holdingcontainers

AlargeportionoftheseAnophelesmosquito
sourcesintheSacramentoValleywereassociated
withresidualwaterareasfromnewlyformedir
rigationserviceareasadjacenttotheSacramento
River IntheLosMolinosandAndersonservice

areasmanyoftheirrigationcanalsandsupply
lateralswerehastilyconstructedunlinedand
subjecttoexcessiveseepage Thisisparadoxical
becauserealestateinterestswerepushinghard
todevelopirrigationdistrictsinordertoen
chancethesaleoffarmlandandattractsettle
mentinnorthernCaliforniareferredtointhe
regional newsmediaas Superior California

Thesenewlydevelopedirrigationprojectshow
everprovidedidealconditionsformalariamos
quitoestobeproducedinenormousnumbers
causingthehumanmalariacasestoreachepidemic
levels Asaresultofthismalariathreatthe
settlerswantedtheirmoneyrefundedontheir
newlypurchasedfarmlands Strongappealsfor
helpweresenttotheUniversityofCalifornia
fromthesenewlyformedirrigationdistrictsto
helpincontrollingthemalariaproblem Forthe

nextsixyearsProfessorHermsandHaroldGray



expandedtheirantimalariaactivitiesintoShasta
ButteGlennandMercedcountiesandtheCity
ofBakersfield OnAugust151917MrHarold
FGraywasappointedStateDistrictHealthOffi
cerbytheStateBoardofHealthandassignedto
continuehisantimalariacontrolwork inthe

northerndistrictoftheState Thisdecadeof

1910to1920wasthebeginningofadistinguished
careeraspublichealthengineerhealthofficer
fortheCityofPaloAltomosquitocontroland
laterexpertasaUniversitylecturermanagerof
theAlamedaMosquitoAbatementDistrictpresi
dentoftheCaliforniaMosquitoControlAssociation
in1933andAmericanMosquitoControlAsso
ciationpresidentin1949 Hewascoauthorwith

DrHermsofthetextMosquitoControl Practi

calMethodforAbatementofDiseaseVectorsand
Pests whichservedasabasictextformosquito
controlinternationally Throughouthiscareer
MrGrayprovidedleadership Hewasafirmad

vocateofmosquitopreventionthroughenviron
mentalmodification Theearlyconceptsofmos
quitocontrolthatguidedbothDrHermsand
HaroldGrayintheformativeyearsinCalifornia
werederivedthroughtheteachingandguidance
ofColonelJA LePrinceoftheUSPublic

HealthServicebaseduponhisexperienceduring
theantimalariacampaignsinPanama

InHaroldGrays1918AnnualReporttothe
StateBoardofHealthhedescribedoilingforcon
troloflarvaeandpupaeasaveryusefulmeasure
forthecontrolofmosquitobreedingbutem
phasizedthatitshouldbeusedsimplyasamea
suresupplementaltomorepermanentmeasures
suchasdrainingandfilling Ifrelianceis

placedonoilingalonetheexpenseiscontinual
throughoutthebreedingseasonandfromyearto
year Fillinganddrainingaremorecostlyduring
thefirstyearortwobuttheexpensethereafter
reducesgreatlyandinthecourseofnotmore
thanfiveyearstheinitialcostofdrainingismore
thanexceededbytheconstantcostofoiling
Drainingisstillthemostusefulmeansofachiev
ingmosquitocontrolwherelargeareasofshallow
seepageresultsfromdefectsassociatedwithnewly
constructedirrigationditchesandcontrolstruc
tures Considerablebreedingareasinthenorth
ernSacramentoValleywereduetoblockageof
naturaldrainwaysbyrailroadscountyroadsand
irrigationcanalsandlaterals

During1912and1913DrHermsandHarold
Grayalternatedasmembersofatravelingstaffof
UniversityexpertsontheAgriculturalandHorti
culturalDemonstrationtrainthattraveledfrom

SanDiegototheOregonborderstoppingatcom
munitiesalongtheroutetodisseminateinformation
onagriculture Onehalfofarailroadbaggage
carwassetupasadisplayforruralsanitation
Theypresentedtalksonmosquitoandflycontrol
stressedtheneedforconservingirrigationwater
andforareawidedrainagesystemsasthemajor
approachtoachievemosquitocontrol

InProfessorHermsbookMalaria Cause

andControl publishedin1913achapterisde
votedtoeducationasavitallinkinthescience

ofappliedhygieneincontrollingmalariaandpre
ventingmosquitobreeding Ifoncethepeople
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ofatownorvillagecatchthevisionofbetter
thingsandaretaughthow to realizethese

thingstheproblemislargelysolvedforthere
willsurelybesomewhowillputthemattertothe
test Thefirststepineducatingthecommunity
inthoseearlyantimalariacampaignswastopre
sentlecturesatpublicmeetinghallswellillus
tratedbymeansofchartslanternslidesand
livespecimens Thenextphasewastofollowup
withbriefnewspaperarticlesandstorewindow
displaysoflivinginsectsandposternarrativesin
thedowntownbusinesssection

Oneofthemostimportanteducationalfactors
citedbyDrHermswaswiththeschoolchildren
Theschoolchildrenarevestedintheclassroom

andthestoryofthemosquitowriggleristold
howthemosquitocarriesdiseaseandhowtopre
ventit Classroomdemonstrationswiththeliving
wrigglersaremadeandfieldtripstakentonear
byswamplandstoseewherethemosquitolives
Interestingessaysarethenwrittenbythechil
drenandthebestmaybepublishedinthelocal
papers Thelessonslearnedatthistimewillbe

appliedatonceandgenerationofcitizensis
rearedwithsomeknowledgeofpracticalhygiene

Amajoreventthatoccurredduringtheearly
yearswasthepassageoftheMosquitoAbatement
Actof1915bytheStateLegislature Thispro
videdamechanismfortaxmoniesandsetforth

thepowersandorganizationalstructureofspecial
districtstocontrolmosquitoesonanareawide
basisindependentofcityandcountyboundary
lines Howeveritwasnotuntil1927thatthe
lawwasrevisedtogivetheBoardofTrusteesof
amosquitoabatementdistrictthepowertocompel
theownerofanylandtobeartheexpenseof
mosquitocontrolworkthatwasmadenecessaryby
thelandownersoperationorchangesinlanduse

Priortotheenactmentofthe1915Mosquito
AbatementDistrictActthefirstdefinitivecounty
legislationinCaliforniatoexterminatemosquito
larvaewasenactedin1912bytheCountyof
TehamaOrdinanceNo46 OrdinanceNo46

ordainedthatnopersonfirmorcorporationwas
allowedtocausestagnantwatertoexistwithin
2000feetofanyoccupieddwellinghouseand
uponfindingmosquitolarvaethepersonwouldbe
liabletoafinearrestandimprisonmentandif
notdrainedortreatedinamannersatisfactoryto
thehealthofficerthesaidnuisanceshallbe
abatedbythehealthofficerandthecostre
capturedbyalienupontheproperty

ProfessorHermsoutlinedhisrecommendation

concerningtheuseofirrigationwaterinAppen
dixIIofhis1913textonMalariaControl Itwas

directedtoirrigationdistricts Hisrecommenda
tionsareasfollows 1 Noirrigationwatershall
besousedthattherewillbeanyoverflowonto
adjoiningpropertyorsothatwaterinastagnant
conditioncollectsandremainsinanypartofthe
wateruserspropertyformorethan24hoursaf
terthetimetheirrigationhasbeenstoppednor
morethansixdaysfromthecommencementofir
rigating 2 Haveeducationalsessionfortheir
farmerclientseachMarch 3 Shallmaintaina

properdrainandpreventseepagearoundlow
spotsinborrowareasnexttoditches 4 Pro
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videcircularstolandownersandprospectivebuy
ersgivingconcisedirectionstopreventbreeding
ofmosquitoes

Thefirstlocalcommunitytotakeadvantage
ofthe1915MosquitoAbatementLawwasEast
MarinCounty OnNovember31915apetition
fortheformationwaspresentedtotheBoardof
SupervisorsandonNovember16aresolutionto
formaMosquitoAbatementDistrictwaspassedby
theBoard In1916theThreeCitiesMosquito
AbatementDistrictofSanMateoCountyformed
andbecameoperationalthatsameyear Noble

StoverbecameSuperintendentofThreeCitiesDis
trictandin1916alsoassumedthesameposition
fortheMarinCountyDistrict MrStoverwas

themostinfluentialleaderfrom1915to1930in

thetechnologyrelatedtosaltmarshmosquitocon
trolintheSanFranciscoBayarea Hewasan

engineeringgraduatefromtheUniversityofCal
iforniaatBerkeleyspecializinginirrigationand
drainage Healsotookcoursesinentomologyand
asastudentunderProfessorQuayleworkeddur
ingthesummersontheinitialdrainageeffortsat
Burlingamebefore1910 In1913hewasemployed
byavolunteerSanMateoCountyorganizationfor
thepurposeofsaltmarshmosquitocontrol He

waslargelyresponsibleforpassageoftheMos
quitoAbatementDistrictActof1915 Heor

ganizedandbecamethesuperintendentofthe
ContraCostaMosquitoAbatementDistrictin1926
MrStoversachievementsinmosquitocontroland
saltmarshreclamationwereconsiderable Atone

timehehadatleastseventymilesofmarshland
inthevicinityofSanFranciscoBayunderhis
controlandliterallythousandsofacresofland
thathadbeenmajormosquitosourceswerere
claimed Hisoperational reports indicate the

tremendous effort and ability in critical ne

gotiationshecarriedoutwithlargecorporate
landowners toconvince them tomodify their

marshlandholdingstoeliminateextensivemos
quitobreedingareas OneofNobleStoversas

sistantsduringearlymosquitocontrolcampaigns
inSanMateoCountywasLawrenceWoodworth
ProfessorCWWoodworthssonwhosubse
quentlyin1917becamethefirstmanagerofthe
newlyformedDrMorrisMosquitoAbatementDis
trictinKernCounty

Oneofthemostcomprehensivetechnicalpa
personcontrolofsaltmarshmosquitoeswaspub
lishedinJuly1927intheAmericanJournalof
PublicHealthauthoredbyEdwardStuartCal
iforniaStateBoardofHealthandNobleStover
dealingwithtidewatercirculationditchesin
stallationandoperationoftidegatespumping
andhowtodealwiththecrackedgroundproblem
inreclaimedtidallands In1930MrStoverwas
electedasfirstpresidentoftheConferenceof
MosquitoAbatementOfficialstheforerunnerof
thepresentCaliforniaMosquitoandVectorCon
trolAssociation

Oneofthesignificantcontributionstomos
quitocontrolintheearlyyearswasthestatewide
malariamosquitosurveyconductedbyDrWilliam
BHermsandDrStanleyBFreebornwhich
commensedin1916andwasfinancedbytheState
BoardofHealth In1917aspartofthisstate
widesurveyWorldWarImilitarycantonmentare

aswereinspectedformalariaandpestmosquito
sourcesinSanDiegoImperialBeachCampFre
montSantaClaraCountyMontereyandSacra
mento Survey results weresenttoColonel

LynchChiefSanitaryOfficeratthePresidioof
SanFrancisco Thisimportantworkculminatedin
theUniversitypublication MosquitoesofCal
ifornia1926byDrFreeborn

Duringthedecadeofthe20smuchofthe
concernoftheStateBoardofHealthandtheUni

versitywasdirectedtothestrugglingmosquito
abatementdistricts in the Sacramento Valley
The1915MosquitoAbatementActwasadirect
benefittotheSanFranciscoBayAreadistricts
howeverforthesmalldistrictsinthenorthern
Californiaareawhichwereprimarilyorganizedas
antimalariadistrictstheirassessedvaluationwas
oftensolowthateventhemaximum10taxrate

providedintheActprovidedlessthan1000per
yeartohandlethemajormosquitosourcesthat
surroundedthesevalleycommunities

SurveysbyLouvaGLenertandEdwardT
RossoftheStateBoardofHealthofninenorth

ernCaliforniacommunitieswereconductedduring
1922 1923toevaluatethemalariamosquitoprob
lemtheleveloffundingandtheoperationalca
pabilityofthelocalmosquitoabatementdistricts
Surveyresultsindicatedthatinitialdrainageand
improvementofdrainagechannelscouldnotbe
providedfromfundsathandandalsopermitthe
necessarymaintenanceworkduringtheremainder
oftheseason Inallofthecommunitiesvisited

thelackofknowledgeofthelatestknowncontrol
methods was very apparent Each mosquito
abatementdistrictactedentirelyuponitsown
initiativeandwithoutadviceastothemostef

fectiveandeconomicalmethodsofapplication
ThestudyrecommendedthattheStateBoard

ofHealthshouldhaveamosquitospecialistwell
versed in the latest scientific and economic

methodstoprovideconsultationtothelocalpro
grams TheStateBoardofHealthshouldalso

providefinancialassistancetothosedistrictswith
anendemicfociofmalaria Thereportrecom
mendedthat60000ofStatefundsbeprovided
forthefirstyearswork InApril1922the
StateBoardofHealthsecuredashipmentofthe
mosquitofishGambusiaaffinisfromTexasandes
tablishedahatcheryinthelilypondatSutters
FortinSacramento Inthespringof1923600
mosquitofishweresentbytheStateBoardof
HealthfromtheSacramentohatcherytotheOro
villeMosquitoAbatementDistrictformosquito
controlinthedredgerponds

THEDEPRESSIONYEARS1930 1940At
thefirstconferenceoftheMosquitoAbatement
DistrictOfficialsinCaliforniaheldinBerkeley
December161930apaneldiscussionwasheld
onmosquitoproblemsassociatedwithconstruction
oftheStatehighwaysystem Thepanelstressed
theadvisabilityofgettingintouchwiththehigh
wayengineersearlyintheplanningofaroad
project Agreatdealofdifficultywascitedin
gettingchangesmadeinaprojectafterthefinal
planshadbeenapproved

Therewasainterestingdiscussionatthis
conferenceontheuseoftheairplaneinmosquito



abatementwork HaroldGrayconductedexperi
mentswiththeCurtissWrightFlyingServicein
theAlamedaMosquitoAbatementDistrictandcon
cludedtheairplanewasespeciallyvaluablefor
observationandmappingwork Itcouldpossibly
beusedtoapplyapesticideprovidedaneffective
materialagainstmosquitolarvaecouldbefound
andthatsuitableequipmentcouldbedevelopedto
applyliquidsforlarvalcontrol

TheimpactoftheDepressioncausedasig
nificantreductioninthetaxrevenuesforthe
mosquitoabatementdistricts Reductionsasgreat
as50werecommonstartingin1931and1932
ProfessorCharlesGHydememberoftheAla
medaCountyMosquitoAbatementDistrictBoardof
TrusteesandDeanofCollegeofCivilEngineer
ingUniversityofCaliforniaBerkeleyinhis
addresstothe1932ConferenceofMosquitoAbate
mentOfficialsstatedthatbudgetreductionswould
forcedistrictstocutdownonmuchoftheperma
nentmosquitopreventionworkwhichshouldbe
done Headdedthatoilinggoesonforeverand
thereisjustasmuchthesecondandthirdyears
astherewasthefirst Temporarymeasuresre
sultinpermanenttaxation

The cesspool as an important breeding
sourceofmosquitoeswasamajorsubjectofdis
cussionatthe1932Conference Campaignsto
changetoaproperlycoveredseptictankora
municipalsewagesystemandtheneedtocooper
atewiththelocalhealthdepartmentwererec
ommendationsbeingpromotedbytheConference
participants Theiceboxdrainwasdescribedas

oneofthemoredifficultmosquitosourcesin
urbanareas Apparentlyitwascommonpractice
tosimplyboreaholethroughthefloorandlet
thewaterrununderthebuilding Thisoften
wasthecasewithsmallrestaurants

Thenationsunemploymentproblemsduring
thedepressionyearsfosteredanumberoffederal
andstatefundedworkreliefprogramswhichpro
videdemploymenttoavastarmyofunemployed
persons In1933DrHermswasnamedstatedi

rectorofthefederallyfundedpestmosquitocon
trol programundertheCivil WorksAdminis
tration InaletterfromHarryHopkinsthe
CWADirectorCaliforniaauthorized415000to
beexpendedintwomonthsformosquitocontrol
Theprojectauthorizedthehiringof1650work
ers 34supervisorsand 15000forshovels
wheelbarrows and rubber boots Noproject
wouldlastmorethan45days DrHermsfirst

directiveannouncedthatthiswouldbeadrainage
projectnotanoilingoperation Wewilldo

ditchingandplentyofit Theobjectistoput
mentowork TheStateEmergencyReliefAct
SERA and the Work Project Administration

WPAemploymentassistanceprogramsprovided
additionalfundsalongwithageneroussupplyof
concretepipeformosquitodrainageprojects At

the1935AnnualConferenceofMosquitoAbatement
OfficialsinCaliforniaapaneldiscussionwasheld
todiscussthevalueoftheemergencyreliefpro
gramsin mosquitoprevention activities The

participantsonthepanelrepresentedacrosssec
tionofthestatesmosquitocontrolprogramsand
allhadverypositivereportsonthevalueofthis
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Figure3Ditchingthemarsh1935

extramanpower Withoutthisgovernmentalas
sistanceCWASERAWPAmostofthesemos
quitosourcereductionprojectswouldnothave
beenpossible

Duringthedecadeofthe30sthecostof
larvacidingwithoilbybackpacksprayerwas
about500peracre Consequentlytheuseof
handlabortheFresnoscaperandthedragline
weremoreeffectiveandeconomicalforreducing
mosquitosourcesthanapplicationof25to30gal
lonsofoilperacrebyhandapplication

TheDepressionyearscausedadeterioration
inlivingconditions Residentialwindowscreens

fellinpoorrepairandatthesametimemain
tenanceeffortsonirrigationditcheswerenot
carriedoutproducingseepageandimprovedcon
ditionsforanophelinebreedingintheCentral
Valleyregion Thesedeterioratedenvironmental

conditionscausedasignificantincreaseinnum
bersofcasesoflocallyacquiredmalariadistri
butedfromSanJoaquinCountynorthtoShasta
County AttherequestoftheStateDepartment
ofPublicHealth Dr HermsandDr L L
WilliamsoftheUnitedStatesPublicHealthService

madeatourin1936oftheSacramentoValley
Dr Herms reportedthat Weweremuchim

pressedwithlargenumbersofforeignautomobiles
ontheroadandincampfortransientsandmany
ofthoseoutofstateautomobilesbearinglicense
plates werefromstatesnotoriouslymalarious
Thetransientscampedunderbridgesalongriv
ersandsloughsindirectcontactwithbreeding
placesforAnophelines Dr Hermsvisiteda
state migratory labor camp known as Camp
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Waybur7locatedintheSutterBasin The

campdoctorhaddiagnosedsevencasesofmalaria
andtherewereanotherfifteenpersonsthatap
pearedillandsuspect Therewere85menliving
inthecampaboutahalfmilefromaricefield
Thecampwasorderedclosedandthemigrants
weremovedtoCampApplegatenearAuburn
PlacerCounty WhileatCampWaybur7Dr
Hermscollected250Anophelesmaculipennisfree
borniina20minuteperiodbyaidofanaspira
torunderoneofthemesshalltablesatmidday
Manyofthesestatelaborcampswouldprovide
foodandshelterinexchangeforsixhoursofla
borperday

HaroldGrayManagerEngineeroftheAla
medaMosquitoAbatementDistrictgaveatalkon
theengineeringaspectsofmosquitocontrolatthe
1936StateMosquitoControlConferenceandwas
instrumentalinsettingthestageformosquito
controlontheCentralValleyWaterProject He

recommendedtotheStateBoardofHealththat

theStateshouldmonitortheprojectformosquito
preventionusingthemodelusedintheTVApro
jects Thisinitialrecommendationhelpedpave
thewayforestablishmentofamosquitopreven
tionmonitoringprogramoftheCentralValley
ProjectconductedbytheBureauofVectorCon
trolStateDepartmentofHealthstartingin1949
withtheassignmentoftwoengineersWilliamJ
BuchananandWilliamCWarnerfromtheUSPHS

andlaterestablishingapositionofWaterProject
ConsultantintheBureauofVectorControlstaff

edbyMarvinKramer
THEWARYEARS1941 1946Richard

FPetersnewlyappointedMosquitoControlOffi
cerfortheStateDepartmentofPublicHealthset
thestageforinvolvementofmosquitocontrolin
thewareffortinhistalkMosquitoControlinthe
VicinityofMilitaryZonesattheAnnualConfer
enceofMosquitoControlOfficialsin1941 The

StateDepartmentofPublic Healthwasnamed

sponsorofaStatewideNationalDefenseWPAMos
quitoControlProject Theprimaryobjectivewas
tocontrolmosquitosourcesforadistanceoffive
milesfrommilitarybasesandNationalDefenseare
as TheUSPublicHealthServicesprovided
engineerstosurveyandsupervisemosquitocon
trolunits During194131NationalDefenseare
aswerelistedforinclusioninthemosquitocon
troleffort TheseinstallationsvariedfromaPT

boatbaseatMorroBayinthesaltmarshesto
bomberbasesinMercedandFresno

Furtherdiscussionsheldatthe1941annual

CaliforniaMosquitoControlAssociationConference
turnedattentionfrommosquitopreventionthrough
waterconservationdrainageandcodeenforce
menttoemergencymeasuresforlarvicidingunder
wartimeconditions Emphasiswasplacedonde
velopingpowersprayequipmenttogetthejob
doneinlesstimewithfewermanhours Alsoat

thattimefieldtrialswereconductedwithpyre
thrummixedwithoilsolubleemulsifyingagents
thatallowedforsprayingpastureareaswhich
couldnothavebeensprayedwiththeheavyap
plicationofoil Thelackofavailablemanpower
duringwartimeprovidedextraincentivesfor
moreefficientlarvicidingmethods

Disasteraidwasamajortopicduringthe
earlywaryears Mosquitoabatementdistricts
developedplanstohavepowersprayerstrucks
pumpsetcavailableforNationalDefenseto
fightfirescausedbyincendiarybombsandtore
spondtoemergencymosquitoandflycontrolafter
bombingattacksonurbanareas

Atthe1944CMCAConferenceconsiderable
attentionwasgivenconcerningthedangerto
civilianpopulationsonthe PacificCoastfrom

mosquitotransmitteddiseasesinreturningmilitary
personnelmalariadengueandfiliarisiswere
diseases mentioned as possible threats to

California The need to protect the State

populationagainstpossibleepidemicsofimported
vectorborne disease gave rise to a special
University of California studycommittee that

prepared a Report on the DiseaseBearing
HazardofMosquitoesinCalifornia Thisreport
resultedinStateAssembly BillNo 281946

Special Legislative Session that provided
subventionfundsforlocalcontrolprogramsand
forconducting studiesand demonstrationson

diseasesurveillanceandcontroltechnologyas
determinedbytheDepartmentofPublicHealths
AdvisoryCommitteeofscientificexpertsandlocal
mosquito control representatives Standards

governing Stateaidtolocal mosquitocontrol
agencieswereadoptedbytheStateBoardof
Health Theysetforthasoneofthebasicpro
gramprinciplesimplementationofmeasuresaimed
attheprogressivereductionofknownmosquito
breedingsources

Thepreoccupationwiththenewinsecticide
DDTinthelate40sappearedtobeasalvationto
thecontrolagenciesatthattime Herewasa

veryeffectivematerialthatcouldcontrolboth
larvaeandadultsat10to25lbstotheacre

mixedwithwaterandanemulsifyingagentat
about13thecostofformerlarvacidesandof
feredanewlevelofmosquitocontrolneverbefore
dreamedof Thispanaceaformosquitoproblems
wasshortlived Intheearlyfiftiesmosquitoes
developedresistancetoDDTtothedegreethat
otherchemicalsweresoughtandagainHarold
Grayhadhisopportunitytomakeastrongappeal
forreturningtotheconceptsofmosquitopreven
tionthroughenvironmentalmanagementasthepri
marymethodofmosquitocontrol

Inretrospectmanyoftheproblemsfacing
mosquitocontrolinCaliforniaduringthe1980s
wouldbearepeatofwhatoccurredinthelate
1940sandearly1950sietheshiftawayfrom
mosquitopreventionthroughenvironmentalman
agementtowardincreasedrelianceonshortterm
larvalandadultcontrolagents IfHaroldGray
werewithusatthepresenthewouldagainrefer
tohishallmarkspeechof1950WhichWayNow
presentedatthe18thCMCAConferenceandhis
wordswouldhaveasmuchrelevancetodayas
theydidthen



RECENTAMENDMENTSTOTHEMOSQUITOABATEMENTDISTRICTAND

PESTABATEMENTDISTRICTACTS

DonJWomeldorf AllenRHubbardandWilliamEHazeltine

MosquitoAbatement Districts MADs are

authorizedunderSections2200etseqHealth
andSafetyCodePestAbatementDistrictsPADs
receivetheirauthorityfromSections2800etseq
oftheCode Therehavebeennumerouschanges
fromthefirstenactmentoftheMADactin1915
andthePADActin1939 Mostamendmentshave

beenminoranddesignedtomeetspecificneedsas
theyhavedeveloped Howeverthepassageof
Proposition13in1978drasticallyaffectedDistrict
fundingandAB1396Chapter277Statutesof
1980requiredtheDepartmentofHealthServices
DHStoreviewallstatutesrelatingtopublic
health Theseeventsresultedinmajorlegislative
changes embodied in SB 628 Chapter 1055

Statutesof1983andSB2162Chapter911
Statuesof198 Other1984changesincluded
AB2811Chapter1085Statutesof1984which
dealtwithflynuisanceabatementandAB3
Chapter884 Statutesof1984whichmade
minortechnicalcorrections

BothSB628of1983andSB2162of1984
wereauthored by SenatorDanMcCorquodale
representingSantaClaraandStanislausCounties
Otherswhowereimportantlyinvolvedinthetwo
billswereLindaMilamDistrictRepresentativefor
SenatorMcCorquodalePeterMDetwilerSenior
ConsultanttotheSenateLocalGovernmentCom
mitteeandRobertJBeckusandRalphAHeim
CaliforniaAdvocatesInc

SB628wasknownastheEmergencyMos
quitoAbatementFundingActof1983 Itrescind

edtheprovisionsof1980legislationwhichhad
appropriatedonetimeemergencymatchingfunds
forasingleyearandaddednewauthorityfor
MADsPADsandcountiestofixastandbycharge
aspecifictypeofassessmentagainstproperty
butnotbaseduponitsvalueforemergency
mosquitoabatementtrustfunds

SB2162wasanextensiverecodificationof
theMADandPADActs Underthemandateof

AB1396theDHSconductedanindepthreview
ofthepublichealthstatutesthroughtheuseof
workinggroupswithrepresentationfromagency
associationsandprivateorganizations TheMAD

andPADActswerereviewedbygroupswhich
included many individuals from the California

Mosquito and Vector Control Association

CMVCA Thetotaltimeinvestedinthereview

1Technical Consultant CMVCA Legislative
Committee

2ChairmanCMVCALegislativeCommittee

3Member and Past Chairman CMVCA

LegislativeCommittee

GoverningBoards

1 MADs

2 PADs
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oftheDistrictActsapproached2000manhours
When theDHSdecided againstincludingany
specialdistrictstatutesinitsproposedrecodi
ficationofthepublichealthlawstheCMVCA
decidedtoseekseparatelegislationwhichbecame
SB2162

Manychangesmadebythe1983and1984
billswerenonsubstantive Theyonlysimplified
orclarifiedthelanguageandarenotdiscussed
here ThesubstantivekeychangesintheMAD
andPADActsareannotatedbelow Thesection

numbersrefertotheHealthandSafetyCodeas
ofJanuary11985 Ingeneraltheamendments
affectgoverningboardsnuisanceabatementand
financing

ATrusteeappointmentsbycountiesand
citiesareoptionalexceptforarequired
minimumnumberoftrusteesSec2240

FormerlyacityinorpartlyinanMAD
wasrequiredtoappointamemberofthe
BoardofTrustees Acountywaslike
wiserequiredtoappointamemberrepre
senting unincorporated areas The

amendmentmakessuchappointmentdis
cretionaryonthepartofthecityor
countybutrequiresacountytoappoint
aminimumboardoffivemembersifthat
numberisnototherwisereached

BTrusteesmaybereappointedfortermsof
twoorfouryearsSec2245

Formerlyatrusteestermofofficewas
fortwoyears Theamendmentspecifies
thatafirsttermisnottoexceedtwo
yearsbutallowssubsequentconsecutive
reappointmentsofthesamepersontobe
foreithertwoorfouryears Theap
pointingbodymakesthechoiceonlength
ofterm

C Trusteesmayreceiveamaximumof50in
lieuofactualexpensesSec2248

Theincreasefromthepreviouslimitof
35isthefirstsince1969

ATherearenochangesintheappointment
ortermsoftrustees AllPADtrustees

serveatthepleasureoftheBoardof
Supervisors
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BTheallowanceinlieuofactualexpenses
is50Sec2851

Theincreasefrom25isthefirstsince
1959

NuisanceAbatement

1 MADs

Definitionsofnuisancehavebeenmovedupto
asectionincludingseveralotherdefinitions

AWaterwhichproducesmosquitoesisan
abatablenuisanceSec 2200d 2200
e2

Formerly the lawallowedabating as

nuisances specified mosquito breeding
places Theamendmentidentifieswater
aspropertyandmakesthepersonor
agencyowningorcontrollingthewater
responsibleforabatingapublicnuisance
ifthewaterisabreedingplace

BFlyabatementisconstrainedSec2200
e

Formerlythesimplefindingofflylarvae
orpupaewasprimafacieevidencethat
the sitewasa breeding place The

statuteasamendedbyAB2811atthe
requestoftheCaliforniaFarmBureau
nowgoesontoprovideseveralsafe
guardsforagriculturaloperationswhich
aresuspectedofcausingpublicnuisances
becauseofflybreeding

CRodentpresenceorevidenceisanuisance
Sec2200e3

Thisisnewlanguage Itwillmakeit
easiertoabateasnuisancesrodentsor
placeswhererodentsshelterorfeed

DTheDirectoroftheDHSistoarbitrate
disputesbetweenanMADandastateor
localagencywhichhasbeenorderedto
abateanuisanceonwaystoprevent
recurrenceofanuisanceSec22835

Formerlythearbitrationauthoritywas
limitedtodisputesanMADmighthave
withastateagency Theamendedstat
uteincludeslocalagenciesandiscon
sistentwiththePADAct

E TheDirectoroftheDHSistoarbitrate
disputesbetweengovernmentagencieson
theneedandmeansforabatingorpre
ventingnuisancesSec2294

Thisisnewlanguage Itextendsthe

arbitrationpowerstogeneralsituations
whereagenciesdisagreeonmethodsand
materialstobeusedtoabateorpreventa
publicnuisance

2 PADs

AWaterwhichproducesmosquitoesisan
abatablenuisanceSec28005b

Thisisnewlanguage Whileitallows

abatingwaterinwhichmosquitoesare
breedingitdoesnotextendasdoesthe
MADActtodefiningwaterasproperty

BTheDirectoroftheDHSistoarbitrate

disputesbetweengovernmentagencieson
theneedandmeansforabatingorpre
ventingnuisancesSec2804

Thisisnew language Itextendsto

generalsituationsthearbitrationpowers
dealing withthespecificsituations in
Sec2863

DistrictFinancing

MostchangesinDistrictfinancingprovisions
wereneededasaresultof1978sProposition
13whichlimitedadvaloremtaxes those

baseduponthevalueofpropertyto1of
thefairmarketvalue SinceMADsandPADs

formerlyreceivedalmostalloftheirfunding
frompropertytaxestheywereespecially
hardhit Proposition13allowedimpositionof
special taxes notbased upon property
values bya23voteoftheelectorate
Proposition13wassilentonthematterof
benefitassessmentswhichmaybeimposedon
parcels not thevalue ofproperty A

followuptoProposition13of1978wasProp
osition36of1984 Itwouldhavelimitedthe
useofspecialtaxesbenefitassessmentsand
othersourcesoffundingnotalreadylimited
byProposition13 Proposition36wasreject
edbythevotersandsothefundingoptions
intheMADandPADactsremainviable

