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ConferenceDedication

InMemoriam HowardRGreenfield

MarvinCKramer

This67thconferenceoftheMosquitoandVector
ControlAssociationofCaliforniaMVCACisdedicated
toHowardRGreenfieldinrecognitionofhisthirty
fiveyearsofservicetomosquitoandvectorcontrol
HowarddiedofcancerathishomeonAugust311998

HowardwasborninSantaCruzonSeptember19
1918athirdgenerationCalifornianHewasgraduated
fromPaloAltoHighSchoolin1937andbeganhisprepa
rationforacareerasanentomologistatSanJoseState
UniversityWorldWarIIinterruptedfurtheracademic
pursuitstemporarilywhenhevolunteeredfordutyin
theUSNavyHisfirstleaveofabsencewastohave
begunonDecember71941butthatleavewascan
celedforobviousreasonsAfterhistourwiththeNavy
hereturnedtoSanJoseStateUniversityandearneda
BSdegreeinentomologyin1948In1949withhis
serviceintheNavyandhisdegreebehindhimhemar
riedElizabethBettyJohnsHeworkedbrieflyforthe
thenBureauofVectorControlCaliforniaStateDepart
mentofPublicHealthcurrentlyCaliforniaDepartment
ofHealthServicesVectorBorneDiseaseSectionand
asanentomologistfortheMercedCountyMADand
in1950heestablishedtheNorthernSalinasValley
MADandhemanagedthatwithdistinctionuntilhis
retirementin1982

LakeCountyVectorControlDistrict
PostOfficeBox310LakeportCA95453

Colleaguescountyofficialsandstateandnational
mosquitoandvectorcontrolassociationsrecognizedhis
leadershipqualitiesHewasachartermemberandpast
presidentoftheSalinasGolfandCountryCluband
servedfortwotermsontheSalinasElementarySchool
BoardHewaspastpresidentoftheMVCACandthe
SocietyforVectorEcologyandwasanhonorarymem
berofeachHeservedontheboardofdirectorsofthe

MVCACforfourtermsHewasamemberoftheWays
andMeansCommitteeforfourteenyearsandofthe
PublicationsCommitteeforelevenyearsOthercom
mitteeappointmentsweretoWaterResourcesSource
ReductionWeedControlMembershipBudgetOp
erationalEquipmentandProceduresFormsRecords
andStatisticsByLawsResearchInsuranceFuture
InternationalAwarenessFinanceandPolicyandEdi
torialThegrandtotalofserviceoncommitteeswas
sixtythreecommitteeyearsandaschairmanforeigh
teencommitteeyearsHealsoservedonseveralcom
mitteesfortheAmericanMosquitoControlAssociation

Howardmadeimportantcontributionsintheareas
ofsourcereductionandinmachinationsofgovernment
whetherinternallywiththedistrictorstateassociations
orexternallyinrelationswithcountyregionalstateor
federalagencies

Rarelydoyouknowapersonofprinciplewhois
alsowarmandpersonableSuchapersonwasHoward
GreenfieldHowardgaveofhimselfcompletelyand
willinglywasselfeffacingandnomatterthedegreeof
stresshemaintainedacountenanceoffriendshipand
cheerfulnessthatwasrefreshingwhetherworkingatthe
MADwithstateornationalassociationsortraveling
toplaceslikeChina

Youknewthathiscounselwassincereandvalu

ableHewasatruefriendandapleasuretoknowEv
eryonewithwhomhecameintocontacthassuffereda
greatlossathispassingHewillbemissed

thoughtfullysubmittedbyMarvinCKramer
RetiredUSPublicHealthServiceCalifornia
DepartmentofHealthServicesBureauofVector
ControlMVCACHonoraryMemberPastExecutive
DirectorofMVCACandcurrentlyatrusteeatthe
LakeCountyVectorControlDistrict
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DedicationSpeechforHowardRGreenfield

MrPresidentandmembersoftheconferenceIhave

thehonorandprivilegetoparticipateinthededication
ofthis67thconferenceoftheMVCACinmemoryof
HowardGreenfieldandinrecognitionofhis35years
ofservicetoMosquitoandVectorControl

HowardGreenfieldpassedawayonAugust31
1998afterayearlongstrugglewithcancerIfirsthad
theopportunitytomeetHowardin1949whenhewas
anentomologistfortheMercedMosquitoAbatement
DistrictDeedThurmanwhowasaUSPHSEntomolo

gistassignedtotheBureauofVectorandthefirstproject
manageroftheCMCAoperationalmosquitoresearch
programandIhadbeenworkingoncollectingsoil
samplesforAedeseggsfromirrigatedpasturesHoward
washelpingustoobtainsoilsamplesfrompasturesin
MercedCountythatwereheavilyinfestedwithAedes
nigromaculus

BobSchoeppnerandIasmembersoftheArchives
Committeewerefortunatetobeinvolvedinrecording
theoralhistoryofHowardathishomeinSalinason
June61996Iwouldliketosharewithyousomeofthe
interestinghighlightsofHowardslife

Howardwasbornin1918inSantaCruzCalifor

niaathirdgenerationCalifornianHespentaportion
ofhisyouthinArizonawherehisfatherandgrandpar
entsoperatedagoldminenearthetownofPrescottIt
wasinthiskindofsettingthathestartedtodevelopa
curiosityandinterestininsectsandotheranimalsthat
wereapartofthishighdesertenvironmentHelater
movedbacktoCaliforniaandlivedinLosAltos

HowardattendedSanJoseStateCollegefortwo
yearsbeforejoiningtheUSNavyin1941Mostofhis
NavyexperiencewasintheSouthPacificwherehe
participatedintheLeyteGuadalcanalandothercam
paignsHisunitwasawardedfivebattlestarsAfterhis
fiveyearnavyservicehereturnedtoSanJoseState
CollegetocompletehisBSdegree

Howardsinterestinbiologywassoonchanneled
intocoursesinentomologyDrCarlDuncanprofessor
ofEntomologyandDrEdRossoftheCaliforniaAcad
emyofScienceservedashismentorsInhissenioryear
HowardwasawardedtheOutstandingScienceStudent
oftheyear

EarlWMortenson

ContraCostaMosquitoandVectorControlDistrict
155MasonCircleConcordCA94520

HisfirstprofessionalpositionwaswiththeBureau
ofVectorControlassignedtoworkwithDrBasil
MarkosandHarveyMagytoevaluatetheeffectiveness
ofDDTaspretreatmentapplicationonirrigatedpastures
intheLosBanosareaofMercedCountyItwasduring
thisfieldworkinMercedCountythathemethiswife
tobeBettywhowasanurseattheLosBanos
PhysiciansClinicEdSmithManageroftheMerced
MosquitoAbatementDistricthiredHowardin1948as
theDistrictEntomologist

In1951HowardwasappointedtheManagerEnto
mologistofthenewlyformedNorthSalinasValley
MosquitoAbatementDistrictThelegendaryHarold
GrayManagerEngineeroftheAlamedaMosquito
AbatementDistrictwasanothermentortoHowardpro
vidingconsultationindesigningthesourcereduction
programthatwasrequiredforthenewdistricttohelp
solvethedrainageproblemsinherentinthenorthernpart
ofMontereyCounty

Howardwasveryactiveandmademajorcontribu
tionstotheCMVCAMVCACservingasPresidentin
1957andwasonkeycommitteesHewasoneofthe
originalmembersofthe1948EntomologyCommittee
HewaselectedHonoraryMemberin1983

Howardwasacharterandhonorarymemberofthe
SocietyforVectorEcologyandservedasthethirdPresi
dentoftheSocietyin1971HereceivedtheAMCA
MeritoriousServiceAwardin1973Howardretiredas

manageroftheNorthSalinasMosquitoAbatementdis
trictin1982Hewasactiveinhiscommunityservedas
aschoolboardmemberpastpresidentoftheSalinas
countryclubaverygoodgolferandamemberofmany
othercommunityorganizations

Formeitwasarewardingexperiencetoworkwith
HowardHemaintainedacountenanceoffriendshipand
cheerfulnessthatwasrefreshingHiscounselwassin
cereandvaluableFriendsandcolleagueswillmisshim

thoughtfullysubmittedbyEarlMortensonAssistant
ChiefRetiredCaliforniaDepartmentofHealth
ServicesVectorSurveillanceandControlMVCAC

HonoraryMemberandcurrentlyatrusteeatthe
ContraCostaMosquitoandVectorControlDistrict
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InMemoriam RobertHPeters

RobertBobHenryPetersofWoodbridgedied
onNovember131998inPleasantonCaliforniaHe
wasbornonDecember191915inOaklandCalifor
niaandlivedintheLodiareafor49years

MrPeterswasemployedasthemanagerofthe
NorthernSanJoaquinMosquitoAbatementDistrictfor
27yearsretiringin1976Hewasknownfordevelop
ingtheforemostmosquitoabatementprograminthe
state

BobMullensofLodisaidMrPetersisrespon
sibleforcontrollingtheseveremosquitoproblemthe
countyexperienced

ThemosquitoeswerethickbeforeBobPeterscame
totheSanJoaquinCountyandstartedhismethodof
abatementMullenssaidHedidafantasticjobof
gettingridoftheproblem

BobPetersattendedOaklandHighSchoolPoly
technicJuniorCollegeandtheUniversityofCalifornia
atBerkeley

BobservedintheUSMarineCorpsasamember
oftheFlyingGoldenBearSquadronandlaterbecomea
flightinstructorduringWorldWarII

HemarriedPatriciaJaneHarbinsononAugust7
1943andafterbeingstationedinMinneapolisthecouple
setuphouseinMarysvillewhileheservedasEnviron
mentalDirectorfortheYubaSutterCountyHealthDe
partment

JackVFiori

SanJoaquinCountyMosquitoandVectorControlDistrict
7759SAirportWayStocktonCA95206

ThecouplemovedtoLodiin1949andMrPeters
becameinvolvedinthecommunityservingaspresi
dentoftheLionsClubtheChamberofCommercethe
PlanningCommissionLodiArtClubSquaresFort
nightlyWhistClubandvolunteeredhisartisticability
toLodiHighSchoolduringthe1960s

HehadapassionformonitoringtheMokelumne
RiverandEastBayMunicipalUtilityDistrictwriting
asmanyas50letterstotheeditoroveraperiodofyears

Heenjoyedtravelingplayingbridgespendingtime
withthisfamilyandtakingcareofhishomeandacre
age

ThefollowingcommentsarefromJackVFiori
assistantmanagertoRobertHPetersfrom1965tohis
retirementin1976

Bobsapproachtocontrollingmosquitoeswas
quitedifferentthanmostmanagersinmosquitocontrol
districtsinCalifornia

Histheorywasifyougetridofthewaterthatbreeds
mosquitoesyoudonthavetoapplypesticidesLand
thatbreedsmosquitoesdoesnotprovidefoodforani
mals

Bobsgreatestaccomplishmentasthemanagerof
theNorthernSanJoaquinCountyMosquitoAbatement
Districtwasthereclamationoflandalongthe
MokelumneRiverAdistanceofapproximately30miles
longtheriverranthroughthecenterofthecityofLodi
thuscausingmajormosquitoproblemsTheriverbot
tomwasavastjunglethatwouldfloodinthespring
whenthesnowmeltsAedesvexansandCulexmosqui
toeswerequiteprevalent

Thedistrictuseditsownequipmentaditcherscrap
ers2 DTtractorsand2 draglinestoclearandre
claimthislandforfarmingTodaythisstretchofriveris
virtuallyfreeofmosquitobreeding

thoughtfullysubmittedbyJackFioriManager
RetiredSanJoaquinCountyMosquitoAbatementDis
trictMVCACPastPresidentMVCACHonoraryMem
berandcurrentlyatrusteeattheSanJoaquinCounty
MosquitoandVectorControlDistrict
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PlagueActivityinSanBernardinoCountyDuring1998
LalSMian ChristianNNwadikeJamesCHitchcock2andCharlesMMyers 2

SanBernardinoCountyVectorControlProgramEnvironmentalHealthServicesPublicHealth

2355EastFifthStreetSanBernardinoCA924105201

ABSTRACTIn1998theSanBernardinoCountyVectorControlProgramcarriedout23plaguesurveys
atvarioussitesinSanBernardinoCountyOfthe227collectedanimals960weregroundsquirrels
205Spermophilusbeecheyiand13SpermophiluslateralisTheremaininganimalsincluded9Tamias
merriamiNoneofthe546fleascollectedfromtheseanimalstestedpositiveforplagueOfthetotalsera
drawnfrom227rodents7testedpositiveforplagueantibodyfromthreedifferentlocationsnamely
HeartBarcampgroundEastFlatcampgroundandSerranocampgroundUponreceiptoflaboratory
resultsonplaguepositivesamplestheEastFlatandSerranocampgroundswereclosedtothepublicto
implementectoparasitecontrolmeasuresPubliceducationalinformationonplaguewasdisseminated
throughthelocalpressmedia

INTRODUCTION

Plagueisprimarilyarodentdiseasecausedbythe
bacteriumYersiniapestisItistransmittedtohumans
andanimalsthroughthebiteofinfectedfleasHuman
exposuretothediseasecanoccurinplagueinfectedru
ralareasorinextensionofhumandevelopmentsinto
previouslywildernessareas

Historicallyplagueisreportedtohavespreadfrom
CentralAsiafromtoalmostallcontinentsoftheworld

Itisevidentfromthethreereportedpandemicsaffect
ingAsiaAfricaEuropeSouthAmericaNorthAmerica
andAustraliafrom542to1900Twiggy1978Kettle
1995SinceitsintroductionintoNorthAmericathere
havebeenfourmajorurbanepidemicsinCalifornia
19001903and19071909inSanFrancisco1919in
Oaklandand1924inLosAngelesSincethattimespo
radichumancasesinendemicareashavebeentracedto

wildrodentsandtheirfleasPlagueinfectioninwild
rodentsiswidelydistributedinmanyareasofsouthern
CaliforniaincludingtheTehachapiSanGabrielSan
BernardinoandSanJacintoMountainsSalmonand
Gorenzel1981Anonymous1983

Enzooticplaguefociaredistributedthroughoutthe
mountainsandfoothillareasofSanBernardinoCounty
Duringa10yearperiod198897plagueactivitywas
detectedforeightyearswithameanseropositivityrate
of53MianandHitchcock1998Tosafeguardpub
lichealthandsafetyintheseareastheSanBernardino
CountyVectorControlProgramSBCVCPincollabo
rationwiththeCaliforniaDepartmentofHealthServices

VectorBorneDiseaseSectionCDHSVBDSandthe
UnitedStatesDepartmentofAgricultureForestService
USDAFScarriesoutroutinesurveillanceduringthe
seasonAprilthroughNovemberThedatagenerated
inroutineplaguesurveillanceduring1998arepresented
here

MATERIALSANDMETHODS

Inroutineplaguesurveysthegeneralmethodde
scribedbyLangandWills1991wasusedwithsome
modificationsasreportedbyMianandHitchcock1998
Standardepizooticprotocolandectoparasitesuppres
sionmeasureswereusedaccordingtoMian1995

RESULTSANDDISCUSSION

Duringthe1998seasontheSBCVCPcarriedout
routineplaguesurveysatvariouslocationssituatedin
plagueenzooticmountainandfoothillareasofSanBer
nardinoCountyTable1Ofthetotal227rodentscol
lectedinlivetraps218960 weregroundsquirrels
namely20593M112FCaliforniagroundsquirrels
Spermophilusbeecheyiand131M12Fgolden
mantledgroundsquirrelsSpermophiluslateralisThe
remaininganimalswere95M4FchipmunksTamias
merriami

All546fleas885Diamanusmontanusand
115Oropsyllusidahoensiscombedfromtheanimals
testednegativefortheplaguebacterium

CurrentlyDepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397
CaliforniaDepartmentofHealthServicesVBDS2151ConventionCenterWaySuite218BOntarioCA91764
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TABLE1SummaryofplaguesurveyscarriedoutinSanBernardinocountyduring1998

Location NumberofSera Numberof

Survey Altitude Tested Tested Ectoparasites Flea

Date infeet MF Positive Tested Index

527 DogwoodCampgroundCG 743 4 060

5800
624 AppleWhiteCG 12111 0 34 283

3300
625 YucaipaRegionalPark 1596 0 4 027

2700
722 OakGlen 211 0 2 100

4640
722 JurupaRegionalPark 1055 0 14 140

1200
83 CrabFlatCG 14311 0 25 178

6200
84 HeartBarCG 261016 3 26 100

6900
812 RanchoVerdeGolfCourse 972 6 070

1470
817 EastFlatCG 1046 2 21 210

7000
818 ForestFallsCG 1697 0 12 075

6000
824 NorthshoreCG 1367 0 15 115

5300
831 HolcombValleyCG 514 0 2 040

7190
92 BigPineFlatEqCt 202 0 1 050

6490
93 DevilsCanyonLeveeRoad 532 0 43 860

1630
915 HannaFlatCG 21129 0 52 240

7000
915 SerranoCG 16511 2 23 144

6800
916 ShadyCoveCG 422 2 050

6800
921 SanAntonioPark 523 81 162

1200
922 EastFlatCG 330 14 460

7000
928 SanAntonioPark 422 11 275

1200
929 WildwoodCanyonPark 550 22 44

3300

930 LittlefieldShultisCommunityPark 18612 124 690

1100
1013 MeadowEdgeCG 523 30 600

68001

Total 227102125 7 546

2CGCampground
EqCEquestrianCamp
Nottestedposttreatmentsurveyonnonforestservicesite
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Laboratoryresultsonrodentserarevealed7sero
positivesamplesshowingplagueepizooticsatthree
differentsitesHeartBarcampgroundEastFlatcamp
groundandSerranocampgroundTable1AttheHeart
BarcampgroundthreegroundsquirrelstwoSbeecheyi
andoneSlateralistestedpositivefortheplagueanti
body 116titerDuetothelowfleaindexthecamp
groundwasnotclosedforfleasuppressionThiscamp
groundhadshownplagueactivitythepreviousseason
andwasthentreatedforfleacontrolAttheEastFlat

campgroundthereweretwoSbeecheyiseropositive
withafleaindexof21Thissitewasclosedandbur

rowsweretreatedwith2diazinondustforfleacon

trolPlagueactivityattheSerranocampgroundwas
detectedlateintheseasonwhentwoSbeecheyiwere
foundseropositiveAsaresultthecampgroundwas
closedforpublicuseaboutaweekearlierthanthenor
malclosuretimeDuetotheonsetofcoldweatherand

lowrodentactivitythecampgroundremainedclosed
untilfleacontrolnextspring

Duringtheforegoingepizooticspubliceducational
informationwasprovidedinatimelyfashionthrough
localnewspapersPlaguewarningsignswereposted
immediatelyuponreceivinglaboratoryresultsandthey
wereallowedtoremainpostedfortheremainderofthe
seasoninaffectedareas

EarlierintheseasonDogwoodcampgroundwhich
wascloseddownduetoplagueactivitythepreviousyear
wastreatedforfleaspriortoopeningtothepublic

AlsoallprivateandNationalForestServicecamp
groundsweremailedPlagueCautionsignstobeposted
atvariouspublicaccessareasatthesesites

Acknowledgements

TheauthorsacknowledgetheCDHSVectorBorne
DiseaseSurveillancestaffforfieldassistanceandRaid

Roblesfortypingthemanuscript
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TheAfricanizedHoneyBeeProgram
inSanBernardinoCounty

LalSMianandMehennaYakhou

SanBernardinoCountyVectorControlProgramEnvironmentalHealthServicesPublicHealth

2355EastFifthStreetSanBernardinoCA924105201

ABSTRACTAnticipatingthearrivaloftheAfricanizedhoneybeesAHBstheSanBernardinoCounty
VectorControlProgramdevelopedtheAHBprogramwhichbecameoperationalin1997TheProgram
wasdividedintothreephasesnamelyprearrivalarrivalandpostarrivalTheprearrivalphase1993
97focusedontrainingpubliceducationrevenuegenerationresponseprotocolsurveillancemethods
bothfieldandlaboratoryprocurementofequipmentandsuppliesandagencyinteractioninvolvingcounty
taskforceformationandAHBactionplanThearrivalphaseincludedsurveillanceandresponseboth
emergencyandnonemergencyswarmandnonstructuralcolonycontrolincreasedpubliceducationand
continuedpersonneltrainingandagencyinteractionInthepostarrivalphasetheemphasiswasplaced
onatimelyresponsepubliceducationdatagenerationandevaluationandinteractionwithotheragencies
DuringthepostarrivalphasetheprogramrespondedtothreemultiplestingingincidentsItalsocontrolled
55swarmsnonstructuralcoloniesinvariousserviceareasOfthese4276 wereAHBsThebreakdown

oftheseswarmscoloniesbyhabitatwas42onintrees22structureoutside9utilityboxes7
oldbeeboxesand20othersourcesDuringthethreephases199398theProgramspent1880000
onequipmentandsuppliesand1938manhours 100776inservices

INTRODUCTION

TheAfricanizedhoneybeesAHBsApismellifera
scutellataacrossbetweentheAfricanandEuropean
honeybeesweredevelopedinthemid1950sinBrazil
inanefforttoimprovethelocalbeeindustryUnlike
theirEuropeancousinsAHBsappearedtoshowmore
defensivebehaviorresultinginmultiplestingingsand
evenfatalattacksonhumansandanimalswhenpro
voked

DuringthedevelopmentalstagesinBrazilsome
AHBcoloniesweredistributedtobeekeeperswhileoth
ersinadvertentlyescapedandstartedbreedingwithEu
ropeanhoneybeesSincetheirescapein1957AHBs
havebeenmovingnorthwardsattherateof100300
milesperyearBrametal1990Theyarrivedintothe
UnitedStatesviaTexasin1990spreadingtoArizona
andNewMexicoin1993Thebeeswerefirstreported
inCARiversideCountyinOctober1994Visscheret
al1997TheirmigrationintoImperialandSanDiego
countieswasconfirmedin1995and1997respectively

Duringthespringof1998AHBswereconfirmedin
SanBernardinoCountyandbyDecember31998the
entirecountywasdeclaredascolonized

DuringtheirnorthwardmigrationAHBscaused
manydeathsofhumansandanimalsinSouthandCen
tralAmericasIntheUSthereweretwoAHBrelated
deathsin1993and1994inTexasandtwoin1995in

ArizonaSincethentherehavebeenincidentsofmul

tiplestingingsofhumansandanimalsSincetheirar
rivalinsouthernCaliforniain1994AHBscausedmul
tiplestingingsofabouttwodozenpeopleincludingeight
victimsinSanBernardinoCounty

DuetotheanticipatedarrivalofAHBsandtheir
impactonbothhumanandanimallivesinSanBernar
dinotheSanBernardinoCountyVectorControlPro
gramSBCVCPdevelopedtheAHBProgramaimedat
protectingthehealthandwellbeingofthecountyresi
dentsThispaperhighlightsthedevelopmentoperation
andcostoftheProgramoversixyears199398

CurrentlyDepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397
2DepartmentofAccountingGeorgiaCollegeandStateUniversityMilledgevilleGA310610490
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PROGRAMDESCRIPTION

TheAfricanizedHoneyBeeProgramwasdevel
opedwiththefollowingobjectives
Torespondtobothemergencyandnonemergency
AHBrelatedcalls

Toprovidetrainingtofirstrespondersfirepara
medicsandpoliceandsheriffpersonnel
ToeducatethegeneralpublicaboutAHBsand
theirbehaviorandhowtoavoidthem

Tocoordinateeffortswithotherlocalregional
andstateagenciesandexchangeAHBrelatedin
formation

TheProgramwasdividedintothreephasesas
follows

1PreArrivalPhase199397
199396

CountyTaskForceSBCVCPplayedamajorrole
informingataskforcewiththeSanBernardino
CountyAgriculturalCommissionersOfficeUn
dertheauspicesoftheCountyTaskForceanAHB
ActionPlanwaspreparedandgotapprovedby
theCountyBoardofSupervisorsin1994
TrainingofFirstRespondersSBCVCPprovided
neededtrainingtofireparamedicsandpoliceand
orsheriffdepartmentpersonnelrespondingto
AHBrelatedemergencies
PublicEducationInordertoprovidesomebasic
informationonAHBsSBCVCPutilizedthenews
mediatodisseminateAHBinformationtothegen
eralpublic
InteractionwithOtherAgenciesSBCVCPkept
closecontactandexchangedAHBrelatedinfor
mationwithlocalmembercitiesadjoiningcoun
tiestheMosquitoandVectorControlAssocia
tionofCaliforniaAdhocAHBCommitteeand
thestatewideAHBSteeringCommittee

1996

FundingandResponseInordertoprovideAHB
relatedservicestotheCountyresidentsSBCVCP
soughttheCountyBoardofSupervisorsapproval
torevisethebenefitassessmentratesTherevi

sionwasapprovedviaaResolutionbytheCounty
BoardofSupervisors

1997

SurveillanceAHBsurveillancewascarriedby
placingsurveillancetrapsalongthefrontalarea
mostlyalongthesoutheasternboundariesofthe
CountyThetrapsweremonitoredeveryother

weekandanybeesamplescollectedwereidenti
fiedunderabinocularmicroscopeusingthefast
AfricanizedbeeidentificationsystemFABISin
thelaboratoryTheAHBsurveillancetrapwas
madeofa5gallonwhiteplasticbucketlinedand
crisscrossedontheinsidewithacorrugatedhard
boardandchargedwiththequeenbeepheromone
attractantandastripofnaturalbeewax
PersonnelTrainingPersonnelhandlingbeeswere
givenperiodictrainingoncontrollingbeeswarms
orestablishedcolonieswithemphasisonsafety
precautionsandtheuseofsafetygearDemon
strationsonsprayequipmentusingtheAHBspe
ciallocalneedpesticideMPedewereincluded
inthetraining
EquipmentandSuppliesAllneededequipment
suchassprayersandAHBpesticideswerepur
chasedMaterialsformakingremnantbeetraps
includingbeepheromonewerealsoprocured
PublicEducationAHBinformationwasperiodi
callydisseminatedthroughthenewsmediaand
AHBbrochuresweredistributedtothegeneral
public

2ArrivalPhase

1998

SurveillanceAHBsurveillancewascontinued

alongwithFABISonbeesamplescollectedinsur
veillancetraps
AHBResponseDirectoryInconsultationwiththe

CountytaskforceanAHBCallResponseDirec
torywasprepared
AHBResponsePlan

aEmergencyUponcompletionofanemergency
beesuppressionoperationbythefirstrespond
ersremnantbeetrapswereusedforthereturn
ingforagingbees

bNonEmergencySBCVCPrespondedtobee
callsinAHBcolonizedareastosuppressAHB
swarmsandnonstructureestablishedcolonies

cSBCVCPprovidednamesofAHBcertified
pestcontroloperatorstocontrolbeecolonies
insidestructuresonprivateproperties

dFABISwasdoneonallbeesamplestakenafter
theswarmcolonywasdestroyed

eSBCVCPdistributedfreegeneralinformation
onAHBtothegeneralpublic

PublicEducationEnhancedpubliceducationwas
carriedoutusingthelocalnewsmedia
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TABLEINumberofbeeservicerequestsSRsandbeesamplesidentifiedinSanBernardinoCountyduring1998

Feralbeesamplesidentified

Month

Desert

No

SRs AHB

Numberofbeesamplesidentified

Valle

EHB

January 2 0 0 0

February 1 0 0 0

March 3 0 0 0

April 10 0 4 4

May 30 0 3 3

June 51 2 0 2

July 23 3 0 3

August 23 2 0 2

September 40 1 1 2

October 42 4 I 5

November 66 10 0 10

December 60 20 4 24

Total 351

OA

42

76

13 55

24 100

TABLE2DistributionofbeesbyregionandhabitattypeinSanBernardinoCountyduring1998

Total

Total

v

Habitat AHBaEHBb Total AHB EHB Total AHB EHB Total

Tree 13 6 19 3 1 4 16 7 23

Structure 4 2 6 5 1 6 9 3 12

UtilityBox 5 0 5 0 0 0 5 0 5

OldBeeBox 2 0 2 2 0 2 4 0 4

FencePost 0 1 1 0 0 0 0 1 1

LumberPile 0 0 0 1 0 1 1 0 1

OldCarFender 1 0 1 0 0 0 1 0 1

OldDrum 1 0 1 0 0 0 1 0 1

OldPianoCrate 0 0 0 1 0 1 1 0 1

OldRefrigerator 0 1 1 0 0 0 0 1 1

RailRoadTies 0 0 0 1 0 1 1 0 1

SandyCliff 1 0 1 0 0 0 1 0 1

TelephonePole 0 I 1 0 0 0 0 1 1

TruckDoor 1 0 1 0 0 0 1 0 1

WasteTires 1 0 1 0 0 0 1 0 1

Total 29 11 40 13 2 15 42 13 55

OA 73 27 100 87 13 100 76 24 100
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aPreArrivalPhase