1 MADs

AAnMADmaylevybyresolutionor
ordinanceaservicechargeor benefit

assessmentagainstparcelsoflandSec
22701

Thisisnewlanguage ItallowsanMAD
to assess specified nonad valorem
taxrevenues

BAnMADmayestablishzonesofbenefit
andmayadjusttaxesorassessmentson
landimprovementsandpersonalproperty
accordingtothebenefitsderivedSec
229122914

Thisislanguageformerlylimitedtoalgae
control but now broadened to vector

surveillanceandcontrol

CAnMADistoreceiveitsshareofthe1
propertytaxSec2302



DAnMADmayimposeaspecialtaxupon
approval by23ofthevotersatan
electionSec23032309

2 PADs

This language replaces nowobsolete

taxingauthority Itrecognizeslimitations
underProposition13andestablishesan
MADsrighttoitsfairshareofthead
valoremtax

FormerlyanMADhadthepowertoseta
taxrateofupto015100assessed
valuationwhiletheBoardofSupervisors
couldincreasetherateto040100 A

greaterincreaserequiredapprovalbya
majorityofthevotersatanelection
Thenewlanguagerecognizeslimitations
andproceduresestablishedbyProposition
13andsubsequentlegislationanyspecial
taxisaboveandbeyondtheDistricts
shareofthe1propertytax

EAnMADbyordinancemayfixastand
by charge to establish an emergency

mosquito abatement trust fund Sec
23152319

ThisnewlanguageallowsanMADtofixa
benefitassessmenttosetasidealimited
amountofmoneyforemergencies The

principalmaybereleasedonlyupona
findingbytheDirectoroftheDHSthata
publichealththreatexists

PADshavedifferedhistoricallyfromMADsin
thattherehavebeentwooptionalmethodsof
providingfunding Onewasadvaloremtax

likeMADstheotherataxbaseduponarea
APADwasrequiredtospecifyatthetimeof
itsformationwhichbasisitwoulduse

AZonesofbenefitareauthorizedSec
2822528715b

Language has been added toexisting
sectionsdealingwithtaxationtoallowfor
zonesofbenefit

BAPADmaylevyaservicechargeor
benefitassessmentSec2855i28719

Languagehasbeenaddedtoprovidethe
authoritytoPADsbycrossreferenceto
theMADAct

CAPAD istoreceiveitsshareofthe1
propertytaxSec2871

This language replaces nowobsolete

taxingauthority Itrecognizeslimitations
underProposition13andestablishesa
PADsrighttoitsfairshareofthead
valoremtax
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DAPADmaytaxonthebasisofareaonly
orincombinationwithsomeotherbasis
Sec28715

ThisamendmentallowsaPADtouseboth
advaloremandareataxes

EAPADmayimposeaspecialtaxupon
approval by23ofthevotersatan
electionSec28718

Thisnewlanguagerecognizeslimitations
andproceduresestablishedbyProposition
13andsubsequentlegislation

FAPADmayuseproceduresauthorizedfor
anMADtoestablishanemergencymos
quitoabatementtrustfundSec2877
2878

Thisnewlanguagegrantstheauthorityto
aPADbycrossreferencetotheMAD
Act
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COMMITTEEACTIVITIESOFTHECALIFORNIAMOSQUITOAND

COOPERATIVEPLANNINGCharlesHDill
Chairman The Committee met several times
where they were brought uptodateon the

progressEarlMortensonofVSCBandtheChair
manweremakinginthecontinuingdiscussion
withCaliforniaFish GameandUSFishand
Wildlife AmeetingonJanuary221985hasbeen
scheduled with stateofficials to finalize the

statesversionoftheagreement
ENTOMOLOGYANDBIOLOGICALCONTROL

Charles P Hansen Chairman During 1985

severalinterestingarticlesappearedinBioBriefs
underthe leadershipof Bob L Coykendall
Membersareencouragedtosubmitarticlespar
ticularlyofanoperationalnaturetoBobfor
publicationinfuturenewsletters

A questionnaire on mosquito light trap
uniformitywassentouttoallvectorcontrol
agencies Asummaryoftheresultsshouldbe
availableinearly1985 TheCommitteesobjective
istoseegreaterstandardizationandreliabilityin
Districtsreportingmethods

AseriesofBioNotespatternedafterthe
MosquitoNoteswastheprimarygoalduring
1985 Theseonesheethandoutsaredesignedfor
generalpublicusagetobeusedprimarilyby
mosquitocontroltechniciansintheirdailyop
erationalprogram TheCommitteewillcomplete
thefinalversiononthemidgeBtimosquitofish
and mermithid nematode and present to the

CMVCAPublicationsCommitteeinearly1985
ENVIRONMENTFredCRobertsChairman

TheCommitteemetthreetimesduringtheyear
1984 Themajoraccomplishmentduringtheyear
waswhentheCommitteesetupapresentationby
theCaliforniaDepartmentofFishandGameto
explaintheuseoftheNaturalDiversityData
BasethatisavailabletoallDistricts TheDis

trictsbyutilizingthisdatabasecanobtain
vital information about rare and endangered
speciesintheirDistricts

EQUIPMENTClaudeL Watson Chairman

TheCommitteewasreluctantinreportingthis
pastyearforthelackofnewequipmentbeing
introducedintothemosquitocontrolprogram

NormanBAkessonwithUCDavishas
advisedthatstudiesarebeingfurthermadeon
coldfoggerandaircraftnozzlesforultralow

1Vice President California Mosquito and

VectorControlAssociationInc

VECTORCONTROLASSOCIATIONINC

January1984 January1985

JamesRCaton
FresnoMosquitoAbatementDistrict

PostOfficeBox2

FresnoCalifornia93707

volumesprayingthatmaybeofinterestwhen
finished

ThequestionwasputforthtotheCommittee
ofputtingonanEquipmentShowbutforthe
lackofnewequipment theCommitteefeltit
wouldnotbeworthwhileatthistime Wearein

hopesthatinthenearfuturesuchashowcanbe
puttogetheraswasinpastyearsforthein
terestofallemployeesoftheMosquitoAbatement
DistrictsthroughouttheState Notonlydothe
employeesenjoytheseshowsbutmuchislearned
fromseeingotherDistrictsequipmentandthe
methodsthatareusedinmosquitocontrol

LEGISLATIVEAllenRHubbardChairman
Thefollowingisalistoftheaccomplishmentsof
theCommitteefor1984

1 Workedveryhardinwritingreviewing
andtestifyingtowardthepassageofSB
2162anextensiverecodificationofthe
MADandPADActs

2 ReviewedandworkedcloselywithNorman
WatersDPlymouthandTheCalifornia
FarmBureauonhowAB2811wouldaffect
flycontrolefforts AB2811wasintended
to provide safeguards for agricultural
operationswhicharesuspectedofcausing
publicnuisances

3 InApril1984theCommitteerecom
mendedtotheCMVCABoardofDirectors

thatitgoonrecord inoppositionto
Proposition36theJarvisInitiative

4 OnAugust151984theCommitteeand
theCMVCAwentonrecordinsupportof
AB 2635 Itwas important thatthe

legislatureassertitsintentionthatpesti
cidesbeastatewideconcernandthatit
shouldbeadministeredinthatmanner

5 TheCommitteerecommendedsupportfor
SB2197theExoticVectorImportation
bill

6 TheCommitteereviewedAB2013which

requirestheinventoryofallunderground
facilitiesforhazardousmaterialsandAB
1362 whichprovidesfora regulatory
programadministeredbycountyorcity
agencies to enforce construction and

monitoringstandards



RESEARCHJackEHazelriggPhDChair
man TheCommitteeaccomplisheditsmajorduties
inFY8485byreviewingthemorethan30major
researchandstudentminigrantproposalsthat
focusonvariousaspectsofCaliforniamosquito
controlboth applied and basic These pro

posalssubmittedbyresearchersfromtheUni
versity of California Depts of Entomology
SchoolofPublicHealthExperimentalResearch
Stations etc were critiqued in March 84

duringa2dayERCmeetingheldattheUni
versityofCalifornia Davis with Russell E

FontaineScDCooperativeExtensionMosquito
ControlResearchCoordinator

The ERCs reviewconcernsprincipallyad
dressproposalcontentthateitherdirectlymeets
therelevantandpracticalneedsofMADsdirect
lyorindirectlydoesorpromisesto Apro
posalisratedchieflyonthisbasisandalso
scientific merit Duration of the researchers

proposedworkhisadherencetoschedulepub
licationofinformationandpastperformances
arealsoconsidered

Theratedproposalsthisyear asinthe

pastweresubmittedtotheMosquitoResearch
TechnicalCommitteetouseintheirsubsequent
reviewandevaluationofthesameresearchpro
posalsbeforefundingisawarded

WAYSANDMEANSCharlesBeesleyPhD
Chairman TheCommitteecompiledanddistri
butedtotheBoardofDirectorsaBoardManual
Themanualassuchcoversfivemainsectionsfor
Boardreferral DutiesCommitteesProcedures
ConferenceandMinuteswithsomesubsections
TheCommitteeisawarethatthismanualisstill

anunfinishedproductprimarilybecauseofthe
scopeoftheprojectandthecontinuallistof
questionsthatcomeupwhileworkingon it

Neverthelessitrecommendedacceptanceofthe
manualbytheBoardandadoptionforusein
1985 Attheendoftheyearquestionscanbe
forwardedtotheWaysMeansCommitteetobe
lookedintothereforepolishingthemanualas
timegoesby Thisismeanttobeaworking
documentandwillneedrevisingcontinuallythus
thereasonforusingitasis

AD HOC CENTRAL OFFICEStephen M

SilveiraChairman TheCommitteecontinuedits

implementationoftheCommitteesMarch1983
recommendationstotheCMVCABoardofDir
ectors Ourgoalthenandnowisanefficient
andcosteffectiveCentralOffice

TheBoardofDirectorsapprovedthepur
chaseofanIBMcomputersystemwithdualdisk
drive monitor Printwheel printer and sheet

feeder ThesoftwareprogramsChartpackand
Textpact6wereselectedforaccountingand
wordprocessingpurposes Thetotalcostforthis

packagewas1275688 Thesystemwasde
liveredtotheCentralOfficeonJune271984

TrainingwasprovidedfortheCentralOffice
secretarybyIBM Aparttimeclerkwashired
toassistwithsettingupthecomputer On

November30theBoardapprovedhiringatem
porarycomputeroperatortoexpeditethecom
pletionoftheProceedings TheCommittees
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recommendationthatallparttimeandtemporary
personnelbeterminatedonJanuary171985was
approvedbytheBoardofDirectors

The Committee will be reevaluating the

CentralOfficestaffneeds Someaspectstobe
consideredarethereasonsforextrahelpand
the type of personnel needed permanent
parttimehelptemporaryextrahelpforspecial
projectsorfulltimeorclerksecretarycom
puteroperatoretc Hopefullythisstudywill
enabletheCommitteetodevelopaprocedureto
insuretimelycompletionofprojects

ExecutiveDirectorMarvinCKramerresigned
April241984andCommitteememberJohnC
Combsacceptedtheassignmentofinterimdir
ector

ADHOCCMVCAJPAADMINISTRATIONRE

VIEWGilbertLChalletChairman Thecharge
oftheCommitteewastodeterminethefeasibility
ofajointCMVCAandJPAoffice Thiswehope
wouldsavemoneyforbothagencies TheCom

mitteemetwithanumberofpeopleovertheyear
includingattorneysriskmanagementspecialists
andassociationexecutivestodeterminethefeas

ibilityofcombining thetwoofficeswithone

administratorincharge Atthistimeweare
preparingaRequestforProposaltosolicitbids
foradministrationofthisjointoffice Thetime

tableforthisprojectwillextendthroughJanu
ary1986accordingtoanimplementationsched
uledevelopedbytheCommittee
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CALIFORNIACONFERENCEOFDIRECTORSOFENVIRONMENTALHEALTHPRESENTATION

Onceagainitismyprivilegetomeetwith
youandextendthewarmestgreetingsandbest
wishesfromtheCCDEHandtheCAEHA Both

PresidentMartinWinstonfromPlacerCountyand
Bill Norman DirectorofEnvironmental Health

fromMercedCountywhoistheChairmanofour
VectorCommitteewereunabletoattend Both

askedmetoexpresstheirregretstheirregards
andtheyextendtoyoutheirsincerewishfora
successfulconferencehereinStockton

YoumayrecallthatlastyearIdiscussed
withyouthefiveareaswhereyourAssociation
andourshaveanopportunitytoworktogether
formutualbenefit Iwillsummerizetheseareas

Certainlyatthelocallevelwhereweboth
havepublichealthvectorcontrolresponsibil
ities There are many examples where

MADsPADsandVCDsarewellcoordinat
edwiththelocalhealthagencyandmutually
supporteachother OnceagainIencour
ageyoutokeepinfrequentcontactwith
yourlocalhealthofficerandDirectorof
EnvironmentalHealth

ThereasonIamheretodayisbecauseofa
longstandingagreementtoexchangeAsso
ciationspeakersatourannualmeetings Im

toldthatBillHazeleurwillattendourcon

ferenceinSeptembertobeheldatthe
Granlibakken Resortin the North Tahoe

area

TheCaliforniaConferenceofLocalHealth
Officers Environmental HealthCommittee

whereamemberofyourassociationisrepre
sented BillHazeltineservesyouwellon
theCommittee

Wehavehadacoupleofmutualprojects
workingoutofataskforcegroupThemost
recentisthedevelopmentandthecontinued
refiningofthe198384GuidelinesCheck
listsandStandardsforectPorventionin

7developmentsTetaskforces
nowencouragingthattheseguidelinesand
standardsbesharedwiththelocalplanning
agency IamtoldthatMarinandSonoma
MADs have already had workshops and

commentswerefavorable SanBernardino

Countywillsoonadoptthemasapartof
theirdevelopmentcode Thisprojecthas
beenamajoreffortandthepeopleinvolved
fromourrespectiveassociationsandthe
SDOHSVBCBstaffinvolvedaretobecom
mended

FinallytheSDOHSVectorControlAdvisory
CommitteewherebothofourAssociationsare

represented Iwilldeferanupdateonthe

RichardLRobertsPresidentElect
135PalmyraStreetAuburnCalifornia95603

CommitteesactivitiestoeitherDrReeves
ChairmanoftheCommitteeorDonWomeldorf

Thisyearourorganizationwillemphasizetwo
areas ofVector concern through our Vector

CommitteechairedbyBillNorman Firstthe
increasingtrendofhomesitedevelopmentinto
ruralareaendemictoplagueandincreasedex
posuretootherdiseasevectorswherehomesites
maycomeintoclosercontactwithmosquitoes
fliesticksandkissingbugs Tellmeaboutit

IamtheDistrictManagerforthenewandsuc
cessfullyoperatingWestValleyVectorControl
DistrictlocatedinthesouthwestcornerofSan

BernardinoCountyandservingtheurbanareas
ofChinoandSouthOntarioandMontclairandthe

vastagriculturalpreserveintheChinoValley
Withinthedistrictboundariesare1520poultry
ranches280 dairiescalfraisingoperationsand
horseestatesubdivisions Inadditiontosome

200dairywastewaterpondswehavedairiesthat
literallyabutapartmenthouseandcondominium
developments FurtherourCountyiscommitted
todeveloptheChinoHillswhere30000new
homeswillbedevelopedadjacenttotheDiamond
BarDevelopmentwhereplaguehasbeenrecently
found Ourexperiencetheremightbeusefulto
othersandcouldleadtofurtherrecommendations
tobe included in the development Guideline
documentImentionedearlier Idliketointro

ducepartofourstaff LyleStotelmyreSuper
visoroftheCountywideVectorControlProgram
and residententomologistandAllen Pfuntner
FieldOperationsManagerfortheWVVCD Ifyou
askthemquestions beprepared theywillgive
youcompleteanswers OurDistrictBoardof

Trusteeswillbearrivingtoattendthismeeting
soonandIhopeyouwillhavetheopportunityto
meetthem Bill Sitton President LisaVan

GrueningenVicePresidentBillWalkerSecre
taryNancySitsoandWayneStringer

Secondtheneedtocontinuetoovercome
inadequatefundingoflocalvectorcontrolser
vices Atleasttwocountieswithdifferentfund

ingapproacheshavebeensuccessful InSan

BernardinoCountyourBoardofSupervisors
aftera60favorableadvisoryvoteformedthe
WVVCD EvenwiththeJarvisProp36hanging
overtheirheadstheWVVCDBoardofTrustees
withcourageandacalculatedrisksettheir
benefitassessment rates contracted with the

CountyreceivedaloanfromtheCountyand
wereinbusinesstwotothreemonthsafterthe

BoardofSupervisorsformedtheDistrict A
recordImsure Atthistimeonbehalfofthe
DistrictBoardofTrusteesIexpressourappre
ciationtoyouforyourassistanceinassuringthat
SB 2162wasadoptedasanurgencymeasure
whichallowedtheDistricttobegincollecting
assessmentswiththeNovemberTaxRoll



InAlamedaCountywitha708support
voteaBoardofSupervisorsgovernedCounty
ServiceAreawasformedtoprovidefundstothe
EnvironmentalHealthDepartmenttoperformall
vector services except mosquitoes which will

continuewithFredRobertsprogram Theem

phasiswillberatcontrol
Asidefromvectorissuesourconferenceis

veryinterestedinhowtheGovernorproposesto
reorganize this administration in thearea of

toxicsmanagement Asyouprobablyrecognize
weatthelocallevelmustdealwithvariousState
Departmentsintheareaoftoxicsandhazardous
wasteStateDepartmentofHealthServicesToxic
SubstanceControlDivisionStateDepartmentof
FoodandAgricultureWaterResourcesControl
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BoardWasteManagement BoardandAirRe

sourcesBoardtonameafew TheseStateagen
cieshaveacertainamountofautonomywith
different goals and objectives which lead to

conflictingwaysofdeliveryofservicesdupli
cativeandoverlappingturfbattlesandageneral
frustrationonthepartoflocalgovernmentand
industry Wesupportareorganizationandthe
Governorasofthreeweeksagowillreleasehis
proposalwithinthenext100days Inthemean

timeAssemblymenWillieBrownandFrizellehave
proposedlegislationonpossiblereorganization

Weappreciatethistimeonyourprogram
Yourprogramisbroadinscopeandhastechnical
depthandshouldappealtoeveryone I look

forwardtoseeingyouagainnextyear
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PERIPHERALDITCHINGFORSOURCEREDUCTIONINA

Surfacewaterdrainingratesofwetlandcellswithandwithoutperipheralditchingwerecomparedin
theMendotawildlifearea Waterdrainedfromditchedcellsatasignificantlygreaterrate28xfaster
thanfromcellsnotditchedP 001 Howeverthedurationofstandingwaterinallcellsditchedas
wellasnotditchedwassufficienttoallowthedevelopmentofAedesmelanimonDyarimmaturestothe
adultstage

INTRODUCTIONTheMendotawildlifearea
3800ha9390acadministeredbytheCalifornia
DepartmentofFishandGameisarrangedinto
distinctwetlandcellseachismanagedtoproduce
oneofseveralvegetativetypes Predominate

typesarebarnyardgrassEchinochloacrusgalli
swamp timothy Heleochloa schoenoides alkali

bulrushScirpusmaritimusandacombinationof
theseandspikerushEleocharisspp Cellsare

floodirrigatedandmanipulationofirrigationis
importantintheselectionofdominantvegetation
Properdrainagealsoisnecessarytoinhibitsuch
undesirableplantspeciesascattailTyphadomin
gensis

Todecreasethetimeneededtodrainexcess

waterafterirrigationthemanagementatMendota
hasinitiatedaprogramofconstructingperipher
alsurfaceditcheswithincells Sinceditching
hasprovenasuccessfulmosquitosourcereduction
methodinvarioussaltmarshesProvost1977we
endeavoredtodeterminetheimpactofperipheral
ditchingonstandingwatertimeandmosquito
productionatMendota

MATERIALS AND METHODSSix wetland
cellswereselected for study Acontinuous

peripheralditchadjacenttothecellbordersin
eachofthreebarnyardgrasscells45630ha
74ac13221ha52acand4519ha
47acwasconstructedbywildlifeareaper
sonnel withacustommadeditch plowdrawn
behindaVersatile800tractor TheditchFigure
1wasca35cmdeepand50cmacrossandthe
thrownsoilformedaleveeonthebordersideof
theditch Twobarnyardgrasscells45312ha
30acand1213ha32acandanalkali
bulrushcell27132ha79acwereleftnot
ditchedforcomparisonasacontrolgroup

Withineachcell6samplingstationswere
locatedatlowelevationsitestodeterminetherate
ofdisappearanceofwater Waterdepthwas
recordedateachsiteuntilsurfacewaterdrainage
wascomplete Tocorrectforelevationdiffer

encesbetweensitesthefinaldepthwassubtract
edfrompreviousmeasurementsforeachsite
Thesevalueswerecombinedinalinearregression
ofwaterdepthbytime foreachcell The

WILDLIFEAREA

FSMulliganIIIandCHSchaefer

UniversityofCalifornia
MosquitoControlResearchLaboratory

9240SouthRiverbendAvenue
ParlierCalifornia93648

ABSTRACT

resultantslopecmdaywascorrectedforevapo
rationusingdailyclassApanevaporationdata
forthespecifictimeinterval USDAMurrieta
Farmsweatherstationwithin4km25mi

Ineachcellthemosquitopopulationwas
sampledatthebeginningofthedrainingprocess
Numberandstageofimmatureswasrecordedfor
eachof50dipscell

RESULTS AND DISCUSSIONThe rateat

whichsurfacewaterdisappearedfromawetland
cellwasgreaterinthosecellsthathadperipheral
ditching Derivedregressionslopesadjustedfor
evaporationlossareshowninTable1alongwith
095confidencelimits Regressionswerehighly
significantP 001forallslopesasdetermined
bycorrelationcoefficients Theaveragewater
removalrateforditchedcellswas467cmday
avalue28xgreaterthantheaverageforthose
cellsnotditched 166cmday

Statisticalcomparisonofregression slopes
showed highly significant separation between

ditchedandcontrolgroups Slopeswithinthe
controlgroupdidnotdiffernordidthosewithin
theditchedgroupP 001 Waterremovalwas
significantlyincreasedinthosecellswhichwere
ditched

Althoughcalculationsaccountedfor water

lossthroughevaporationlossduetopercolation
couldnotbedetermined Soilfoundinthestudy
areaswastentativelyclassifiedbytheUSDASoil
ConservationServiceasfollows cells453
271456and45Tachiclay12Lillisclay
and132WestcampclayloamandLillisclay
Allofthesesoilclassesarecharacterizedbyvery
slowwaterpermeability Percolationinsuchsoils
isminimalandstandingwaterisprimarilylost
throughevaporationandsurfacewaterdraining
Therefore our calculated slopes correspond
primarilytothesurfacewaterdrainageratefor
eachcell

Waterstoodforsufficienttimeinallcellsto
produceadultAedesmelanimonDyarTable2
Theshortestintervalbetweentheonsetofflood
irrigationandcompletionofdrainagewas13days
456 Inallcasestherewasenoughtimefor

adultdevelopmentbetweenthesamplingdateand



Table1Surfacewaterdraining rates linear
regressionstatistics ofMendotawetlandcells

withandwithoutperipheralditching Values

adjustedforevaporationlossfromclassApan
data

095ConfidenceLimit

Slope Correlation

Cell cmday Lower Upper Coefficient

Notditched

453 1360 1524 1196 9823

271 1840 2511 1168 8517

12 1781 2138 1424 9375

Ditched

456 6071 6672 5469 9813

132 4495 5637 3354 8333

45 3438 4115 2761 9148

Table2EstimationfromdipsamplesofAedes
melanimonpopulationsinMendotawetlandcells
andtimeintervalsshowingdurationofstanding
water

NoImmaturesdip Timeintervaldays1Water 2
Depth

Cell Mean SD Stages AB BC SCcm

Notditchedcells

453 008 044 IVP 9 10 10 23

271 030 070 IIIIV 6 11 6 16

12 027 044 IV 5 9 8 19

Ditchedcells

456 010 030 IV 6 7 6 42

132 022 064 IIIVP 6 11 11 61

45 0 0 4 11 9 40

TimeintervalfromABinitiationoffloodingtocompletion
offloodingBCcompletionoffloodingtocompletionof
drainingandSCsamplingdatetocompletionofdraining

Waterdepthsubjecttodrainingdifferencebetweenfirstand
lastrecords

3Samplingwasterminatedbeforedrainingwascomplete

Figure1AMendotawetlandcellwithanewlyditchedperiphery Cattail

growthleftforegroundisenhancedbypoordrainage
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completedrainage Theminimumdurationwas6

days in cell s 271 and 456 Control

measuresaeriallarvicidingwereappliedtoall
cellsexcept45whichdidnotproducealarval
hatchand453

While peripheral ditching did notreduce

standingwaterdurationbelowthatnecessaryfor
adultdevelopmentthedepthtowhichthecells
werefloodedprolonged thedraining process

Ditchedcellswerefloodedtomuchgreaterdepths
thanwerethecontrolcells Thereasonforthis

disparityotherthanpossiblephysicalcharac
teristicsisnotknown Hadthecontrolcells
withtheirlowerfloodingdepthsdrainedatrates
similartoditchedcellsresultantdrainingtimes
wouldbereducedbyanaverageof65days

Inanearlierstudytheinfiltrationorper
colation of pasture water in eastern Fresno

Countywasdeterminedwithregardtotheneed
forimplementationofverticaldrainageMulligan
etal1979 Aninfiltrationratebelowanarbi

traryvalueof685cmwaterlossperdayinthe
absenceofsurfacedrainageindicatedthatin
creasedpercolationviaverticaldrainagewas
needed Surfacewaterdrainageratesofditched
fieldswerebelowthisvaluewhichindicatedthat
otherfactorsmustalsobemanipulatedtoreduce
standingwatertimesufficientlytoeffectmosquito

control Aprimefactoristheprolongedtime
neededtofloodpriortodraining Table2
Furtherthecellwiththegreatestdrainagerate
456hadbeenleveledpriortoditching Land

levelingmightincreasetheefficiencyofditching
Acombinationofwatermanagementproceduresis
neededditchingaloneisnotsufficienttocontrol
AmelanimonattheMendotawildlifearea
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STUDIESOFTHEDEVELOPMENTOFANINTEGRATEDMOSQUITOCONTROL

STRATEGYFORTHEFALLRIVERMILLSAREA
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AlbanyCalifornia94706

ABSTRACT
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MosquitoproblemsinthecommunitiesandoutlyingareasofFallRiverMillsandMcArthurinShasta
Countyarebeingstudiedtodetermineacomprehensiveapproachfortheirmanagement Lighttrapsand
larvalmonitoringstationswereoperatedfromearlyAprilthroughmidSeptemberandsetupadjacentto
residentialareasirrigatedpasturesandwildricefarms CulextarsalisandAnophelesfreeborniwere
thetwopredominantspeciescomingtolighttrapsandaccountedfor45and20ofthetotalmosquitoes
collectedrespectively LarvalsurveysindicatedthatwildricefieldswereamajorsourceforbothCx
tarsalisandAnfreeborni ThemajorspeciesfoundinirrigatedpastureswereAemelanimonCx
tarsalisandAevexanswhileseepageandrunofffromricefieldsproducedlargelyCxtarsalis Fish

populationsreleasedintofieldsincreaseddramaticallythroughthesummerandthiscorrelatedwellwitha
decreaseinCxtarsalislarvae

INTRODUCTIONMosquitoproblems in the

communitiesandoutlyingareasofFallRiverMills
andMcArthurinShastaCountyarebeingstudied
todetermineacomprehensiveapproachfortheir
management In this high mountain valley
elevation1000meters irrigatedpastureshave
typicallybeenamajorbreedingsourceforseveral
speciesofmosquitoesincludingAedesmelanimon
AenigromaculisAevexansandAedorsalis
In1982thecultivationofwildricewasinitiated
with80acresandthissubsequentlyexpanded
ratherquicklytoincludeover1000acresin1984
Becausewildriceisgrowninshallowwaterfor
severalmonthsduringthespringandsummerit
was anticipated that certain mosquito species
wouldexploitthisparticularhabitat Inlightof
thisamajoremphasisofthisstudywastoassess
thecontributionofwildricecultivationtothe

mosquito fauna of the area as well as to

investigatefeasiblemitigatingmeasures
Thecommercialproductionofvarietiesof

wildriceZizaniapalustrishaditsmodestbegin
ninginCaliforniain1977withtheharvestof
about300acres Sincethattimeacreagehas
expandedcontinuouslyincreasingtoabout2400
acresin1982followedbyapproximately6000acres
in1984 TheSutterYubabasincurrentlycon
tainsabout twothirds of this acreage while

Shasta Lassen Mendocinoand Lake Counties

accountfortheremainder WinchellandDahl
1984

Asmentionedabove priortotheintro
ductionofwildricetheprimarymosquitoprob
lemsintheFallRiverareaconsistedofflood

waterAedessppproducedwiththeirrigationof
pastures Assomeofthewildriceacreagehas

1Thisresearchwassupportedinpartby
SpecialFundsforMosquitoResearchinCalifornia

displacedsomeoftheseirrigatedpasturesitis
expectedthatAedesproductionmayhavedeclined
intheareaatleasttosomeextent

MATERIALS AND METHODSIn order to

assess theproductionand movementofmos

quitoeslighttrapsandlarvalmonitoringstations
wereoperatedfromearlyAprilthroughmidSep
tember Figure1showstheTighttraplocations
inthevalley Trap1wassetupinagolf
courseapproximately3milesfromthenearestrice
fieldwhiletraps2and5weresituatedwithin50
ydsofwildrice Trap5alsohadirrigated
pasturesrelativelynearby Traps3and4were
placedabout14milefrombothriceandirrigated
pasturesthelattertraplocatedneararecre
ationallodgeadjacenttolavarockformations

FALLRIVER
MILLS

Figure1LocationofNewJerseylighttrapsin
theFallRiverMillsareaShastaCountyCalif
1984 Elevation1000meters
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Inotherstudiestwowildricefarmswere
selectedtodeterminewhetherthemosquitofish
Gambusiaaffiniscouldbeusedeffectivelyinthis
habitattoreduceAnophelesandCulexpopu
lations OnefarmwaslocatednearPittvilleand
theotherfarmwasintheGlenburnarea Heavy
wiremeshandfinewindowscreeningwereplaced
aroundweirstopreventthefishfrommoving
betweenthetestandcontrolfields Twomoni
toring systemsadippingregimeandminnow
trapsweresetupineachfieldtoassessthe
fishandlarvalmosquitopopulationsthroughout
thericegrowingseason Amaximumof15fields
wereselectedforuseatthePittvillefarmwhile
6fieldswereselectedatGlenburn Seventyfive
dipsweretakenatonemeterintervalsalonga
transectatthelowendofeachfield Fields
rangedfrom1to3acresatthePittvillefarmsto
5to20acresattheGlenburnfarms Dipping
wasconductedatbiweeklyintervalsforatotalof
5timesfromJune7ththroughAugust3rd Two

tothree18inchmeshminnowtrapsweresetper
fieldon3occasionsfromthelastweekinJuneto
justbeforethefieldsweredrainedinmidAu
gust ThesiteatGlenburnwasdroppedfrom
ourstudiesinmidJulywhenthefieldswere
inadvertentlydrainedduetoarupturedirrigation
pipe

RESULTSANDDISCUSSIONCuextarsalis
andAnophelesfreeborniwerethetwopredominant

Table1SummaryofthemosquitoescollectedineachlighttrapintheFallRiverMillsareaShasta
CountyCalif1984

Trap Total

13 681

2 3996

3 8776

4 4125

5 10915

An

free

2malesandfemalescombined
3

totalofeachspeciestrap

Cx
tars

TOTAL 5754 12641
202 444

Ae

melon

5202
182

1
TrapssetApril23 September15andcollectedatweeklyintervals

speciescomingtolighttrapsandaccountedfor
about44and20ofthetotalmosquitoescollect
edrespectively Otherspeciescollectedwere
Aemelanimon18 Culisetainornata10 Ae
vexans3 andAedorsalis 1 Table1

Adultmosquitoeswereinitiallydetectedin
Mayandremainedinlownumbersthroughthe
thirdweekofJune Betweenthelastweekof

JuneandthefirstweekofJulyasharprisein
activitywasnotedamongtheprincipalspecies
PopulationspeakedaboutmidJulyanddeclined
thereafterwithmostmosquitoactivityatverylow
levelsbymidSeptemberFigs263

Theattraction ofAn freebornitolight
trapswasparticularlysharpandrelativelyhigh
inareasadjacenttoricefieldsFig2 Over

75ofallAnopheleswererecoveredovera5week
periodstartingthefirstweekinJulywitha
singlepeakofactivitynotedinmidJuly This

patternofAn freeborniactivitypresentsan
interestingcontrastwiththatrecordedinthe
centralvalley LighttrapdatafromGrayLodge
WildlifeRefugeinButteCountyhaveshownpeak
An freebornipopulationsbetweenlateAugust
andmidSeptember some5weekslaterthan
peakpopulationsseenatFallRiverMills Appar
entlythemorenortherlylatitudeandtheeleva
tionaldifferencesofover1000metersarethe
primaryreasons forthe relatively shortand
sharpactivityperiodofAnfreeborniintheFall

Ae

nigro
Ae
vex

Ae

dors
Cs

inorn

153 344 75 24 5 5 75
225 505 110 35 07 07 110

1784 1813 15 80 1 9 294
444 454 04 20 0 02 74

807 3238 2740 131 229 56 1575
92 369 312 15 26 06 180

1396 906 1178 370 78 29 168
338 220 285 90 19 07 41

1614 6340 1194 214 640 69 844
148 581 109 20 59 06 77

819 953

29 33

168 2956
06 104



Riverarea
BothmaleandfemaleAnfreebornioccurred

inTighttrapsnearricefieldsatthesametimein
mid lateJunewhichindicatesthatthesefields
werecolonized about 2 3 weeks earlier by
femaleswhichhadmovedoutoftheiroverwinter

ingsitestakenabloodmealandlaidtheireggs
toproducethefirstgenerationoftheyear An

overwinteringsitewasrecognizedneartheloca
tionoftrap4asindicatedbytherecoveryof
femaleAnfreeborniabout6weeksearlierthan

theirrecoveryfromtrapsimmediatelyadjacentto
wildrice Thelavarockformationsinthisarea

havedeepcracksandcrevicesthatcouldbeused
asanoverwinteringsitebymosquitoes

Table1summarizestheactualnumbersof

mosquitospeciescollectedateachofthelight
traps Cx tarsaliswascollectedinrelatively
largenumbersinlighttrapsnearwildricefields
Populationlevelsofthisspeciesremainedhigh
throughoutthesummerdroppingprecipitouslyin
midSeptemberFig2

Light traps stationed relatively close to

irrigatedpasturesshowedthehighestnumbersof
floodwaterAedesspp aswouldbeexpected
Table1Fig3 Traps1and4 situatedin

200

100

70

d30

is

20

80

10

Trap5

F

1
MaylJun Jul

malesfemalescombined

moreresidentialareasshowedvariableresults
Trap1situatedfarthestfromwildricefieldsand
irrigatedpastureshadthefewestnumbersof
mosquitoeswhereastrap3adjacenttowildrice
fieldsandirrigatedpastureshadhighnumbers
ofbothCxtarsalisandAemelanimonbutonly
moderatenumbersofAn freeborni Table2
Figs2 3 Trap4locatednexttotheLava
Creek Lodge showed moderate but prolonged
activityofAnfreeborniCxtarsalisandAe
melanimon Ae vexansaparticularlysevere
biterwasonlyrecoveredfromtwotrapsboth
fairlyclosetoirrigatedpastures Larvalsurveys
correlatedwellwithlighttrapdataandindicated
thatwildricefieldswereanimportantsourcefor
bothCxtarsalisandAnfreeborni Cxtar

salisappearedinlargenumbersinthesefieldsby
earlyJuneandAn freebornilarvaewerere

coveredstartinginlateJuneFig 2 The

majorspeciesfoundinirrigatedpastureswere
AemelanimonCx tarsalisandAe vexans

whileseepageandrunofffromricefieldspro
ducedlargelyCxtarsalis

Resultsoftheminnowtrapsindicatedthat
themosquitofishhaddispersedthroughoutthe
testandcontrolfieldsapparentlyduetofluctu

Figure2AnfreeborniandCxtarsalispopulationscollectedinlight
FallRiverMillsShastaCountyCalif 1984 Elevation1000meters

Trap2

FlatApril

KEY

Anfreeborn

Cxtarsalis
FFIELDSFLOODED

DFIELDSDRY

iaylJun Jul IAug Sept

59

trapsadjacenttowildricefields
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atingwaterlevelsbreachingthefairlylowlevees
The fish populations increased dramatically
throughthesummerFig4andthiscorrelated
wellwithadecreaseinCxtarsalislarvaeFig
5 Anfreebornilarvaewhichwereinrela
tivelylownumbersthroughouttheseasonin
creasedtoabout02larvaedipinmidJulybut
decreasedtolessthan01larvaedipbythefirst
weekinAugust Thedeclineinmosquitolarvae
particularlyCxtarsalisinallfieldsshowinga
correspondingincreaseinmosquitofishissug
gestiveofcontrol Howeverthepresenceoffish
inthecontrolfieldsprecludesfurtheranalysis

Largepopulationsofpredatoryinsectswere
collectedinboththeminnowtrapsanddipping
regimeTable2 Coleopteransodonatesand
notonectidswerethemostcommoninsectsfound

150

140
2

70Trap3
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7
adjtorice 70 Trap4

pastures

r
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malesfemalescombined

140j

60

50

40

30
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10
A

s

MaylJun

andtheirrelativeabundanceintheminnowtraps
andinthedippingsarerecordedinFigures4
and5

Studiesfortheforthcomingyearareplanned
toconfirmandquantifyinmoredetailthepro
ductionofmosquitoesinthevarioushabitatsthe
potentialfortheuseofmosquitofishinaninte
gratedcontrolprogramandtheroleofthelarge
populations of naturally occurring predatory
insectsinwildricefields

05mlfrom

ricepastures

140j
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60

50

40

30
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10
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date

notrapsset

nofields11
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36 22 11

1

Coleoptera

Notonecta

Odonata
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Figure4Resultsofminnowtrapssetinwildrice
fieldsinShastaCountyCalif1984 Elevation

1000meters
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Notonecta
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Cxtarsalis

Anfreeborni

1
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Figure5Aquaticinsectscollectedindippingsin
wildricefieldsinShastaCountyCalif 1984

Elevation1000meters75dipsfield
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Table2FishandAquaticInsectsCollectedinWildRiceFieldsShastaCountyCalif1984
Elevation1000meters

Ordersuborder
Family Species CommonName

Fish

Poeciliidae Gambusiaaffinis mosquitofish
Centrarchidae Lepomissp sunfish

Lepomiscyanellus greensunfish
Pomoxisannularis whitecrappie
Pomoxisnigromaculatus blackcrappie
Micropterusdolomieui smallmouthbass

Coleoptera
Hydrophilidae Tropisternusateralis waterscavenger

Tobscurus beetles

Hydrophilustriangularis
Berosussp
Enochrussp

Dytiscidae Dytiscusmarginicollis predaceouswater
Graphoderusoccidentalis beetles

Agabussp
Aciliussp
Hydroporussp

Amphizoidae Amphizoainsolens
Histeridae

Haliplidae

Hemiptera
Notonectidae Notonectakirbyi backswimmers

Nundulata

Nunifasciata
Nshooteri

Belostomatidae Belastomasp giantwaterbugs
Hebridae velvetwaterbugs
Corixidae waterboatmen
Saldidae shorebugs
Gerridae waterstriders

OdonataAnisoptera dragonflies
Libellulidae Pantalahymenaea
Aeshnidae Anaxjunius

OdonataZygoptera
Lestidae

Ephemeroptera
Baetidae

Diptera
Culicidae Anophelesfreeborni mosquitoes

Culextarsalis

1Collectedbystandarddipperand18inchmeshminnowtraps

Mostcommonspeciescollected

Caellibaetissp

damselflies

mayflies



THENAVYDVECCSROLEINCALIFORNIAVECTORCONTROL

TheUnitedStatesNavysfirstsubstantial
commitmenttovectorcontrolbeganduringWorld
War11whenitwasrealizedthatvectorborne
diseasessuchaslousebornetyphus malaria

yellowfeveranddenguewereoftendetermining
factorsintheoutcomeofcombat Forexample
insomePacifictheateractionsmalariacasualties

werefourtimeshigherthanconventionalbattle
casualties ToreduceNavyandMarineCorps
morbidityduetosuchvectorbornediseasesthe
NavyMedicalDepartmentbegananetworkof
preventivemedicineunits In1958theNavy
Disease Vector Ecology and Control Center

DVECCAlamedaCaliforniawascommissioned
as partofthat growing preventivemedicine
program

Thepurposeofthispaperistofamiliarize
the California vector control community with

DVECCsroleinvectorcontroloperationsand
how theseoperations impact upon Californias

programs
MostoftheNavalinstallationsinCalifornia

havecomplete pestmanagement plans within

whichMosquitoAbatementDistrictMADcon
tractsformosquitocontrolareanintegralpart
For manyyears MADs have provided expert
adviceandcontrolmeasurestotheseactivities
DVECCAlamedaalsoprovidestechnicalguidance
totheseCaliforniainstallationsaswellasthose

NavyinstallationsthroughoutthewesternUnited
StatesandthePacific DVECCistaskedwith

fourbasicprograms

1Operations providesituationspecific en

tomologicaladvicereviewshorestationpest
management plans and conduct technical

assistancevisits

2AppliedResearch testnewproductsthat
may increase theefficiencyofarthropod
controlprogramsinthemilitary

3Medical EntomologyInformation serveas

aninformationbankonarthropodvectored
diseases

4Training provide instruction on ship
boardshorestationandcontingencyar
thropod control as well as certification

training forall aspects ofmilitary pest
management

Ultimatelythesefourprogramssupportour
commitmenttocontingencyresponse Wemustbe

readytosendafullypreparedvectorcontrol
teamanywhereunderanyconditionsatshort
notice

Nonmilitarycontingencyoperationsinclude
diseasepreventionindisasterorrefugeerelief

StanRHustedandStevenSBalling

NavyDiseaseVectorEcologyandControlCenter
Bldg130NavalAirStation

AlamedaCalifornia945015039

63

situationsanddiseasesuppressioninoutbreaks
ForexampleasmembersofOperationNewLifein
1975wesentvectorcontrolteamstoGuamand
CampPendletontoassistVietnameserefugeesand
toguard against the importation ofdengue
RefugeeprogramsatCampPendletonwerealso
monitoredbyMADandStateHealthpersonnel

Ourmostrecentmilitaryoperationoccurred
in Lebanon Climatically and geographically
LebanonismuchlikeCalifornia Butthecon

flictrelatedbreakdownofsanitationandpublic
healthserviceshavegreatlyincreasedrodentand
filthflyproblems DVECCsentamedicalento

mologistandtwopreventivemedicinetechnicians
withtwotonsofvectorcontrolequipmentand
pesticidestoBeruitin1983toprovidevector
controlservicestotheMarineCorps

HistoricallyDVECChasassistedtheshore
installationsaswellasthefleetbyperforming
pestmanagementsurveysandprovidingtechnical
assistsinconcertwithadjacentMADs Addition

allyourconstantpreparationforcontingency
operationsforcesustoundertakeactivitiesthat
maybeoffurthervaluetotheCaliforniavector
controlcommunity Forexample

1Weconstantlyevaluatenewequipmentand
pesticides inconjunction withtheArmed
Forces PestManagement Board Through
bimonthlyMosquitoAbatementCouncilmeet
ingswiththeCoastalRegionMADsPublic
Healthandotherregionalmilitaryinstal
lationswecancompareourfindingswith
thoseofotheragencies

2Weroutinelygatheranddisseminateinforma
tionontheprevalenceandcontrolofdisease
vectorsthroughouttheUnitedStatesand
overseas Likeallpublichealthworkerswe
strivetoremaincurrentonthelatestin
diseaseincidencevectorsurveyandcontrol
methodsandresistanceproblems Weuse

the Defense Pest Management Information

AnalysisCentertoassistusincompiling
vectorborne disease updates for critical

regionsoftheworld Literaturereferences

onnewtechniquesandanalysisofvector
controlexperiencesarealsoreviewed

3Ourtrainingdepartmentinstructsover350
militaryandcivilianvectorcontrolpersonnel
eachyear Allcoursesaredesignedto
surpassEPAandStateofCaliforniastand
ardsforPesticideApplicatorcertificationin
public health and other categories We

strivetoproducepersonnelthataremore
thantechnicianstheyaretechnologistswho
areresponsibleforsurvey identification

controlandevaluation Certifiedpersonnel
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areexpectedtobeabletoindependently
confrontanyemergencysituationwithconfi
dence

Ineachoftheseprogramswehavebeen
stronglysupportedforyearsbylocalMADsand
StateHealthpersonnel Bywayofreciprocation
wehavesponsoredequipmentworkshopswiththe

MOSQUITOFISHGREENSUNFISHINTERACTIONSINEXPERIMENTALRICEFIELDS

EFFECTSONMOSQUITOABUNDANCE

LeonBlausteinandRichardKarban

UniversityofCalifornia
DepartmentofEntomology
DavisCalifornia95616

ABSTRACT

civiliancommunityandwearecurrentlyassisting
withtheContinuingEducationProgramforseveral
MADs TheNavyandthecivilianpublichealth
communityhavebothprofitedfromsuchcoopera
tion Wehopetocontinueinthatspiritadvanc
ingtheknowledgeofvectorcontrolforallcon
cerned

AnexperimentwasconductedtodeterminetheeffectofgreensunfishLepomiscyanellusonthe
populationsizeandhabitatutilizationofmosquitofishGambusiaaffinisandsubsequenteffectsonmos
quitoabundance TheadditionofLcyanellusresultedindecreasedabundanceandalteredhabitat
utilizationofmosquitofish Despitereducedmosquitofishpopulationstheadditionofgreensunfish
resultedinreducedAnophelesfreebornipopulations

Eightlarge500mriceplotsattheUCDavisRiceResearchFacilitywererandomlyassignedto2
treatments 1Gaffinisadultssexratio11aloneand2GaffinisadultsplusLcyanellusadults
810cmTL Onehundredfishofeachspecieswerestockedintheappropriateplots Aquaticfauna
weremonitoredthroughoutthecourseoftheseasonbyminnowtrapsandbydipping

Bytheendoftheseasongreensunfishreducedmosquitofishdensitybyapproximately50 L

cyanelluswerecollectedinmuchgreaternumbersinminnowtrapsatthebottomoftheborrowpitsthan
atthetopoftheborrowpitsorwithinthericestands Thisappearedtoinfluencethespatialdis
tributionofGaffinis Mosquitofishutilizedall3ofthesehabitatsintheabsenceofgreensunfishbut
initspresenceuseofthebottomoftheborrowpitdeclinedsignificantly

Culextarsalispopulationsweretoolowtoexaminefortreatmenteffects DespitereducedGaffinis
populationsAfreebornipopulationsweresignificantlylowerinthecombinedfishspeciestreatmentthan
inthetreatmentcontainingonlyGaffinis OurotherexperimentsseeBlausteinandWashino 1983

ProcCalifMosqandVectorControlAssoc5142BlausteinandKarban1984ProcCalifMosqand
VectorControlAssoc52120BlausteinandKarban1985 ProcCalifMosqandVectorControlAssoc
53inreviewhavedemonstratedthatLcyanellusbyitselfdoesnotreduceAfreebornipopulations
ThereforetheenhancedcontrolcausedbytheadditionofLcyanellustoGaffinisinthericeplotsis
mostlikelyduetoindirectinteractions TheshiftinhabitatutilizationofGaffinisinthepresenceof
Lcyanellusmaycausethemosquitofishtoforagemorewheremosquitoesarepresent Lcyanellusmay
alsoreducealternativepreyabundanceresultingingreaterpredationintensityofGaffinis onmos

quitoes



EFFECTSOFMOSQUITOFISHGREENSUNFISHVEGETATIONANDTHEIR

INTERACTIONSONMOSQUITOABUNDANCEINRICEFIELDENCLOSURES

LeonBlausteinandRichardKarban

UniversityofCalifornia
DepartmentofEntomology

DavisCalifornia95616

ABSTRACT
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StudiesevaluatingtheeffectsofmosquitofishGambusiaaffinisgreensunfishLepomiscyanellus
vegetationtypericevssouthernnaiadandtheirinteractionsonmosquitoabundancewerecontinued
seeBlausteinandWashino 1983 ProcCalifMosqandVectorControlAssoc5142Blausteinand
Karban 1984ab ProcCalifMosqandVectorControlAssoc52120BlausteinandKarban 1985

ProcCalifMosqandVectorControlAssoc53inreviewin1984 Ourresultsindicatethatthetwo

vegetationtypesdonotdifferwithrespecttotheamountofrefugeprovidedtomosquitoesagainstfishor
tomosquitofishagainstlargerconspecificsandgreensunfish Ourresultsalsoindicatethatunder

conditionswhereGaffinispopulationsareseverelydepressedbygreensunfishmosquitocontrolis
negativelyaffected

TheexperimentwasconductedattheUCDavisRiceFacilityinsheetaluminumrings075mforced
intothericesubstrate Fiftysixringswererandomlyassignedto7treatments Fourtreatmentscon

tainedrice 1nofish2Gaffinis3Lcyanellusand4bothfishspecies Threeadditional

treatmentscontainedonlysouthernnaiad 1nofish2Gaffinisand3bothfishspecies Gaffinis

ringsreceived1gravidfemaleatthebeginningoftheseasonandasecondgravidfemaletwoweeks
beforeterminationoftheexperiment Lcyanellusringsreceived2fish7585cmTLatthebeginning
oftheseasonfollowedbyathirdfishtwoweekspriortotheendoftheexperiment Faunaweremoni

toredthroughoutthecourseoftheseasonbyminnowtrapsandbydipping Attheendoftheexperi
mentfishwerecollectedbysweeping DataformosquitoesflatwormsMesostomaspandfishwere
analyzedbyanalysisofvariancerepeatedmeasuresdesign MeanswerecomparedusingDuncans
multiplerangetestp 005

Greensunfishdrasticallysuppressedmosquitofishabundanceinbothhabitats Thetwohabitatsalso

supportedsimilarnumbersofmosquitofish Significantdifferencesinflatwormabundancebetweenthetwo
habitatswerenotdemonstrated Flatwormsweredepressedinthesunfishtreatmentsandweredepressed
evenmoreinthemosquitofishtreatments TreatmenteffectsweresimilarforAnophelesfreeborniand
Culextarsalis Therewasnohabitateffectforeitherspeciesofmosquito Mosquitofishsuppressed
mosquitopopulationsequallywellinbothhabitats Mosquitopopulationswerenotsuppressedbelow
controllevelsinanyofthesunfishorsunfishmosquitofishtreatments Thuslargegreensunfishmay
reducetheefficiencyofmosquitofishtocontrolmosquitoesineitherriceorsouthernnaiadhabitats
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OPERATIONSWITHCOMMERCIALLYAVAILABLE

BACILLUSTHURINGIENSISSEROTYPEH14FORMULATIONS

INKERNCOUNTYCALIFORNIA

RussellBParman

INTRODUCTIONTheKernMosquitoAbate
ment Districtencompassesapproximately 1600
squaremilesofKernCountyinthesouthernSan
Joaquin Valley California Approximately 80

percentofallcontroloperationsaredirected
against the larvaeoffourmosquito species
CulextarsalisCoqCxquinquefasciatusSay
Aedes melanimon Dyar and Ae nigromaculis
Ludlow Cxtarsalisisofconcernbecauseof

itsroleastheprimaryvectorofwesternequine
andStLouisencephalomyelitisviruses

For more than two decades insecticide

resistancehasbeenamajorfactorinfluencingthe
choiceoflarvicidesWomeldorfetal1972and
inrecentyearshasencompassedallavailable
organophosphorusOPcompoundsandextended
tothesyntheticprethroidsaswellYoshimuraet
al 1983 Whilethecarbamatepropoxurhas
remainedaneffectiveadulticide larvalcontrol

hasemphasisedtheuseoflarvicideoil Since

1974GoldenBearGB1356larvicideoilWitco
ChemicalCompanyhasbeenthemajorcomponent
ofouroperationsbecauseofitseffectiveness
againstOPresistantlarvaeandpupaerelative
safetyandutilityasadiluentforothercom
pounds

ThemajordrawbacktousingGBhasbeen
itsexpensiveness at1984pricesGBcost17
times more per acre than parathion at the

standardaerialapplicationratesof3galand01
lbsAlacrerespectively Forthisreasoncom
mercial formulations of Bacillus thuringiensis
serotype H14 Bti were investigatedas an

alternativetoGB Btihasproventobean
effective larvicide against a wide variety of

mosquitospeciesunderbothlaboratoryGarcia
andDesRochers1979Ignoffoetal1981and
fieldconditions EldridgeandCallicrate 1982
Goetteletal1982StarkandMeisch1983 Its

safetytowardmostnontargetorganismshasbeen
welldocumentedMiuraetal1980Garciaetal
1981anditexhibitsnocrossresistancetoOP
insecticidesSunetal 1980 During 1984
eightcommericalBtiproductswereregisteredin
CaliforniarepresentedbywettablepowerWP

KernMosquitoAbatementDistrict
PostOfficeBox9428

BakersfieldCalifornia93389

ABSTRACT

Dipsamplestakenat11aerialapplicationsitestreatedwithBacillusthuringiensisserotypeH14
Btishowedthatthepresentlyavailablecommercialformulationswereeffectivemosquitolarvicideswhen
usedaccordingtolabeledinstructions Amongnontargetinsectspercentreductionsofchironomidlarvae
werehigherthanthoseofallothertaxabutwerelowerandmorevariablethanthoseoffourthinstar
mosquitolarvae Costsavingsof73pertreatedsourcewereachievedingroundoperationsusingBtiin
placeofGoldenBear1356larvicideoil

liquid concentrate LC granular and slow
releaseformulations Thepresentpaperevalu
atesBtiasanoperationaltoolandcomparesits
costwiththatofGBunderdifferentphasesof
districtoperations TheeffectofBtionnontar

getaquaticinsectsalsoinincludedwithparticu
larreferencetochironomidlarvaebecauseof

theirimportanceasfoodforoverwinteringwater
fowlinwildlifeareasEuliss1984

METHODSANDMATERIALSEvaluationsites

wereselectedfromflightrequestsheetsfiled
dailybyfieldoperators Preferencewasgivento
thosesiteshavinglowpupalnumbersandlowto
moderateorganicpollution Sitesrangedinsize
from5to360acreswithvaryingdegreesof
waterqualityandvegetativecover Mostsites

weresituatedinagriculturalareaswithstanding
waterwhichsupportedpopulationsofCxtarsalis
orCxquinquefasciatuslarvae

Prespraysamplesweretakenbetween0630
and0800hrsjustpriortoaerialapplications
postspraysamplesfollowedwithin1748hours
Ateachlocationfrom1to3samplesconsisting
of2050dipseachweretakenusinga400ml
dipper Eachdipwaspouredintoaconcentrator
Driggarsetal1978withameshsizeof03or
04mm Sampleswerefixedinthefieldwith95
ETOH

Organismswerecountedunderadissecting
scopeandidentifiedaccordingtoUsinger1956
Abundanttaxaweresubsampledin5or10ran
domlychosen1cmsectionsofa535cmcount
ingdishandtheirnumbersestimatedbasedon
totaldisharea Usuallynolessthantwodishes
wererequiredtocontainasample

Preandpostspraysamplemeanswerecom
paredusingWilcoxonstwosampletestSokaland
Rohlf1969 Percentreductiondataweresub

jectedtoarcsinetransformationandcomparedby
ttest Proportionsofnontargettaxainpreand
postspraysampleswerecomparedusingchisquare
againstanullhypothesisofequaldistributionof
numbersinpreandpostspraysamples

Costevaluationswerebasedon1984prices
AmountsofBtiusedingroundoperationswere



estimatedfromaveragetankmixratesofliquid
concentrateformulationsandtotalvolumeoutput
ofsprayequipment Amountsused inaerial

treatments were estimated based on average

applicationratesfortheseason
AerialapplicationsweremadeusinganAyres

ThrushCommander Sprayvolumevariedfrom3
to8galacredependinguponvegetativecover
and acreage The commercial products used

were TeknarSandozInc Bactimosflowable

concentrate corncob granules and wettable

powder Biochem Products VectobacAqueous
Suspension and VectobacG corncob granules
AbbottLaboratories LCandWPformulations

werepremixedinan800gallonmechanicalagita
tiontankbeforeaircraftloading Allproducts
wereapplied according to labeled rates and

instructions

RESULTSDuring198436prespraysamples
weretaken18ofwhichweresuitableforpost

Table1Descriptionandresultsof13Btiaerialapplications

MeanNodip1p

Flight Product RateAcStagesPren Postn Red

640 BactWP 10oz 1p 1630

8330

4930

6151 6oz 14 2748

5904 8oz 1p 1834

1699 12oz 14 6050

5506 8oz 1p 12945

6124 Teknar 15pts 14 8330

2230

941 2pts 1p 2020

7020

6119 BactGran75lbs 13 1330

8027

1883 8lbs 1p 17030

2015 5lbs 1p 4825

1881 VectGran 10lbs 1p 2345

2528 4928

4641 6221

n

i

n

n

n n
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sprayevaluation Theserepresented13flight
requestsat11differentlocationsfortotalsof
573and591dipsinpreandpostspraysamples
respectively Asummaryoftheresultsispre
sentedinTable1

Average numbers of mosquito immatures

collectedarepresentedinFigure1 Exceptfor
pupae mean numbersdipofall stages were

significantlygreaterinprespraythaninpost
spraysamplesU 2725p001n 1818
Overallpercentreductionswere818984and
71forinstarsonethroughfourrespectively
Totalpercentreductionsforallstagesincluding
pupaerangedfrom22to100percentandas
expectedshowedasignificantnegativecorrelation
withtheproportionofpupaeinprespraysamples
Spearmansrankcorrelationrs 633O1p
00116df

Averagenumbersofnontargetinsectsare
showninFigure2 Wilcoxonstestsrevealedno

Situation

0330 98 Riceshortvarietymoderatecover

3030 64 Riceshortvarietyheavyweeds

5730 88 Riceshortvarietymoderatecover

048 100 BarleyTightcover

1434 22 Sugarbeetsplantsdecaying

0248 97 Floodedgrassmoderatecover

1446 89 AlfalfaTightcover

030 100 Ricelightcoveroilrefinerywater

3330 85 Ricelightcoveroilrefinerywater

1020 50 Floodwaterheavycover

0520 93 Floodwaterlightcover

3030 77 Ricelightcoveroilrefinerywater

4127 49 Ricelightcoveroilrefinerywater

4928 71 Cottonlightcover

2425 50 Tallgrassheavycover

2945 87 Cottonlightcover

2730 94 Cottonmoderatecover

0540 99 Cottonheavycover
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Figure1Meannumbersofmosquitolarvaeand
pupae collected per dip in 18 pre and 18

postspraysamplesfrom11locationstreatedwith
BtiH14during1984
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Figure 2Mean numbers ofnontarget insects

collectedperdipin18preand18postspray
samplesfrom11locationstreatedwithBtiH14
during 1984 Samplesizesareas shown in

Figure1

GB1356

B3H14

CombinedUse

Acres Valves Spots Acresair

UNITS

Figure3EstimatedmaterialcostsofGB1356Bti
H14 and combined useforground Acres
Valves and Spots and aerial larviciding
operationsduring1984

significant differences in pre and postspray
abundanceforanyofthetaxa Howeverarcsine
transformedpercentreductionsaveragedsignifi
cantlyhigherforchironomidlarvaethanforall
othernontargetinsectst 209502p0531
dfandchisquarerevealedahighlysignificant
reductionfromprespraynumberschisquare
21829p0011df Combinedproportionsof
mayfliesephydridsandceratopogonidsinpost
spraysamplesincreasedsignificantlyoverpre
spraysamples chisquare 9651p001 1

df Chironomidpercentreductionsweresignifi
cantlylowerthanthoseforfourthinstarmosquito
larvaet 22502p0527dfandwere
muchmorevariableamongsamplesCoefficientof
variation chironomid 87 mosquito 27

Costcomparison Urban 1575urbanlo
cationsweretreatedin1984usingGBorBti
Thecombinedcostofbothcontrolagentswas
423perlocation13lowerthanthe1983cost
ofGB Nocomparisonswereobtainedforcurbing
operationsstormdrainsandcatchbasinsbe
cause of earlyseason control failures which

occurredwhileusingBtiLCattankmixratesof
2pints10gallons

Rural9975acres115166irrigationvalves
and1630smallspots oneacreweretreatedin
1984 UseofBtiLCat15to2pintsacre
eg tankmixes of 68 fI oz LC2gal
handcanor152pints10galinvehiclemounted
sprayersresultedinanoverallcostreductionof
73persourcecomparedtoGB Averagetreat
mentcostsforthesesourcesarepresentedin
Figure3 CombinedoperationaluseofGBorBti
resultedincostreductionsof4358and22
percentforacresvalvesandspotsrespectively
oranoverallsavingsof42overtheexclusive
useofGB

Aerial applications Ofthe 23975 acres

treatedforlarvaein1984approximately30were



treatedwiththehigherratesofBtiproductsat
anaveragecostof629peracre Totalmaterial

costaveraged471peracrein1984anincrease
of32over1983costs Roughlyhalfofthis
increaseresultedfromusingBtiproductsathigh
labeledratesinplaceofGBtheremainderwas
duetoasubstantialdecreaseintheuseofinex

pensiveOPcompounds
DISCUSSIONThepresentresultsconformed

welltopreviousstudies Mosquitomortalities
averagedgreaterthan80forinstars1through
3withreducedmortalityinfourthinstarand
pupae Theslightlyreducedmortalityofinstar1
wasattributed torecruitmentfromegghatch
sincesomepostspraysamplesweretakentwodays
aftertreatment

Mortalitywasnotrecordedfornontarget
insects except chironomid larvae Previous

researchhaddemonstratedgenerallylowersus
ceptibilitiesforthisgroupthanformosquitoes
Alietal1981withresponsesvaryingamong
habitatsandspeciesMiuraetal1980Garciaet
al 1980 1981 MulliganandSchaefer 1981
These studies have indicated thatchironomid

larvalpopulationsquicklyreboundedafterBti
applicationssoitwouldseemunlikelythatlate
seasonOctobertreatmentswouldsignificantly
reducethewinterfoodsuppliesforoverwintering
waterfowlinwildlifeareas Furtherresearchis

neededtoelucidatethelateseasonpopulation
trendsofimportantchironomidspecies

Predatiousinsectsgenerallyarerecognized
asvaluableintheregulationoflarvalmosquito
populationsSchaeferetal1981butatpresent
offeronlyasupplementtomoreconventional
meansofcontrol Duringthepresentstudy
analysisof35prespraysamplesdatanotpre
sentedrevealedaweakbutsignificantlypositive
correlationbetweenpredatorandmosquitoabun
danceamongsamplesrs 353p0533df
suggestingthatcertainhabitatsorsubhabitats
wereattractive tobothgroups Conversely
samplesfromone ricefield showeda highly
significantnegativecorrelationbetweennumbers
oflateinstardamselflynaiadsEnallagmasp
andmosquitolarvaers 964p0015df
Btiallowsmaximumexploitationoftheaquatic
insectcommunitywhileprovidingthedegreeof
immediatecontrolexpectedfromchemicalapplica
tions

Theoperationalsafetyandefficiencyofthe
commercialproductscannotbeoverstated Our

operatorsandforemengreatlypreferredtheuse
ofliquidBtiformulationsoverGBbecausethey
weremuchcleanertoworkwith Inpracticethe
concentratesweredispenseddailyintowidemouth
500mlnalgenebottlesanddistributedtoopera
tors ForaerialapplicationstheWPformulation
waspreferredbecauseofitseaseofhandlingand
loading Approximately59acrescouldbetreated
atthemaximumlabeledrate12ozacreusing
one44Ibbagthesameacreagewouldrequire
almostthree5galloncontainersofliquidconcen
trateat2pintsacreweighingatotalofap
proximately118lbs Ourlimitedexperiencewith
thegranularproductsindicatedgoodtoexcellent
controlinheavilyvegetatedhabitatsbuttheir

costwasconsideredexorbitantforroutinecontrol

operations Weachievedsomeexcellentresults

withLCratesaslowas1pintacreandWPrates
aslowas6ozacrebutoverallresultswere
morevariablethanwiththehigherrates More

judiciousselectionofapplicationsitesshouldlead
togreatersuccess atthelowerratesandreduce
thecostbelowthatofGB