199396

CountyTaskForcemeetings
Trainingoffirstresponders

FireParamedicsPoliceSheriff
PublicEducation

1997

Surveillance

EquipmentMicroscope
Supplies

PesticidesMPede
Pesticidesprayers

Subtotal

bArrivalPhase

1998

Surveillance

ProceedingsandPapersoftheSixtySeventhAnnualConference January1999

TABLE3CostofequipmentsuppliesandmanhoursspentindevelopingtheAHBProgrambyphasein199398

62hours

109hours

Newspaperinterviewsarticles6
Radiotalk1
TVappearances4

5hours

1hour

8hours

Trapmonitoring 96hours

Laboratory 12hours

micrometer 20000

Materialforsurveillancetraps 10000 8hours

Materialforremnantbeetraps 5000 2hours

Beesuitsgloveveiletc 300000 1hour

QueenbeepheromoneBeewax 15000 1hour

180000

Vehiclemounted3plustrailer 1200000
Backpacks5 150000

Stafftraining 16hours

InteragencyMeetingsTaskForceSteeringCommitteeAdhocAHBCommittee 28hours

1880000 349hours

Trapmonitoring 480hours

Labtesting 100hours

Response
Swarmcolonysuppression 176hours

Remnantbeetrapuse 60hours

Training 16hours

PublicEducation

Newspaperinterviewsarticles11 11hours

Radiotalk1 1hour

TVappearances2 4hours

InteragencyMeetingsTaskForceSteeringAdhocCommittee 20hours

Subtotal

cPostArrivalPhase

1998

Response

868hours

Swarmcolonysuppression 544hours

Remnantbeetraps 129hours

PublicEducationcontinued
Newspaperarticles6 4hours

Televisionappearances2 4hours

Interagencycollaborationcontinued 20hours

Datacompilation 20hours

Subtotal 721hours

Totalabc 1880000 1938hours
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3PostArrivalPhase

1998

EffectiveDecember31998SanBernardino
Countywasdeclaredcompletelycolonizedbythe
AHBThatresultedinthecontinuationofa

countywidefullAHBResponsePlanandPublic
Education

CollectionofAHBdata distributionnesting
sitesandbehavioraltraitsforfutureplanningand
statisticalpurposeswascontinued
Interagencycoordinationandexchangeofinfor
mationatthelocalregionalandstatelevelwere
dulymaintained

RESULTSANDDISCUSSION

Theprogramdevelopedoverseveralyearshasbeen
asuccessfulfillingitsobjectivesDuringthearrivaland
postarrivalphasestheprogramstaffhandled351bee
servicerequestsincludingresponsetothreeemergency
situationsmultiplestinging15atNewberrySprings
onJuly281personBigRiveronOctober226
peopleandSanBernardinoonDecember1519981
personInnonemergencyyetpotentiallydangerous
situationstheprogramcontrolledatotalof55swarms
orestablishedcolonies4276 ofwhichwereAHBs

Table1Seasonally62oftheswarmscolonieswere
reportedinNovemberandDecemberOfthetotal
swarmscoloniescontrolledin19984073 werefrom

thedesertregionand4276 ofthedesertandvalley
regionswereAHBsTable2Thedistributionofbees
byhabitatwas42inontrees22inonstructures
9inutilityboxes7inoldbeeboxesand20in
miscellaneoushabitatsiefencepostlumberpileold
carfenderolddrumoldpianocratediscardedrefrig
eratorrailroadtiessandyclifftelephonepoletruck
doorandwastetires

InAHBtrainingtheprogramprovided33training
sessionstoapproximately710firstrespondersfirepara
medicandpolicesheriffdepartmentpersonneland
eightpresentationsto110employeesofpublicworks
departmentsofvariousmembercities

Inpubliceducationtheprogramgave23informa
tionalarticlestonewspaperstworadiotalksandeight
televisionpresentationsonAHBanddistributedAHB
brochuresduringallthephasesLastbutnotleastthe
programcoordinatedwellwithalllocalregionaland
stateagenciesinpolicydevelopmentandexchangeof
AHBrelatedinformation

AnanalysisoftheprogramcostTable3shows
thatthebiggestitemwasthestafftimehoursfollowed
byequipmentandsuppliesDuringtheprearrivalphase
thetimespentonAHBrelatedactivitiesaccountedfor
18or1814800349hoursx5200hourcur

rentcountyrateThetimespentinthearrivalphase
was448 or4513600868hoursandpostar
rivalphase372 or3749200721hoursThe
expenditureonequipmentandsupplieswasmostlyin
curredduringtheprearrivalphaseThetotalprogram
costattheendof1998amountedto11957600

With416988assessedlandparcelsbothdeveloped
andundevelopedintheSBCVCPserviceterritorythe
costperparcelwas028Similarlywithapopulation
of1057055intheterritorythecostpercapitawas
011

Forthecomingseasonweanticipateanincreasein
stafftimefortheAHBresponseplanTheexpenditure
onequipmentandsupplieswillbelimitedmostlyto
pesticidesandequipmentmaintenanceItishopedthat
withcontinuedpublicawarenessandeducationabout
AHBsoverthenextcoupleofyearstheneedforAHB
relatedserviceswillslowdown
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duringtheseasonThesesampleswerethenmailedto
theVBDRfordetectionofarboviralactivity

RESULTSANDDISCUSSION

Ofthetotal14259mosquitoescollectedatallsites
duringtheseason534weretrappedinthedesertarea
35inthemountainregionand431fromtheval
leysitesTable1Themostabundantmosquitointhe
desertregionwasCulextarsalisCoquillet597 fol

lowedbyCulisetainornataWilliston312 Culex

stigmatosomaDyar33 CulexerythrothoraxDyar
29 CulexquinquefasciatusSay16 Anopheles
franciscanusMcCracken08 andAedesvexans

Meigen04 InthemountainregionCsinornata
263 CulisetaincidensThompson259 Cx

quinquefasciatus241 Cxtarsalis193 werethe

majorspeciesfollowedbyAedessierrensisLudlow
30 Cxstigmatosoma12 andAnfranciscanus
02 Similarlythemostabundantspeciesintheval
leyareawasCxquinquefasciatus466 followedby
Cxtarsalis261 Csincidens99 Cx

stigmatosoma67 Csinornata62 Cx

erythrothorax30 Anfranciscanus07 Ae

sierrensis05 Aevexans02 andAnopheles
freeborniAtkin01

Atotalof89poolsofculicinemosquitoesCx
tarsalisCxquinquefasciatusandCxstigmatosoma
collectedinCOCDCtrapsinthedesertandval
leyareaswassenttoVBDRfortestingAllpoolstested
negativeforbothSLEandWEEviruses

Theresultsonchickenserologyshowedthreesero
conversionstoWEEviruseachintheNeedlesand

RedlandsflocksTheseroconversionintheNeedles

flockwasfoundearlyinJulybledJuly131998
whereastheseroconversionintheRedlandsflockwas

reportedabouttwoweekslaterbledJuly271998
TherewerenoseroconversionsdetectedintheYucaipa
SanBernardinoFontanaandOntarioflocks

Uponreceiptofconfirmationonseroconversions
inboththeNeedlesandRedlandsflockstheareaswere

postedwithEncephalitisWarningsignsfollowedby
pressreleasestolocalnewspapersadvisingresidentsto
takenecessaryprecautionsduringoutdooractivitieses
peciallyatduskanddawnintheaffectedareasInthe
wakeofvirusactivitymosquitosourcereductionand
controlactivitieswereintensifiedinbothareasDuring
the1998EVSseasontherewasnohumancaseofmos

quitoborneencephalitisintheSBCVCPterritory
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AnInexpensiveCollapsiblePyramidalEmergenceTrap
fortheAssessmentofWetlandInsectPopulations

WilliamEWaltonParkerDWorkmanandJoeBKeiper

DepartmentofEntomologyUniversityofCaliforniaRiversideCA92521

ABSTRACTAdesignforaninexpensivecollapsiblepyramidalemergencetrapisdiscussedEach
emergencetrapcanbefabricatedforlessthan12inmaterialsandinlessthanonehourThetrap
presentedhereprovidesacosteffectiveandefficaciousdesignforsamplingmosquitoessuchasCulex
erythrothoraxthatareassociatedwithemergentmacrophytesandaredifficulttosampleaslarvae

INTRODUCTION

Mosquitoabundanceandestimatesofmosquito
productionfromwetlandscanbegreatlyunderestimated
bydipsamplesCulexerythrothoraxDyarandother
speciesthatinhabitdenselyvegetatedmarshesandwet
landsgenerallyrepresentalowporportionofindividu
alsindipsampleswhereastheycanconstitutethema
jorityofadultscollectedincarbondioxidebaitedsuc
tiontrapsamplesWaltonandWorkman1998Work
man1998Inadditiontoadultmosquitoesdeveloping
fromhyponeusticimmaturestagesemergencetrapsalso
canbeusedtosampleadultproductionfrombenthic
insectssuchaschironomidsDipteraChironomidae
andplantdwellinginsectssuchasOdonataand
Ephemeroptera

Inordertoobtainrepresentativesamplesfromthe
differentregionsoflargewetlandsorfromreplicated
experimentalwetlandsitwasnecessarytousealarge
numberofemergencetrapsAninexpensivedesign
whichrequiredminimalfabricationtimewasdesirable
Thepresentpaperincludesadescriptionofacollaps
ibleemergencetrap

MATERIALSANDMETHODS

Emergencetrapsweredesignedtosampleanarea
equalto025mFigureIandBTrapswerecon
structedfrompinefurringstripsstocksize0025x005
x24m1x2x8andpineboardstocksize0025
x015x25m1x6x8Furringstripswerecutto
twolengths46cmverticalsupport18 and58cm

horizontalcrosspiece2275 Aradialarmsawwas

usedtocutanangleofapproximately23ononeendof
each46cmpieceInordertoaccommodatejoiningthe
slopingsidesofthetraptoahorizontalcrosspiecea
rightorlefthandedcomplexangle23and25was
cutontheoppositeendofeachverticalsupportThe

topassemblyofthetrapwasfashionedbyjoiningtwo
14cmx14cm55 cutsfromthepineboardaftera
76cm3 holewasdrilledthroughthebottomsection
anda102cm4 holewasdrilledthroughtheupper
sectionusingholesawsThetwosectionswerefastened
usingfour32cm125 drywallscrews

InordertocollapsethetrapFig1Ceachhori
zontalcrosspiecewasdrilledat19cm075 oncen

terfrombothendsWoodendowels064cmdiameter
x38cmlong025diameterx15longwereglued
intohalfofthehorizontalcrosspiecesHinges38cm
15 wereattachedtothetopofeachverticalsupport

andtothelowersectionofthetopassemblyandthen
eachhorizontalcrosspiececontainingdowelswasaf
fixedtotheverticalsupportsusingdrywallscrewsThe
outsideedgeofeachverticalsupportwasoffset19cm
075 fromthedoweltoallowplacementofahori
zontalcrosspieceontothedowel

Collectionjarswere05L16ozwidemouthcan
ningjarsKerrorBalljarsAlltristaCorpMuncie
INAplasticfunnel80mmdiameter10348B
FisherScientificPittsburghPAwasinsertedintoeach
jarThe80mmfunnelcausesthescrewtoponthejarto
beclosedwithdifficultyanewermodel79mmfunnel
103482BmayprovideabetterfitThe102cm
4 holeinthetopassemblyholdsthecollectionjar
Additionalsupportforthejarcanbeprovidedbyinsert
ingtwocuphooksoneithersideofthejarandthen
rotatingthehookstocomeincontactwiththeexposed
threadsonthelipofthejarorwiththecrimpededgeof
themetallid

Rollsoffiberglasswindowscreening91cm36
widewerecutinhalfandthendimensionsweremarked
usingtwotemplatesDuplicatescreensoftwosizesup
perlengthxlowerlengthxheight14cmx535cmx
46cmor14cmx61cmx46cmwereaffixedtothe
woodenframeofeachtrapusingastaplegun



16 ProceedingsandPapersoftheSixtySeventhAnnualConference JanuaryI999

Figure1DifferentviewsoftheRiversideemergencetrapSideAandoverheadBviewofanexpandedtrapSideview
Cofacollapsedemergencetrap

RESULTSANDDISCUSSION

Pyramidalemergencetrapsofseveralbasicdesigns
havebeenusedtostudymosquitoesemergingfroma
varietyofpermanentlyandintermittentlyinundatedhabi
tatsService1995Thetrapdescribedherecombines
thefeaturesofpreviousdesignsAubinetal1973Slaff
etal1984tosampleapotentiallylargenumberof
emerginginsectsfromtreatmentwetlandsreceivingen
richedwastewaterThetrapcanbefoldedwhenspace
fortransporttofieldsitesisatapremiumandsetup
easilyinthefield

TheRiversideemergencetrapcanbeproducedin
expensivelyandquicklywithinamodestlysupplied
woodshopThecostofmaterialswas1160pertrap
1997dollarvaluesand45minuteslaborwasrequired
tofabricateeachtrapThecostpertrapcanbereduced
furtherbysubstitutingplumberstapeforthehinges
Thehingeswerethemostexpensivecomponentofthe
trap110perhingeIfspaceisnotlimitedfortrans
portingtrapstofieldsitesthenlittleadvantageinspace
savingsisgainedbyfoldingthetrapsascomparedto
stackingunfoldedtrapsPermanentlyaffixingthecor
nersofthehorizontalcrosspieceswithdrywallscrews
eliminatedtheneedforaminimalexpense420and
laborinstallationandmaintenancereplacementasso
ciatedwiththedowels

Wefoundthataddinga152cm6 screenskirtto

thehorizontalcrosspiecesappreciablyreducedthelike
lihoodthatemerginginsectscouldescapefromthetrap
andpreventedinsectsnotderivedfrombelowthetrap
fromenteringwhenwaterdepthfluctuatedTheskirt

wasattachedtothehorizontalcrosspieceswithstaples
andthefreeendsweresealedusingahotgluegun
Theskirtcanbefoldedintothetrapduringstorageand
transportFloatsegstyrofoamFunNoodles can

beattachedusingcabletiestothebaseoftrapforuse
incomparativelyopenwaterhabitatsandapairofcup
hooks011eachcanbeaddedtosecurethejaron
topofthetrapThreepersonscanfabricatenearly100
trapsinapproximately34days