Thesubstantialcostsavingsachievedusing
thecommercialBtiproductsingroundapplications
hasestablishedthemasapermanentpartofour
operations Futureworkwillincludeinvestigation
ofthecontrolfailuresincurbingoperations

ACKNOWLEGMENTSIwishtothankDrW
KReisenforhisreviewofthemanuscriptand
thestaffoftheKernMosquitoAbatementDistrict
fortheirassistanceduringthisstudy
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INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA STATUSOF

ORGANOPHOSPHORUSRESISTANCEINLARVALCULEXTARSALISTHROUGH1984

WITHNOTESONRESTORATIONOFSURVEILLANCEPROGRAM

MalcolmAThompson

INTRODUCTIONTheResistanceSurveillance

Programhasasitsmissiontheprovisionofcer
tainservicestolocalmosquitocontrolagencies
Theyinclude 1conductingastatewidemosquito
insecticideresistancesurveillanceprogramcur
rentlyemphasizingspecieswhichvectorencephal
itisandmalaria2demonstratingtherelation
shipbetweenlaboratoryanalysesandfieldeffica
cyofinsecticidesusedbycontrolagencies3
providing analyses and interpretation of test

dataand4providingtrainingonthetechniques
oflaboratoryandfielddeterminationofinsecticide
resistance

Duetobudgetarycutsresistancesurveil
lancewasdroppedbytheVectorBiologyand
ControlBranchin1979 Thefunctionhasbeen

restoredatleastinpartwithonepersonas
signedtoprovideservicestatewide

Thepurposeofthisreportistoupdatethe
recordwithresistancelevelsdeterminedduring
1984and requestthecontinued supportand

CaliforniaDepartmentofHealthServices
VectorBiologyandControlBranch

744PStreetSacramentoCalifornia95814

Table1Highestlaboratorydemonstratedlevelsoforganophosphorusresistanceinppmandre
sistancestatuslofCulextarsalislarvalpopulationsrecordedthrough1978comparedtothoserecorded
in1984

AGENCY

BurneyBasin

Shasta

TehamaCo

ButteCo

Kings

Northwest

Coachella 1984

Valley 1972

San 1984 04419
BernardinoCo1983 0010047

Riverside 1984

County 1972

MALATHION PARATHION

YearLC50LC90 Status Year LC50LC90

1984 00250069 S 1984 0002500082
1974 00150034 S

1984 0049024 1 1984 000210003
1967 008710 1 1977 0002400036

1984 0058053 1 1984 0004200096
1968 0053052 1 1964 0003100058

1984 1984 000070007
1966 010075 R 1972 000450011

1984 1984 00120043
1972 07564 0054016

1984 027050
1971 00160029

00110028
0073014

1984 00180058
0097058 I 1972 000540014

1S SusceptibleI IntermediateR Resistant

2Zborayetal1979
3Localmosquitocontrolagencydata1984
4Unpublisheddata1972and1983

R 1972

R 1984 0044016
S 1971 0001600025

R 1984

S 1970 00160042

R 1984 0056011
S

assistanceofcontrolagenciestoaccomplishpro
gramobjectives

METHODSANDMATERIALSBioassayswere
performedaccordingtothemethodologydescribed
by Gillies and Womeldorf 1968 Data were

evaluatedbygraphicandprobitanalysistoobtain
estimatesofLCandLC Testswerecon
sideredinvalidiftherewerefewerthanthree

datapointslackofmortalityaboveorbelow50
greaterthan10mixedspeciesorpupationand
statisticallysignificantheterogeneityofthedata
points

RESULTSTable1liststhehighestlaboratory
demonstrated levels oforganophosphorus OP
resistanceperagencyandresistancestatusof
larvalCulextarsalispopulationsrecordedthrough
1978ZborayandGutierrez1979 Thehighest
levelsobtainedduringsurveillanceactivitiesin
1984arelistedseparatelyforcomparison Higher
levelswerereportedforfiveoftheagencies
listed Statuswasdeterminedbythecriteria

StatusYearLC50LC90

FENTHION CHLORPYRIFOS

StatusYearLC50LC90 Status

S 19840003800092 S 1984 0001400046 S

19740002600042 S

S 1984000960032 R 1984 000130004 S
S 197700130032 R 1977 000280014 R

I 1984000360012 1 1984

S 1971000560011 R 1972 00005300008 S

S 1984 1984 0000I600016 S
1 1971000790022 R 1968 000028000042S

R 198400140037 R 1984

R 1972004010 R 1972 00270077 R

R 19840084021 R 1984 011025 R

S 19710002600038 S 1971 000024000054S

1984

R 1972000860039

R 1984

R 1984 1984

R 1972000580017 R

1984 000520015 R

R 1971 0026011 R

1984

1983 000930039 R

71
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Table2Correlationofresistancestatustothe

expectedeffectuponmosquitocontroloperations
andcriteriaforstatusdeterminationinorderof
progression inthedevelopmentofresistance
basedonthefailurethresholddoseTD

Ratio LC90LC50

Susceptible Anticipategoodcontrol

1

LCTD

LC9052xTD

Ratio or

Resistant Anticipate

4

LC TD

LC902xTD

Ratio200

2

LC TD

LC90 2xTD

200 Ratio 200

Intermediate Anticipateerraticcontroliffield
conditionsarelessthanoptimal

3

LCTD

LC902xTD

Ratio200

controlfailures

5

LCTD

1 Gilliesetal1968
2 Brownetal1963Womeldorfetal1966

providedinTable2
Table1doesnotnecessarilyidentifythemost

resistantpopulationthatmayoccurinanagency
Howeverconsideringthehigherlevelsthisisa
possibility Italsodoesnotillustratethechange
inthelevelofapopulationfromoneyearto
another Onthecontrarythevalueslistedin
thetablereflectthehighestlevelscollectedfrom
randomlyselectedpopulationsthathappenedtobe
attheproperlarvalstagewhensamplingoccurred
attheagency

ThedatainTable1arelimitedtothose
agenciesatwhich Cx tarsalis samples were

tested Levelsreportedthrough1978forthose
agenciesnotlistedcanbeobtainedbyreferring
toZborayandGutierrez1979

Table2providesthecorrelationofresistance
statustotheexpectedeffectuponcontrolop
erationsinthefield Italsoprovidesthecriteria
necessarytodetermineresistancestatus These

standardsarebaseduponthefailurethreshold

conceptBrownetal 1963 Womeldorfetal

1966whichusestheLCasaguidetopredict
ingtheresponseofaparticularmosquitopopu
lationtocontroloperations

DISCUSSIONDuring 1984an attempt was

madetotestasmanypopulationsaspossible
statewide Limitedtimewasavailablethough
sincetestingdidnotbeginuntilmidJuly The

biggestproblemwaslocatingCxtarsalispopu
lationsinlargeenoughlarvalnumbersfortest
ing Theyoftenoccurdispersedinlowden
sitiesormixedwithotherspecies TheSan

JoaquinValleywasparticularlytroublesomeinall
theseaspects

Althoughtestingdiseasevectorpopulationsis
thepresentpriorityofourprogrammanybio
assayswereperformedduring1984onpopulations
ofothermosquitospecies Todosowasacom
monrequestoftheagenciesthatwerevisited It

isimportanttonotethatprovidingresistance
informationonthosepestpopulationsthatan
agencyisconcernedaboutwillbeofincreasing
priority Currentlyitisimportanttogatheras
muchinformationasnecessaryonthestatusof
diseasevectorpopulationsstatewidetodetermine
theproblemsthatmightbeincurredwiththeuse
ofOPinsecticidestoavertthespreadofadis
easeoutbreak Testingwillcontinueuntilenough
dataarecollectedtoreasonablyassessthecom
posite response ofvector populations ofthe
State Theinformationlearnedthroughsurveil
lancewillbepertinenttoselectingtheinsecti
cidestobeusedunderemergencyconditions

SubstantialamountsofOPinsecticidesare
usedeachyearinCaliforniatocontrollarvaland
adult mosquito populations As a matter of

integratedpestmanagementpolicy insecticides

shouldbeusedselectivelyandinamannerto
minimizethedevelopmentofresistance Where

appropriateOPinsecticideswillprobablycontinue
tobevaluableinmosquitocontrol

Anobjective for 1985 istoincreasethe
knowledgeofresistanceinCx tarsalispopu
lationsthroughouttheState Toaccomplishthis
objectiveagencyassistanceandinputareessen
tial Cxtarsalispopulationsneedtobetested
frommoreareasoftheStateandagreater
numberofpopulationsperareaneedtobetested
Participatingagenciesareaskedtosearchoutand
locategoodCx tarsalissourcesandmonitor
thembeforehand Thisincreasesthenumberof

bioassaysthatcanbeundertakenduringthetime
spentatanagency Asmuchaspossiblepopu
lationspreviouslytestedwillberetestedannual
ly

ACKNOWLEDGMENTIwouldliketoextend
mygratitudetoagencymanagersforproviding
ourprogramwithassistanceoftheirtimeand
personnel Iamgratefultothetechnicalstaffof
thoseagencieswhosuppliedthedatanotedinthe
table
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LABORATORYANDOUTDOOREVALUATIONSOFNEWFORMULATIONS

AGAINSTLABORATORYREAREDMOSQUITOESDIPTERA CULICIDAE

ArshadAliandJaiKNayar

ThreegranularGandoneflowableconcentrateFCnewformulationsofBacillusthuringiensis
serovarisraelensisBtiweretestedaslarvicidesoflaboratoryrearedmosquitoes Instandard

laboratorybioassayswiththeFCABG6145containing600AedesaegyptiAAInternationalToxicUnits
ITUmgCulexsalinariuswasthemostsusceptibleLC 011ppmfollowedbyCxquinquefasciatus
CxnigripalpusAedestaeniorhynchusAeaegyptiandWyeomyiamitchelliiLC 093ppm Each

oftheGformulationsABG6140ABG6138andABG6141containing100200and300AAITUmg
respectivelyappliedat5kghaagainstAe taeniorhynchusandCxquinquefasciatusmaintainedin
outdoorconcretetanksgave69100controlofthetwospecies Inlaboratorytestsconductedinlaundry
tubsABG61406138and6141appliedat5025and167kgharespectivelygavesimilarlevelsof
control65and70 ofCxnigripalpuswithABG6140andABG6138butABG6141showedsuperior
activityagainstCxnigripalpus InthetubstheGformulationswerehighlyeffectiveagainstAe
aegyptiatlowapplicationratesof084kghaABG6141125kghaABG6138and25kgha
ABG6140 ThesenewformulationsofBtiareadditionalusefultoolsforthebiologicalcontrolof
AedesandCulexspeciesofmosquitoes

INTRODUCTIONNumerous laboratory and
fieldstudieshavebeenconductedontheuseof

themicrobialagentBacillusthuringiensissero
varisraelensisBti showingitslarvicidal
activityagainstatleast70speciesinmorethan
eightgeneraofmosquitoesdistributedworldwide
Anonymous1982 SpeciesofAnophelesand
Wyeomyiagenerallyarethetwogenerainwhich
theefficacyofBtiisinquestionAlietal
1984Mullaetal1980 Duetotheremarkable
activityofBtiagainstmosquitoesandsome
otheraquatic pest and vector insects some

commercialproducershavedevelopedthebiocide
indifferentformulationsofvariouspotencies
Theexperimentalandcommercialformulationsof
Btiproducedsince1977haveprimarilybeen
wettablepowdersWPandflowableconcentrates
FC Howevertomeetsomespecificneedsa
broaddiversificationofformulationsespecially
granularhasbeenattemptedinthepasttwo
yearstorealizefullpotentialof8t1 At

presentseveralnewWPFCanddifferentsized
granules G pellets briquettes and other

formulationswithsloworsustainedreleaseprop
ertiesareavailablefortesting

Theobjectiveofthisstudywastoevaluate
theefficacyofthreerecentlydevelopedGand

1Florida Agricultural Experiment Stations
JournalSeriesNo6435

2UniversityofFloridaIFASCentralFlorida
ResearchandEducationCenterPOBox909
SanfordFlorida32771

3UniversityofFloridaIFASFloridaMedical
EntomologyLaboratory2009thStreetSE
VeroBeachFlorida32962

OFBACILLUSTHURINGIENSISSEROVARISRAELENSIS

ABSTRACT

oneFCformulationsofBtiagainstmosquito
larvae TheFCwastestedinstandardbioassay
cupsinthelaboratorywhiletheGformulations
wereevaluatedagainstlaboratoryrearedlarvae
introducedintoconcretetanksmaintainedout
doorsandintolaundrytubsmaintainedinthe
laboratory

MATERIALSANDMETHODSTestFormula
tions TheGandFCBtiformulationswere
manufactured by Abbott Laboratories North
Chicago Illinois The G formulations were

ABG6140lotno50002BRABG6138orVecto
bacGlotno51004BRandABG6141lotno
50003BRandreportedlycontained100200
and 300 International Toxic Units ITUmg
againstAedesaegyptirespectively TheFCwas
ABG6145 or VectobacAS lotno 63010BA
containing600ITUmgagainstAeaegypti

Laboratory Bioassays For bioassays a

mixtureoflate3rdandearly4thinstarsofAedes
aegyptiAetaeniorhynchusCulexnigripalpus
CxquinquefasciatusCxsalinariusandWyeo
myiamitchelliiwereused Thesespecieswere
maintained at the Florida Medical Entomology
LaboratoryatVeroBeachFlorida Theproce
duresofbioassaysweregenerallythesameas
describedbyMullaetal1982 Twentylarvae
wereplacedina120m1disposablecupcontaining
100mloftapwaterpH74 Distilledwater

pH69wasusedforrearingWy mitchellii

becauseofthepossibilityofitslarvalmortalityin
tapwaterNayar1982 TheFCABG6145was
suspendedindistilledwaterbyusingacommer
cialblenderfor1to2mintomakea1stock
suspensionwtvol Thesuspensionwasserially
dilutedbyusingmagneticstirrersformaking56
different concentrations each of which was

appliedto3replicatescupsinatest Three
untreatedcupsweremaintainedascontrolineach
test EachspecieswasexposedtotheFConat



leastthreedifferentoccasionswhenthestock

suspension and serial dilutions were freshly
prepared Aftera24hexposureperiodina
controlledenvironmentroom 14hphotoperiod
and27 2Clarvalmortalitywasrecorded The

correctedmortalityagainstcontrolsofaspecies
at different concentrations of ABG6145 was

subjectedtologprobitregressionanalysis
OutdoorConcreteTanks TheGformu

lationsABG61406138and6141wereevalu
ated on equal wt basisagainst Ae taeni

orhynchus and against Cx quinquefasciatus
maintainedin225X075mconcretetanksplaced
outdoorsinJulyAugust1983 Eachtankwas

filledto15cmwithtapwater Twelvetanks

wereutilizedforeachspecies Eachformulation

wasappliedat5kghatothreeseparatetanks
thususingninetanksfortreatmentsofeach
specieswhilethreetanksweremaintainedas
controls Approximately20002500firstinstarsof
eachlaboratorymaintainedspecieswereintro
ducedandallowedtodeveloptolate3rdand
early4thinstarsatwhichtimethetankswere
randomlytreatedbyapplyingtherequireddosage
ofaformulationtothewatersurface Twograms
offoodamixtureof60hogliverand40yeast
wereaddedtoeachtankeveryotherday A400

mldipperwasusedtocollect5larvalsamples
onefromeachcornerandonefromthemiddleof
eachtank Thesesamplesweretakenimmediately
priortotreatmentandat1and2dayspost
treatment Thelivingordeadlarvaein each

samplewerecountedandthelivinglarvaewere
returnedtotherespectivetanks Measurements

ofambientwatertemperatureinonetankwere
takenbyaremoterecordingthermographwater
pHineachtankwasalsomeasured

Table1Susceptibilityoflaboratoryrearedlate3rdandearly4th
instar mosquito larvae to a flowable formulation ABG6145 or

VectobacAS ofBacillus thuringiensis serovar israelensis in the

laboratory1984

Aedes

Aedes

Culex

Culex

Culex

Species

aegypti

taeniorhynchus

nigripalpus

quinquefasciatus

salinarius

Wyeomyiamitchellii

LC CL Slope

032

028

021

019

011

093

Indoor Laundry Tubs During thecool

weather in JanuaryApril 1984 the three G

formulations wereevaluated on equal potency
basisienoofITUmgagainstlate3rdand
early4thinstarsofAe aegypti Ae taeni

orhynchusCxnigripalpusandCxquinque
fasciatus Thesetestsweremadein12laundry
tubsmaintainedinthelaboratory Eachtub05

X05mcontained15cmdeeptapwater To

eachtubca 5001000firstinstarlaboratory
maintained larvae were introduced and were

providedwith05goffoodeveryotherdayuntil
developmentto3rdand4thinstars Thetubs

wereutilizedtoexposeto8t1larvaeofone
speciesatatime AgainstAeaegyptiABG
61406138and6141wereappliedat25125
and084kgharespectivelywhileAe taeni

orhynchusCxnigripalpusandCxquinque
fasciatuseachreceived5025and167kgha
of ABG6140 6138 and 6141 respectively
Againsteachspecieseachformulationwasap
pliedtothreereplicatedtubswhilethreecontrol
tubswereleftuntreated Thetubswerethor

oughlycleanedattheterminationofeachtest
Thepre andposttreatmentlarvalsamplingpro
ceduresandthesamplingfrequencyforeachtest
wasthesameasadoptedforthestudyincon
cretetanks A14hrphotoperiodand27 2C

weremaintainedinthelaboratoryduringeach
test Thepercentagereductionsoflarvaedueto
treatmentsineachtestwerecalculatedaccording
totheformulagiveninMullaetal1971and
theresultingdatawerestatisticallyanalyzedby
AnalysisofVarianceandDuncansMultipleRange
Test

RESULTSANDDISCUSSIONTheLClevels
ofthe species bioassayed indicated thatCx

24hlethalconcentrationppm

025 039

025 031

019 023

017 021

009 012

083 104

340

379

399

342

359

337

MaintainedattheFloridaMedicalEntomologyLaboratoryatVeroBeach
Florida

295confidencelimits
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salinariuswasthemostsusceptibleLC 011

ppmtoABG6145 followedbyCx quinque
fasciatus LC 019ppmCx nigripalpus
LC 021ppmAetaeniorhynchusLC50
028ppmandthenAeaegyptiLC 032

ppm TheLC50valueofWymitchelliiwas38X
higherthan thetwoAedes and threeCulex

speciesTable1
AmongtheGformulationsappliedonequal

wtbasisat5kghaagainstAetaeniorhynchus
and Cx quinquefasciatus in concrete tanks
ABG6140containing100ITUmgwastheleast
effectiveandgaveamaximumof84and69
controlofAetaeniorhynchusandCxquinque
fasciatusrespectivelyafter2daysoftreatment
Table2 ABG6138containing200ITUmg
wasequallyeffectiveagainstthetwospecies
causing 95mortalityofeach species while

ABG6141containing300ITUmggavecomplete
controlofthesespeciesinthetanks Thusas

Formulation

ABG6140100ITUmg

ABG6138200ITUmg

ABG6141300ITUmg

Control

ABG6140100ITUmg

ABG6138200ITUmg

ABG6141300ITUmg

Control

2400mlwater

428

393

503

560

513

795

968

483

shouldbeexpectedtheformulationofhighest
potencyofBtiABG6141resultedinhighest
levelofcontrolofAetaeniorhynchusandCx
quinquefasciatusalthoughthe reductionsof

eachspeciesaffectedbyABC6138and6141after
2daysoftreatmentdidnotdifferstatistically
Table2

TheGformulationsappliedonequalpotency
basisatratesof5025and167kghaof
ABC6140 6138and6141 respectively gave

similarlevelsofcontrolofCxnigripalpus65
and70 withABG6140andABG6138after2

daysoftreatment ABG6141howevershowed
superioractivityagainstCxnigripalpuscausing
91larvalmortalityofthisspeciesTable3
ThethreeformulationsappliedagainstCxquin
quefasciatusatthesameratesofITUmgasused
forCxnigripalpusgave6069controlofCx
quinquefasciatusTable3and8391controlof
Ae taeniorhynchusafter2daysoftreatment

Table2Evaluationofthreegranularformulationsofdifferentpotenciesof
Bacillusthuringiensisserovarisraelensisappliedatthesamerate5
kghaagainst3rdand4thinstarsofAedestaeniorhynchusandCulex
quinquefasciatusrearedoutdoorsinconcretetanksJuly August1983

Meannolarvaedip pre andposttreatmentdays
Pretreatment 1 2

Aedestaeniorhynchus

125

675 a

18

949b

00

100 b

503

Culexquinquefasciatus

190

463a

95

827b

00

100 c

333

58

841a

03

991b

00

100 b

478

108

692a

23

958b

00

100 b

330

Eachtank225X075 mwatertemperaturerangedfrom2232CwaterpH
89 93betweentanks

3Mean reductioninparentheses Meansinacolumnundereachspecies
followedbythesameletterarenotsignificantlydifferentfromeach
otheratthe5levelofprobabilityDMRT



Table3EvaluationofthreegranularformulationsofdifferentpotenciesofBacillus
thuringiensisserovarisraelensisappliedonequalpotencybasis ie no of

ITUmgagainst3rdand4thinstarsofCulexnigripalpusandCulexquinquefasciatus
rearedinlaundrytubsinthelaboratoryJanuary March1984

Formulations

ABG6140

ABG6138

ABG6141

ABG6140

ABG6138

ABG6141

Rate

kgha

50

25

167

Control

50 423

25

167

Control

1Eachtub05X05 mwaterpH74

2Airtemperature27 2C

3400mlwater

Table4 In thetubs theGformulations

showedbetteractivityagainstAeaegyptithan
againstAetaeniorhynchuscausing8899larval
reductionsoftheformerspeciesatonehalfthe
rateofeachformulation usedagainstAetae
niorhynchus Howeverthemagnitudeoflarval
reductionsofAeaegypticausedbythethree
formulationswasgenerallysimilaranddidnot
differstatisticallyTable4

ItisevidentfromthesestudiesthattheFC
formulation ABG6145 possessed an excellent

larvicidalactivityagainstAeaegyptiAetae
niorhynchusCxnigripalpusCxquinquefasci
atusandCxsalinarius ThethreeGformu

lationsgenerallywereequallyeffectiveagainst
mosquitolarvaeexposedtotheformulationsin
laundrytubsandprovidedacceptablelevelsof
control 6091 at low ratesof167 kgha
ABG6141 25 kgha ABG6138 and 50

Meannolarvaedip pre andposttreatmentdays
Pretreatment 1 2

213

225

213

293

395

375

363

Culexnigripalpus

78

540b

93

480ab

38

770be

233

Culexquinquefasciatus

268

403a

243

420a

170

573a

385

REFERENCES

60

649a

53

706a

15

912b

235

173

607a

163

604a

120

693a

378

4Mean reductioninparentheses Meansinacolumnundereachspeciesfollowed
bythesameletterarenotsignificantlydifferentfromeachotheratthe5level
ofprobabilityDMRT

kghaABG6140usedagainstAetaeniorhynch
usCxnigripalpusandCxquinquefasciatus
Aedesaegyptihoweverwascontrolled8897at
evenlowerratesof084kghaABG6141125
kghaABG6138and25kghaABG6140
ThustheseBtiformulationsareusefuladdi
tionaltoolsforthebiologicalcontrolofmos
quitoes InthefieldtheGformulationswould
beparticularlyusefulbecauseoftheireaseof
handlingeaseofdispersalreduceddriftbetter
canopypenetrationandperhapsthepotentialof
prolongedresidualactivityduetoslowreleaseas
comparedtoWPandFCformulations

AliADMSauermanandJKNayar
1984Pathogenicityofindustrialformulations
ofBacillusthuringiensisserovarisraelensis

77
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Table4EvaluationofthreegranularformulationsofdifferentpotenciesofBacillus
thuringiensisserovarisraelensisappliedonequalpotencybasisienoof
ITUmgagainst3rdand4thinstarsofAedesaegyptiandAedestaeniorhynchus
rearedinlaundrytubslinthelaboratoryMarch April1984

Formulations

ABG6140

ABG6138

ABG6141

ABG6140

ABG6138

ABG6141

Rate

kgha

1Eachtub05X05 mwaterpH74

2Airtemperature27 2C

3400mlwater

4Mean reductioninparentheses Meansinacolumnundereachspeciesfollowed
bythesameletterarenotsignificantlydifferentfromeachotheratthe5level
ofprobabilityDMRT

tolarvaeofsomeculicinemosquitoesinthe
laboratory FlaEntomol67193197

Anonymous1982Datasheetonthebiological
controlagentBacillusthuringiensisserotype
H14 de Barjac 1978 WHOVBC79750
Rev146p

MuilaMSBAFedericiandHA
Darwazeh1980Effectivenessofthebac

terialpathogenBacillusthuringiensis
serotype H14 against mosquito larvae

Proc CalifMosqVectorControlAssoc
482527

MullaMSBAFedericiandHA
Darwazeh 1982 Larvicidal efficacy of

Meannolarvaedip pre andposttreatmentdays
Pretreatment 1 2

Aedesaegypti

25 400 654 20

845 b 948a

125 218 83 25

638a 881a

084 273 23 07

920b 973a

Control 258 271 248

Aedestaeniorhynchus

50 505 103

781a

25 383 133

627a

167 550 170

668a

Control 428 398

45

905a

60

832a

83

839a

400

BacillusthuringiensisserotypeH14against
stagnantwatermosquitoesanditseffectson
nontarget organisms Environ Entomol

11788795

MullaMSRLNorlandDMFanaraH
A Darwazeh andD W McKean 1971

Controlofchironomidmidgesinrecreational
lakesJEconEntomol64300307

NayarJK1982WyeomyiamitchelliiObser
vationson dispersal survival nutrition
inseminationandovariandevelopmentina
Floridapopulations MosqNews42416427



RISKCATEGORIESOFBIOLOGICALCONTROLORGANISMS

Biologicalcontrolsuccessesmightbemax
imized by placing thevarious natural enemy

groups into different risk categories before

proceedingwithdatabaseddecisionsforintro
duction Althoughthefull impactofnatural
enemieswhichhaveneverbeenstudiedisimpos
sibletoaccuratelypredictbeforeestablishment
Coppel Mertins1977DeBach1964Ehler
Miller1978Miller1983andthereforeinvolves
empirical judgment a focus on educated

empiricismCoppel Mertins1977Ehler Hall

1982Legner1984mayhastentheselectionof
betternaturalenemyspecies

RiskGroupsinBiologicalControlBiological
controlbyimportednaturalenemiesisoneofthe
mostpotenttechniquesinourarsenalofpest
management Howeverbecauseitisrelatively
permanentmistakescannotbereadilycorrected
Importedorganismsonceestablishedarenot
easilyextirpatedandinsomeinstancestheir
eliminationisimpossiblealtogetherregardlessof
theamountofeffortandfunding Thereis

thereforesomeriskinvolvedinanybiological
controlapproach Howeverrisksareacompan
iontolifeitselfandanypestmanagementstrate
gyinvolvessomedegreeofriskwithmostalter
nativestoimportationofnaturalenemiesbeing
muchmoreformidable Pimenteletal 1984
Eliminatingtoomuchriskthroughgovernment
regulationisnotadvisableatitcanhavethe
paradoxicaleffectofmakinglifemoredangerous
aswellasmoreexpensiveandlessconvenient
Huber1983

Thebroadnatureofbiologicalcontrolin
cludingmanipulationofvertebratesarthropods
andpathogens requiresconsiderationsofthe
riskstotheenvironmentandhealthofhumans

anddomesticanimalsandrisksofmakingwrong
choiceswhichmayprecludeoradverselyaffect
biologicalcontrolatalaterdate

Environmentalrisksareofespecialconcern
inthebiologicalcontrolofweedswhereboth
arthropods and pathogens are candidates for

importation Theuseofvertebratesforbiological
controlofterrestrialpestsisloadedwithpotential
riskandisrarelypracticed

Environmental risks are minimized when

vertebratessuchasfishareimportedtorestrict
edaquaticecosystemsforthebiologicalcontrolof
noxious aquatic weeds mosquito habitats or

EFLegner

UniversityofCalifornia
DivisionofBiologicalControl
RiversideCalifornia92521

ABSTRACT
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Assigningnaturalenemiestodecreasingenvironmentalriskcategoriesegterrestrialvertebrates
zoopathogensphytopathogensphytophagousarthropodsterrestrialscavengersaquaticvertebratesand
invertebratesandarthropodophagousarthropodsmayprovidearealisticbaseforallocatingresearch
timetoaparticulargroupbeforeimportation Howevertheamountofresearchnecessarytoselectthe
bestbiologicalcontrolcandidatesmightbegreaterfortheleastenvironmentallyhazardouscategories

mosquitoesandchironomids Suchfishcanbe

studiedundernaturalconditionsbutinisolation
foradverseeffectsbeforebeingwidelydissem
inated Yet therearestillpossibilitiesthat
undesirable unforseen behavioral and adaptive
traitssuchasspawnfeedingonotherdesirable
tish species or an extension ofsubtropical
species into temperateclimates eg Gambusia

sppmaybeexpressedoncepopulationsare
allowedtoestablishbroadlyLegner Sjogren
1984

Theriskofmakingwrongchoicesofarthro
podophagous natural enemies especially host

specificonesdoesnotposeobviousenviron
mentalthreatsastheoutcomeoftheestablish
mentofaninnocuousnaturalenemyisthepest
densityremainingatstatusquoalthoughthereis
sometheoreticaldebateonthatissueLegner
1984 Howeverwrongchoicescouldpossibly
precludetheachievementofmaximumbiological
controlandaddtothelistoffailuressothat
carefuldecisionsaredesirableLegner1984

Wemightarbitrarilyconsiderindescending
orderofenvironmentalrisktheterrestrialverte
bratesfirstfollowedbyzoopathogensphyto
pathogensphytophagousarthropodsterrestrial
scavengersegscarabbeetlesaquaticverte
brates and invertebrates and finally arthro

podophagousarthropodsItwouldbelogicalto
screenthefirstgroupmorethoroughlythanthe
last

Terrestrial vertebrates are more readily
observedintheirplacesoforiginbecauseoftheir
size sotheirattributesmaybemore easily
viewed However they are alsocapableof
becomingconspicuousadditionstothegeneral
landscapeandwithoutnaturalpredatorsoftheir
ownmayhavethecapacitytosoarinnumbersin
theareasoftheirintroduction Thustheymay
posethethreatofbecoming peststhemselves
becauseoftheirnumericalabundanceandoften

nonspecificfeedingbehaviorandthesideeffects
thiscanhaveonnativeandotherdesirablefauna

andfloraintheecosystem
Phytophagousarthropodsandphytopathogens

havetraditionallyevokedthemostthoroughof
preintroduction studies to safeguard desirable

plantspeciesintheareasofintroductionLegner
1984 Hostplant specificity is stronglyem
phasized Pastscreeninghasbeensosuccessful
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thatamongnumerousimportationsofbeneficial
phytophagousarthropodsandpathogensaround
theworldtherehasneverbeenanywidespread
occurrenceofharmfulbehaviorshownbythe
organismsimportedLegner1984

Terrestrialscavengersincludescarabbeetles
thatremoveexcesscattledungaccumulatedin
grazingareastoimprovepasturesandtocontrol
thesymbovineflies Haematobiairritans L
MuscaautumnalisdeGeerandMuscovetustissima
Walkerprimarily Althoughdramaticsuccesses
havebeenachievedintheremovalofdungbythe
importationofseveralspeciesofexoticscarabsin
AustraliaHawaii CaliforniaandTexasthere
apparentlyhavebeennowidespreadconcurrent
practical reductions of fly densities Legner
1984aMMHWallaceperscommun In

factinsomeinstancesflydensitiesmayhave
actuallyincreasedinthepresenceofestablished
dungburyingscarabsMMHWallacepers
commun Legner unpub data Although
laboratoryandfieldexperimentspredictedpracti
calflyreductionsbythedungscatteringactiv
itiesofthescarabsinpasturesseveralforces
mayinterplayundercertainconditionstothwart
experimentallybasedpredictions Eliminationof

predatoryarthropodsandincreaseofavailable
larvalbreedinghabitatcouldbetwooftheprin
cipalcausativefactorsLegner1985

Terrestrialorganismsthatalterlargehabi
tatssuchasscarabbeetlesareespeciallyrisky
biologicalcontrolcandidatesbecausetheiractivity
mayoverlapportionsofthenicheofotherspe
cies sothat potential disruptive sideeffects

amongorganismsindifferentguildsexist The

outcomeforfuturesymbovineflycontrolmaybe
undesirableinthatsomepotentiallyregulative
naturalenemiessuchascertainpredatoryar
thropodsmaynowbedifficulttoestablishinthe
disruptedhabitat InCaliforniaandTexasthe
predatorystaphylinidgenusPhilonthusissevere
ly restrainedfromcolonizing thedrierdung
habitatcreatedbyOnthophagusgazellaFCole
optera Scarabaeidae activity Legner 1985
Rothetal1983 Furthermorevariousnongram
inaceousweedspeciesofteninvadeinCalifornia
irrigatedpasturesutilizingscarabbeetlessothat
mechanicalpasturerenovationagainisrequired
Legner1984

Aquaticvertebratesandinvertebrates
involvetheuseoffishforbiologicalaquaticweed
andarthropodcontrolandTurbellariaandCo
elenterateforarthropodcontrol Theminnows
GambusiaandPoeciliaspeciesareusedworldwide
inthebiologicalcontrolofmosquitoesLegner
Sjogren1984 Howeverthethreattoendemic
fishhascausedwidespreadconcern sothat

alternativesintheuseofnativefishesareunder
consideration Legneretal 1975 Walters

Legner1980 Becausefishcanbemanipulated
readily thepotential for residentspecies to

increasetheireffectivenessasnaturalenemiesis

greater thanwith terrestrialorganismswhere
widespreadnaturaldispersionmayhavealready
coveredmostpossibilities

Agroupofcichlidfishhasbeenimported
fromAfricatothesouthwesternUnitedStatesfor

thebiological control ofmosquitoes mosquito

habitatsandchironomidmidges Thedegreeof
controlachievedbythethreespeciesimported
variedindifferentpartsofthetargetedarea
Thefishspeciesreferredtoare Tilapiazillii
Gervais Sarotherodon Tilapia mossambica

PetersandSarotherodon Tilapiahornorum
TrewazaswhichwereimportedtoCaliforniafor
thebiologicalcontrolofemergentaquaticvege
tationthatprovidesahabitatforsuchencepha
litis vectorsas the mosquito Culex tarsalis

Coquillettandaspredatorsofmosquitoesand
chironomidmidges

Carefulstudiesundernatural butquar
antined areas in California showed thatthe

different fish species each possessed certain

attributesforcombatingtherespectivetarget
pestsLegner6Medved1973 Tilapiazilliiwas
bestabletoperformbothasahabitatreducer
andamidgeandmosquitopredator Italsohad

aslightlygreatertolerancetolowwatertempera
tureswhichguaranteeditssurvivalthroughthe
wintermonthsinthesouthwhileatthesame
timeitdidnotposeathreattosalmonandother
gamefisheriesinthecolderwatersofcentral
California Itwasthesuperiorgamespeciesand
mostdesirableforeating

Neverthelesstheagenciessupportingthe
researchmosquitoabatementandcountyirriga
tiondistrictsacquiredanddistributedallthree
speciessimultaneouslythroughoutthousandsof
kilometersofirrigationsystemstormdrainage
channelsandrecreationallakes

Theoutcomewasthepermanentandsemiper
manentestablishmentofthetwolessdesirable

speciesSmossambicaandShornorumovera
broaderportionofthedistributionrangeLegner

Murray1981 Thiswasachievedapparently
bya competitive superiority rendered byan
abilitytomouthbroodtheirfrywhileTzillii
didnothavethisattributestronglydeveloped
Itservesasanexampleofcompetitiveexclusion
suchasconjecturedbyEhler6Hall1982 In

theclearwatersofsomelakesincoastalsouth

westernCaliforniatheintensepredatorybehavior
ofSmossambicamalesonthefryofTzillii
couldbeeasilyobservedeventhoughadultsof
thelatterspeciesmadeastrongefforttofendoff
theseattacks

Thiswas nottooseriousforchironomid

controlbecausetheSarotherodonspecieswere
quite capable of permanently reducing midge
densitiestobelowannoyancelevelsLegneretal
1980 Howeverforcontrolofhigheraquatic
weedsnamelyPotamogetonpectinatusLMyri
ophyllum spicatum var exalbescens Fernald
JepsonHydrillaverticillataRoyleand Typha
speciestheyshowednocapabilitywhatsoever
Legner Medved1973Legnerunpubdata
ThuscompetitionexcludedTzilliifromexpress
ingitsmaximumpotentialintheirrigationchan
nelsofthelowerSonoranDesertofCaliforniaand
inrecreationallakesofsouthwesternCalifornia

IronicallyastheSarotherodonspecieswere
oftropicalnaturetheydiedoutannuallyinthe
colderwatersoftheirrigationcanalsandrecre
ationallakesandTzilliipopulationscouldhave
beenrestocked Howevertheappraisalsgiven
during the first few years by nonacademic



technicalirrigationdistrictandrecreationper
sonneldiscouragedfurthertrials Thiscauseda

switchinattentiontoapotentiallymuchmore
environmentally dangerous species the white

amurCtenopharyngodonidellaValenciennesand
othercarpsLegner Fisher1980 Legner
Pelsue1983Osborne1982 Thusthevarious
problemsassociatedwiththedeliveryofirrigation
waterwithouteffectivebiologicalweedcontrol
Legner Murray1981continue

ThesubstitutionofTzilliiinstormdrain

agechannelsofsouthwesternCaliforniaispres
entlyimpossibleastheSarotherodonspeciesare
permanentlyestablishedoverabroadgeographic
areaLegner Pelsue1983Legneretal1980
Whetherornotsuchasubstitutionwouldbemore

desirablefromachironomidmidgecontrolstand
pointisnotknownbutthefactremainsthat
presentlyitcannotbetested

ArthropodophagousArthropods1nsectaand
Acarinaareinadistinctcategorywhichusually
defiesaccurateprejudgmentofbiologicalcontrol
potential Theoreticalguidelinesbasedonlab
oratorystudiesandmathematicalmodelsarenot
alwaysusefultojudgeperformanceinnature
Theextremelysmallsizeofarthropodophagous
arthropodstheirhighdispersalcapacityunique
sex determination mechanisms differential re

sponsetovaryinghostdensitiesandclimate
distributionpatternsandsizeunreliablesample
techniquesdependenceonalternatehostsand
possibilitiesofrapidgeneticchangeattheintro
ductionsitemakepredictionsoftheirperfor
mancehighlyuncertainLegner1984

Howeverbecauseriskstotheenvironment
posedbyarthropodophagousarthropodsarevery
lowaspreviouslyconsideredtheinabilityto
predicttheirimpacthasnotbeenamajorobstacle
totheirdeploymentinsuccessfulbiologicalcon
trol Atthesametimeselectionofthesebiologi
calcontrolagentsforimportationhasnotbeen
whollyunsophisticatedandlackinginscientific
judgment as was recently suggested by van

Lenteren 1980 There are valid scientific

criteriafordecidingprobablegoodcandidates
whichareespeciallyusefulforeliminatingthose
withlittlelikelihoodforsuccessorwhichpossess
certainundesirablecharacteristicssuchashyper
parasitismLegner1984

CONCLUSIONNatural enemies foruse in

biological control should be categorized into

separateriskgroups Arthropodophagousarthro
podsfitintothelowestriskcategorybutare
themostdifficulttostudyandtoassessfor
potentialsuccess Yetprogressisbeingmade
withincreasedattentiontobasicecologicaland
behavioralresearch
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THERMALCHARACTERISTICSOFAQUATICHABITATSATCOYOTEHILLSMARSH

IMPLICATIONSFORSIMULATIONANDCONTROLOFANOPHELESPOPULATIONS
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UniversityofCalifornia
DivisionofEntomologyandParasitology

BerkeleyCalifornia94720

ABSTRACT
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ContinuousrecordsoftemperaturechangewithindensesubmergentpondweedPotamogetonpecti
natusattheshallowCoyoteHillsMarshFremontCaliforniashowpersistentthermalstratification
Maximumdieltemperaturerangewas15to34Catthesurfaceand14to18Cat20cmdepth Ther

malrelationsamongdepthstrataresultfromtheinfluenceofmacrophyticplantstructureonthedirection
andrateofheatflux Epiphyticorganismsthatinhabitpondweedaresubjecttohighenvironmentalheat
capacityandreducedwaterturbulence Wehypothesizethattherateoforganismaldevelopmentandthe
amountofphenologicalsynchronywithinoramongepiphyticpopulationsisinfluencedbytemperature
stratification Routinemeasurementoftemperatureextremesatthewatersurfacewhenappliedtoempir
icalmodelsoftemperaturechangeatvariousdepthsispracticalformonitoringthecomplexthermal
relationshipsthroughoutthepondweedcommunity

INTRODUCTIONDuringrecentyears re

searchersfromtheUniversityofCaliforniaat
BerkeleyandtheCaliforniaStateUniversityat
Haywardhaveusedavarietyoffieldandlabo
ratorystudiestodevelopanintegratedcontrol
strategyforAnophelesfreeborniandAnocci
dentalis atthe CoyoteHillsMarsh Fremont
California Resultsfromthesestudieshavealso

beenusedtoconfigureandcalibratetheCoyote
HillsVector Control Model acomputerbased
simulationmodelofanophelinebionomicsRoberts
1982Schooleyetal1982Robertsetal1983
Schooley1983 Previousstudiesatthismarsh

havedescribedplantandanimalpopulationsthat
interactdirectlywithAnopheleslarvaeorhave
secondary influences on larval survivorship
Collinsetal 1983 Ballingand Resh 1984
Collinsand Resh 1984 FlemingandSchooley
1984Garciaetal1984GrahamandSchooley
1984LambertiandResh1984PageandSchooley
1984Youngetal1984CollinsandResh1985
Of these populations pondweed Potamogeton
pectinatus is especially important because it

formsadensecanopyatthemarshsurfacethat
physicallyinhibitspredationofmosquitolarvaeby
insectivorous fish Pondweed also supports
invertebratepredatorsandavarietyofpossible
prey species besides Anopheles mosquitoes
Collinsetal1983

The successofthe Coyote Hills Vector
ControlModel depends upon theaccuracy of

predicted patternsofpopulationdynamics for

predators andalternative preythat influence

survivorshipofanophelinelarvae Sincetemper
atureisaprimarydeterminantofthegrowth
ratesforthesepoikilothermicpopulationsrealis
tic simulation oftheir bionomics will require
information about the functional relationships
betweenthesepopulationsandthethermalcharac
teristicsoftheiraquaticmicrohabitats This

paperistheresultofastudydesignedtode
scribepatternsoftemperaturevariationinthe
pondweedenvironment

Apracticalconsiderationofeffortstosimu
latenaturalsystemsthatarethermallyvariableis
thehighcostofroutinetemperaturemonitoring
which isnecessarytoestablishtimetablesfor
temperaturerelated phenological events and

organismaldevelopment Thesecostsmightbe
reduced however ifpatternsoftemperature
changecanbepredictedbaseduponrecordsof
temperatureextremessuchasdielie24hr
maximumandminimumtemperatures Therefore
thisstudyassessestheusefulnessofthesetypes
ofinformationfordescribingthermalrelationships
amongaquaticmicrohabitats

MATERIALSANDMETHODSWatertempera
tureatthreedepthstratawasrecordedcontinu
ouslyforoneyearMay1983toMay1984using
aFoxboroModel40Thermograph Sensorswere

fixedtoafloatingbracketandthusmaintained
theirpositionsrelativetothewatersurface The

threedepthstrataweretheinterfacebetweenthe
waterandatmosphereiethesurfaceflux
boundaryand10and20cmdepthsFigure1

Frommidspringtolateautumnwhilethe
pondweed canopy was present the uppermost
stratumcorrespondedtotheintersectionline
whichisthemicrohabitatofAnopheles larvae

HessandHall1943 Thelowertwostrata

approximatelycorresponded tothemiddleand

bottomofthecanopy Asaresultallthree
sensors together measured the full rangeof
environmental temperatures for the epiphytic
community

Thetemperaturedatawerereducedtoin
stantaneous hourly values and daily maxima
minimaandmeansoftemperatureforeachstra
tum Weeklymeanvaluesforeachhourofthe
daywerealsocalculatedforeachstratum These

datapermittedtheempiricaldescriptionoftempo
ralandspatialpatternsoftemperaturechange
throughoutthepondweed canopy Regression
analysiswasusedtoexaminerelationshipsbe
tweenmaximumorminimumtemperatureatthe
watersurfaceandsubsurfacetemperatureex
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60

Figure 1Diagram of water column profile
showingpondweedcanopycanopyextendsfrom
watersurfaceto20cmdepthandpositionsof
threetemperaturesensors
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Figure2Typicalpatternsofdieltemperature
changeatthreedepthstratawithinthepondweed
canopy Temperaturecurveswerederivedfrom
meanhourlyreadingsforJulyandAugust1982
Approximatetimesofsunriseandsunsetwere
0700and1930hrs

24

tremes

Sinefunctionswerefittodielpatternsof
temperaturechangethat were typical ofthe

differentdepthstratawithinthepondweed Such

functionsarecommonlyusedtocalculateday
degreesieheataccumulatedperdaywithin
temperaturethresholdsforphysiologicaldevelop
mentandtopredictdaydegreeratesbased
uponshortseriesofinstantaneoustemperature
measurements Wilson and Barnett 1983 We
used sinefunction approximations tocompare
ratesofdaydegreeaccumulationamongthedepth
strata Wefurtherattemptedtodetermineifthe
thermalrelationshipsamongaquaticmicrohabitats
atdifferentdepths variations in daydegree
requirementsorthermalpreferencesofepiphytic
organismscouldaffectthesurvivorshipofAno
pheleslarvaeintheMarsh

RESULTSTypical summertime patterns of

hourlytemperaturechangeamongthethreedepth
strataFigure2 revealthefollowingthermal
characteristicsofsubmergentvegetationofthe
CoyoteHillsMarsh

1 temperatureswerealwaysdifferentatall
threestrata

2 dieltemperaturerangeanddailytemper
aturemaximaandminimadecreasedwith

depth

3 thesimultaneousrateofheatingie
thepositiveslopesofthetemperature
curvesatanygiventimedecreasedwith
depth

4 nighttimeratesofcoolingweresimilar
throughoutthecanopyprofile

5 dailymaximumtemperatureoccurredat
successivelylatertimesofdayatdeeper
strata Thetimelagforthermalmaxima
wasabout1hrper10cmincreasein
distancebelowthesurfaceofthecano

py

Significantpositivecorrelationswerefound
betweendailytemperatureextremesatthewater
surfaceandatthe10and20cmdepthsTable
1 Thevaluesofthecoefficientofdetermination
ie rvaluesdecreasedonlyslightlywith
increaseddistancebetweendepthstrata

Theresultsofdaydegreecalculationsdem
onstrateanexponentialdecreaseinheatabsorp
tioninrelationtodepthbelowthecanopysurface
Table2 Sincethisrelationshipwassimilar
throughouttheperiodofcanopydevelopmentthe
distribution of daydegrees among the depth
strataalsoremainedfairlyconstantTable2

DISCUSSIONSmalI ponds and shallow

marshesiethosewithamaximumdepthless
than1mthatdonotsupportsubmergentvege
tationgenerallyexhibitdailyisothermyorlossof
thermalstratification Wallen 1950 Youngand
Zimmerman1956Butler1963 Nearthesurface

oftheshallowCoyoteHillsMarshadensefloat
ingcanopyofpondweedpreventsisothermyand
stratification persists throughoutmostsummer



Table1Resultsoflinearregressionanalysis
showing correlations between maximum and

minimumtemperatures Catthecanopysurface
andat 10and 20cmbelowthesurface in

submergentvegetation Allthecorrelationsare

significantiePvalueslessthan005

Comparison Equation

maxsurfaceX
vs

max10cmY

maxsurfaceX
vs

max20cmY

minsurfaceX
vs

min10cmY

minsurfaceX
vs

min20cmY

surface

10cm

20cm

86 98 98

57 69 70

41 53 54

r2

Y 3406X 096

Y 43 05X 090

Y 04 09X 096

Y 22 1OX 094

Table2Seasonaldaydegree Crelationships
amongthreedepthstrata

Stratum DayDegrees Stratum

MayAugOct Ratio MayAugOct

surface10cm 15 14 14

surface20cm 20 19 18

10cm20cm 14 13 13

days Thepersistenceofatemperaturegradient
duringsummerandautumnisthemostobvious
thermalfeatureofthepondweedenvironment

Overadielcyclebeginningnearsunrise
solarheatingofthesurfaceproducesadownward
hearfluxviaconduction Mostincidentshort

waveradiationisinterceptedverynearthedense
canopysurfacesuchthatheataccumulatesthere
fasterthanitisdissipatedandsurfacetempera
turesincreaserapidly Afterthesunpassesits
zeniththesurfacebeginstocoolinresponseto
decreasesinsolarinputs howeveritremains

warmerthanthesubsurfacestrataoratmophere
Thisresultsfromthehighheatcapacityofthe
canopyenvironmentrelativetotheopenwater
withoutvegetation Surfacecoolingproducesa
bidirectional heatfluxwithheatlossbeing
directedupwardtotheatmosphereanddownward
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tocoolerdepths Thisbidirectionalheatfluxat

thesurfacecauses ittocoolrapidlyandto
transferheattolowerstratawhichtherefore

continuetoincreaseintemperature Turbulent

mixingwithin the uppermost fewcentimeters
howeverascanresultfromevaporativecooling
atthesurfaceWoodcock1941wasnotappar
ent Sinceheatfluxbetweenstrataispropor
tionaltotheirabsolutedifferenceintemperature
thesedifferencestendtoequilibrateintheab
senceofnewheatinputsOke1978 Thusat

nightwhentheverticalprofileoftemperature
throughoutthecanopy is linear ie equal
incrementsoftemperaturechangecorrespondto
linearincreasesindepthbelowthecanopysur
facetheratesofheatlossfromdifferentstrata
tendtobesimilar Sincethecanopyhashigh
heatcapacitythestratatendtocoolslowlyand
failtoachieveisothermyieauniformdis
tributionofheatpriortosunrise

Shadingandheatabsorptionbythecanopy
surfacecausesthesubcanopywatercolumnand
themarshbottomtoremaincoolthroughoutthe
summer Theresultantdensityboundarybetween
thelowerdepthsofwaterandthecanopybottom
aswellasthehydraulicresistanceofthedense
vegetationmightbesufficienttopreventthetwo
stratafrommixing Thisissupportedbycasual
observations of turbidity and windgenerated
currentsatmidcolumnthatwerenotdetectable

withinthecanopy Sinceopenwaterbeneaththe
canopytendstobecoolbutturbulentitpro
bablyexportsheatconductedfromthelowermost
canopystrata Thesefeaturesincombination

preventreversestratification ie increasing
temperaturewithdepthandtendtomaintaina
sharpthermoclinebetweenthepondweedcanopy
andsubcanopyenvironment Significantcor
relations between the maximum and minimum

temperaturesforthevariousstratasuggestthat
weeklyvaluesoftemperatureextremesatone
stratumcanbeusedtopredictormonitorthermal
conditionsthroughoutthepondweedcommunity
Forexamplebaseduponsimplemeasurementsof
thermalmaximaandminimaatthewatersurface
adjustments intheamplitudeofsinefunction
approximationsofthedielpatternsoftemperature
changecanbemade Consequentlynumerous
andrelativelyinexpensivemaxminthermometers
canbeusedtoimproveunderstandingofthermal
variabilitythroughouttheMarsh

Thedifferencesinthethermalcharacteristics

oftheaquaticmicrohabitatsattheCoyoteHills
Marshmayhaveecologicalsignificance Daily
heatregimensthatarepersistentandtherefore
predictablemightbemoreimportantthatthe
annualorseasonalcyclesofheatingandcooling
forpopulationsofaquaticinvertebratesthatare
mobileorhaveshortgenerationtimes Inthis

regardtherelationshipbetweendaydegreesand
depthbelowtheplantcanopysurfaceisprobably
mostimportant Althoughtherateofdaydegree
accumulationforanyparticularstratumvaried
slightlyduringtheperiodofcanopydevelopment
thedistributionofdaydegreesamongthestrata
remainedalmostconstantTable2 Thisprovid
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edabasisforformulatingthefollowingseriesof
hypothesesregardingtheverticaldistributionand
phenologyofepiphyticorganismsattheCoyote
HillsMarsh

1 apopulationthatoccursvertically
throughoutthefloatingpondweedcanopy
willhaveasynchronousdevelopment

2 populationswithdifferentthermalpre
ferenceswillbeverticallysegregated

3 segregatedpopulationswithsimilarday
degreerequirementswillhaveasynchron
ousdevelopment

4 someorganismswillmigratethroughthe
canopytoregulatetheirbodytempera
tures

Anyoftheseorganismalresponsestothe
presenceofathermalgradientmightbeexpected
to influence predatorprey relationships For

examplesynchronousdevelopmentofmultivoltine
predatorpopulationscouldcausecyclicpatterns
ofpreysurvivorshiporpredationratescouldbe
nearlyuniformintimebecauseofasynchrony
withinoramongpredatorpopulations Certainly
anupwardmovementofpredatorsoradownward
migrationofalternativeprey couldbenefita

mosquitocontrolprogramsinceeithertypeof
faunalredistributionwouldtendtoincreasethe
consumptionofmosquitolarvae
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FACTORSTHATLIMITTHEROLEOFIMMATUREDAMSELFLIES

ASNATURALMOSQUITOCONTROLAGENTSATCOYOTEHILLSMARSH

JoshuaNCollinsandVincentHResh

INTRODUCTIONImmaturedamselfliesOdo
nata Zygopterathatinhabitaquaticvegetation
aregenerallyregardedaspredatorsofmosquito
larvaeHinman1934Laird1947Jenkins1964
Theinferencethatdamselfliescanbenefitmos

quitocontrolprogramsegGeigerandPurdy
1919CollinsandWashino1982hasbeenbased
uponobservationsofpredationofmosquitoesby
damselfly naiads in laboratoryaquaria eg
Twinn1931Lee1967Notestine1971theap
parentdominanceofinvertebratepredatorguilds
bythesenaiadsegMiuraetal1981and
theimplicitassumptionthatdamselfliesandmos
quitoescoexistininthesamemicrohabitat When

alternativepreydensitiesarereducedconsump
tionofmosquitolarvaebydamselfliesandother
invertebratepredatorsisexpectedtoincrease
egBenceandMurdoch1982 Asaresult
negativecorrelationsbetweendensitiesofnaiads
andmosquitoeshavebeenattributedtopredation
bydamselflies eg SailerandLienke1954
Miuraetal1978

Howeversomeexperimentaleffortstoquan
tifypredatorinfluencesonmosquitosurvivorship
haveindicatedthatdamselfliesandotherinverte

bratepredatorsdonotappreciablyreducemos
quitodensitiesunderfieldconditionsegMulla
1961Washino1969andthatinvertebratepre
dationalonemightbeinsufficientformosquito
control Jenkins 1964 Possible reasons for

invertebratepredatorinefficacyincludepheno
logicalasynchronybetweenpredatorandprey
populationsegWashino1969Notestine1971
Bay1974 theconsumptionofinvertebratepred
atorsbyinsectivorousfish Hoyetal 1972
Farleyand Younce 1977 BenceandMurdoch

1982andthetendencyforinvertebratepreda
torsespeciallyOdonatatobegeneralorop
portunisticconsumersCorbet1980

Recentresultsoffieldandlaboratorystudies
thatweredesignedtocalibrateacomputerbased
simulationmodelofAnophelesbionomicsatCoyote
Hills Marsh Fremont CA suggested that

UniversityofCalifornia
DivisionofEntomologyandParasitology

BerkeleyCalifornia94720

ABSTRACT
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ThecommunityofmacroinvertebratesassociatedwithpondweedPotamogetonpectinatusatthe
CoyoteHillsMarshFremontCAwassampledbiweeklyfromJunetoNovember1983 Theepiphytic
predatorguildwasdominatedbytheimmaturestagesofthreespeciesofdamselflies EnallagmacivileE
carunculatumandlschnuracervula Meandensityforallthreespeciescombinedsometimesexceeded1200
naiadsperm AlthoughlarvalAnophelesoccidentalisdominatedtheneustonpeakdensitiesexceeded
500larvaepermmosquitolarvaealwayscomposedlessthan15oftheidentifiableorganismsinthe
foregutsofdamselflynaiads Thedietofthesepredatorswascomposedmostlyofsestonicmicrocrustacea
andepiphyticchironomidlarvaeandreflectedtherelativeabundancesofthesepreytypesinthepond
weedenvironment Damselflymicrodistributionagespecificfeedinghabitsphenologyandthearchitec
tureofthehabitatthatsupportsthenaiadsreducestheirimportanceasmosquitopredatorsatCoyote
HillsMarsh

predationbyimmaturedamselfliesmightsignifi
cantly affect anopheline larval survivorship
Collinsetal1983LambertiandResh1984
Thereforeadetailedinvestigationofdamselfly
diet energetics andbionomicswas initiated

Thispaperpresentsthepreliminaryfindingof
thatstudyinthecontextofanintegratedmos
quitocontrolprogram

MATERIALS AND METHODSThe Coyote
HillsMarshisashallowfloodcontrolimpound
mentdesignedsothatitalsobenefitswildlifeand
recreationinterestsCollinsetal1983 The

MarshwascolonizedbypondweedPotamogeton
pectinatusin1977andsincethenhassupported
largepopulationsofAnophelesmosquitoes From

midspring toautumn thepondweedformsa
densecanopyofvegetationatthemarshsurface
ThefloatingcanopycanfunctionforAnopheles
larvaeasarefugefromfishpredationCollinset
al 1983whilealsosupportingadiverseas
semblageofepiphyticinvertebratesLambertiand
Resh1984

Thepondweedcommunitywassampledevery
twoweeksfromJunetoNovember1983which
wasthetimeperiodforcanopydevelopmentand
senescence Apulluptypesamplerwasdesigned
forthisstudytocollectalltheinvertebratesand
pondweedoccurringtogetherbeneathasmallarea
ie006mofthemarshsurfaceBallingand
Resh1984 Fifteensamplesweretakenoneach
sampledatefromaregionofthemarshthat
supported an extensive and dense pondweed
canopy Baseduponthesesamplesthepheno
logiesandtemporalpatternsofdensityforthe
dominantspeciesofmacroinvertebratesincluding
damselflies mosquitoes and alternative prey
species ie potentialdamselflypreybesides
mosquitolarvaeweredescribed

The invertebrate predator guild of the

pondweed community was dominated by three

speciesofdamselflies Enallagmacarunculatum
Ecivileandlschnuracervula Thealternative

preyweredominatedbyepiphyticmidgelarvae
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Diptera Chironomidae includingParalauter
bornielia subcincta Dicrotendipes nervosus

CricotopussppCoryneurasppandseveral
speciesofTanytarsinibutalsoincludedseveral
speciesofmicrocrustaceaCollinsetal 1983
Lambertiand Resh 1984 Duringthis same

samplingperioddamselflyemergencewasmoni
toredbyenumeratingtheexuviaethataccumulat
edeachweekonstandardizedemergencesub
strata Theemergencedataprovidedanestimate
ofthecohortproductionintervalforthedamselfly
guildietheaveragegenerationtimeamong
thethreedamselflyspeciesandarelativemea
sureoftheirabundanceasfinalinstars

Thenumberofsizeclassesofdamselfly
naiads ie the average number ofinstars

among thecomponentspeciesofthedamselfy
guild waschosen baseduponthefrequency
distribution ofnaiad head widths Graphical
analysisofthesedatarevealedtwelvedistinct
aggregationsofheadwidthmeasurementswhich
wereassumedtorepresentinstarsfortheaverage
cohort Ourdeterminationoftwelveinstarsis
supported byotherstudiesofdamselfly life

historyCorbet1980
Damselflydietsweredescribedbasedupon

theenumerationofpreyitemscontainedinthe
foregutsdissectedfromthreehundredmiddleto
lateinstar naiads ie size classes 612
Amongsmallernaiadsnoidentifiablepreyitems
werefound SinceonlythefinalinstarsofE
civileandEcarunculatumcanbeusedtodistin
guish theseclosely related species Garrison

1984 nospeciesspecificdietaryanalysiswas
attempted Fortheguildasawholenoobvious
differencesindietwereapparentamongindividu
alsofanyofthelargersizeclasses

Secondaryproductionietheamountof
animaltissueelaboratedperunittimewases
timatedformosquitolarvaeandimmaturedamsel
fliesusingthe HynesColeman method Benke
1984 Appropriatevaluesofproductioneffici
encyietheratioofproductiontoconsump
tionforZygopteraweretakenfromtheliterature
eg Fischer 1966 Klekowski 1970 Lawton

1970 Thesedatacanbeusedtoestimatethe

amountofconsumptionrequiredtoaccountfor
observedproductionasfollows

productionXefficiency
1

consumption

Thisestimateisimprovedwhenagespecific
efficienciesthatareadjusted fortemperature
conditionsorfoodqualityareappliedtothe
equation Forthispreliminarystudyhowever
weassumedthatanaveragevaluefromthelitera
turewouldpertainequallywelltothedifferent
speciesofdamselfliesandtheirprey

RESULTSANDDISCUSSIONAcomparisonof
temporalpatternsofdensityforimmaturedam
selfliesandAnopheleslarvaeFig1Asuggests
either a functional predatorprey response

wherebythedensityofdamselfliesincreasedat
theexpenseofthemosquitoesorphenological
asynchrony which caused the predators and

potentialpreytoattainpeakdensitiesatdifferent
times during the sampling period Another

PREDATORandPREYPHENOLOGY
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Figure1ATemporalpatternsofdensityfor
mosquitolarvaeanddamselflynaiadsBDamsel
flyabundanceasindicatedbyemergenceand
secondaryproduction

explanation for the observed patterns might
involveanundisclosedsourceofmortalitythat
differentiallyaffectsmosquitoesanddamselflies
andcausesthemtoappearsegregatedineither
spaceortime

Therelativemeritofthesepossibleexpla
nationsfortemporalsegregationofthedamselfly
guildand larval Anopheles population is not

apparentbecausebionomiccomparisonsdonot
providesufficientevidenceofecologicalinter
actions Furthermore functional relationships
betweenpopulationsofmosquitolarvaeandtheir
predatorscan beobscured when lifehistory
informationaboutdifferentspeciesiscombinedor
ifadequatetaxonomytoseparatespeciesisnot
available For example the three damselfly
species at Coyote HillsMarsh havedifferent

temporalpatternsofemergencewhichincom
binationproduceaseriesofemergencepeaksfor
theguildFig1B Thesespeciesmightalso
havedifferentdietsbutgraphicalanalysiscould
notdistinguish interspecific relationships from

other sources ofvariability in diet forthe

damselflyguildasawhole Thusobviouspat
ternsofabundanceorphenologyamongpredator
andpreyguildsmightnothaveecologicalsignifi
cance

Acomparisonbetweentheamountofsecon
daryproduction ofAnopheles larvaeandthe

amountofconsumptionbythedamselflyguild
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Figure2AMosquitoproductionandmaximum
possibleconsumptionofmosquitolarvaebydam
selfliesinrelationtoseasonalchangesinmos
quitodensityBSeasonalpatternsofsecondary
productionofmosquito larvae in relation to

maximum potential and actual consumption of

mosquitolarvaebydamselflies

wouldsuggestthatthenaiadspotentiallycan
consumeallthemosquitoesintheMarsheven
duringperiodsofpeakmosquitodensityFig
2A Toachievethispotentialasmosquitocon
trolagentsthedamselflieswouldhavetopreyon
mosquitoesexclusively Howeverouranalysisof
thedamselflydietindicatesthatnotmorethan
about15ofthefoodrequirementsofthenaiads
wasprovidedbytheirconsumptionofmosquitoes
Fig2B