Thisemergencetraphasbeenusedtostudythe
spatialandtemporalpatternsofwetlandmosquitopro
ductionWaltonetal1998theefficacyofcontrol
measuresagainstmosquitoesdevelopingindenseveg
etationWaltonetal1998andtheeffectsofvegeta
tionmanagementpracticesonmosquitoproduction
Waltonetal1999Thetrappresentedhereprovides
acosteffectiveandefficaciousdesignforsampling
mosquitoessuchasCulexerythrothoraxthatareas
sociatedwithemergentmacrophytesandaredifficult
tosampleusingadipper
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MosquitoProductionfromThreeVegetationManagement
PracticesforConstructedTreatmentWetlandsin

SouthernCaliforniaPreliminaryFindings

WilliamEWaltonKarrieChanLHannahGouldandJoeBKeiper

DepartmentofEntomologyUniversityofCaliforniaRiversideCA92521

ABSTRACTTheeffectsofthreevegetationmanagementpracticesonmosquitoabundanceandproduction
werestudiedin01haexperimentalwetlandresearchcellsinsouthernCaliforniaDuringthethree
monthsafterfloodingwetlandcellscontaininghummocksandwetlandcellsinwhichbulrushrootdensities
werereducedproducedsignificantlyfeweradultCulextarsalisascomparedtowetlandsthatwereonly
burnedcontrolsCulextarsalislarvaereachedundetectablelevelsfirstinthecellswithhummocksand

lastinthewetlandsassignedtothecontroltreatmentVeryfewCxerythrothoraxadultswereproduced
fromthesparselyvegetatedresearchcellsduringthebeginningofthismultiyearstudy

INTRODUCTION

Mosquitoproductionwasdirectlyrelatedtoveg
etationcoverageatthe10haHemetSanJacintocon
structedtreatmentwetlandinsouthernCaliforniaAs

theproportionofthewatersurfacecoveredbybulrush
SchoenoplectuscalifornicusMeyerSojakandS
acutusMuhlexBigelLoveandLoveincreasedfrom
2toapproximately75duringthethreeyearsafter
beginningoperationSartorisetal2000hostseeking
mosquitoabundanceincreasedanorderofmagnitude
peryearWaltonunpublisheddataDuringmidsum
merofthethirdyearnearly40000hostseekingmos
quitoeswerecollectedpernightbycarbondioxidebaited
suctiontrapsWaltonetal1998

Vegetationmanagementstrategiesthatarecostef
fectiveandpreventextensivevegetationcoverageofthe
watersurfaceneedtobedevelopedfortreatmentwet
landsthatutilizeemergentmacrophytesforwatertreat
mentandwildlifehabitatBurningofemergentvegeta
tionhasreceivedincreasedattentionasarapidmeansto
eliminateabovegroundplantbiomasswithoutincurring
highcostsassociatedwithharvestinganddisposal
Walton1999Howeverburningastheonlymeansof
reducingvegetationmightnotbeasatisfactorymos
quitocontrolmethodbecausethickstandsofvegetation
woulddeveloppriortoburningThickvegetationen
hancesmosquitoproductionandincreasesabatement
effortsFurthermoreinundationofburnedmaterial
mightsignificantlycompromisewaterqualitygoalsfor
treatmentwetlands

Theobjectivesofthismultiyearstudyaretoevalu
atetheeffectsofthreevegetationmanagementstrate
giesonmosquitopopulationsandwaterqualityparam
etersinreplicatedexperimentalwetlandsInaddition
toburningofemergentvegetationtheimpactofman
agementstrategiesthatalsoreducebulrushrootdensi
tiesandcreatestructureshummockstoencouragebul
rushgrowthwhileretainingregionsofopenwaterare
beingevaluatedThisisajointprojectbetweenthe
DepartmentofEntomologyattheUniversityofCali
forniaRiversidetheUnitedStatesGeologicalSurvey
andtheEasternMunicipalWaterDistrictHerewere
portthepreliminaryfindingsformosquitoesduringthe
initialthreemonthsofthisstudy

MATERIALSANDMETHODS

Threevegetationmanagementstrategieswerecar
riedoutineight01hawetlandresearchcellsatthe
WetlandsResearchFacilitylocatedatEasternMunici
palWaterDistrictsHemetSanJacintoRegionalWaste
waterReclamationFacilityinSanJacintoCAEach
cellcontainedtwoshallowmarsheswaterdepth05to
1mthatweresituateddownstreamfromtwodeepponds
waterdepth 25mTheemergentvegetationbul
rushSchoenoplectuscalifornicuswasdriedandburned
Followingburningthreeoftheresearchcellswerenot
manipulatedcontrolsandarockbucketattachedtoa
backhoewasusedtoreducebulrushrootdensitiesin

theremainingfivecellsHummocksapproximate
lengthxwidthxheight4mx15mx04mwere
constructedintheshallowregionsoftwoofthelatter
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cellsHummocksinadjacentrowsalongthelongitudi
nalaxisofeachcellwereoffsetspatiallysothateither
twoorthreehummocksoccurredineachtransverserow

Thethreevegetationmanagementpracticeswillbere
ferredtoasCcontrolburningonlyRburningand
rockbucketandHburningrockbucketandhum
mocks

Floodingoftheresearchcellswithsecondary
treatedeffluentbeganonJuly131998Inorderto
examinetheeffectsofburningonlevelsofmetalcon
taminantsandwaterqualityofthefirstoutflowevent
waterlevelsinthemesocosmsweremaintainedtoavoid

overflowthroughtheoutletweirforapproximatelyone
monthThereafterflowratesweremaintainedsothat
waterresidencetimeswereapproximately13daysin
theCandRcellsand18daysintheHcells

Temporalandspatialtrendsofmosquitoproduc
tionfromtheresearchcellsweredeterminedusing025
memergencetrapsEightemergencetrapswereplaced
intoeachcellonJuly21or22fourtrapswereplacedin
eachofthetwomarshesofeachcellEmergencetraps
weresuspendedfromwoodenstakesuntilsufficient
vegetationdevelopedtosupportthetrapsEmergent
vegetationbeneaththetrapswascutjustabovethewa
tersurfacetomaintainphysicalstructurebelowthewa
tersurfaceyetavoidtippingofthetrapsbyrapidbul
rushgrowthTrapmaintenancewascarriedouttwice
eachweekCollectionjarswereretrievedweeklyfrom
July29throughSeptember29Agroupofsamplesalso
wascollectedonOctober13

Immaturemosquitoesweresampledweeklybydip
pingat16stationspositionedequidistantlyalongthe
researchcellperipheryandat4stationsalongeachof
twotransectsthroughthecellinteriorAteachperiph
eralstationthree350mldipsweretakenwithina2m
zonecombinedinaconcentratorcupandpreserved
Ateachinteriorstationfivedipsweretakencombined
andpreservedDevelopmentalstageandabundanceof
immaturemosquitoesweredeterminedat25X50X
magnificationusingastereodissectingmicroscope

Differencesinmosquitoabundanceoremergence
amongthethreevegetationmanagementpracticeswere
testedforstatisticalsignificanceusingaFriedmannon
parametricANOVAAposterioricomparisonsamong
treatmentrankswerecarriedoutusingtheMann
WhitneyUtestSokalandRohlf1995

RESULTSANDDISCUSSION

Thehummocksshowedconsiderablepromiseasa
methodforslowingtheproliferationofbulrushandsig

nificantlyreducingmosquitoproductionduringthethree
monthsaftervegetationmanagementpracticeswere
carriedoutTheHmesocosmsmaintainedcompara
tivelymoreopenwaterthandidtheothertreatments
Bulrushgrewalongthemarshperipheryandwassparse
onthehummocksintheHcellsWhereasbyOctober
bulrushcoveragewasmoreextensiveinthemarshesof
theRandCcellswiththethickestgrowthoccurringin
thelattertreatmentTheopenwaterinHcellswillpro
videenhancedaccesstoimmaturemosquitoesbypre
daceousinvertebratesreducetheabundanceoffavor

abledevelopmentalsitesformosquitoesanddeterovi
positionMaintenanceofopenwaterbetweensmall
standsiesurfaceareacoveredbyemergentvegeta
tionofvegetationalsowillprovideaccessfor
larvivorousfishandpermittheapplicationofpelletized
orgranularbacteriallarvicidesshouldsuchtreatments
berequiredformosquitoabatement

ThenumberofCulexsppemergingpersquare
meterofvegetatedsurfacefromtheCmesocosmswas
100and10foldgreaterthanfromtheHandR
mesocosmsrespectivelyduringthesecondweekafter
floodingFig1Thereafteremergingmosquitoeswere
notcollectedfromtheHmesocosmsAdultproduction
declinedduringthefourtosixweeksafterfloodingin
theCandRtreatmentsandalowlevelofemergence
2individualsmoccurreduntilemergencetrapswere
removedfromthepondsinmidOctoberCulextarsalis
Coquillettaccountedfor71oftheemergedadultsav
eragedacrossalltreatmentsAdultemergencediffered
significantlyamongtreatmentsFriedmansmethodx22
1527P 0001SignificantlymoreCxtarsalis

emergedfromCmesocosmsthanfromHandR
mesocosmsMannWhitneyUtestP 005Culex
stigmatosomaDyarandCxquinquefasciatusSayac
countedfor27and1 respectivelyoftheadults
collectedinemergencetraps

TheabundanceofCulexlarvaeindipsamplesfrom
thethreevegetationmanagementtreatmentsexhibited
trendssimilartothoseforadultemergenceFig2C
mesocosmscontainedthelargestlarvalpopulations
whichdeclinedtolowlevelsbysixweeksafterflood
ingLarvalpopulationsinRandHmesocosmsdeclined
tolowlevelsbyfourandtwoweeksafterfloodingre
spectivelyLarvalabundancedifferedsignificantly
amongtreatmentsFriedmansmethodx 1156P

0003SignificantlymoreCxtarsalislarvaewere
collectedfromCmesocosmsthanfromHandR

mesocosmsMannWhitneyUtestP 005

CulexerythrothoraxDyaraccountedforapproxi
mately1oftheadultscollectedbyemergencetrapsin
thesparselyvegetatedcellsduringthethreemonthsaf
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Figure1TheaveragenumberofCulexsppemergingeachweekfromthreevegetationmanagementpracticescarriedout
in01haresearchcellsduringJulyOctober1998
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duringJulyOctober1998
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terfloodingThiscontrastssharplythefindingsofa
previousstudyWorkmanandWalton2000wherethe
numberofCxerythrothoraxemergingweeklyperunit
areaexceededthatofCxtarsalisbyanorderofmagni
tudeormorewhendenseemergentvegetationwas
presentinthesewetlandsThedevelopmentalsitepref
erenceofCxerythrothoraxforthicklyvegetatedwet
landsNielsenandRees1961Chapman1962Bohart
andWashino1978theassociationofimmaturestages
withverticalsurfacessuchasbulrushculmsWorkman
1998andthedirectrelationshipbetweenadultemer
genceandvegetationdensityWorkmanandWalton
2000explainthedifferencesinCxerythrothoraxrela
tiveabundanceinpreviousstudiesversusthecurrent
studyCulexerythrothoraxproductionisexpectedto
increaseconcomitantlywithincreasesofvegetationden
sitiesandcoverage

Satisfyingthegoalsofvectorandnuisanceinsect
reductionversuswaterqualityimprovementhasproven
tobedifficultforconstructedtreatmentwetlandsutiliz

ingemergentvegetationWeexpectmosquitoproduc
tiontoincreaseduringthesecondyearofoperationas
vegetationdensitiesincreaseespeciallyinthecompara
tivelymoredenselyvegetatedcontrolwetlandsWhether
themarshescontaininghummocksprovidetheafore
mentionedbenefitsforvectorcontrolcontinuetore

ducebulrushcoverageandcanconcomitantlyimprove
waterqualityarethefociofourcontinuingcollabora
tiveefforts

Acknowledgements

TheauthorswishtothankLRandallMSanford
andLManloloforassistanceinthefieldandlabora

toryThisresearchwassupportedbySpecialFundsfor
MosquitoResearchfromtheDivisionofAgricultureand
NaturalResourcesoftheUniversityofCaliforniaWe
benefitedfromdiscussionswithJThullenandJSartoris

oftheUSGeologicalSurveyBiologicalResources
DivisionWeappreciatethecontinuedcooperationand
assistanceofMLukerandJSomsuvanskuloftheEast

ernMunicipalWaterDistrictWethankPWorkman
forreviewingthemanuscript

REFERENCESCITED

BohartRMandRKWashino1978Mosquitoesof
CaliforniaPublicationNo4084Divisionof

AgriculturalSciencesUnivCalifBerkeleyCA
ChapmanHC1962ThebioecologyofCulex

erythrothoraxDyarMosqNews22130134

NielsenLTandDMRees1961Anidentification

guidetothemosquitoesofUtahUnivUtahBiol
Ser12158

SartorisJJIIJThullenLBBarberandDESalas
2000Investigationofnitrogentransformationsin
asouthernCaliforniaconstructedwastewatertreat

mentwetland144965

SokalRRandFJRohlf1995BiometrythePrin
ciplesandPracticeofStatisticsinBiologicalRe
search3rdedWHFreemanandCoNY

WaltonWEed1999AMosquitoControlStrategy
fortheTresRiosConstructedTreatmentWetlands

DraftReportCityofPhoenixAZWaterSer
vicesDeptCH2MHillTempeAZ

WaltonWEPDWorkmanLARandallJA
JianninoandYAOffill1998Effectivenessof

controlmeasuresagainstmosquitoesatacon
structedwetlandinsouthernCaliforniaJVector

Ecol23149160

WorkmanPD1998Larvalbehaviorandspatialdis
tributionofCulexsppassociatedwithconstructed
treatmentwetlandsMSthesisDeptEntomol
ogyUnivCaliforniaRiversideCA

WorkmanPDandWEWalton2000Emergence
patternsofCulexmosquitoesDipteraCulicidae
atanexperimentalconstructedtreatmentwetland
insouthernCaliforniaJAmerMosqControl
AssocInpress