Severalfactorscanexplainwhyimmature
damselfliesarelimitedaspredatorsofAnopheles
mosquitoesatCoyoteHillsMarsh Firstprey
selectionbaseduponpredatorandpreysizecan
reducethatproportionofthemosquitopopulation
thatisconsumedbydamselflies Otherresearch

ersegLee1967Notestine1971haveob
servedthatalthoughTateinstardamselflieswill
consumeall instarsofmosquitoes thelarger
mosquitolarvaeandpupaetendtobemoreeva
siveandarenotconsumedbysmalldamselflies
AtCoyoteHillsMarshmostlysmalllarvaeie
firstand second instars wereconsumed by
damselfliesLambertiandResh1984andthis
consumptioncanbeattributedtolargenaiads
Fig3Awhichonlycomposedabout20ofthe
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Figure3ARelationshipbetweentheageor
sizeofdamselflynaiadsandtheirconsumptionof
mosquitolarvaeBDistributionofnaiadsamong
ageclasses Thisgraphshowsthatdamselfly
sizeclasses612compriseonly20ofthetotal
naiadpopulation

totalnaiadpopulationFig3B Thefinalinstar

naiadswhichremainnearthewatersurfacein
preparationforemergenceandwouldthereforebe
inapositionwhereencounterswithmosquito
larvaewouldbemostlikelyrepresentadevelop
mentalstagethatgenerallydoesnotfeed

SecondAnopheleslarvaemightbeinsuffi
cientlyavailableaspreytobeamajorcomponent
ofthedamselflydiet Anexaminationofmonthly
changesindietarycompositionforthedamselfly
predatorguildrevealsthatthenaiadsmostly
consumedthedominantsestonicandepiphytic
invertebrates Forexampleduringthesummer
andearlyautumnthenaiadsconsumedmostly
epiphyticmidgelarvaeinlateautumntheses
tonicmicrocrustaceawerethedominantdietary
componentsFig4A Thesechangesindam
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Figure 4A Temporal patterns ofdiet for

damselflysizeclasses612BComparisonofthe
relativeabundancesofdominantpreytypesin
damselflyforegutsandnaturalhabitat

selflydietreflectchangesinrelativeabundance
ofmidgelarvaeandmicrocrustaceainthehabitat
Fig4Bwhichstronglysuggeststhatimmature
damselfliesareopportunisticpredatorsandthat
Anopheleslarvaewerealwaysmuchlessavailable
thanalternativedamselflyprey

Thirdalthoughbothpredatorsandprey
wereveryabundantwithinthesamesamples
actualencountersbetweendamselflynaiadsand
mosquitolarvaemightbeuncommon Sincethe

damselflyspeciesatCoyoteHillsMarshtypically
donotstalktheirpreyCorbet1980therateof
predationforanyparticularnaiadwilldepend
uponthedensityofpreynearbyandpreymobili
ty FurthermorealthoughAnopheleslarvaehave
ahighaffinityforpositivemenisciRenn1943
that characterize the plantairwater interface

ortheintersectionlineHessandHall1943
theyareonlyassociatedwithaverysmallportion
ofthetotalplantsurfacethatdamselflynaiads
caninhabitFig5 InfactattheCoyoteHills
Marshwherealushie20cmthickcanopy
ofsubmergentpondweedoccurscloseexamination
ofthemicrohabitatsofAnopheles larvaeand

damselflynaiadssuggeststhattheirpopulations
arespatiallysegregated

Sinceaquaticplantarchitectureseemsto
influencetheratioofintersectionlinetototal

macrophyticsurfaceareasomeaquaticvegetation
mightbemoresuitablethanpondweedforinter
actionsbetweenmosquitolarvaeandepiphytic
predators For example emergent vegetation
suchasricewhichrepresentsalittoralenviron
ment that is structurally less complex than

pondweedandwhichmayprovidelessmicrohabitat
belowthewatersurfacemightbemoreconducive
topredationbydamselflynaiadsattheinter
sectionline

SummaryofFindingsLifehistorycharac
teristicsofthe immaturedamselfliesandAn

opheleslarvaeatCoyoteHillsMarshreducethe
efficacyofdamselfliesasnaturalmosquitocontrol
agents Themoreimportantlimitationsare

1 phenologicalasynchronybetweenthe
damselflyguildandAnopheleslarvae

2 phenologicalasynchronyamongthedam
selflyspeciessuchthatpeakdensities
ofdifferentdamselflypopulationsdonot
coincideandmaximumpossiblepredator
densitiesmightnotbeattained

3 variablespatialdistributionsofpredator
andpreywithinthesamemicrohabitat
suchthataggregationsofpredatorsand
theirpotentialpreymightnotcoincide

4 minimaloverlapbetweenthedamselfly
andmosquitomicrohabitats

5 opportunisticornonselectivepredation
bydamselfliesinregardtotypeofprey
butselectivepredationinregardtosize
orageofprey

6 selectivepredationinregardtopredator
sizeoragesuchthatdamselfliesthat
consume mosquito larvae represent a

smallproportionofthepredatorpopu
lation

7 greateravailabilityofalternativeprey
speciesevenduringperiodsofpeak
densityofAnopheleslarvae

Theselimitationsdonotprecludethepos
sibilitythatdamselflynaiadsinfluencemosquito
densitiesbutthatthedegreeofinfluencedoes
notapproachthelevelsdesiredforvectorcon
trol Furtherresearchisbeingconductedto
determine whether habitat modifications can

improvetheroleofdamselfliesasmosquitocontrol
agentsatCoyoteHillsMarsh
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COMPARATIVELARVIVOROUSEFFECTSOFMOSQUITOFISH

ANDSACRAMENTOBLACKFISHINEXPERIMENTALRICEFIELDS

JosephJCechJrandAlisonLLinden

INTRODUCTIONThemosquitofishGambusia
affinis is used widelyfor mosquitocontrol
Howeverthisspeciesseasonaluseasabiological
controllerofmosquitoeshaslimitations Oneof

theprimarylimitationsisthenumberofmos
quitofishavailablewhentheyareneeded Asan

exampleinsufficientnumbersofGambusiaaffinis
are available in late spring for widespread
stockinginCaliforniaricefieldsaproblemwhich
hasbeenrecognizedforsometimeHoyandReed
1970 Coykendall1975 Onesolutiontothis

problemmasscultureofmosquitofishhastwo
mainlimitingfactors Maleandfemalemustfirst
be mated for internal fertilization of ova

Secondlythefecundityoftheselivebearingfish
islimitedKrumholz1948

Analternativesolutiontobiologicalcontrol
ofmosquitoesinCaliforniamightbethejuveniles
ofnativeminnows Ourpreviousfieldstudieson
Gambusiashowthatjuvenilesofseveralminnows
arealreadypresentinricefields Thesejuve
nilescomein with theirrigation waterfrom

surroundingdrainages Twospecieswithespe
ciallygoodpotentialinCaliforniaricefieldsare
the Sacramento blackfish Orthodon microlepi
dotusandthehitchLaviniaexilicaudaCech
andMoyle1983 Bothofthesespecieshave
larvivorousfoodhabitsandsubstantialfecundity
aslargeegglayingadultfishMoyleetal
1982 Thepresentstudytookplaceduringthe
1984 rice growing seasonwhen the following
questionwasposed Canjuvenilesofnative
minnowsprovidemosquitocontrolcomparableto
themosquitofishinexperimental ricepaddies
Our hypothesis was thattheycould provide
comparable control The field studies were

designed to supplement concurrent laboratory

UniversityofCalifornia
WildlifeandFisheriesBiology

DavisCalifornia95616
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Totestthehypothesisthatjuvenilenativeminnowscouldprovidemosquitocontrolcomparableto
themosquitofishGambusiaaffinisinricefieldhabitatsmosquitofishandSacramentoblackfishOrthodon
microlepidotuswerestockedinthreeandfiverespectivelyexperimentalricepaddies122mx35m
attheUCDRiceResearchFacility Inaddition6000to12000Culextarsalismosquitolarvaeweremass
culturedandweeklystockedintothepaddiesoveranelevenweekperiod Threemosquitolarvaesam
plesbydippingmethodinallricepaddieswithintwoweeksofpaddydraininginSeptemberanddirect
fishcountsimmediatelyafterpaddydrainingshowedthatmosquitofishhaddepletedmosquitolarvalnum
berssignificantlygreaterP 0025thaneitherSacramentoblackfishunstockedcontrolsorhitch
Laviniaexilicaudawhichwerestockedinonepaddy Howevermosquitofishpopulationshadgrownto
contain810timesthenumberoffishcomparedwiththeminnowpaddies Thusastrongnegativecorre
lationr 083wascalculatedbetweentotalfishinapaddyandtotalmosquitoesineachpaddy
AlthoughyoungoftheyearSacramentoblackfishseemedtothriveaswellastheoneandtwoyearold
juvenileminnowsinthericepaddiesallminnowpopulationsshowed1perdaymortalityratesthrough
thericegrowingseason Onesampleofotherinvertebratesineachpaddyusingdippershowedno
clearcorrelationswithfishspeciesstocked

studiesonthesespeciespreypreferencesand
metabolicfooddemands

MATERIALS AND METHODSTwelve rice

paddies122metersby35meterswereconstruct
edattheUCD RiceResearchFacility Each
paddyhaditsownscreenedwaterinflowand
screenedoutflowbox Thescreensconsistedof

6mmhardwareclothand15mmplasticwindow
screenasinserts Inspiteofthesescreening
effortssomeveryyoungSacramentoblackfish
werediscoveredinsomepaddiesneartheendof
thestudy Threeofthepaddieswereeach
stockedwith93mosquitofish Threewerestock

edwith932yearoldSacramentoblackfishand
twowerestockedwith93youngoftheyear
Sacramentoblackfishandfinallyonewasstocked
with 93oneandtwoyearold hitch Three

paddieswerenotstockedascontrols Battery
operated thermographs were situated at the

uppermiddleandlowersectionsofoneofthe
interiorpaddieswiththethermisterlocatedin
sparsericevegetationineachcase Becausethe
juvenileSacramentoblackfishandhitchcannot
reproduceinthericepaddyhabitatavailable
youngoftheyear blackfish were subsequently
stockedintheblackfishpaddiesduringtherice
growingperiod NinetythreemoreSacramento
blackfishwereaddedtoeachSacramentoblackfish

paddythreeweeksaftertheinitialstockingand
500moreyoungoftheyearfishsevenweeks
afterinitialstocking AllSacramentoblackfish

wereculturedinaconcretelinedpondonthe
UCDcampus Inaddition6000to12000Culex
tarsalismosquitolarvaewereweeklymasscul
turedandstockedintothepaddiesoveraneleven
weekperiod Threemosquitolarvaesamplesby
thedippingmethodinallricepaddieswithintwo
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weeksofpaddydraininginSeptemberanddirect
fishcounts immediatelyafter paddydraining
provideddatatotestthehypothesis

RESULTSMosquitofishreducedlarvalnum
bers significantly greater P 0025 ttest

thaneitherSacramentoblackfishhitchorcon
trols However mosquitofish populations had

growntocontain810timesthenumberoffish
comparedwiththevariousminnowpaddiesFig
1 Consequentlyastrongnegativecorrelation
r 083wascalculatedbetweentotalfishina
paddy and total mosquitoes sampled in each

paddy Howeveralackofdataatintermediate

1 1 1 1 1

1000 2000 3000 4000 5000 6000 7000 8000 9000

NUMBEROFFISH
Figure1RelationshipbetweentotalnumberofmosquitoessampledonSeptember812and151984
andtotalnumberoffishsampledonSeptember18and191984ineachoftwelveexperimentalrice
paddies Solidlineisleastsquareslinearregressionfit Dashedlineispossiblehyperbolicfunction
fittedbyeye Key controlpaddies0hitchpaddy QSacramentoblackfishpaddies eyoung
oftheearfishdenotedbyYandmosquitofishpaddies Thetwopaddiesattheendofthefield
Q Ywereexcludedfromanalysesseetext

fishdensitiesprohibitedconfidenceinatrue
linearrelationshipbetweenlarvalabundanceand
fishabundance Ahyperbolicfunctiondashed
linefittedbyeyeinFig1mayalsorepresent
anadequatedescriptionofthedata Thetwo

paddiesattheendsofthericefieldwereexclud
edfromthisanalysisbecausetheeasternmost
paddytendedtodrypartiallyneartheadjacent
road while the westernmost paddyapparently
receivedpesticideoversprayfromanadjoining
experiment

Becauseyoungoftheyearweredistinguish
ablefromtwoyearoldSacramentoblackfishand



fromtheveryyoungimmigrantswhichwereable
tocomeinto thepaddiesthroughtheinflow
screenswecouldcalculatemortalityratesforthe
youngoftheyearandtwoyearoldsbyknowing
thenumberstockedthestockingdatesandthe
finalcounts Interestinglyeachoftheminnow
paddiesrevealedmortalityratesof1perday
Theserelativelysmallnumbersofminnowsremain
inginthehitchandSacramentoblackfishpaddies
did not significantly reduce mosquito larvae

numberscomparedwithcontrolpaddiesttest
P 005 Mosquitonumbersinthehitchpaddy
werestatisticallyindistinguishablefromthosein
the Sacramento blackfish paddies However
difficultiesinobtainingsufficienthitchprecluded
establishmentofmorethanonehitchpaddy

In addition to mosquito larvae aquatic
invertebrateswerequantifiedbycountsfromthe
dipper samples Ttest analysis showed no

generaltrendsamongGambusiastockedpaddies
versusSacramentoblackfishandhitchstocked
paddies versus control fields regarding the

aquaticinvertebrates Table1 Thesoleex

ceptiontothistrendmightbeasignificantly
loweraeshnidabundanceintheGambusiapaddies
comparedwiththecontrolsP 005ttest A

Table1UCDEXPERIMENTALRICEPADDIESINVERTEBRATESAMPLE

ORDERANDFAMILYWITHGENUS FEEDINGGUILD

EPHEIMEROPTERAMayflies
Baetldae Collectorsgatherersscrapers

0D0NATADragonfliesdDamselflies
Coenagrionidae
Aeshnidae

Llbellulldee

HEMIPFERA TrueBugs
Belastomatidae

Vellidae

Corixidae

NotonectldaeBuenoa

Gerrldea

HebrideaMerragata

COLEOPTERABeetles

DytIsc1daeBidessus
Hygrotus
Laccophilus

HydrophIlideaTropisternus

DIPTERAFlies

Ceratopogonidae
Chironanidae

Tlpulidae

Ephldridae

Stretlomyidae

Hydrophilus

Engulfers predators

Engulfers predators

Engulfers predators

Piercers carnivores

Piercerscarnivores

Piercers carnivores

Piercers carnivores

Piercers carnivores

Piercerscarnivores

Piercerscarnivores

Piercerscarnivores

Piercerscarnivores

Larvaeengulferspredators
Adultscollectorsgatherers

Larvaeengulferspredators
Adults collectorsgatherers

Engulfersorcollectors
Engulfersorcollectors

Shreddersherbivores

Engulfersorcollectors

Collectorsgatherers

Poslblepredatorsonmosquitolarvae
YOYYoungoftheyearSacramentoblackfishpaddyHhitchpaddy

95

largetemperaturevariationwasnoteddownthe
lengthofthericepaddies Themeantempera
tureforthelastthreesamplingdayswas164C
attheupperstationnearthewaterinlet213C
inthemiddleofthepaddyand255Catthe
lowerend

DISCUSSION Initial sampling problems
plaguedthestudy Anacceptabledippingtech
nique was finally established which minimally
disturbedadjacentmosquitolarvae Thusthe
last three samples were comparatively very
representativeofthemosquitopopulations The
difficulties in obtaining hitch allowed useof

youngoftheyear Sacramentoblackfish intwo

paddies This showed usthatyoungofyear
blackfishcanthriveinricefieldenvironmentsan
unexpectedfindingCechandMoyle1983Lab
oratorystudiesshowthatarespiratoryhome
ostasisatlowerdissolvedoxygentensionsalso
characterizes the young Sacramentoblackfish
CechandLindenunpublwhichmaycontribute
tothesurvivaloftheseyoungfish

Informationoninvertebratesispreliminary
Invertebrateswereidentifiedandenumeratedfrom

dippersamplesononlyonesamplingday Be

causethedippersampleswereprimarilydesigned

NUMBEROFINSECTSIN50DIPSON8IX84SAMPLEIN

RICEPADDIESIDENTIFIEDBYNUMBERANDFISHSPECIES

Gambusia Blackfish8Hitch Control

POSSIBLESAMPLING YOY YOY H
BIASWHILEDIPPING 3410 1 2 78911 5 612

Onbottom

Onbottom

Onbottom

Quickswimmer

Diveandstayon
bottomquickswimmer

Diveandstayon
bottomquickswimmer

Onsurfaceskateaway

Quickswimmer

Quickswimmer

Quickswimmer

Larvaeonbottom

Larvaeonbottom

3013 0 250317 2 5 1

136 3 5 1 1 216 5 3 2

233 11113102222 17146

O1 0 000002 1 0 1

21 0 0 0 1 0 2 1 30 1

O00 0000 1 0 00 1

O1 0 0 00000 00 1

O0 0 0 3 1 0 1 0 600

O00 000000 1 1 0

O00 000 1 00 000

O1 0 000000 000

O2 0 00 1 0 1 0 1 00

11 2 003 1 1 4 1 1 0

700 00 3002 1 00

300 000000 1 0 0

224 6 1 03231930 9412

1305 006 1 526 47 5

50 1 0 1 404 1 1 0 1

10 1 00 2060 203

O0 1 0 0 1 0 1 0 000
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formosquitolarvalsamplingmanybenthicand
fastswimminginvertebrateswerenotcapturedin
thedippersamplesTable1 Forexamplewhen
thefishweresampledfromthedrainedpaddy
notonectids seemed subjectively to be more

abundant in theminnowand control paddies
comparedwiththeGambusiapaddies Acylindri
caltypesamplerfortheentirewatercolumnand
benthicsurfacewouldcertainlybewarrantedfor
futureinvertebratesamples

Althoughtheresultsregardingourhypo
thesiswereequivocalasultimatefishnumbers
wereconfoundedwith fish speciestype the

relativecontroleffectivenessofmosquitofishand
Sacramentoblackfishcanbecomparedbycalculat
ingestimatedfishstockingrequirements Recent

calculationsofSacramentoblackfishmetabolicfood

demandCechandLindenunpublishedcompare
wellwithpreviousdeterminationsformosquitofish
forthesametemperaturesanddissolvedoxygen
tension Cech Massingill and Wragg 1980
FromtheestimatedmeannumberofCulexlarvae

stockedperpaddy5962onthelasttwostock
ingdatestheratioofsmall1stand2ndinstars
vslarge3rdand4thinstarslarvaestocked
1201 theCulex Anophelesratiosampledon
thelastthreesamplingdates1861andthe
meanwatertemperatureonthosedates213C
atotalof232Gambusiaor197Sacramentoblack
fishwouldbeneededtodevourtheestimated

residentmosquitolarvaeinonlyoneday As

sumptionsinherentinthiscalculationincludethat
wildCulexnumbersinthericepaddiesduring
Septembersampleswereinsignificantthatthese
predatoryfisheatnothingbutmosquitolarvae
andthatnoenergyisneededforthefishes
movementsgrowthorreproduction Datafrom

otherricepaddieswhichwerenotstockedwith
mosquitoesattheUCDRiceResearchFacility
duringtheseSeptembersamplingdatesindicate
that wild Culex larvae were indeed rare

Blausteinperscomm Althoughmosquitofish
preferCulexlarvaetoothersimilarsizepreyin
ricefieldsLindenandCech1983theirwilling
nesstotakeotherpreyinvalidatesthefirst
assumptionandunderestimatesthenumberoffish
neededforcontrol Similarlaboratorystudieson
Sacramentoblackfishpreypreferencesarecur
rentlyunderway Ontheotherhandactivity
Cech Mitchell and Castleberry in prep
growthWurtsbaughandCech1983andrepro
duction Cech Wurtsbaugh and Vondracek

1981 alsorequireenergyinmosquitofishinval
idatingthesecondassumptionandoverestimating
thenumberoffishneededforcontrol Also
observationsoftheCulexculturelaboratoryof
the present study by Northrupand Washino

1981onAnophelesfreeborniplacethemosquito
larvalresidenceanddevelopmenttimeintherice
fieldclosertoaweekthanaday Themean

residencetimeofthesampledCulexiestock
ingdatetosamplingdatewas23daysalso
tending tooverestimateneeded fish numbers

Thesecalculatedfishnumbersrepresentabout
129theactualGambusianumbersintheGambusia

ricepaddiesandonlyabout25theactualSac
ramentoblackfish numbers remaining in their

paddies Thusthesignificantlylargernumber
offishdistributedthroughoutthemosquitofish
paddyeffectedsignificantlarvalpredationcom
paredwiththeunstockedcontrolpaddies This

result is in accord with Hoy OBerg and

Kauffmans1971conclusionthatmanyfishare
neededtocontrolmosquitoesinricefields We

hopetotestifcomparablenumbersofnative
juvenileminnowsandfishtolarvalratioscan
provide significantcontrol in future research

projects
Plansforthe1985fieldseasonincludemore

butsmallerpaddiesinwhich largerseparate
populations of juvenile minnows and smaller

separatepopulationsofmosquitofishwillbemain
tained Inadditionsomepaddieswillbestocked
withmosquitofishplusminnowcombinations We

believethatthisresearchprogramiscriticalto
longterm economical biological control of

mosquitoesinCaliforniaricefieldsandwilllead
toabatementdistrictproceduressuitableforuse
ofalternativefishesinricefields
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SUSCEPTIBILITYOFTHECLEARLAKEGNATCHAOBORUSASTICTOPUS

TOTHEHYPHOMYCETEFUNGUSTOLYPOCLADIUMCYLINDROSPORUM

LWTurlingtonDLWoodwardandAEColwell

LakeCountyMosquitoAbatementDistrict
410EsplanadeLakeportCalifornia95

AnaqueousconidiosporesuspensionofthehyphomycetousfungusTolypocladiumcylindrosporumwas
bioassayedagainstlarvaeoftheClearLakegnatChaoborusastictopusDiptera ChaoboridaeAmor
talityof739occurredafter9daysexposuretoa5x10sporesmlconcentration Infectionreduced

pupationbymorethan30after3days Afterdeathhyphaldevelopmentwasextensiveprimarilynear
thecropandtheposteriorhydrostaticorgans Aerialtuftsofhyphaeformedonthelarvaeremainingat
thesurfaceafterdeath ThesetuftsproducedconidiosporesinfectivetootherCastictopuslarvae

INTRODUCTIONThe Clear Lake gnat
ChaoborusastictopusDyarandShannonDiptera
Chaoboridae isaneconomicallyimportantpestin
someareasofCaliforniaCook1967 Attimes

duringthelatespringandsummermonthsadults
ofthis nonbiting species swarm so thickly
around lights that outdoor activities become

impractical Thisnuisancecan interferewith

tourismanddecreaselandvaluesnearrecreational
lakes

Inthepastresponsetotheproblemin
volvedapplicationsofchemicalstodecreaselarval
populations and C astictopus hasdeveloped
resistancetosomechemicalpesticidesDolphin
1959Appersonetal1978 Currentlybiologi
calagentsarebeinginvestigatedasalternatives
orsupplementstochemicaltreatment

AhyphomycetefungusTolypocladiumcylin
drosporum Gams is being investigated as a

possiblemicrobialinsecticideforuseagainstthe
gnat Tcylindrosporum is a demonstrated

pathogenofsomemosquitoesPinnocketal1973
Soares1979Soaresetal1979butitsefficacy
againstChaoboridaehasnotbeenstudied The

resultsofabioassaychallengingCastictopus
larvaewithanaqueoussuspensionofconidio
sporesofTcylindrosporumarepresentedhere

METHODS AND MATERIALSThe fungus
inoculumwaspreparedfromcoloniesoftheCal
iforniastrainofTcylindrosporummaintainedat
the LakeCounty Mosquito Abatement District

laboratoryonpilesofSabouraudDextroseAgar
medium BBL incubated at approximately
22C

Parafilmsealedcolonyplates2to4weeks
oldwereopenedandtheaerialconidiospores
flushedintoabeakerbyrepeatedrinsingswith
deionizedwater Acleanmicroscopeslidewas
usedtofacilitateremovalofthespores The

resultingslurrywasstirredfor5minutesusinga
magneticstirbar Thesporeswereseparate
fromhyphalclumpsbyfilteringthroughWhatman
No1 filter paper and cleaned by repeated
centrifugation and resuspension in deionized

water Conidiosporeconcentrationinthecleaned
sporesolutionwasdeterminedusinganimproved
NeubauerhemocytometerAO Brightline

TenactivefourthinstarCastictopuslarvae
collectedbyEkmandredgefromUpperBlue

ABSTRACT

Lake LakeCountyCaliforniawereaddedto
eachoffifteen200mlglasspetridishescontain
ing180mlofdeionizedwater Nofoodwas

providedforthegnatlarvaesoonlytenwere
usedineachdishtoimpedecannibalism

A20mlvolumeofTcylindrosporumconi
diosporesuspensionwasaddedtoeachtreatment
dishwithoutstirring Threerepetitionsofeach
ofthreetreatmentconcentrations5x101x10
5x10conidiosporesmlweretested Higherand
lowerconcentrationswerenottestedbasedon
theresultsofpreliminaryscreening Sixcontrol

repetitionsreceived20mlofuntreateddeionized
watertogiveatotalvolumeof200mlinall
treatedandcontroldishes Watertemperature
wasmaintainedat17 1Cduringthebioassay

Larvalmortalityandpupationwasassessed
at48hrintervalsbeginning24hrsafterinitial
exposureandcontinuingfor9days Larvaewere

considereddeadifincapableofmovementorif
repeatedprobingswithacollectingpipetteelicited
onlysighttwitchingmotions Pupaewerecon
sideredassurvivors Allpupaeanddeadlarvae
wereremovedateachcounting Deadlarvae

wereexaminedat40xphasecontrastand200x
brightfieldforsignsofmycosis Hyphaeand
sporesfromgnatcadaversweretransferredto
SabouraudDextroseAgar Coloniesthatformed

wereusedassourcestoinfectmoreCastictopus
larvaetotesttherecyclingabilityofthefungus

Cumulativepercentmortalitiesforalltreat
mentsandcontrolswerecomparedforeachday
usingaonewayANOVA Whereasignificant
Fvalueoccurreddifferencesbetweenindividual
means were examined using the Student

NewmanKeulsmultiplerangetestZar1974at
p005 Cumulativepercentpupationwasevalu
atedidentically

RESULTSANDDISCUSSIONThecumulative

percentmortalityovertimeforeachgroupis
shown in Table1 Nosignificantdifferences
wereobservedbetweenthetreatmentsandcon

trolsuntilthethirddayafterexposure Begin
ningonDay3mortalityatthehighestconcen
tration5x10ofTcylindrosporumwassignifi
cantlygreaterthanthatforlarvaeinboththe
controlandlowconcentration 5x10groups
OnDay5and thereafter both 10treatment

mortalitiesweresignificantlygreaterthancontrol



withmortalityinthe5x10groupreaching739
byDay9 Mortalityinthecontrolgroupreached
183 inpartduetocannibalism whichwas

observedamongthelarvae Thisbehaviormay
alsoaccountforapartofthemortalityobserved
inthelow5x10concentrationgroupwhich
wasneversignificantlydifferentthancontrol

Figure1graphicallydepictsthecumulative
percentpupationforallthegroupsforeachday
oftheexperiment Maximumpupationreached

Table1Mortality of4thinstarCastictopus
exposed to an aqueous suspension of T
cylindrosporumconidiosporesl

Daysafter Concentrationconidiosporesml

exposure 00 5x10 1x10 5x10

1

3

5

7

9

00 00 33a 00

00 00 33 94

50 33 167bc 189

117 100 267 472

183 20O 60O 739

1Meansinthesamerownotfollowedbythesame
letteraresignificantlydifferentp005
StudentNewmanKeulstests

60

z

O50
Qa
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40
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030
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a20
Jn
2

cID

0

I 3 5

TIMEDAYS

7 9

Figure1Cumulativepercentpupationof4thinstar
Castictopusuntreatedcontrolsandtreatedlarvae
exposedtothreeconcentrationsconidiosporesmI
ofTcylindrosporum
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50 occurringinthecontrollarvaeafter9days
Pupationinthe5x10treatmentwasslightlybut
notsignificantlyTessat467 Minimumpu
pationonDay9was100 occurringinthe1x10
treatmentwithpupationinthe5x10treatment
notsignificantlygreaterat161 Acomparison
ofmortalityandpupationduringthebioassay
revealsa potentiallyimportantconsequenceof
fungusinfectionalthoughtherewasonlya94
differenceinmortalitybetweenthecontrolsand
the5x10grouponDay3Table1thediffer
enceinpupationwasgreaterthan30Figure1
Many infected larvaewereunableto pupate
ThissuggeststhatTcylindrosporumwouldbe
aneffectivetreatmentinpupatingpopulations
offsettingthelengthytimerequiredtoachieve
50mortality7days seeTable1

Periodicexaminationofdeadtreatedlarvae
confirmedthepresenceofmycoses Innearlyall
larvaeexposedtothetwohighestconcentrations
1x10and5x10fungalhyphaewereobserv
able Therewasatleastoneconfirmedmycosis
amonglarvaefromthelowesttreatmentconcen
tration5x10butnonefromthecontrols The

appearanceoflarvaekilledbyTcylindrosporum
wasstriking Massesoffungalhyphaecouldbe
seenthroughoutthetranslucentbodiesofthe
larvae Hyphalgrowthwasespeciallyabundant
intwobodyregions thethoraxnearthecrop
andtheanteriorhydrostaticorgansandadjacent
totheposteriorhydrostaticorgans

Afterdeathhyphaeramifiedthroughoutthe
bodiesofthelarvaeeventuallygrowingoutwards
through the cuticle Dead fungusinfected
Castictopuslarvaethatremainedfloatingatthe
waterssurfacedevelopedaerialtuftsofconi
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diosporeforminghyphae Whentransferredby
sterile inoculating needle to Sabouraud Agar
mediumsporesfromthesetuftsformednormalT
cylindrosporumcolonies Inadditionexposureto
thesesporesinfectedandkilledotherCas
tictopuslarvaewithamycosisidenticaltothat
previouslyrecorded Thispotentialforrecycling
isencouragingbecausethefunguswouldbea
bettercontrolagentifasingledosageresultedin
recyclingandamplificationofthediseaseinthe
pestspecies
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ABUNDANCEANDDISTRIBUTIONOFIMMATURECULEXTARSALISANDANOPHELES

FREEBORNIINRICEFIELDSOFTHESUTTERYUBAMAD IINITIALSAMPLINGTO

DETECTMAJORMOSQUITOPRODUCINGRICEFIELDSAUGMENTEDBYADULTLIGHTTRAPPING

DebraCaseLemenagerSusanDBauerandEugeneEKauffman

INTRODUCTIONDuring the 1984 growing
seasonapproximately1acresofricewere
grownwithintheboundariesoftheSutterYuba
MosquitoAbatementDistrict Culextarsalisand

Anophelesfreeborniutilizethericefieldhabitat
forbreedingpurposesandwerethe2mosquito
speciesofconcerninthisstudy Bothofthese

mosquitospeciesareresponsibleforthetrans
missionofdiseasesofpublichealthimportance
andcanoccurinnumberslargeenoughtowar
rantextensivemonitoringandcontrolefforts An

efficientmethodisneededtodeterminewhere
whenandhoweffectivecontrolmethodsforrice

fieldmosquitoesshouldbeused Toaccomplish
this severalstudieshavebeenconductedto

determinedensitiesandspatialdistributionsof
CxtarsalisandAnfreebornilarvaeinrice

Manyofthesestudieshaveshownthatlarval
densitiescandifferdramaticallyfrom1fieldto
thenextwithrelativelyfewfieldsbeingrespon
siblefor themajorityofmosquito production
Miuraetal1983andWashinoandWesterdahl
1981