22 ProceedingsandPapersoftheSixtySeventhAnnualConference January1999

AModelSurveillanceProgramforVectorBorneDiseases
inCalifornia199899

BruceFEldridgeWilliamKReisenzThomasWScottCarolGlaserandJenyWegbreitz

DepartmentofEntomologyUniversityofCaliforniaDavisCA95616

ABSTRACTThisreportsummarizesthesecondyearsresearchofa5yearprojecttoimprovethe
efficiencyoftheCaliforniaVectorBorneDiseaseSurveillanceProgramTheprojectusedCaliforniadata
onarbovirusesasamodelfortheentiresystemResultsarediscussedunder5primaryareasofstudy1
humanviralinfections2enzooticviralactivity3mosquitoabundance4analysispredictionand
reportingand5weatherandwaterCompleteresultsmaybefoundinthevariouspublicationscited
belowbasedonthisresearchEnhancedsurveillanceforarboviralencephalitisbeganin1998and
retrospectivelydetectedanewcaseofCaliforniaencephalitisAnanalysiscomparingsentinelchicken
flocksandmistnettingofbirdsfordetectionofarboviralantibodiessuggestedthatinmostinstances
sentinelchickenflocksaremoreeffectiveIsolationsofwesternequineencephalomyelitisvirusfrom
mosquitoesfromKernCountyprovided23weeksofearlierwarningthandidseroconversionsinsentinel
chickensComparativestudiesofCDCstylemosquitotrapsshowedthattrapsmadebytheArbovirus
FieldStationcaughtmoremosquitoesthananyoneofseveralcommerciallyproducedtrapsThe
surveillancewebsiteMosquitoNetwasfurtherimprovedduring1998ApreliminaryanalysisinKern
Countydemonstratedthatmeasurementsofstreamrunoffweregoodpredictorsofmosquitoabundance
occurringonemonthlaterandthatbothvariablescorrelatedwellwithsnowpackattheheadwatersofthe
KernRiver

INTRODUCTION

OnJuly11997acooperativeprogramwasbegun
todevelopnewapproachestoarbovirussurveillance
eventuallyleadingtotheirincorporationintotheCali
forniaVectorBorneDiseaseSurveillanceProgramThe
researchwasconductedunderthedirectionoftheUC

DavisCenterforVectorBorneDiseaseResearchUCD
CVBDRincooperationwiththeCaliforniaDepartment
ofHealthServicesCDHStheMosquitoandVector
ControlAssociationofCaliforniaMVCACand10
individualmosquitoandvectorcontroldistrictsDetails
oftheorganizationoftheprojectanditsobjectiveswere
discussedbyEldridgeetal1999

HUMANVIRALINFECTIONS

Ongoingstudiescontinuedtoaddresstheapparent
disparitybetweentheintensityofenzooticwestern
equineencephalomyelitisvirusWEEandStLouis
encephalitisvirusSLEactivitydetectedby

seroconversionamongsentinelchickensandvirusiso
lationsfrommosquitoesandthelownumberofreported
humaninfectionsEnhancedsurveillanceforencepha
litiswasinitiatedintheSanFranciscoBaycountiesin
Juneof1998inJanuary1999surveillancewasexpanded
statewideHealthcareproviderswerenotifiedofthe
diagnosticserviceavailableandbloodandspinalfluid
specimensfromindividualswithencephalitisweretested
onanongoingbasis

DischargediagnosiscodesICD9codeswereana
lyzedovera3yearperiodtoexaminetrendsegsea
sonalitygeographicclusteringandgenderthatmight
beindicativeofarbovirusactivityinCaliforniaBased
onananalysisofca1800casesnopatternswereiden
tifiedthatwereconsistentwithinfectionbyamosquito
bornevirusTherewerehigherincidencesofencephali
tiscodesoccurringinsomesmallruralcountiesbutthis
relationshipwasinconclusive

Aretrospectiveserosurveywasdoneonserasub
mittedtotheViralandRickettsialDiseaseLaboratory
VRDLCDHSfrompatientswithundiagnosedCNS

2CenterforVectorBorneDiseaseResearchUniversityofCaliforniaDavis4705AllenRoadBakersfieldCA93312
CaliforniaDepartmentofHealthServicesViralandRickettsiaDiseaseLaboratoryBranch2121BerkeleyWayBerkeley
CA94704
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diseaseinpreparationfortheprospectiveencephalitis
projectThisretrospectiveserosurveydetectedthefourth
knownhumancaseofCaliforniaencephalitisEldridge
etal2000Apresumptivecaseofencephalitisattrib
utedtoSLEwasinvestigatedinFresnoCountyThe
patientsdiagnosiswasbasedontestresultsofacom
merciallaboratoryTestsconductedbyVRDLshowed
noevidenceofrecentinfectionOthersituationshave

occurredinwhichcommerciallaboratoriesreportposi
tiveresultsonthebasisofIgGscreeningbutsubse
quenttestingfailedtoshowevidenceofrecentinfec
tionThesestudiesillustratedthenumerousproblems
indiagnosingandconfirminghumancasesinvolving
CNSimpairmentieincompletepatientdataandlack
ofserumorspinalfluidsamplesfortesting

Futurestudieswillfocusdetectioneffortsinsouth

easternCaliforniawhereevidenceofenzooticarboviral

activityoccursannuallyandwillattempttoincrease
thenumberofhumanserumandspinalfluidsamples
availableforlaboratoryanalysis

ENZOOTICVIRUSACTIVITY

Detectionofenzooticviralactivityinwildbirdsand
sentinelchickens

Sentinelchickenflocksandwildbirdscapturedin
mistnetswerestudiedin3mosquitoabatementdistricts
SacramentoYoloKernandCoachellaandthetim
inganddetectionofseropositivespecimenswerecom
paredAtotalof20200wildbirdswassampledNine
sentinelchickenflockswereusedtomonitorvirusac

tivityineachdistrictWildbirdswithantibodiesagainst
WEEwerecapturedinall3districtsbutonlybirdsin
theCoachelladistricthadantibodiesagainstSLEAsin
thecaseofthewildbirdsWEEactivitywasdetectedin
sentinelchickensinall3districtsandSLE

seroconversionsweredetectedonlyintheCoachella
ValleyThetimingofdetectionofantibodiesinall3
districtsindicatedthatantibodiesinwildbirdblooddo

notnecessarilyindicatearecentinfectionUnlessspeci
mensfromwildbirdsthatarerecapturedbymistnet
tingduringashorttimeintervalarenegativeduringthe
1stbleedingandpositiveduringthe2nditisnotpos
sibletoknowwithcertaintywhenorwhereawildbird
wasinfectedRelativelyfewofthewildbirdsinour
studywererecapturedandnonefitthescenariomen
tionedaboveSentinelchickenswhichremainatthe
samesiteandcanbebledatregularintervalsarenot
encumberedbyuncertaintyabouttheirinfectionhistory

Ananalysisoftherelativecostsassociatedwith
usingmistnettedwildbirdssentinelchickensorvirus

isolationfrommosquitoesforarbovirussurveillancein
theSacramentoYolodistrictindicatedthatlaborcosts

associatedwithcapturingandprocessingwildbirdsare
highEstimatedtotalandrecurringcostsassociatedwith
eachsystemfromMaythroughOctoberwerewildbirds
28489 28341sentinelchickens 18410

10724andmosquitoes 9355 8955
Resultssupporttheconclusionthattheuseofsenti

nelchickenflocksaresuperiortomistnettingwildbirds
forarbovirussurveillanceinCaliforniaThisconclusion

doesnotnecessarilyapplytoprogramsthatfocuson
trappingcommonperidomesticbirdsinAustraliancrow
trapsforsurveillanceBennettetal1996Bennettetal
1997Cummingsetal1998Futureanalysesshould
includethisapproachaswell

Detectionofenzooticactivityinmosquitoes
IsolationofWEEandSLEfromknownandpo

tentialvectorsDuring1998theUCDavisArbovirus
ResearchLaboratoryUCDCVBDRtested3943pools
ofmosquitoessubmittedbymosquitocontrolagencies
aspartoftheStatewideEncephalitisVirusSurveillance
programofwhich53werepositiveforWEEand1for
SLEvirusesOfthese1559poolsofCxtarsaliswere
collectedfromourstudyareasinCoachellaValleyKern
andSacramentoYoloMVCDsIsolationsofWEEfrom

CoachellaValleyandKernprovided3and2wksear
lierwarningofWEEenzooticactivityrespectivelythan
didseroconversionsofsentinelchickensThesedata

demonstratedthevalueofsystematicallytestingmos
quitoesforinfectionduringyearsofmoderatetohigh
virusactivityInaddition721poolsweretestedfrom7
mosquitospeciesotherthanCulextarsaliswithnega
tiveresultsThesenegativeresultsindicatedthatWEE
activityinKernCountydidnotspreadtothesecondary
lagomorphAedescycleandreflectedthelowlevelof
SLEactivityinCaliforniaduring1998

NewmosquitovirusrelationshipsToinvestigate
novelvectorvirusrelationships347poolsofAedes
sierrensisand55poolsofAedesbicristatusweretested
fromLakeandHumboltcountieswithnegativeresults
Bothspecieswerecollectedasimmaturesrearedto
adultsandthentestedtodetermineiftheywereinfected
verticallybyanarbovirusAnadditional37poolsof
Anfreebornialsoweretestedwithnegativeresults

ViruspersistenceAspartofresearchtoelucidate
virusoverwinteringmechanisms1877mosquitoesin
cluding901Cxtarsaliswerecollectedrestinginwin
terhibernaculainKernfromOctober1998throughFeb
ruary1999andtestedforvirusinfectionbyRTPCRin
231poolswithnegativeresultsTodetectearlyseason
virusamplificationinCoachellaValleyanadditional
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3614Cxtarsalisweretestedforvirusinfectionin77

poolsbyRTPCRwithnegativefindingsInterestingly
asentinelchickenhousedinthesameareaasthesewin

tercollectionsseroconvertedtoWEEduringtheNo
vember1998March1999periodBothinvestigations
agreedwithpreviousindepthstudiesthattestedmos
quitoescollectedduringwinterforinfectiousvirusus
ingeithersucklingmiceorcellcultureindicatedthat
WEEandSLEprobablydonotoverwinterininfected
vectors

Aspartofongoingstudiestoassessthepossible
roleofbirdsasoverwinteringvirusreservoirsstudies
werecompletedontheeffectsofthemethodofinocula
tionmosquitobiteorneedleandsourceofvirusstrain
onviremiasandantibodydevelopmentinhousefinches
Reisenetal2000aReisenetal2000bThisinforma
tionisneededtoplanadditionalexperimentalinfection
studies

MOSQUITOABUNDANCE

During1998researchtounderstandmosquitohost
seekingbehaviorLothropandReisen1999bandto
improvetrapdeploymentstrategiescontinuedNewre
searchontrapdesignandCOdeliverywerecompleted
andaredescribedbelowResearchanddevelopment
leadingtoguidelinesforanintegratedmosquitosam
plingandreportingprogramwillbecontinued

TrapdesignThemeannumberofCxtarsaliscol
lectedbytheArbovirusFieldStationAFSCDCstyle
trapwassignificantlygreaterthanthemeannumber
collectedbytrapsmanufacturedbyAmericanBiophys
icsABCtrapHockCDCstyleandBioquipEVS
stylemadebyOrangeCountyVCDandcommercially
producedbyBioquipcompanieswhentestedinsubur
banOrangeandruralKernCountiesReisenetal
2000cCommerciallyproducedtrapswereoperated
withtheirlightsonandreflectiverainshieldsinplace
asrecommendedbythemanufacturerTheAFStrapwas
operatedwithoutlightsorrainshieldAlltrapswere
baitedwith3lbsofdryiceResultsindicatedthatlight
didnotenhancecatchsizeEngineeringanalysis
CummingsandMeyer2000documentedthatincreased
catchbytheAFStrapprobablywasrelatedtothe
rainshieldAmericanBiophysicsandHockorbattery
packBioquipthatreducedairflowintothetrapmouth
Differencesintrapefficiencyremainedconsistentde
spitemarkedchangesinmosquitoabundanceovertime
andspace

COpresentationAnexperimentinKernCounty
comparedtheeffectsofCOpresentationonCxtarsalis
catchinAFStrapsTreatmentsincludedCOdeliv
eredattheconstantratesof0510and151minCO
gasdeliveredat051minas15pulsesof2secon2sec
offperminand3lbsofdryiceina1galplasticbucket
oraStyrofoamPetridishmailerTherewasnosignifi
cantdifferenceamongcatchsizeintrapsbaitedwith
COreleasedinthe05to151minrangeHowever
catchsizeintrapsbaitedwithCOgasreleasedatacon
stant051minwassignificantlygreaterthancatchin
trapsbaitedwithpulsedCOgasreleasedat051minor
dryice

ANALYSISPREDICTIONANDREPORTING

Improvementswerecontinuedin1998intheelec
tronicreportingofarbovirussurveillanceinformation
Reportingofvirusisolationsfrommosquitopoolswas
addedtothesurveillancewebsitelocatedathttp
mosqnetucdaviseduandasummarypagewasadded
thatprovidesthesameinformationasthesummarytable
ontheweeklysurveillancebulletinAnentirelynewtype
ofdatamanagementsystemwasinitiatedwithempha
sisonmaintenanceofopendatabasesforusebymos
quitoabatementdistrictsUnderthenewplanlaborato
riesdoingsurveillancetestingwillhavetheresponsibil
ityformaintenanceofdatabasescontainingdatafrom
thoselaboratoriesandmosquitoagencieswillhavefull
accesstothosedatabasesusingspeciallydesignedcli
entsoftwarethatwillprovideafullrangeofanalysis
optionsincludingmappinggraphingandvarioustypes
ofreportingUnderthepresentsystemanalysisofhis
toricaldataisdifficultunderthenewconceptusers
couldselectanytimeframedesiredTheimplementa
tionofthisconceptisbeingcoordinatedwithAdvance
ComputerResourcesIncwithagrantfromtheCenters
forDiseaseControlandPrevention

Detailsofageographicinformationsystemdevel
opedtomanageanalyzeandreportsurveillanceand
operationaldataoftheCoachellaValleyMVCDwere
publishedLothropandReisen1999a

WEATHERANDWATER

Certainweatherfactorsmayaffecttheabundance
ofvectorpopulationsandthustransmissionofSLEand
WEEIncreasesinsnowpackdischargefromtheSierra
Nevadaprecipitationandoralternativesourcesofwa

terincreaselarvalhabitatforCxtarsalisresultingin
theincreasedabundanceofthehostseekingfemale
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populationHigherambienttemperaturesmayaffect
abundancebyshorteninggenerationtimesandthere
foreincreasetherateofpopulationgrowthduringthe
springandearlysummer

Relationshipsbetweenweatherandmosquitoabun
dancewereevaluatedinanattempttodevelopamodel
applicabletoCaliforniaingeneralWegbreitandReisen
2000