Theprimaryobjectiveofthisstudywasto
determinewhichricefieldsifanyinthestudy
areasproducedunusuallyhighnumbersofmos
quitolarvaeascomparedtonumbersoflarvae
foundoverall Inadditiontrappingforadult
Cx tarsalisandAn freeborniinthe larval

samplingareaswasconductedtoaidinthedeter
minationofspeciesabundanceanddistribution
Otherstudieshavebeenconductedwhichcompare
larvaldatatolighttrapdata Collettetal

1964 showedapositiverelationshipbetween
adultandlarvalcollectionsandfeltthatcon

clusionsreachedconcerningmosquitopopulations
weremorereliableifbothsamplingmethodswere
used

Itishopedthatdatafromthisstudywill
help establish guidelines such as threshold

levelsforCxtarsalisandAnfreebornilarvae
in ricefieldsofconcerntotheSutterYuba
MAD Thisreportpresentspreliminaryaspects
ofanongoingstudyasitwillbecontinuedto
furthertestthehypothesisthatcertainricefields
alwaysproducemoremosquitoesthanothers

MATERIALS AND METHODSTwo study
areaswerechoseninricegrowingareasofthe
SutterYubaMADoneinSutterCountyand
theotherinYubaCounty Ricefieldsrangedin
sizefrom15to448acres Collectionofdata

concerningthefieldssuchasthedirectionof
irrigationwaterflowcontouredorlaserleveled
fields variety of rice planted agricultural

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726

YubaCityCalifornia95992

101

chemicalsappliedplantingfloodinganddrainage
datesnumberofyearsinriceandotherenviron
mentalandculturalfactorswasinitiatedbythis
study TheYubaCountystudyarealocated
approximately mileNEofMarysvilleCAcon
tained3283acresofriceand208larvalsampling
sitesor6sitesforevery100acresofrice The

SutterCountystudyarealocatedapproximately5
mileswestofYubaCitycontained3937acresof
riceand298larvalsamplingsitesor8sitesfor
every100acresofrice Adultsamplingwas
conductedinbothcountiesinareaschosenran

domlyfromwithinthe2larvalstudyareas Each

adultsamplingareaconsistedofapproximately900
acresofrice

Larval sampling sites were locatedalong
edgesoffieldsusuallyaccessiblebyroads The

samplingprocedurefollowedateachsiteisshown
inFigure1 Thismethodmadeiteasytotell
whichdirectiontowalkinthefieldandhowfar

togo Standardwhiteplasticdippers473ml
wereusedinsampling Threedippersamples
weretakenateachof8stationsgivingatotalof
24dipssite Atthefirstandeighthstations3
dipsweretakenalongtheedgeofthefield At

stationsawayfromtheedge1dipwasmadeon
eachsideandinfrontoftheindividualsampling
The genusandstageofeachimmaturepre
sentdippersamplewasrecordedandthesample
returned Ateachsitewatertemperaturewater
depthandvisualclaritywasrecordedalongwith
theheightofthericeandthetypeofstand
opensparseaveragedense Arecordofthe

timeofdaywasmadebeforeandaftereachsite
wassampled The2studyareasweresampled
alternatelyTable1whichallowed3sampling
periodsperstudyarea Thisresultedinmany
siteswithfewreplicates

Datawereanalysedtoobtainmeanvaluesof
mosquito larvaedipfield and associated vari

ances Sampleperiodswerecomparedtodetect
significantchangesinlarvaldensitiesandnum
bersandratiosoffieldsproducing 08lar

vaedipwerecalculated Thethresholdlevelof

08 larvaedip was chosen as it represented
findingatleast2larvaesamplesiteandwas
slightlymorediscriminatingthanthepreviously
reportedlevelof1 larvaedipStewartetal
1983

Adultmosquitoesweresampledweeklyfrom
621to10101984usingCDClighttrapsbaited
withdryice Eachtrapwassuspendedfroma
polewhichwassecuredinthegroundalongthe
edgeofaricefield Trapsitesinbothstudy
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areaswerelocatedalongroadsrunningnorthand
souththroughricefields Alltrapsweresetout
inthelateafternoonandpickedupthefollowing
morningrunning1nightperweekforatotalof
14weeksinSutterCountyand16weeksinYuba
County Collectionsweretakentothelaboratory
wheretheywerecountedandidentified Only
femalemosquitoesweretabulated Datawere
analysedtodeterminedifferencesinnumbersof
adultCxtarsalisandAnfreeborni Inaddi

tionadultlighttrappingdatawerecomparedto
larvalsamplingdatainordertodetectsignificant
relationshipsifany

RESULTSAND DISCUSSIONIntheYuba
Countystudyareaitwasfoundthatamoderate
numberoffieldsharboredthemajorityofCx
tarsalis larvae sampled For An freeborni
approximatelyhalfofthefieldssampledwere
responsibleforthemajorityoflarvaefound The

highestnumbersofCxtarsalislarvaeoccurred
duringthefirstsamplingperiod619 628

RICE

30STEPS18m

58 if 8

Figure1SamplepatternusedforCxtarsalisandAnfreeborniin
ricesummer1985SutterYubaMAD

Table1Samplingschedulericefieldlarvalsurvey1984
Noofdayssamplingtookplace

SamplingDates

f

8

II
EXIT

FIELD

Sevenoutofthe22fieldssampledduringthat
timewereresponsiblefor89ofthelarvaefound
with21ofthefloodedacreageinthestudyarea
havinglarvaeoccurringinnumbersz08dip
ForAnfreebornithegreatestnumbersoflarvae
werefoundduringthelastsamplingperiod86
810 Twelveoutofthe22fieldssampledwere
responsiblefor90ofthelarvaefoundwith64
ofthefloodedacreageinthestudyareahaving
larvaez08dip ForCxtarsalisduringthe
secondandthirdsamplingperiods99and100
respectivelyoftheacreagesampledhad0or

08larvaedip ForAnfreeborniduringthe
firstandsecondsamplingperiods98and73
respectivelyoftheacreagesampledhad0or

08larvaedip
Ingeneralthesametrendoccurredinthe

SutterCountystudyareaTable2 ForCx
tarsalishighestnumbersoflarvaewerefound
duringthefirstsamplingperiod72 713
Elevenfieldsoutofthe47sampledwereresponsi



Table2ComparisonofsampleaveragesobtainedfromeachstudyareaforbothCxtarsalisandAn
freebornilarvaeshowingsimilaritiesinresultsbetweenthe2areas

PercentagesCalculated YubaCountyStudyArea
FromSampleMeans Cxtarsalis Anfreeborni

Percentageoffieldssampled 32

studyareahaving 08dip

Percentageoflarvaefound
studyarealocatedinfields
sampledhaving 08dip

Percentageoffloodedacreage
sampledstudyareahaving 08dip 21

blefor77ofthelarvaefoundwith25ofthe
floodedacreagehavinglarvaeoccurringinnum
bers 08dipduringthattimeperiod For

Anfreebornithegreatestnumbersoflarvae
werefoundinthethirdsamplingperiod813
824 Twentysixfieldsoutofthe47fields
sampledduringthattimewereresponsiblefor92
ofthelarvaefoundwith63oftheflooded
acreageinthestudyareahaving 08dip For

Cxtarsalisthesecondandthirdsamplingperi
ods724 83and813 824had85and
92 respectivelyoftheacreagesampledwith0
or 08larvaedip ForAnfreebornitheless
activesamplingperiods72 713and72483
showedthat68and59oftheacreagesampled
had0or 08larvaediprespectively

Thesedata indicateadifferencebetween

larvalsamplingperiodsforeachmosquitospecies
inbothstudyareas AonewayANOVAper
formedontheaveragenumberofmosquitolar
vaefieldsampleperiodshowedthatall3sample
periodsdifferedsignificantlyforAn freeborni
andCxtarsalisa 05 Thesedifferencesare

tobeexpectedasnumbersoflarvaewillfluctu
ateoverthesummer Inadditiononetailedt
testswereperformedonthesamemeanscompar
ingonewiththeother ForCxtarsalisinboth

studyareas thesamplemeansforthefirst
sampleperiods weresignificantly higherthan
thoseforthesecondandthirdperiods ForAn

freebornilarvaesampledinbothstudyareas
meansforthethirdsampleperiodsweresignifi
cantlyhigherthanthoseforthefirstandsecond
periods Asaresultnotonlyshouldthetimeof
seasonbetakenintoconsiderationwhensampling
butdifferencesbetweentheseasonaloccurrence

ofdifferentspeciesshouldberealized
These data indicate opposite population

trendsforthe2speciesoverthesummerwith
thehighestnumberofCxtarsalisoccurringin
JuneandthehighestnumberofAnfreeborni
occurringinAugust Ingeneralthesametrend
wasobservedinbothstudyareasasfarasthe

SutterCountyStudyArea
Cxtarsalis Anfreeborni

54 23 55

89 90 77 92

64 25 63
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larvaewereconcerned Thiswasnotthecase

howeverwithadultmosquitoessampled
InbothSutterandYubacountiesnumbers

ofadultmosquitoestrappedateachsitewere
compared using Spearmans rank correlation

coefficientinordertodetectanypossiblepat
terns ofdistribution In Yuba County the

resultingrsvaluesindicatedasomewhathomoge
neousdistributionofadultCxtarsalisandAn
freeborni HoweverintheSutterCountystudy
areanospecificpatternofoccurrenceforeither
specieswasfound

Numbers of adult Cx tarsalis in Yuba

CountyreachedamaximuminearlyJulywith
1700trapnight NumbersofAn freeborni

werehighestinlateJulywith950trapnight
TheSutterCountystudyareashowedasimilar
patternwithCxtarsalisbeinghighestinmid
Julywith375trapnightandAnfreeborniin
midAugustwith80trapnight MoreCxtarsalis

weretrappedinthe2studyareasthanAn
freeborni Thismaybeduetothepossibility
thatAnfreeborniarenotattractedtoCDClight
trapsaswellasothermosquitospeciesMilbyet
al1978andEndicottandWashino1982 After

theirrespectivepeaksbothspeciesdecreasedin
numberinasimilarmannerthroughoutthere
mainderofthesummer

Incomparingadultlighttrappingdatato
larvalsamplingdataoppositeresultswerefound
WhilemoreadultCx tarsalisthanadultAn
freeborni were trapped more An freeborni

larvaethanCxtarsalislarvaeweresampledin
the2studyareas Inadditionwhencomparing
numbersoflarvaefoundintheYubaCounty
studyarea to numbers found in the Sutter

Countystudyareanosignificantdifferencewas
foundforeitherspecies Howevermanymore
adultsweretrappedintheYubaCountystudy
areathanintheSutterCountystudyareaboth
speciescombined Thesefindingsmayagainbe
partiallyduetothepossibilitythatadultAn
freeborniarenotattractedtoCDClighttrapsas
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wellasothermosquitospecies Resultsobtained

fromadultlighttrappingindicatedthatother
methods would be necessary to successfully
associatelarvalandadultactivityinthestudy
areas

CONCLUSIONSBecauseofthesimilarityof
findingsinbothstudyareasthefollowingobser
vationsweremadeconcerningthedistributionof
CxtarsalisandAnfreebornilarvaeamongrice
fieldswithintheboundariesoftheSutterYuba

MAD Atthebeginningofthegrowingseason
immatureCxtarsaliswerethemostabundantof

the2mosquitospecies Bytheendofthesea
sonorbymidAugustnumbersofCxtarsalis
haddroppedsignificantly ForAnfreeborni
numbersimmaturesfoundweresignificantlylower
atthebeginningofthegrowingseasonandwere
themostabundantofthe2speciesbymid
August Resultsobtainedinvolvingthecollection
ofadultCxtarsalisandAnfreeborniindicated
thatothermethodswouldhavetobeusedin

future studies to associate larval and adult

activityanddistribution
Larvalsamplingdataindicatedthatamin

orityofthericefieldssampledhadlarvaeof
eitherspeciesoccurringinnumbers 08dip
Thisstudywillbecontinuedtoordertodeter
mineifthissituationoccursinthesamefields
each season Knowledgeofthis typewould
greatlyenhancetheoperationalaspectsofany
ricefieldmosquitocontrolprogram Inaddition
moreinformationwillbeobtainedinorderto

establish other guidelines such as threshold

levelsforCxtarsalisandAnfreebornilarvae

inricefieldsofconcern totheSutterYuba
MAD

REFERENCES

CollettGCJEGrahamandIEBradley
1964 Relationshipofmosquitolighttrap
collectiondatatolarvalsurveydatainSalt
LakeCounty MosqNews24160162

EndicottPCandRKWashino1982A

comparisonofsamplingmethodsforadult
AnophelesfreeborniAitkenCalifMosqand
VectorContrAssoc5068

MilbyMMEEKauffmanandJFHarvey
1978ConversionofCDClighttrapindicies
toNewJerseylighttrapindiciesforseveral
species of California mosquitoes Calif

MosqandVectorContrAssoc465860
MiuraTRMTakahashiandWHWilder

1983SpatialdistributionofCulextarsalis
larvaewithinricepaddiesCalifMosqand
VectorContrAssoc515860

StewartRJTMiuraandRBParman
1983 Comparisonofsample patterns for

CulextarsalisinricefieldsCalifMosq
andVectorContrAssoc515458

WashinoRKandBBrownWesterdahl1981
Effectsofenvironmentalfactorsondensity
oflarvalmosquitoesinCaliforniaricefields
Mosq Cont Res Ann Rept Univof
Calif 4445



IMPROVEDROMANOMERMISCULICIVORAXPREPARASITEPRODUCTION

SusanMCritchfieldandKennethBoyce

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815

INTRODUCTIONThe mermithid nematode
Romonomermisculicivorax hasbeen extensively
studiedasabiologicalcontrolagentoflarval
mosquitoesoverthepastdecade Morerecently
inanumberoffieldexperimentspositiveresults
havepromptedmosquitoabatementdistrictsto
focusonRculicivoraxasamethodofcontrolling
mosquitoesKerwinandWashino1983Kimballand
Kauffman1984 Todateafewmosquitoabate
ment districts have successfully established

rearingfacilitiesandhaveincorporatednematodes
withexistingcontrolmethods

Operationallynematodescanbeappliedas
preparasitesorpostparasites Postparasites
appeartobethemorepracticalmethodsince
applicationscanbegininearlyspringbeforethe
onsetofthemosquitoseason Inthisstagethe
nematodeswillenterthesoilmatelayeggsand
dependingonambienttemperatures eggswill
maturein312weeksatwhichtimetheeggswill
begintohatch Laterintothemosquitoseason
hostseeking preparasites may be applied to

sourceswheremosquitolarvaehavebecomeestab
lished Duringthewintermonthsnematodesare
labrearedtoreplenishthesupplyofculturesfor
thefollowingseason Someoftheseculturesmay
spendsixtosevenmonthsinstoragebeforethey
areneededforfielduse

Inpreviousstudiesthefollowinghasbeen
determinedconcerningculturestorage

1 Prematurehatchingofnematodeeggscan
occurfromexcessmoistureinaculture

Cupelloetal1982

2 Totheotherextremeifnotcarefully
monitoreddessicationofaculturecan
causeapartialortotallossofnematodes
inaculturepersonalexperience

3 Prolongedstorageofacultureresultsin
low yields of preparasites Petersen
1978

Thesefactorsposeaproblemformosquito
abatementdistrictsattemptingtostorenumerous
culturesduring the wintermonths Cultures

mustbecheckedperiodicallyandmistedwhen
theyappeardry Usuallybythetimeaculture
appearsdrydamagehasalreadybegun and

directmistinginvolvestheriskofprematureegg
hatchingandconsequentlythelossofprepara
sites Thesestepsarelaborintensiveandin
creaserearingcostsdramatically Idealistically
whenacultureisplacedinstorageitshould
requirenofurthermaintenanceuntiltimefor
flooding

Thisstudyfocusesontheeggstageofthe
nematodelifecycleandwasdesignedtoimprove
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preparasiteyieldsandincreaseculturelongevity
by ensuring optimum storageconditions To

achievethisafewminormodificationsinstan
dardrearingtechniquesweremade

MATERIALS AND METHODSNew cultures

werestartedbyfillinga325x215x65cm
plasticTupperwarecontainerwithmediumcoarse
216sandtoadepthof25cm Dechlorinated

tapwaterwasaddedtothesamelevelorjust
belowsotherewasnofreestandingwaterabove
sandlevel Premeasuredamountsofpostpara
siteswereplacedontopofthesand Afterthe

postparasiteshadenteredthesandexcesswater
wasremoved Aprecutpieceofplywoodwitha
mountedhandlewasusedtodrainthecultures

Theboardwascuttofitsnuginsideofthe
containerrestingjustabovethesand Oncethe

boardwasinplacetheculturewastiltedtoa90
angleanddraineduntilonlyafewdropsofwater
remained Theboardwasthencarefullyre
movedapieceofpapertowelingplacedontopof
the culture and the container was sealed
Cultureswerestoredinaroommaintainedat
255 27C

RESULTSANDDISCUSSIONThefirstmodi

ficationmadewasthetypeofcontainerused By
usinganairtightcontainermoisturewasre
tainedinallculturesthroughoutthetestperiod
withnomaintenancerequired Byusingthe
boardfordrainingallfreestandingwaterwas
removedeliminatingonefactorofprematureegg
hatching Thepurposeofthepapertowelingwas
toabsorbanydropletsofwaterthatmightfall
ontothesandfromcondensationformedonthelid

ofthecontaineralsoafactorinprematureegg
hatching Moldoccurredonthepapertowelsin
allculturestestedbutwithnoapparentadverse
effects Loweringthewatertosandlevelwhen
startingacultureseemedtoexpeditethepost
parasitesentryintothesand Within34days
virtuallyallpostparasiteshadcompletedentry
andtheculturewasdrainedandstoredcompared
tostandardtechniquesofdrainingafterthree
weeksPetersen1972

Table1indicatesthenumberofpreparasites
obtainedpercultureinrelationtocultureage
Preparasiteswereobtainedfromallculturestest
ed Petersensuggeststhatculturesaged1114
weeksproducethehighestyieldsofpreparasites
Petersen 1978 In thisstudy theaverage
preparasiteyield was 1460x10 84x 10
3600x10 Inculturesaged1323weeks62
producedover1000x10preparasites Overall
57ofthe21culturesproducedover1000x10
preparasites33over2000x10and19over
3000x10 Thelowestsingleyield84x10
occurredinaculturethatwas11weeksold

Themaximumyield3600x10wasproducedby
threeseparatecultures Theirageswere1518
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Preparasites
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Figure1NumberofPreparasitesinRelationtoCulturesAge

and23weeks Nematodeeggswereobservedin
allculturesyielding low numbers below 500

x10ofpreparasites Althoughtheirnumbers
werenotrecordedtheywereoftengreaterthan
thenumberofpreparasitescounted Thisisan

indication that egglaying was not completed
andoreggshadnotreachedmaturity There

werenodeadpreparasitesobservedinanyofthe
cases

CONCLUSIONSThisstudyhashelpedusto
betterunderstandthestoragerequirementsof
Romanomermisculicivorax Ithasshownthatby
usingproperwatermanagementasubstantial
numberofpreparasitescan heobtained from

cultures storedovera long period oftime

Hopefullythiswillbeanaidetomosquitoabate
mentdistrictsrearingthisnematodeforfield
operations
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INFLUENCEOFFLOWRATEONGAMBUSIAAFFINIS

GROWTHRATEANDWATERQUALITY

CBeesleyCDownsREFontaineandJJCechJr

INTRODUCTIONGambusiaaffinishaslong
been recognized as a significant predatorof
mosquitoesKrumholz1948andisstillthemost
widelyusedlarvivorousfishinmosquitocontrol
Hass Pal1984 InCaliforniaitisutilizedin

bothurbanandruralmosquitoabatementdis
tricts however early spring availability is
inconsistent due to limited natural supply
Outdoor pond cultures have had inconsistent

yieldsandnaturalwatershedareassuchasduck
clubsaresubjecttoenvironmentalstresssuchas
pollution and bird predation Thus current

limitationsinitsapplicationasabiologicalcontrol
agentcanoftenbeattributedtolimitedavailabil
ity Asaconsequenceresearcheffortshave
beenmadetoprovideamorereliablesupplyof
thesefishwhenneeded

Gambusiaissuitableforaquacultureforthe
followingreasons Itissmallinsizehasashort
generationtimewithmultiplebroods ashort

interbroodintervalandawidetemperaturetoler
ancewithoptimalgrowthat2530C Thegreat
estlimitationsforintensiveculturearealow

fecundity10400perbroodandinternalfer
tilizationrequirementsKrumholz1948Stearns
1977 Todateseveralattemptshavebeenmade
todesignanaquaculturesystemthatcansatisfac
torilyproduceGambusiainlargenumbersCoy
kendall Kauffman 1984 Downs Beesley
1983 Gall 1983 Reynolds 1977 Although
nonehavebeenentirelysuccessfuleachattempt
hasshednewlightonfactorswhicharemost
limitingonGambusiaproduction

Becauseofthevarietyofsystemspreviously
studied both outdoor Reynolds 1977 and

indoorracewaysDrazba Gall1980thereare
noestablisheddesigncriteriaforintensivecul
tureofGambusia Spotte1970outlinedthe
factorswhichinfluencethecarryingcapacityofa
closedaquariumsysteminwhichhecorrelatedthe
carryingcapacitywithfilterparticlesizerateof
filtrationandfiltervolume Consequentlythe
followingexperimentswereconductedtotestthe

1ContraCostaMosquitoAbatementDistrict
ConcordCalifornia94520

2UniversityofCaliforniaDavisCalifornia
95616

ABSTRACT
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Resultsofbothtrialsindicatedtherewasnosignificantdifferencewithinstockingratesinsurvival
growthratesammoniaornitratelevels Thismayhavebeenaresultoflowtemperaturesduringthe
studiesnotenoughdifferencebetweenflowratesoracombinationthereof Waterqualityresultswereof
significanceandcanserveasabasisfordetermininglethalandsublethalconcentrationsforGambusia
ThesefishhadhighratesofsurvivalatNHandNOlevelsseentobetoxictootherfish

effectsofflowratethroughaninboardfilterbed
ongrowthandsurvivalofGambusia Thisinfor

mationwouldthenbeappliedtothedesignofa
permanentsystemforintensivecultureofGam
busia

MATERIALSANDMETHODSThefishculture

systemusedisthesamedescribedbyHoyetal
1984comprisedof12rearingtankslocated
inside a fiberglass greenhouse which utilized

passivesolarheatingsupplementedwitha100000
BTUpropaneforcedairheater Therearing
tanks wereconstructedwith125mmplywood
244x244x041mdeep Eachtankwaslined

witha20m1vinylsheetandrestedontheasphalt
pavement Tankswerefilledwithwater1525cm

abovethetopofthefilterforatotalvolumeof
1180liters Waterlossfromevaporationandor
leakswasreplacedweeklyandaveraged17of
totalvolume

Thebiologicalfilterineachtankconsistedof
a76mmlayerofcrushedrock6x12mmcovered
bya76mmlayerofLapisLuster3aquariumsand
Fig1 Thetwolayerswereseparatedwitha
layerofmuslintopreventthesandfromclogging
upthebottomintakepipes

Waterwasrecirculatedwithineachtankby
eightverticalairliftsoneachsideofthetanks
connectedtoeightreturnpipes37mmonthe
bottomofthetanks Pressurizedairwasde

liveredtoallofthetanksfromahighvolume
lowpressure15hpelectricblowercapableof
deliveringca900CFMataheadof25cmof
water Airflowwascontrolledbyrestrictingair
flowintosupplymanifoldsandorbychangingthe
submergenceoftheairlines Airliftswere76mm

indiameterwiththeoutfall18cmfromthetopof
thefilter Eachairliftpipehada125mmairline
placedinsideitwhereforcedaircameinthe
tanksfromtheblower Waterpercolatedthrough
thebiofiltersintothereturnpipesandinturn
flowedbacktotheairliftsFig1

Flowratesweremeasuredbycollectingthe
volumeofwaterdeliveredfromthe16airlift
pipespertankina5secondinterval Thiswas

measuredweeklyandsubmergenceofairlines
alteredtomaintainflowratesofeither13and
20Lsecm3 Thesetwoflowrateswerethe

maximalrangeachievedbythesystemwhenall
twelvetanksweresuppliedwithair

Waterqualitytestswereconductedweekly
usingaHachDrel4waterqualitykit Samples
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were analyzed for NHNONOand DO

MeasurementsofpHweretakenonanirregular
basis Temperaturewasrecordedcontinuously
witharemotereadingthermographTaylorIn
struments

Gambusiawerefedfourtimesdailyat5of
tankbiomasswitha5050mixedrationofBasic

FlakeandSutterYubafishmealCoykendall
1977 Trialswereconductedinthefalland

winterof1984underconditionsofdiminishing
photoperiod Supplementallightingfromfluores
centlightsonanautomatictimermaintaineda
1410LDcycle Mortalitywasrecordeddaily

Allfishfortheexperimentswereobtained
fromalocalstockpond Thetanksinthefirst

trialwereeachstockedwith908grams tare
weightofGambusiawhile2724gramspertank
werestockedinthesecondtrial Inbothtrials
totalweightsofthefishwereweighedatthe
startandfinish Subsamplesof100femaleGam
busiatankwerealsoweighedatthebeginning
andendofeachtrialinwhichlargefemales 2

gmwereexcludedfromthesubsample These

weightsweretakentobetterassessactualgrowth
offishforitisknownthatmaturemalesand

largefemalesarenolongerinagrowthphase
Krumholz 1948 Additionally this would

excludemortalityfrominfluencinggrowthresults
Twentyonedaygrowthtestswereconduct

edwiththefirsttrialatthelowstockingrate
andthesecondtrialatthehighstockingrate
Inbothtrialsatotaloftentankswereutilized
allowingforfivereplicatesateachflowratethe
remainingtwotankswereusedforholdingaddi
tionalfish

awo
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Figure1Crosssectionofaculturetankshowingtheairlifedesign
arrowsshowdirectionofwaterflow

Airlift

pipe

Average daily growth as discussed was

calculatedusingwetweightsratherthandry
weightsintheformula G 100IogW2IogW1t
whereW initialW1andfinalW2weightsof
fisht numberofdays Wurtsbaugh Cech
1983

RESULTSANDDISCUSSIONAtbothstock

ingratestherewerenosignificantdifferencesin
averagedailygrowthratesofmosquitofishbe
tweenthetwowaterflowratesTable1 Atthe

lowstockingratefishgrewat05to06of
bodyweightperdayatameantemperatureat
205C Fishsurvivalinthisexperimentwas
98 Atthehighstockingratenegativegrowth
declinesintotalfishbiomasspertankof03
to04ofbodyweightperdaywasmeasuredat
ameantemperatureof165C Fishsurvivalin

thissecondexperimentwas99 Comparisonof
femalesubsamplesshowedgrowthratestobe
higher Atthelowstockingrateaveragedaily
growthwas20and14atthelowandhighflow
ratesrespectively Atthehigherstockingrate
averagedailygrowthrateswereseentobe10
and04attheserespectiveflowrates Again
therewasnosignificantdifferencewithintrials

Ithasbeenpreviouslyreportedthatincreas
ingtheflowratethroughafilterbedincreased
therateofammoniaremovalHaug McCarty
1972Forster1974 Thiswasnotevidentin

eithertrialTable2 Thetwostockingrates
werecalculatedtobe50and132ofthecarrying
capacityofthefilters Itwasalsothoughtthere
wouldbeacorrelationbetweengrowth rates

waterqualityandflowratesbutthiswasnotthe
case Consequently increasing the flow rate



Table1Effectofflowratethruafilterbedonweightoffishgm totals

Trial Flowrate Initial

Lsecm weight

1 13 908 1007128 0556 98 82 20555
20 908 103380 0637 99 82 20555

2 13 2724 2497454 0497 99 231 16545
20 2724 2551236 0347 99 231 16545

GrowthratesnotsignificantlydifferentANOVAp01

Table2EffectofflowratethruafilterbedonNHNO2andNO3levelsmgL

Flowrate Weightof NH3 NH3 NO2 NO2 NO3 NO3 Survival

Lsecmfishgmavg range avg range avg range

13 908 27 1048 039 023063 27 077
20 908 23 1345 081 033165 38 088

13 2724 83 27281 284 040990 113 31255 99
20 2724 78 32165 156 030380 154 53334 99

NHandNO3avgsnotsignificantlydifferentANOVAp01

Trial

1

2

13
20

13
20

Final Growth Survival Biomass Average
weight day gmL temp
RSD SD SD

98
99

Table3Effectofflowratethruafilterbedonweightoffish gm
subsampleresults

Flowrate Initialmean Endmean Growth

Lsecm weight SD weight SD day

4406
5111

5107
5738

GrowthratesnotsignificantlydifferentANOVAp01

6704
6809

6309
6106

207
144

101
039

109
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should have improved water quality if not

growthparticularlyatthehigherstockingrate
Theonlytrendevidentwasanincreasedlevelof
metabolitesatthehigherstockingratebutthe
lowertemperaturesexperiencedduringthistime
nullifyanyconclusions

Analysisofwaterqualityrevealedlevelsof
ammoniaatthelowstockingratewereinthesame
rangereportedtohave inhibitedorretarded

growthintroutsacfryandjuvenilechannel
catfishColt Tchobanoglous1978 Ammonia

levelsatthehighstockingratetrialwereinthe
rangeconsideredtoxic tosomefish Colt

Tchobanoglous 1976 Similar comparison of

nitriteatthehighstockingraterevealedlevels
knowntobetoxictorainbowtroutRusso
Thurston1977 Fromthisweconcludedthat
levelsofammoniaof078mg1andnitritesof
015mg1couldresultinnogrowthofGambusia
Moretestingneedstobedonetoconfirmthis

CONCLUSIONSTheeffectsofflowrateson

growthofGambusiawerecloudedbythediffi
culties in maintaining optimal temperatures
25C Consequentlytheinitialgoalswerenot
met Temperaturesduringthefirsttrialwere
adequateforgrowthoffishbuttherewasno
significantdifferenceingrowthatthetwoflow
rates Growth was essentially halted in the

secondtrialaresultofthelowtemperaturesand
highmetabolicwastelevels Thehigherrateof
waterflowwasnotsufficientenoughineither
trial tospeedupammoniaconversion inthe

biofiltersnorwasnitrateoxidationimprovedby
increasedflowrates

Gambusiasurvivalwasveryhighthroughout
thetrialsindicatingabovenormaltoleranceto
toxiclevelsofNHandNO Althoughwewere
unable to further elucidate the relationships
betweencarryingcapacityandrateoffiltration
thehighrateofsurvivalindicatedgoodpotential
forintensiveculture Thisisofgreatvalue
Whetherfisharebeing heldforgrowthfry
productionoroverwinteringitiscriticaltobe
abletohold largenumbersbecauseoftheir
limitedfecundityandshortlifespan Froman

operationalviewpointthisisanassetforless
time is devoted to maintaining water quality
althoughmonitoringisessential Withthisin

mindwewilldesignanintensiveculturesystem
toholdlargenumbersofGambusiaforgrowth
fryproductionandoverwintering
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INTENSIVEAQUACULTURALPRODUCTIONOFMOSQUITOFISHIN