ResearchfocusedondatafromtheKernMVCD

surveillanceprograminthesouthernSanJoaquinVal
leybecauseasystematicdryicebaitedtrappingpro
gramhasbeeninplacetheresince1990providinga
soundandsensitivedatasetforanalysisMosquitoabun
dancewasmeasuredby24dryicebaitedtrapsthatwere
operatedbiweeklyfromAprilthroughOctoberTem
peratureandprecipitationdatawerefromCaliforniaIr
rigationManagementInformationSystemstationsand
riverdischargedatawerefromtheCaliforniaDataEx
changeCenterDischargewasmeasuredatasitenear
Bakersfieldclosesttothemosquitotrappingsitesonthe
flooroftheSanJoaquinValley

Datawereanalyzedtodeterminetimeseriesrela
tionshipsamongweatherparametersandmosquitoabun
danceNoeasilydiscernablerelationshipsweredetected
betweenmosquitoabundanceandtemperatureorpre
cipitationhowevertherewasastrongrelationshipbe
tweendischargeoftheKernRiverandmosquitoabun
danceRegressionanalysisindicatedthatdischargefrom
theKernRiverexplained56ofthevariabilityamong
measurementsofhostseekingmosquitoabundancedur
ingthefollowingmonthDeviationanalysisconfirmed
thepredictivevalueofdischargeformosquitoabun
danceResultsofthedeviationanalysisindicatedthat
lowrunoffisassociatedwithlowCxtarsalisabundance

andforthemostparthighrunoffisassociatedwithhigh
mosquitoabundanceInterestinglyWEEactivitywas
notdetectedinKernCountybetween1984and1995
Howeverafterriverdischargepermonthpeakedabove
150thousandacrefeetTAFandCxtarsalismaximal
abundanceexceeded60femalespertrapnightper
monthWEEactivitywasagaindetectedinKernCounty
mostlyatsitesonthewestsideofthevalleyThistrend
continuedthrough1998

Resultsfromthispreliminaryanalysisindicatedthat
runofflaggedforwardonemonthwasagoodpredic
torofmosquitoabundanceandperhapsWEEactivity
andthatbothvariableswerewellcorrelatedwithsnow

packattheheadwatersoftheKernRiverOtherenvi
ronmentalparametersshouldbeanalyzedincludingveg
etationandwatermanagementpracticesPossiblylong
rangeweatherforecastsbasedonPacificOceantem
peraturesandElNinoeventsmaybeusedtopredict

snowpackonthewesternslopesoftheSierraNevada
dischargeofriversystemsandmosquitoabundancein
KernCounty
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RecreationalParkYellowjacketControl
inSantaClaraCounty

NoorSTietzeandBrent1Nelson

SantaClaraCountyVectorControlDistrict976LenzenAvenueSanJoseCA95126

ABSTRACTTheefficacyofabaitingprogramforthegrounddwellingyellowjacketVespidae
HymenopteraVespulapensylvanicawasassessedinahighuserecreationalparkinSantaClaraCounty
CaliforniaEfficacywasmeasuredbycomparingyellowjacketabundancebetweencontrolandtreatment
areasaswellasbetweenpreandposttreatmentintervalsAbundanceofVpensylvanicaandVvulgaris
wasassessedonaweeklybasisusingtrifoldstickytrapscombinedwithasyntheticlureheptylbutyrate
PreliminaryattractancytestssuggestednosignificantP005differencebetweenheptylbutyratepentyl
butyrateandSurefireacommerciallyavailableyellowjacketlureBaitingconsistedofhangingstations
containingmackerelmixedwithmicroencapsulateddiazinonKnoxout2FM DuetolownumbersV

vulgariswasnotincludedinassessmentsorstatisticalanalysesAnalysesindicatedatemporaryyet
significantP005reductioninyellowjacketabundanceinthebaitedareaduringthetreatmentinterval
andtoagreaterdegreeafterthecessationofbaitingfromSeptemberthroughOctober

Yellowjacketsareseriouspestsinrecreationalparks
duetotheiraggressiveforagingbehavioromnivorous
dietandabilitytoinflictpainfulstingsEachyearnu
merousstingingincidentsoccurwhererecreationers
parkstaffandothersareexposedtoyellowjacketsDe
pendinguponindividualsusceptibilitiesmedicaltreat
mentmaybeneededforstingsreceivedduringacciden
talingestionofayellowjacketwithfoodorbeverageor
aggressiveattacksnearacolonyentranceParkstaffare
typicallystungwhileemptyingrefusecontainersor
mowingfieldsYellowjacketsunlikehoneybeeshave
thecapacitytoinflictrepeatedstingswithoutlosingtheir
stingingapparatusduetosmallerlancetbarbsstronger
aculeusmusculatureandsharperlancetandstylus
Edwards1980

Potentialcontactsbetweenhumansandground
dwellingvespinewaspsishighinSantaClaraCounty
duetotheirpropensitytocolonizeabundantlyavail
ablegopherandgroundsquirrelburrowsThelatterare
infieldsandunderloosevegetationsuchasthe
groundcoverperiwinkleVincamajorContactsareusu
allywithforagersandAkreetal1975foundthat50
oftheyellowjacketVpensylvanicaforagerstraveled
adistanceofnomorethan160metersfromthenest

siteForagingyellowjacketsscavengeforeitherpro
teinsandorcarbohydratesandcanbequicklyattracted
inlargenumberstothesesubstances

Chang1988baitedforagingyellowjacketsV
pensylvanicainOahuHawaiiHefoundthatinorderto
beeffectivelowdensitybaitingwithmicroencapsulated
diazinonmustbestartedearlyintheseasonandlast

throughOctoberHighdensitybaitingyieldeda94
reductioninforagersafteroneweekposttreatment
Chang1988althoughadjacentuntreatedareasalso
droppedby59 Adispensordensityof06baitsta
tionsperhawasrecommendedbyEnnik1973and
Chang1988

TheSantaClaraCountyVectorControlDistrict
SCCVCDimplementedayellowjacketcontrolpro
graminfivemajorcountymaintainedparkstoreduce
thestingingandnuisancepotentialoftheseinsectsThe
purposeofthisstudywastodeterminetheefficacyof
suchayellowjacketmanagementprogramusingmi
croencapsulateddiazinonKnoxout baitstations

aroundpicnicsitesatahighuserecreationalpark

MATERIALSANDMETHODS

Toassesstheefficacyofouryellowjacketbaiting
programVasonaLakeCountyParkwasselectedasthe
studysitebasedonpreviousyearsrequestsforservice
madebyparkstaffThisparkiscomposedofmorethan
tenpicnicandlargergrouppicnicareaslargelysepa
ratedbymowedfieldsandhydrologicalfeaturesThe
LosGatosCreekanditsriparianzonerunsfromthesouth
sideoftheparktothecenterwhereitbecomesVasona
Lakethatencompassesroughlyonethirdofthenorth
ernsideoftheparkTheparkselongatedshapelends
itselftoanorthsouthseparationwherethesouthhalf
wasdesignatedasthetreatmentareaandthenorthpart
thecontrolarea
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Thestudyincludedapreliminarytestforattracta
ncyofyellowjacketluresfollowedbypretreatment
treatmentandposttreatmentsamplingintervalsPrelimi
narytestswereconductedtocomparetheattractancyof
heptylbutyratePentaManufacturingLivingstonNJ
pentylbutyratePentaManufacturingLivingstonNJ
andSurefireAlpinePestManagementSpecialists
BendORtodeterminewhichshouldbeusedasasur

veillancestandardFromJuly6to81998attractancy
wasassessedbyrunningallthreeluressimultaneously
ateachoffivedistincttraplocationsintheparkusing
trifoldstickytrapsCatchmasterInsectTrapandMoni
torAtlanticPasteandGlueCoIncBrooklynNY
tocollectyellowjacketsfornumericalcomparison
Yellowjacketabundancewasrecordedafter1523and
52hoursoffieldexposuretaxonomicidentifications
weremadeafter52hoursStickytrapswithoutlureie
controlswerealsoassessedduringthesametimeinter
valsResultswereanalyzedusingttests

Treatmentsiteswerebaitedwithmicroencapsulated
diazinonKnoxout2FM ElfAtochemPhiladelphia
PAhandmixedwithcannedJackmackerelTrachurus
murphyiOrleansFoodCoIncNewOrleansLAin
waterThebaitwasmixedatarateofoneteaspoon
Knoxoutper15ozmackerelandaddedtobaitstations
ataboutoneouncediazinonlacedmackerelperstation
Thestationswereconstructedfrom60dramamberplas
ticpillvialsKerrGroupIncJacksonTNwiththree
075inchholesdrilledthroughthesidesaboutoneinch
fromthebottomStringwastetheredtothelidofeach
vialtosuspendthestationonbranchesApaperclipwas
usedtofastenadentalwicktotheunitfordispensing
theattractantheptylbutyrateAbout18baitstations
weredeployedonthetreatmentsideoftheparkand
baitedtwiceperweekduringthemorninghoursThe
stationswerehungaroundtheperipheryofpicnicareas
at75to100ftintervalsandaboutfivetosixfeetabove

thegroundThetreatmentswereconductedfromJuly
22toSeptember141998

Yellowjacketabundancewasmonitoredinthetreat
mentandcontrolsidesoftheparkfromJuly8toNo
vember171998Eachtrifoldstickytrapcontaineda
dentalwicklacedwithheptylbutyrateasanattractant
Thewickwasplacedinaplasticbottlecapinthecenter
ofthestickytrapandabout1mlheptylbutyratewas
addedjustpriortoorupondeploymentinthefield
Balingwirewasusedtohangthestickytrapsinthe
branchesofplantsaroundpicnicareasAbundanceof
VpensylvanicaandVvulgariswasassessedonceeach
weekduringa23to25hoursamplingperiod
Yellowjacketabundancewasconvertedtoarateof

yellowjacketsperhourandcomparedstatisticallyusing
generallinearANOVAandStudentNewmanKeuls
meanseparationtestsSASInstituteInctodetermine
iftherewasasignificantdifferencebetweenbaitedand
controlsitesaswellasamongtreatmentdifferences
betweenpretreatmenttreatmentandposttreatment
samplingintervals

TheSCCVCDroutinelyreceivesservicerequests
fromVasonaLakeCountyParktoremoveknown
grounddwellingyellowjacketnestsSuchcallswere
respondedtoregardlessofwhethertheywereonthe
treatmentorcontroldesignatedsideofthepark
Yellowjacketextirpationinvolvedexcavatingthenest
whilewearingtheproperprotectivegearapplicationof
waspfreezepermethrinpyrethrinsprayintothenest
entranceandnestproperandburialoftreatednestmat
terItwasfoundthataninitialapplicationofcarbon
dioxideintothenestentrancegreatlyreducedthenum
berofaggressiveindividualsencountered

RESULTSANDDISCUSSION

Yellowjacketattractancytestscomparingheptyl
butyratepentylbutyrateandSurefireindicatedatthere
wasnosignificantdifferenceP005betweenthese
threecompoundsduringeachsamplingintervalTable
1Volatilityofthesecompoundsmayhavecausedthe
decliningrecoveryrateovertimeControlstickytraps
lackingattractantdidnotrecoveranyyellowjackets

DuetolowVespulavulgarisrecoveryratesonsticky
trapssubsequentanalyseswillonlybeforV
pensylvanicaYellowjacketabundanceinbothbaited
andcontrolareasincreasedduringthetreatmentinter
valFig1Basedonweeklycomparisonsweekseven
ofthetreatmentperiodhadsignificantlyP005fewer
yellowjacketsinthebaitedareaFig1Baitedand
controlyellowjacketabundancedivergedtoagreater
extantduringtheposttreatmentintervalFig1andFig
2OverallhowevertherewasnosignificantP005
differenceinyellowjacketabundancebetweenbaitedand
controlareasduringbothpretreatmentandtreatment
intervalsFig2whileposttreatmentabundancewas
significantlygreaterinthecontrolareaWhenintervals
werecomparedsignificantincreasesweredetectedbe
tweenpretreatmentandtreatmentnumbersforboth
baitedandcontrolareasFig3Onlyinthebaitedar
easwasthereasignificantdecreaseinyellowjacketabun
dancebetweenthetreatmentandposttreatmentinter
valsFig3

OurposttreatmentabundanceofVpensylvanica
inthebaitedzonedidnotincreaseasfoundbyChang
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Table1Averagenumber11standarderrorofyellowjacketsrecoveredpersamplingintervalinstickytraps
deployedusingthreetypesoflures

Sampletimehrs Surefire

5

23

52

25

2

15

05

9416
14034
18429
20042

heptylbutyrate pentylbutyrate

6017
11223
16424
20622

rbai1ed YELLOWJACKETABUNDANCE

a control

0
0 2

pretreatmentI
4 6 8

treatment

1988perhapsduetoourhigherdispensordensityand
longerbaitingintervalThecontrarywasevidenton
week10Fig1whenbothcontrolandtreatmentabun
danceshadabruptlydeclinedItisnotclearwhatcaused
thisareawidedeclinebutitcoinsideswiththeseasonal

productionofnewcolonyqueens
Usingthestickytrapsthisstudysuggestedanui

sancethresholdofabout36yellowjacketsperdayor
15perhourChang1988establishedathresholdof
50perdayusingawettrapconsistingof38literplastic
bottlesandheptylbutyratelureEarlierassessmentsby
Grantetal1968establishedathresholdof50perweek
Thissomewhatarbitrarynumbermayvarybysampling
techniqueandbyextrinsicfactorssuchasairtempera
turewindandrainfall

During1998nineyellowjacketnestswereextir
patedfromVasonaLakeCountyParkThisconsisted
ofthreewithinthebaitedareathreewithinthecontrol

10 12 14 16 12
p

WEEK

osttreatment

20

8021

12225
14030
14030

FIGURE1Yellowjacketabundance IstderrorinbaitedandunbaitedareasofVasonaLakeCountyPark
SantaClaraCountyCaliforniaandduringthreestudyintervalsAstericesindicatestatisticalsignificanceP005

areaandtheremainingthreeinintermediateareasThese
numberswerewellbelowthatofpreviousyearswhich
mayinpartbeduetotheunusuallywetelninotype
springseasonof1998

Thisstudyfoundadelayedeffectofthebaitingpro
gramwhereyellowjacketabundancewasreducedinthe
treatmentareaafterthecessationofbaitingThisdelay
mayhavebeenduetoahighreproductivephaseofthe
coloniesduringthefirsthalfofthestudywherethere
werecompetingfoodsourcesavailabletoforagers
Greaternumbersofbaitstationsandimprovedparksani
tationstandardsmaybeneededtoimprovebaitingeffi
cacyThereductioninyellowjacketsalbeitdelayedwas
laudedasasuccessbyparkstaff

Onefactorthatmayhaveinfluencedthestudywas
thereplacementofnumeroussmalltrashreceptacleswith
individualcovereddumpstersinthebaitedareapicnic
sitesThischangewasduetobackinjurycomplaintsby
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I5

05

0

pretreatment

Figure2Yellowjacketabundance 1standarderrorduringseparatestudyintervalsDifferentletterswithinan
intervaldenotessignificanceP005

PRETREATMENT

pTREATMENT

POSTTREATMENT

baited

treatment

INTERVAL

TREATMENT

posttreatment

control

Figure3Yellowjacketabundance 1standarderrorinbaitedandcontrolareasDifferentletterswithintreat
menttypedenotessignificanceP005
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parkstaffThedumpsterlidseffectivelyexcluded
yellowjacketsaslongasthecontainerswerenotover
filledReplacingthetrashreceptaclesmayhavealso
affectedparksanitationduetogreaterinconvenienceof
usingdumpstersAseconduncontrolledfactorwasthe
publicsattempttoreduceyellowjacketsusingcommer
ciallyavailablehangingcollectiontypetrapsCollec
tiontrapswereremovedwhenfoundwithinthesites
andprobablywerenotgreatlyaffectingtheyellowjacket
populationshoweveringreaternumbersperimeter
trapoutattemptshavebeendeemedsuccessfulDaviset
al1978
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SurveillanceforMosquitoBorneEncephalitisVirus
ActivityandHumanDiseaseinCalifornia1998

VickiLKramerStanRHustedMichaelSAscherElizabethBaylisWilliamKReisenBruceFEldridge
RobertChilesandDonaldAEliason

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices
601North7thStreetMS486POBox942732SacramentoCA942347320

TheCaliforniaMosquitoBorneEncephalitisSur
veillanceProgramisacooperativeeffortoftheCalifor
niaDepartmentofHealthServicesCDHStheUni
versityofCaliforniaatDavisUCDtheMosquitoand
VectorControlAssociationofCalifornialocalmosquito
andvectorcontrolagencieslocalhealthdepartments
physiciansveterinariansandotherinterestedparties
Themultifacetedprogramincludes1mosquitopopu
lationmonitoringandtestingforStLouisencephalitis
virusSLEandwesternequineencephalomyelitisvi
rusWEEinfection2serologicalmonitoringofsenti
nelchickensinareasofCaliforniawithhistoricalevi
denceofencephalitisvirusactivity3testingofdomestic
animalspeciesthatshowclinicalsignsofpossibleSLE
orWEEinfectionand4serologicaltestingofpatients
presentingsymptomsofviralmeningitisorencephali
tisThe1998surveillanceprogrambeganinAprilwith
thedeploymentofsentinelchickenflocksandthebe
ginningofmosquitocollectiondatafortheAdultMos
quitoOccurrenceReportOnMay1thefirstof28
weeklybulletinsandadultmosquitoabundancereports
wasdistributedtoallsurveillanceprogramparticipants
Positiveserologyandmosquitopoolresultswerecom
municatedimmediatelytosubmittingagencies

HumanDiseaseSurveillance

In1998140humanserumandorcerebrospinal
fluidspecimensfrompatientspresentingsymptomsof
viralmeningitisorencephalitisweretestedbytheCDHS
ViralandRickettsialDiseaseLabVRDLforantibod
iestoSLEandWEEvirusesNeitherelevatedIgMan
tibodynorafourfoldriseintotalantibodybetween
pairedserawasobservedinspecimensfromanyofthe
suspectpatients

EquineSurveillance
Serumandbraintissuespecimensfromfivehorses

displayingneurologicalsignsweresubmittedbyprac
ticingCaliforniaveterinariansforarboviraltestingat
VRDLin1998Noneoftheseserumspecimenswas
positiveforarboviralantibodyorantigen

MosquitoTesting
Twentyfivelocalmosquitocontrolagenciessub

mittedfortestingatotalof154463mosquitoes3557
poolsin1998Table1Mosquitoesweretestedfor
arbovirusesattheArbovirusResearchUnitoftheCen

terforVectorborneDiseaseResearchUCDbyanin
situenzymeimmunoassayusingVerocellcultureOf
these53poolswerepositiveforWEEandoneforSLE
PositiveCulextarsalispoolswerecollectedbetween
June5andSeptember29inKernCounty42WEE
andRiversideCounty11WEE1SLE

ChickenSerosurveillance

In199848Localmosquitoandvectorcontrolagen
ciesmaintainedatotalof134sentinelchickenflocksin
36countiesFourteenoftheseflockswereinvolvedin

arbovirusresearchprojectsconductedbytheArbovirus
ResearchUnitinRiversideandImperialcountiesOver
19840chickenseraweretestedforWEEandSLE

Bloodspecimenswerecollectedandtestedbiweekly
fromeachflockAtotalof101chickensseroconverted
toWEETable2and2seroconvertedtoSLETable
3ThefirstseroconversionstoSLEweredetectedin

seracollectedfromLosAngelesandOrangeCounties
onApril17and21respectivelyandtoWEEinsera
collectedfromImperialCountyonJune9TheseSLE
seroconversionsinAprilaretheearliestreportedsince

ArbovirusResearchUnitCenterforVectorBorneDiseaseResearchUniversityofCaliforniaDavisCA95616
2DepartmentofEntomologyUniversityofCaliforniaDavisCA95616
MosquitoandVectorControlAssociationofCaliforniaElkGroveCA95624
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Figure1SentinelchickenflockswithatleastoneseroconversiontoStLouisencephalitisSLEorwesternequine
encephalomyelitisWEEvirusCalifornia1998
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thestatewidesurveillanceprogramwasestablishedin
1969Howeveraftertheseearlyseroconversionsno
furtherSLEseroconversionsweredetectedinCalifor

niaLocationsofchickenflocksthatcontainedoneor

morepositivechickensin1998areshowninFigure1
WEEactivitywasfoundfromImperialCountynorthto
KernCountyandintheSacramentoValleyregion

LessWEEactivitywasdetectedin1998thanin
199728flockswith101chickensseroconvertedin1998
versus54flockswith231chickensin1997SLEactiv

ityin1998wasmuchlessthanin1997andanyother
yearthisdecadeWEEandSLEactivitydetectedby
theencephalitisvirussurveillanceprogramfrom1991
1998issummarizedinFigures2and3

SpecimensfromWashingtonOregonUtahand
NevadaalsoweretestedthroughtheCaliforniaArbovi
rusSurveillanceProgramSentinelflockslocatedin
WashoeCountyNevadaandMoabCountyUtah
seroconvertedtoSLEinMayandJunerespectively
WashingtonandOregonvectorcontrolagenciessub
mitted89poolsofCxtarsalisthatweretestedforvirus
infectionallwerenegative
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ComparisonofthePhysicalParametersofFourTypesof
ModifiedCDCStyleTrapsinReferencetotheirMosquito

CollectingEfficiency
RobertFCummingsandRichardPMeyer

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTAnengineeringanalysiswasperformedonfourtypesofminiatureCObaitedmosquito
trapsusedbymanymosquitocontrolagenciesinCaliforniatoassessvectorabundanceAirflowmotor
rpmandelectricalmeasurementsweretakenontrapsdesignedbythefollowingUniversityofCalifornia
DavisArbovirusFieldStationAFSOrangeCountyVectorControlDistrictOCVCDJWHock
CompanyModel1012andAmericanBiophysicsCorporationABCTrapPerformancedatawere
comparedtoresultsobtainedinseparatefieldstudiesconductedconcurrentlyatdifferenthabitatsinKern
andOrangecountiesbytheUCAFSandOCVCDrespectivelyduringthesummerof1998TheAFS
trapwithonlymodestcomparativeairflowandanunobstructedinletsuccessfullycollectedmore
mosquitoesinfieldtrialsthantheotherthreedesignsTheresultsofourengineeringanalysisandthe
accompanyingfieldstudiessuggestthattrapinletconfigurationanddirectionofmosquitoentryplayeda
largerroleindeterminingcatchsizethanairflow

INTRODUCTION

MosquitocontrolagenciesinCaliforniauseanum
berofcustomdesignedandcommerciallyproduced
versionsofeithertheCentersforDiseaseControlCDC
miniaturelighttrapSudiaandChamberlain1962or
theencephalitisvirussurveillanceEVSmodelRohe
andFall1979withmodificationsbyPfuntner1979to
assessmosquitoabundanceEachtrapversionemploys
asimilarbatterypoweredMabuchimotorfancom
binationmountedinaplastictubeaugmentedwitha
carbondioxideCOsourcetoattractandforcehost
seekingmosquitoesdownwardintoacollectingcage
Althoughthefunctionalconceptsaresimilardesign
variationsintheseminiatureCObaitedtrapsmaypro
ducecomparativedifferencesinmosquitonumbers
Hencetrapdesignisoneofseveralimportantfactors
thatshouldbeevaluatedbeforeastandardizedstate
wideCOtrappingprogramisimplemented

Mosttrapefficiencyevaluationshavefocusedon
fieldtrialsegTikasinghandDavies1972Smithet
al1979ReisenandPfuntner1987MilbyandReeves
1989todeterminewhichtypecollectsthemostmos
quitoesRelativelyfewresearchershaveincludedan
engineeringanalysisoftrapdesignwithfielddataBarr
etal1963Pfuntner1979Driggersetal1980andKlein
1999Theobjectiveofourstudywastoconductair

flowmotorrpmandelectricalmeasurementsonfour

differenttypesofmosquitotrapsdesignedbythefol
lowingUniversityofCaliforniaDavisArbovirusField
StationAFSOrangeCountyVectorControlDistrict
OCVCDJWHockCompanyJHCandAmeri
canBiophysicsCorporationABCResultsfromthe
engineeringanalysiswerecomparedwithfieldperfor
mancedataobtainedfromcomparativetrapstudiescon
ductedconcurrentlyduringthesummerof1998by
OCVCDinOrangeCountyandbytheAFSinKern
CountyReisenetal2000

Somequestionsweattemptedtoanswerinthis
analysisandtheaccompanyingfieldtrialswerethese

Domeasurabledifferencesinairflowcorrelate

withcatchsize

Whatfeaturesoftrapdesignareimportant

Dotrapswithlightsensitivephotoswitcheswork
better

Doesthedecreaseinbatteryvoltageattheendof
thecollectionperiodadverselyaffectairflow
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MATERIALSANDMETHODS

TrapComponents
Twotrapsofeachdesign8totalwereusedinthis

engineeringanalysisTheCDCstyletrapsAFSJHC
andABCwerepoweredbyrechargeable6volt10
amperehourEaglePicherModelCFM6V10gelcell
batteriesTheyalsousedsimilarMabuchimotorswith
4bladedThorgenfansmountedincomparablysized
3in76mminternaldiameterplastictubesIncon
trasttheEVSstyleOCVCDtrapusedaMabuchi
motorpoweredbythree15voltDcellbatteries45
voltstotalandemployedalong2bladedfanhoused
inalarger45in115mminternaldiameterplastic
tube

TheAFStrapswereconstructedbyAFSpersonnel
andweremadefrom325in83mminternaldiam
eter5in127mmlengthsofClass200PVCpipeA
bracketmountedinsideeachtrapsupportedaRF510T
motorwitha3in76mmdiameter4bladedfanThe
AFSdesigndidnotusealightasanattractantorhavea
rainshieldplacedoverthetopunliketheothertraps

TABLE1Trapdataforfourtypesofmosquitotrapsrunfor1418hours

RankingsbasedoncatchsizeinfieldtestsseeReisenetal2000fordata

TheJWHockCompanyModel1012trapcon
taineda2875in73mmdiameter4bladedfanona
RF500TBmotormountedintoa3in76mminter
naldiameter275in70mmlongclearPlexiglas
cylinderAlightsensitivephotoswitchonthetrapcon
trolledboththemotorandabrightlightactivatingthem
atduskTheJHCtraphadalarge14in356mm
diameterrainshieldmounted125in32mmabove
theinletItextendedwelloverthetrapperipheryThe
highintensitylightbulbwaspositioneddirectlyover
themotorinthecenterofthetrapinletareaunderneath
therainshield

TheAmericanBiophysicsCorporationABCTrap
consistedofa2875in73mmdiameter4bladedfan
onaRF500TBmotorfastenedintoa3in76mm
internaldiameter4in102mmlengthofSchedule
40PVCpipeAnightactivatedphotoswitchcircuit
controlledboththemotorandlightAlarge1275in
324mmdiameterrainshieldattachedtothebottom
ofthedryicecontainerextendedcloselyoverthetopof
thetrapAlightbulbwasenclosedinapieceofPVC
pipepositionedinthecenteroftheinletabovethemo

Trap Start Decrease Light
Model Voltage Volts

ABC 63 036 Yes

JHC 63 037 Yes

OCVCD 46 055 Yes

AFS 63 017 No

MotorCurrent Motor

MA total rpm

92mA60

115mA40

46mA34

50mA100

2800

3300

1700

2600

Inlet

Velocity

83fts

25ms
180fts

55ms
55fts

17ms
92fts

28ms

AirVolume

180ftmin

051mmin
280ftmin

079mmin
250ftmin

071mmin
210ftmin

059mmin

TABLE2Comparativerankingsoffourtypesofmosquitotrapscorrelatingairstreaminletvelocitydischargevolumelight
useanddirectionoftrapaccesswithfieldresults

Trap
Model

RelativeInlet

Velocity

AFS Medium

OCVCD Low

JHC High
ABC Medium

RelativeAir Light
Volume

Medium

Medium

High
Low

No

Yes

Yes

Yes

DirectionofMosquito Relative

AccesstoTrapInlet Rank

Top SideNoCover First

SideofSmallCover Second

UnderneathRainCover Second

UnderneathRainCover Third
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18fts

48ms

AFSTrap

92fts28ms
Peakinletvelocity

Velocityprofileofdischargeairstream
minmaxvalueslistedonly

Figure1AFStrapanditsdischargevelocityprofilenotto Figure2JHCtrapanditsdischargevelocityprofilenotto
scale scale

166fts

55ms

ABCTrap

14
F83nit25ms

Peakinletvelocity

1275in324mm
diameterrainshield

Velocityprofileofdischargeairstream
minmaxvalueslistedonly

V

20fts

61ms

JHCTrap

II 180Ws55ms
PeakInletvelocity

14in355mm
diameterrainshield

Velocityprofileofdischargeairstream
minmaxvalueslistedonly

OCVCDTrap

11 WV
112511 11076msvv

625fts

19ms

5in127mm
diametercover

55fts17ms
Peakinletvelocity

Velocityprofileofdischargeairstream
minmaxvalueslistedonly

Figure3ABCtrapanditsdischargevelocityprofilenotto Figure4OCVCDtrapanditsdischargevelocityprofilenot
scale toscale
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Cxtarsalis