LARGESOLARGREENHOUSE APROGRESSREPORT

RobertLCoykendallEugeneKKauffman

JackDHandyandDavidBWhitesell

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726

YubaCityCalifornia95992

INTRODUCTIONAt last years Annual

ConferenceIreportedsomepromisingpreliminary
resultsthatwereachievedbyincorporatinga
smallsolargreenhousefortheoverwinteringand
enchancedreproductionofmosquitofishGambusia
affinisBaird GirardConsequentlywebe
lievedalargerscalepilotproductionfacilitywas
justifiablesoastandardcommercialgreenhouse
waspurchasedanderectedatourDistricthead
quarters Withtheexceptionofelectricalwiring
alllaborwasperformedbyourownpersonnel
BytheendofJulywewereabletointroduce
gravidfemalemosquitofishforaninitialshake
downtestofthefryproductionsystemwede
signedandinstalledinthegreenhouse Following
aredescriptionsofthebasicconstructionall
modifications incorporated to convert this

structureintoapassivesolarconfigurationand
ourmosquitofishculturesystem Thisbuilding
wasorientedonaneastwestalignmentandsited
approximatelyonemeter 33feet belowthe

surroundinggroundelevationtohelpshelterit
fromwinterwinds

BASICCONSTRUCTIONMostnewercommer

cialgreenhousesaremanufacturedquitesimilarly
inthattheyhavemetalframingandplasticex
teriorcoverings Framingforourunitconsisted
ofgalvanizedsteelpipeandformedsheetmetal
Fiberglassimpregnatedplasticglazingcoveredthe
exteriorwallsofthegreenhouse howeverwe

selectedaninflatedbubblefilmroofinsteadof

usingthesamecorrugatedplasticalsoforthe
roof Optionalfeaturesincludedathermostati
callycontrolledroofventandanaircoolingand
recirculationfanjet Suppliedtothisgreenhouse
wererawwellwatersoftenedwellwatercom
pressedairnaturalgasandelectricity When

completedthestructuremeasured256mx64mx
24meaveheight84x21x8

PASSIVE SOLAR ENHANCEMENTSEnergy
costsforheatingandcoolinghaverisendramati
callyinthelastdecadethereforeitwasabso
lutelynecessarytomaximizeouruseofsolar
energy and energy conservation measures to

enableourintensiveproductionsystemtobeas
costeffectiveaspossible Techniquescommonly
employed in passive solar greenhouses were

incorporatedintothisbuildingafterwecompleted
itsbasicconstruction

Firstthesouthwallsandbothendsofthe
buildingreceivedadditionalfullglazingonthe
insideofthegreenhousewallstoprolongsolar
energy retention Second for further heat

retention thenorth walland roofventwere

A
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insulated with foilfaced polyisocyanurate foam

coresheathingwhichprovidedadditionalR11
andR8insulativevaluesrespectively Third
sixtysix208liter55gallonwaterfilledplastic
drumswerestackedalongthe northwall to

capturesolarenergyforreleaseatnightandon
cooldays Fourthadditionalfoamcoresheathing
havinginsulatingvaluesuptoR17wasplaced
overallsandyfloorareasbelowwalkwaysand
tankstominimizeheatlossestothecoolerearth

Fiftha2270liter600gallonelevatedwater
reservoirwasinstalledtocaptureadditionalheat
andlessendirectwellwateruse Lastlyall
tanksconstructedbyourpersonnelwerepainted
darkbrowntohelpabsorbsolarenergy

INTENSIVEPRODUCTIONSYSTEMOurfish

culturesystembeginswithtwoquarantinetanks
eachhavingavolumeof1500liters400gallons
Thesearereceivingcontainersusedtotemporari
lyholdfemalefishthatarebroughtintothe
greenhouseuntilwearecertaintheyarereadyto
spawn and are not harboring any infectious

diseasesorparasites Ifnecessarymedications
canbeadministeredatthistimetotheseisolated
fish Oncewedeterminethefisharereadyto
spawnwesizethefemaleswithbargradersto
obtainfemalesapproachingparturitionandplace
thesefishinasortingtankfromwhichwehand
selectthoseverylikelytospawnimmediately
Thesegravidfemalesareindividuallyplacedinto
660screenedberrybasketswhichhavebeen
partiallyimmersedonsubmergedsupporttrays
setintoeitheroftwoshallowspawningtanks
havingacombinedvolumeto3760liters994
gallons Windowscreencoversareplacedover
thebasketstopreventfemalesfromjumpinginto
theopenwatersofeachspawningtank Thefry
areusuallyexpelledwithinafewhourstoafew
daysandmostareabletoescapethroughthe
screeningofthebasketsintotheopenwaterarea
ofthetwospawningtanks Aftervirtuallyall
femaleshavereleasedtheiryoungwenetoutthe
fryandenumeratethemphotographically Sever

althousandfryareusuallycollectedateach
spawningandaresoontransferredtooneof
severalisolationcageslocatedinourtwodeeper
nurserytanks Theywillbemaintainedhere
untiltheyareneededforfieldorculturaluse
Spawnedfemalesarereturnedtoaholdingtank
toawaitsubsequentpregnanciesorremovedfor
distributiontothepublic Thevolumeofthe

holdingtankpluseachofthetwoidenticalnur
serytanksis12763liters3372gallons

Waterexhaustedfromalltankscomprising
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thespawningnurseryandholdingfunctionsis
gravityplumbedtoabiologicalfiltrationunit
Fromtherefilteredwaterisrecirculatedand

sprayedbackintotheindividualculturetanksby
wayofapedestalsumppump Thebiological
filtrationsystemoperatesthroughtheactionof
bothaerobicandanaerobicbacteriawhichconvert

toxicunionizedammoniapresentinfishexcre
tions intocomparativelyharmlessnitratecom
pounds Theaerobicphaseofthisconversion
process utilizes an partiallyimmersed rotating
drumcontaining254mm1 Kochplasticmedia
whiletheanaerobicphaseconsistsofastationary
submergedbedofidenticalplasticmedia Thus

farthisbiofilterhasbeenabletomaintainwater
qualitysuchthatunionizedammoniahasbeen
keptwellbelowtoxiclevels Thecompleteinten
siveculturesystemincludingthebiofilterencom
passesatotalvolumeof18208liters4811gal
lons

AQUACULTURAL PROGRESSLast summer

oursystemproduced11767fryinathreeweek
testrunwiththerangeofproductionbetween
1133and6172fryperspawning Production
decreased markedly in late August with the

beginningofwhatlaterbecameaseriousdisease
problem Spawningoperationshadtobeter
minatedthefishremovedandthewholesystem
sterilized SubsequentexaminationbyaState
fisheriespathologistrevealedbacterialinfection
andseveralparasites Bloodsamplesindicated
possibleequipmentrelatedtoxicitiesaswell As

allplasticmaterialswerebioassayedpriortouse
inthesystemanymetalobjectbecamesuspect
Thegalvanizedsteelaxleinourbiofilterwas
quickly replaced withoneofstainless steel

Hopefullyalltoxicmaterialswereremovedfrom
thesystem Morenutritionallycompletefeeding
regimeswerealsoinvestigatedatthistime

This winter water temperatures in the

unheatedtankshavedroppedtoaDecemberlow
of72C45F withameandailyrangeof11to
131C518556F YubaCityhasbeenexperi
encingextendedatypicalcoldweatherinconjunc
tionwithfoggyovercastskies consequently
solarenergyinputhasbeenminimalthismonth
January1985 Weinstalledsupplementalelec
tricalheatingandprovidedanextendedphoto
periodforsomefishstockedatthebeginningof
Decemberinoneofourquarantinetanksinan
attempttobringthemintospawningcondition
Somefisharenowbeginningtoshowgravidspots
indicativeofpregnancyhoweveritwouldbe
veryspeculativeatthistimetopredicttheactual
spawningdate Wehaverecentlypurchaseda
remotethermographtoimprovetemperaturemoni
toringsowemaybetterassessthethermalad
vantagesandcharacteristicsofourpassivesolar
design Currentlywearestilloutfittingour
system and making modifications to existing
equipment

COSTCONSIDERATIONSThebasiccostfor

thestandardgreenhousewas8655 Addedto

thiswerethechargesbyourelectricianwhich
amountedto1570andthecostsforpassive
solarmodificationsandenhancementswhichwas

2522 Thusthecompletecostfortheempty
butsolarenchancedgreenhousetotaled12747
Theintensiveculturesystemincludingtanks
plumbing supplies pumps and other support
equipmenthasaddedanother2513 Combining
allchargesresultsinafinalfigureof15260
Thesefigureswerebaseduponoutlaysoccurring
throughOctober1984 Expendituressincethen
havebeenfairlyminorandhavebeenmoreclose
lyalliedwithdaytodayoperationalcoststhan
withthegreenhouseitselforitsintensiveculture
system



THEUTILIZATIONOFPLANTINGREDIENTSASAIDSIN

MOSQUITOCONTROL

AbdessalamSherifandRGHall

TwospeciesofaquaticplantsElodeanuttaliPlanchandSpirogyranitidaDillwaseaweedMacro
cystispyriferaLandaterrestrialsagebrushArtemisiacanaPurshwereevaluatedforbiological
activityagainstCulexquinquefasciatusSay

InfieldstudiesgrowingElodeaplantswerefoundtoinhibitthepopulationsofmosquitolarvaein
ponds

Organicandaqueousextractsfromthefourplantsweretestedonnaturalpopulationsofmosquitoes
inSouthernCaliforniaponds OrganicextractsfromArtemisiaandMacrocystiswerefoundtobehighly
toxictomosquitolarvae ToxicextractsfromArtemisiawerefoundtobesolubleinnonpolarsolventsand
haveanacidicproperty

ExtractsfromArtemisiaMacrocystisandElodeaalsoactedasmosquitorepellentsubstances

INTRODUCTIONStudiesontheinteraction
between mosquitoesand plants haveprovided
possibilitiesfortheuseofplantsubstancesin
mosquitocontrol Mosquitoesbreedinavariety
ofhabitatsandthelarvaldistributioninthese
habitats is affected by the kinds of plants
growing in the habitats These effects are

producedthroughaselectivediscriminationofthe
ovipositingfemalesandbytheeffectsofplant
toxinsonthemosquitoes

Fieldobservationsonnaturalandseminatural

pondsinRiversideCountyCArevealedthe
absenceofimmaturestagesofCulexquinque
fasciatus in ponds containing certain plants
whereas mosquitoes were abundant in ponds
lackingsuchplantsSherifandHall1984 Some

speciesofbluegreenalgaeareknowntoinhibit
mosquitoreproductioninricefields Gerhardt
1954andlaboratorystudieshaveshownthat
certainsubstancesderivedfromalgaearelethal
tomosquitolarvaeJuddandBorden1980

Inthisstudyweevaluatedtheeffectsof
differentplantextractsaswellastheeffectsof
naturallygrowingplantsondifferentstagesof
mosquitoesundernaturalandlaboratoryenviron
ments

METHODS AND MATERIALSEodea and

Spirogyrawereobtainedfromnaturalpondsin
RiversideCountyCA Eachplantspecieswas
plantedinthreepondseachhavingasurface
areaofapproximately100sqft Threeponds
wereleftplantfreetoserveascontrols Five

eggraftsofCx quinquefasciatuswereplaced
intoeachpond Starting4daysaftertheeggs
wereintroducedweeklylarvalcountsweremade
forthenext16weeks Usingastandard400ml
dipper5sampleswerecollected14fromeach
cornerandonefromthemiddleofeachpond

Forextraction purposes plantswerecol
lectedwashedwithtapwaterdriedat60C
andpowdered Seventygofeachplantwere
refluxedseparatelyfor8hwithabsolutemethanol
andpetroleumether31volvol Themethanol

SchoolofMedicineLomaLindaUniversity
DepartmentofPhysiologyandPharmacology

LomaLindaCalifornia92354
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petroleumetherextractwaschromatographedona
neutralaluminum350gcolumn Oneandone

halflitersofeachofthefollowingsolventswere
usedinthefollowingorder petroleumether
ethylacetateandmethanol Theeluentswere

evaporatedtodryness Eachofthethreeresi

duesfromeachplantwasdissolvedinacetone15
mlandassayedatdifferentconcentrations05
and 09ml100mlwater todetermineifthey
were inhibitors to mosquito larvae Twenty
firststagemosquitolarvaewereplacedin100ml
wateringlassbowls Larvaewerefeda31
mixtureofratchowandBrewersyeast Cal

culationsweremadeonthenumberofmortalities
intreatmentandcontrolcultures

Totesttheattractancyoftheplantex
tracts50pairsofadultmosquitoeswereplaced
ineachcage A10glucosesolutionwasavail
abletoadultsatalltimesandbloodwasoffered
forthreenightsbyplacingrestrainedchicksin
themosquitocages

Oviposition bioassays were conducted in

adultmosquitocagesusingsixsmallplasticcups
7x75cm3containing50mlofdistilledwater
and 3containing distilledwaterplusaplant
extract Afterdiscontinuingbloodfeedingthe
cageswereexamineddailyandalleggraftswere
removedandcounted

RESULTSANDDISCUSSIONFigure1shows
theresultsoftheweeklylarvalsamplinginthe
ponds WhilethepresenceofElodeadidnot
repressCxquinquefasciatusbreedingtherewas
amarkedreductioninCxlarvaeinpondscon
tainingElodea Thisfindingsuggeststhepres
enceoftoxicormetabolicbyproductsproduced
bytheElodeawhicharetoxictomosquitolarvae
ThisinhibitionwasmuchlessforSpirogyra

Thetoxicityofmethanol petroleumether
extractsforArtemisiaElodeaMacrocystisand
Spirogyra against firststage larvae of Cx

quinquefasciatusCxtarsalisandAeaegypti
arepresentedinTable1 Elodeawasfoundto

bemoretoxictoCxspeciesthantoAeaegypti
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Table1EvaluationofthemethanolpetroleumetherextractfromArtemisiaElodeaMacrocystisand
Spirogyraagainstfirststagelarvaeofthreespeciesofmosquitoesinthelaboratory

CULEXQUINQUEFASCIATUS

Elodea

Macrocystis
Artemisia

Spirogyra
Control

AEDESAEGYPTI

Elodea

Macrocystis
Artemisia

Spirogyra
Control

CULEXTARSALIS

Elodea

Macrocystis
Artemisia

Spirogyra
Control

30

L P

73a

73a
76a

0

2b

19b

10c

17b

3d

0

77a

70a

64a

0

1

0

0

0

0

0

1b

3a

0

0

0

0

0

3a
0

0

Macrocystis wasalsomore toxic to the Cx

species ThedatainTable1alsosuggestthat
thepupalstageofCxquinquefasciatusismore
resistanttotheplantextractsthanthepupal
stageofAeaegypti

Atconcentrationof120ppmallplantex
tractsexceptthoseofSpirogyraresultedin
100mortality Atlowerconcentration30ppm
ElodeaandMacrocystiswhenaddedtocultures
oftheCulexspeciesresultedin73mortality
comparedto76byArtemisia Aeaegyptilarvae
weremoreresistanttoallplantssincealower
mortalityof19 10and17wascausedby
Elodea Macrocystis and Artemisia extracts

respectively
Thetoxicityofthethreefractionsfromthe

fourplantsagainstfirststage larvaeofCx

quinquefasciatusCxtarsalisandAeaegyptiis
showninTable2

ThepetroleumelutedfractionsofArtemisia
andMacrocystisandthemethanolelutedfraction
of Elodea were found to have the greatest
larvicidalactivity

Mean mortalityinlarvaL
pupaPand adultemergence
Einplantextractsppm

E L

27b83ab

27b80b
24b96a

100a06c

98a 0

80c65a

87b36ab

83bc35ab

97a 5bc
100a 2c

23b76b

30b80b

23b99a
100a 7c

99a2c

60

P

0 17bc90b
0 20b97a
0 4c100a

0 94a12c

0 100a Id

2b 33c90a
7a 57c100a
0 65bc73b
0 95ablOc
0 98a2c

7a 17b83b

0 20b93a

0 tc100a

0 93a10c
0 98a 2d

90

E L P E L P E

0

0

0

0

0

120

10c100a 0 0

3d100a 0 0

0100a 0 0

88b15bc 0 85b

99a 3c 0 97a

3a 7c100a 0 0

0 0100a 0 0

0 27b84c 0 16b

0 90a10c 0 90a
0 98a 4c 0 96a

7a 10c100a 0 0

0 7c100a 0 0

0 0100a 0 0

0 90b15b 0 85b
0 98a lc 0 99a

MeansfollowedbythesameletterinthecolumnsarenotsignificantlydifferentfromoneanotherDun
cansmultiplerangetestP 01

Exposureofthefirststagelarvaetothe
petroleumetherfractionofArtemisiaresultedin
100mortalitycomparedto90and15byex
tracts 09ml100H from Macrocystis and

Elodea Controlshad2mortality Artemisia

producedthemosttoxicethylacetatefraction
At05m1100mlHitresultedin20mortality
comparedto0byMacrocystisand5byElodea
Completemortalitywasreachedinthreedaysby
thepetroleumetherfractionofElodeawhile5
dayswererequiredtocause100mortalitybythe
ethylacetatefractionofArtemisia

Upon elution with methanol Elodea was

foundtobethemosttoxiccausingamortalityof
100within3dayscomparedto15and20by
Artemisia and Macrocystis at the highest
concentrationused

Theplantextractsinduceda varietyof
morphologicalaberrationsinthetreatedlarvae
Themajorityofthetreatedlarvaediedaslarvae
exhibitingvariousabnormalities

Table3givestheresultsofcageoviposition
trials WhengravidCxquinquefasciatusfemales



Table2Evaluationofdifferenteluentfractionsfromtheplants ArtemisiaElodeaandMacrocystis

Extract

Concentration

ARTEMISIA

ELODEA

MACROCYSTIS

L

MeanpercentmortalityinLarvaeLPupaeP
AdultAandpercentEmergenceE

09mI100mlH 05m1100mlH

P A E L P A E

Petroleumether 100a 0 0 0 100a 0 0 0

Ethylacetate 10c 10a 5a 75c 20c 5a 0 75b

Methanol 15b 0 0 85b 0 5a 5a 90a

Petroleumether 15b 15a 5a 65c 10b 5a 5ab 80c

Ethylacetate 15b 0 0 85b 5c 0 10a 85b

Methanol 100a 0 0 0 100a 0 0 0

Petroleumether 90a 0 0 10c 10a 10a 0 80c

Ethylacetate 10b 10a 10a 70b 0 5ab 5a 90b

Methanol 15b 5b 0 80b 10a 0 0 90b

CONTROL 2d 0 0 98a 2d 0 0 98a

Meansfollowedbythesameletterinthesamecolumnforeachplantarenotsignificantlydifferentfrom
oneanotherDuncansmultiplerangetestP 01

Table3CageovipositiontestswithCulexquinquefasciatususingcontainers
withandwithoutmethanolpetroleumetherextractsfromArtemisiaElodea
MacrocystisSpirogyraandplantfreecontainers

Eggraftsdeposited

Test NoGravid Treatments

No Females Artemisia Elodea Macrocystis Spirogyra Control

1 50 0 1b 5a 9a 10a

2 50 0 0 0 5a 18a

3 50 1b 0 2b 11a 15a

4 50 0 2bc 1bc 12a 5ab

TTL 1 3 8 37 48

Meansfollowedbythesameletterarenotsignificantlydifferentfromonean
otherDuncansmultiplerangetestP 01
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Figure1WeeklylarvalsurveyforCulexquinquefasciatusinponds
ElodeaOSpirogyra andplantfreepondsDinRiversideCounty

were placed in a cage with fiveoviposition
containerscontainingmethanolpetroleumether
extracts of Artemisia Elodea Macrocystis
Spirogyraornoextractmostoftheeggswere
depositedintheplantextractfreecontainers
thusshowingthatplantextractsalsoactedas
mosquitorepellentsubstances

Theseresultsthussuggestthatinhibitory
compoundsreleasedbyplantsiffoundtobe
selectiveandnonpersistentintheenvironment
appearpromisingforuseinmosquitocontrol
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ABSTRACT
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Culextarsalislarvaederivedfromfieldcollectedeggraftswererearedoutdoorsina40cmdeep
shadedpondora10cmdeepunshadedpond Dailywatertemperaturesmeasured1cmbelowthesur
faceremainedconstantinthedeeppondbutfluctuatedasmuchas16Cintheshallowpond The

meantemperatureintheshallowpondwasconsistentlyabout6Chigherthaninthedeeppondthrough
outthesummer SixcohortsofmosquitoeswererearedfromMaythroughSeptemberatintervalsofabout
4weeks

Nosignificantdifferenceswerefoundbetweenpondsintheproportionoflarvaesurvivingtoadults
femaleautogenyratesorwinglengthsofadults Theaveragetimefrom1stinstartoadultemergence
rangedfrom8daysat31Cto16daysat17C Malesdevelopedfasterthanfemalesandbothsexes
alwaysemergedfasterfromtheshallowpondthanfromthedeepone Howeverwhenmeanemergence
timeswereadjustedtoaccountforhighermeantemperaturesintheshallowpondthetempera
tureadjustedmeanemergencetimeswereequal Normalizedcumulativedevelopmentalcurvesfittedtoa
Weibullfunctionwereidenticalforthe2ponds

Theconclusionfromtheseanalysesisthatmeanwatertemperaturedeterminedtherateoflarval
developmentwhetherthattemperaturewasconstantorfluctuating Thisknowledgewillfacilitatethe
developmentofsimulationmodelstodescribethepopulationdynamicsofthisspecies

ACKNOWLEDGMENTThisresearchwasfundedbyResearchGrantAI3028DfromtheNationalInsti
tuteofAllergyandInfectiousDiseasesBiomedicalResearchSupportGrant5S07RR05441fromthe
NationalInstitutesofHealthandbyspecialfundsformosquitoresearchallocatedannuallythroughthe
DivisionofAgricultureandNaturalResourcesUniversityofCalifornia
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PATTERNSOFFRUCTOSEFEEDINGBYCULEXTARSALIS

WilliamKReisen1

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

Atotalof75of350femaleand68of251maleCxtarsaliscollectedrestinginwalkinredboxes
duringmorningreactedpositivelyforfructoseusingthecoldanthronereaction Femalesimbibedfructose

throughoutlifesincenosignificantdifferenceswerefoundinthepercentageoffemalesthatwere
fructosepositiveregardlessofinseminationstatusmetabolicstatefolliculardevelopmentalstageor
parity Thereproductivestatusoffemalescollectedatmelonbaitedtrapswasnotsignificantlydifferent
fromthatoffructosepositivefemalescollectedrestinginredboxesindicatingthatnectarfeedingoc
curreddaily

Hostseekingfemalesimbibednectarjustaftersunsetandduringearlymorning Theproportionof
fructosepositivehostseekingfemalescollectedinatimesegregatedCO baitedsamplerincreasedduring
earlyeveningsunset2000hrsandmorning0300hrssunrise Theincreaseinfructosepositivity
duringmorningoccurredafterthenumberofhostseekingfemalesdecreased Thesedataindicatedthat

femalesmayimbibefructoseafteringestingabloodmealbutbeforeingressingintodiurnalrestingsites
Thusadultcontrolschedulesneednotberestrictedtoperiodsofhostseekingactivitysincenectar
feedingmosquitoeswouldalsobeexposedtoinsecticideapplications

1Thisresearch wasfundedbyresearchgrantAl3028dfromtheNationalInstituteofAllergyand
InfectiousDiseasesBiomedicalResearchSupportGrant5S07RR05441fromtheNationalInstitutesof
HealthandbyspecialfundsformosquitoresearchallocatedannuallythroughtheDivisionofAgriculture
andNaturalResourcesUniversityofCalifornia
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Total
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ABSTRACT

AstudyofapopulationofAnophelesfreeborniwasconductedinasmallvalleyattheedgeofthe
SierraNevadafoothillsnearSheridanCalifornia Approximately460acresinthevalleywereplantedto
riceandthenearestricefieldsoutsidethestudysitewereabout2milesaway Theselectionofthe

semiremotelocationwasguidedbyadesiretostudyapopulationnotexposedtoroutineinsecticide
treatmentandtolimitemigrationofmosquitoesoutofthestudyarea

Eighteenwalkinredboxes6x4x4werepositionedinthestudyareaandcollectionsofresting
mosquitoesweremadeoncedailyfrom13Augustthrough7Septemberexceptonthemorningsof13
September Additionalcollectionsweremadeseveraltimesbeforeandaftertheperiodofdailysampling
ThesexspeciesandtrophicstatusofallmosquitoeswasdeterminedandasubsampleoffemaleAn
freeborniwasdissectedtodetermineparity Abdomensofsomebloodengorgedmosquitoesweresavedfor
lateranalysisofhostselection Amarkreleaserecaptureusingapproximately37500fluorescent
lymarkedAnfreeborniandareleaseofmarkedandunmarkedmosquitoesinatentatthestudysite
wereconductedtoestimatedispersalsurvivorshipandtheeffectoffluorescentdustonthemosquitoes

PredominantspeciescollectedduringthestudywereAnfreeborniCulextarsalisandCulexpeus
OtherspeciescollectedincludedCulexpipiensCulisetaparticepsCulisetainornataAedesmelanimon
AedessierrensisAnophelespunctipennisAnophelesfranciscanusandOrthopodomyiasignifera

AnalysisofgontrophicagegradingdataforAnfreeborniTable1showedasignificantdifference
betweenparityratesofemptyandbloodfedmosquitoes Presumedlythelowerrateamongtheempty
mosquitoesreflectsthetimerequiredformaturationandmatingpriortothefirstfeedingaswellasthe
shifttoproductionofnulliparousdiapausingmosquitoesinearlyfall Adropinthepercentbloodfed
AnfreebornifrommidAugustthroughtheendofthestudyalsoreflectstheshiftfromareproductive
toadiapausingpopulation Themarkreleaserecaptureandtheintentreleasestudiesfailedtoprovide
adequatedataforestimatesofsurvivorship

Analysisofasmallnumberofbloodmealshasbeencompletedandresultsindicateahighpercentage
offeedingsoccurredonbovineshorsesrabbitsordogs Todatenohumanfeedingshavebeen
detected

Table1SummaryofagegradingdataforAnophelesfreebornicollected
nearSheridanCA19July 13September1984

TrophicStatus

Empty Bloodfed

Frequency Frequency
Column Column

Nulliparous 3647 1416

901 635

1Parous 393 764

97 342

2Parous 7 44

02 20

3Parous 2 7

005 03

4049 2231
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WHOISEATINGWHOM ANEVALUATIONOFANENZYMEIMMUNOASSAY

FORPREDATORPREYANALYSIS

SPalchickDDSchoofCHTempelisRKWashino

Increased resistance of important vector

speciestochemicalcontrolmeasureshasstimulat
edeffortstodevelopaprogramemployingbiologi
calcontrolandintegratedpestmanagement Both

strategiesrelyonknowingwhichpredatorsare
consuming the target species Documenting
predationinfieldsituationsisalsoimportantfor
confirmingselectivitybythepredatorprotecting
nontargetspeciesanddeterminingtheamountof
control exerted by the predators Predator

studiesarealsoimportantinansweringbasic
ecologicalquestions

Numerousmethodshavebeenutilizedinthe

pastto study predation Laboratory studies

providesomeinformationbutcannotrevealwhat
ishappeninginfieldsituations Dissectionand

examinationofpredatorgutcontentshasseveral
limitations Thismethodisapplicabletoinsects
withchewingmouthpartsbutnotwithapredator
withsuckingmouthpartswhichhasnodistin
guishablepreypartsinitsgut Thismethodis

alsolimitedbythesmallsizeofmanypredators
andtheirprey

Theuseofserologicaltestsmostfrequently
theprecipitintesthavebeenrestrictedbytheir
lackofspecificityandsensitivity Thisisespec
iallyimportantwhentryingtodistinguishbetween
speciesofmosquitoesorbetweenmosquitoesand
chironomidsandothercloselyrelateddipterans

WehaveadoptedanEnzymeImmunoassayto
detectlarvalantigensinsalineextractsofputa
tivelarvalpredators Thismethodallowsforthe

examinationoflargesamplesizesanddoesnot
dependonthemorphologicalpreservationofthe
prey Itcanalsodetectsmallamountsofprey

1DepartmentofEntomology Universityof
CaliforniaDavisCalifornia95616

2School of Public Health University of

CaliforniaBerkeleyCalifornia94720

ABSTRACT

antigeninthepresenceofexcessamountsof
predatorantigenhowevertheassayisquali
tativeinthesensethatitcannotdistinguish
betweenpredatorsfedon5larvae3hoursprior
topreservationfrompredatorspreservedanhour
afterfeedingonasinglelarva

Thisassaywasevaluatedusing3aquatic
predatorsofCulextorsalisCoquillettlarvae We

examinedsensitivitycrossreactivityandclassi
ficationagreementinablindtest

Wewereabletodetectnanogramquantities
ofCulexantigen Therewasnocrossreactivity
betweenCulexandAnophelesantigens Ablind

testwasdonewithNotonectidaeBelostomatidae
andCoenagrionidae Thesepredatorswerefed
knownnumberofCulexlarvaefedAnopheles
larvaeorstarvedfor24hours Feedingswere
doneinDavisandthenassayedasunknownsin
Berkeley Theassaywasevaluatedastoits
ability to detect fed positive reaction and

starvednegativereactionpredator
Sensitivity

truepositives
truepositives falsenegatives 90 andspec
ificity

truenegatives
truenegatives falsepositives 96 wereboth

highfortheNotonectidaetested Sensitivitywas
lower69 withtheBelostomatidaetestedbut

specificityremainedhigh100 Itisimportant
tonotethelownumberoffalsepositivesinboth
caseswhichgivestheinvestigatorgreatconfi
denceinpositiveresultsfromtheassay

Thefirst2predatorgroupsassayedhave
suckingmouthparts Thelastgroupevaluated
Coenagrionidaewhichhavechewingmouthparts
alsohadhigh sensitivity 94andspecificity
100

Thesedatasubstantiatethefeasibilityofthis
assayforpredatorpreystudiesaslongasthe
limitationsofthemethodareconsideredinthe

interpretation of results from fieldcollected
material



PRODUCTIONANDFIELDEVALUATIONOFLAGENIDIUMGIGANTEUMAND

ROMANOMERMISCULICIVORAX

JamesLKerwinandRobertKWashino

During1982and1983approximately20000m
oflineartransectincommercialricefieldsnear

SutterCaliforniaweretreatedwiththepost
parasiticstageofthemermithidnematodeRomano
mermisculicivorax During1984thepersistence
ofnematodeactivityinthesefieldswasevaluated
usingsentinelmosquitolarvae Indigenouslarval
densitywastoolowtoallowassessmentofpara
siteactivitybasedoninfectionlevelsinthe
nativepopulation

Recyclingofthenematodewasdocumentedat
thehighestlevels7to34sentinellarvalin
fectionalongfourtransectsofafieldtreatedin
1982andfallowin1983 Thisdemonstratedthat

someoftheeggslaidbyRculicivoraxmaybe
highlyresistanttodesiccation Parasiteactivity
alongthe19transectsmonitoredin1984docu
mented sentinel infection levels ranging from

0to3420to25sentinelcagespertransect20
IIinstarCulexpipienspercage Inseveral

caseshighlevelsofsentinelinfectionwerecor
relatedwitharelativelyhighdensityofindi
genouslarvaebutnodefiniterelationshipwas
established

Liquidculturetechniques for thesexual

oosporestageofLagenidiumgiganteumhavebeen
refined and adapted to 12liter fermentation

production Basal growth media consists of

ArdaminepH an inexpensiveautolyzed yeast
extractglucosecornorwheatgermoila
crude preparation of cholesterol and small
amounts ofcalcium and magnesium Current

yieldsinfermentationproductionare5x10oo
sporesliterapproximatelyonehalfthatwhich
canbeobtainedinsmallerscale1001000ml
shakeculture

UniversityofCalifornia
DepartmentofEntomology

DavisCalifornia95616

ABSTRACT
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Conditions affecting the maturation and

germinationofLgiganteumoosporeswhichare
adormantstageinthelifecycleoftheorganism
arenotwelldefined Dehydrationandaseveral
monthmaturationperiodappeartobenecessary
foractivation Germinationofagivencultureof
oosporesisasynchronouswithinitialgermination
initiated2toover25daysfollowingrehydration
andcontinuingforseveralmonths Lessthan1

ofacultureof3x10oosporesareactivelygerm
inatingasmonitoredmorphologicallyatanygiven
periodoftime

ToevaluatethestabilityofL giganteum
oosporesseveral1977collectionsofsporespro
ducedinvivoandstoredatroomtemperaturein
sandordirtwererehydrated After25daysof
quiescencetheseoosporesinitiatedgermination
which proceeded at relatively high levelsas

monitoredbysentinelmosquitoinfectionuntilthe
testwasterminated6weekslater Thisdemon

stratesthelongtermstoragepotentialofthese
dormantspores

Abortionofactivatedoosporeswasamajor
problemencounteredduringearly1984 This

problemwasmitigatedbyvigorousblendingofthe
dehydratedsporesinwaterfollowedbyfiltration
andfurtherwashinguntilthefiltratewasrela
tivelyclear

Itisestimatedthatapproximately200liters
offermentationculturemediawillbeneededto

treatonehectareofmosquitobreedingsites
Aerialfieldtrialsplannedforthesummer1985
willprovidefurtherdataontheefficacyofL
giganteumoosporesformosquitocontrolunder
fieldconditions
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