OCVCD JHC

TrapType

Figure5EffectsoftraptypeonthecatchofCulextarsalis
femalesatTracyRanchKernCounty199864trapnights
totalBarswiththesameletterwerenotsignificantlydifferent
whentestedbyaleastsignificantrangetestP005Reisen
etal2000

ABC

torunderneaththerainshieldsimilartotheJHCde
signThismodelalsohadaperforatedmetalplatewith
025in64mmdiameterholesinitformosquitoesto
passthroughcoveringtheinlet

OCVCDpersonnelbuiltthetwoEVSstyletraps
usedinthisstudyincorporatingseveralimprovements
fromearliermodelsJPWebbMBMadonandoth
ersunpublishedTheOCVCDversionusedaRF510T
motorwitha425in108mmlong2bladedfan
housedina45in115mminternaldiameter5in
127mmlongABSpipecouplerhubBothtrapshad
a5in127mmdiametercovermounted075in19
mmabovetheinletwhichwasusedtosupportthree
15voltDcellbatteriesEachtrapalsousedasmall1
WatthighintensitylightBioQuipProductssellsa
commercialversionofthisdesigncopiedbypermis
sionfromOCVCD

TrapTesting
Trapsweretestedinalargeclosedroomwithlittle

airmovementlocatedatanelevationslightlyabovesea
levelAirtemperatureandhumiditywerefairlystable
duringthetestperiodrangingfrom6366F172
189Cand5167 relativehumidityBecausethese
conditionswereclosetostandardairtablevaluesmea

suredat59F15Cat1atmpressurenocorrection
wasneededtoaccountformassbalancechangesinair
flowfromnonstandardconditionsforpressuretem
peratureandhumidity

Alleighttrapswererunsimultaneouslyfor1418
hourssimulatinganaveragenightsoperationsetup
intheearlyafternoonwithretrievalthefollowingmorn
ingThephotoswitchcontrolledtrapsJHCandABC
modelswererunfor14continuoushoursbecausethe
lightsensitivephotocellswouldnotstartthesetrapsuntil
theearlyeveningfourhoursafterdeploymentofthe
AFSandOCVCDtraps

Measurementsweretakeneverytwohoursonbat
teryvoltageelectricalcurrentflowfanbladerpmand
airstreaminletdischargevelocitiesforeachtrapTwo
digitalmultimeterswereusedsimultaneouslytomea
surevoltageandamperageAMonarchInstruments
NovaStrobeModelAAstroboscopiclightwasused
togaugemotorrpmAKurzInstrumentsModel491

minianemometerwitha332in25mmwideprobe
wasusedtodetermineairstreamvelocityAdigital
thermohygrometerwasusedtorecordairtemperature
andhumidity

Theinletvelocityoftheincomingairstreamwas
measuredbyplacingtheanemometerprobeattheout
sideedgeofthetrapinletOnlythehighestreadingwas
recordedandusedforcomparativepurposes

Themeandischargevelocityoftheexitingair
streamwasdeterminedbytakingvelocitymeasurements
withtheminianemometerprobeatmanysetintervals
inthedischargestreamofeachtrapWiththemotor
runningeachtrapwasinvertedandheldinplaceina
visewhiletheanemometerprobewasmovedalonga
diameterlinefromonesideofthetraptotheother
Measurementsweretakenevery332in25mmin
thedischargestreamofeachCDCstyletrapforatotal
of31datapointsReadingsweretakenevery14in6
mminthedischargestreamofthelargerdiameter
OCVCDtrapforatotalof19datapointsFromthese
valuesadischargevelocityprofilewasconstructedfor
eachtrapdesignThearithmeticmeanthenwascalcu
latedfromthisprofiletodeterminetheaverageairstream
dischargevelocityforeachmodelNextthevolumeof
airflowwasdeterminedbymultiplyingthemeandis
chargevelocitywiththecrosssectionalareaofeachtrap
typeOverallvariationsbetweentwotrapsofthesame
modelwereveryslight

RESULTS

ThegelcellbatteriesoftheCDCstyletrapsAFS
JHCandABCstartedwithafullchargegreaterthan
63voltsanddecreasedlessthan05voltoverthe1418

hoursofrunningThehighlyefficientMabuchimo
torsandstrengthofthegelcellbatteriesprovidedanearly
unvaryingsetofnumbersthroughoutthetestperiodfor
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allthreetraptypesTherewereveryslightreductionsin
motorrpmforeachtrapandconsequentlyairstream
velocitiesdecreasedlittleforeachdesignthroughout
testingBecausechangesfromstarttofinishweresmall
onlyaveragevaluesforthe1418hourtestperiodare
listedinTable1TheJHCtrapswerethemostpower
fulgeneratingrelativelyhighairstreamvelocitiesand
volumeflowsDatafortheAFStrapsremainedthemost
consistentoverthedurationofthetestTheabsenceofa

lightenabledallthecurrentsuppliedbythebatteryto
gotothemotorresultinginonlyaslightdecreasein
voltage017Vover18hoursofoperationLightson
theotherversionsdreweither40ABCor60JHC
ofthesupplycurrent

OCVCDsEVSstyletrapsunderwentthegreatest
voltagedecrease 055VduringthetestperiodAd
ditionallymostofthecurrentdrawwenttothelight
66 ratherthanthemotorThisdesignalsohadthe
lowestmotorrpmandairstreamvelocityvaluesAl
thoughthesenumberswerelessthevolumeofairmoved
wasactuallyhigherthantheAFSandABCmodels
Table1becauseofthelargercrosssectionalareain
theOCVCDversion

Graphicalanalysisoftheparabolicshapedveloc
ityprofilesprovidedanaccuratemethodofdetermin
ingthemeandischargevelocityforeachstyleoftrap
Figs14Asshowninthedrawingsthestrongestcur

120

100

80

60

40

20

0

AFS

rentscameofftheendsofthespinningfanbladesalong
thetrapperipherywhereasairflownearthecenterwas
muchlowerItshouldbenotedthatifalargeanemom
eterhadbeenusedtomeasuredischargevelocityin
steadofonewithasmallprobeonlythehighestair
streamvalueswouldhavebeendetectedThesedistinct

variationsinvelocitywithinacrosssectionofeachtraps
exitingairstreammustbeaveragedtogethertoobtaina
reasonablyaccurateindicationofairflowvolumeaswas
doneinthisstudy

Performancechangesfromthebeginningtoendof
the1418hoursoftrapoperationwererelativelyslight
implyingthatforeachtraptypethereshouldbelittle
changeincollectioncapabilityinthemorninghours
comparedtotheearlyeveningAslongasbatteriesbegin
nearpeakvoltagemotorrpmandairflowshouldre
mainrelativelyunchangedAlthoughmanystudieshave
emphasizedusingfreshbatteriesforeachnightscol
lectionourdataindicatethatbatterystrengthabovea
reasonableminimumshouldnotadverselyaffectcatch
sizeagreeingwithPfuntner1979Repeateduseof
onesetofbatteriesforthreetofournightswouldprob
ablynotleadtodifferencesinmosquitocountswhen
usingtrapswithhighlyefficientmotors

CxtarsalisoCxerythrothorax

OCVCD JHC

TrapType

DISCUSSION

ABC

Figure6EffectsoftraptypeonthecatchofCulextarsalisandCulexerythrothoraxfemalesattheSanJoaquinMarsh
OrangeCounty1998188trapnightstotalBarswiththesameletterwerenotsignificantlydifferentwhentestedbyaleast
significantrangetestP005Reisenetal2000
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Comparativefielddatafromconcurrentstudiesin
KernandOrangecountiesinthesummerof1998show
thattheAFStrapscaughtsignificantlymoremosqui
toesthantheotherthreedesignsReisenetal2000In
termsofrawunadjustednumberstheAFStrapplaced
firstfollowedbytheOCVCDJHCandABCtraps
Reisenetal2000Therelativerankingsarelistedin
Table2andcomparativetrapdataforCxtarsaliscol
lectionsinKernandOrangeCountiesareshowninFig
ures5and6respectively

ResultsfortheOCVCDandJHCtrapsweresimi
larstatisticallyforcollectinghostseekingCxtarsalis
femalesatbothhabitatsReisenetal2000TheJHC
trapworkedwellatcatchinglargenumbersofCx
erythrothoraxadultsFigure6intheSanJoaquinMarsh
inOrangeCountyaprimehabitatforthisspeciesHow
evertherewasnosignificantdifferencebetweenthe
AFSandJHCtrapsorbetweentheAFSandOCVCD
trapsforCxerythrothoraxatthissiteReisenetal
2000Finallywhenconsideringdataforallspecies
frombothtrialstheABCdesignwastheleasteffective
andplacedthirdoverall

AdistinguishingfeatureoftheAFStrapwasitslack
ofarainshieldoverthetrapinletareaaswellasno
lightTheOCVCDtrapversionhadthesmallestcover
oftheotherthreeextendingonlytotheoutsideedgeof
thetrapbodyTheJHCmodelcaughtsurprisinglyfewer
mosquitoesthanexpectedconsideringitselaborateen
gineeringandpowerfulmotorEvenwiththehighest
inletvelocitiesandairflowtheJHCtrapsprovedtobe
lesseffectiveatcollectingmosquitoesthanthesimpler
AFSmodelandnobetterthanthelessforcefulOCVCD

trapsApossibleexplanationmaybethatitslargerain
shieldreducedaccessofhostseekingadultsbyforcing
mosquitoestoapproachthetrapinletfromthesideand
belowTherelativelyineffectiveABCTraphadseveral
possibledesignflawsThismodelalsohadalargerain
shieldwhichliketheJHCtrapsmayhavereduced
mosquitoaccessAdditionallytheperforatedmetalplate
atthetrapinletprovedtobeveryrestrictiveresulting
inthelowestairflowofthefourdesignsNoteAmeri
canBiophysicsCorporationdiscontinuedthisearly
versionseveralyearsago

Resultsfromthisengineeringanalysistheaccom
panyingfieldtrialsReisenetal2000andKleins
1999recentstudyofAmericanBiophysics
counterflowtrapconfigurationsuggestthattrapinlet
designsignificantlyaffectscatchsizeInordertoallow
foreasyaccessofhostseekingadultsthemannerin
whichmosquitoesapproachatrapmustbeconsidered

inthedesignprocessBecauseCaliforniasweatheres
peciallyinSouthernCaliforniaisrelativelydrywhen
mostmosquitobornediseaseandvectorabundancesur
veillanceisdoneaprotectivecoveroverthetrapinlet
isunnecessaryandmaylowercollectionefficiencyfor
ourlocalspeciesOtheradditionssuchasnightacti
vatedphotoswitchesandlightsalsoappeartobeun
necessaryPhotoswitchcircuitscanbeexpensiveand
lightsneedlesslyconsumebatterypowerwithoutpro
vidinganotableincreaseinattractivenessformostCulex
mosquitoesBarretal1960Reisenetal2000Incon
clusionarelativelysimpletrapdesignincorporatingan
efficientmotorandfanlonglifebatteriesanunob
structedinletcombinedwithpropertrapplacementin
elevatedvegetationSchreiberetal1989Reisenetal
2000shouldproduceoptimalresultswhensampling
populationsofhostseekingmosquitoes
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TemporalAbundanceofMosquitoesatMicrohabitatsin
theCoachellaValleyCalifornia

HughDLothropandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseaseResearch
SchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

ABSTRACTAtfouroffivesitesduring1997andthreesitesin1998Culextarsalishostseeking

abundanceasmeasuredbyCObaitedtrapscloselyparalleledthephysicalprofileofvegetationFour
experimentsdonebimonthlyfromAprilthroughOctober1998indicatedthatthisrelationshipdidnot
changegreatlythroughoutthevirussurveillanceseason

INTRODUCTION

InCaliforniamosquitoandvectorcontrolagen

ciesuseCObaitedtrapstomeasuremosquitoabun
danceandsamplearbovirusinfectionratesinvector
speciesIthasbeengenerallyobservedthatvariationin
habitataffectstrapcatchsizeThereforetrapplacement
iscriticalinoptimizingcollectioneffortsandaccurately
representingregionalhostseekingmosquitoabundance
Todeterminethemagnitudeofthisvariationandasso
ciatemicrohabitatwithtrapefficiencywesampledfive
sitesin1997LothropandReisen1998andthreesites
in1998aroundthenorthwesternmarginoftheSalton
SeaFig1Tomeasurethebehaviorofhostseeking
mosquitoesduringthespringsummerandfallacom
parisonwasconductedbimonthlyatonesitefromApril
throughOctober1998Thisexperimentallowedusto
evaluatetheimpactoftemporalvariablesinexperiments
conductedatdifferentsitesandtimesinbothyears

Site6aheronrookerywassampledtodetermine
ifalargeconcentrationofadultandnestlingbirdswould
attracthostseekingmosquitoestooffshoresnagsSite
7theagriculturalenvironsandinteriorofthetownof
Meccawasselectedtodeterminethepotentialexpo
sureofresidentsintownswithinthezoneofyearlyvi
rusactivityTheresultsofthesetwoexperimentswill
bediscussedinafuturepublication

Theexposureofbirdspeciesinvolvedinenzootic
transmissiondependsinpartonhowtheirnocturnal
roostingandnestinghabitsinterfacewithhostseeking
CulextarsalisCoquillettTomeasurehostfeedingpat
ternsinthesemicrohabitatswemadeconcurrentrest

ingcollectionsofengorgedfemalesatrepresentative
habitatswithintransectsatallsitesin1997andatsite1

in1998

MATERIALSANDMETHODS

Bimonthlysamplesweretakenatsite1at81Street
onthewestshoreoftheSaltonSeaSixCOtrapswere
positionedwithindifferentmicrohabitatsalongeachof
threeroughlyparalleltransectsperpendiculartotheshore
oftheSaltonSeaTwoadditionaltrapsfromourmos
quitosurveillancetrapgridforthelowervalleywere
runconcurrentlyascontrolsTrapswereoperatedon
threeconsecutivedaysduringeachexperiment54trap
nightsineachexperimentexcludingcontrolsHabi
tatssampledwere1sandbar2shorelinetamarisk3
saltgrasspickleweed4mesquiteclumps5citrusor
chardedgeand6citrusorchardinteriorArtificialrest
ingunits32gallonplasticgarbagecansweresetin
habitats234and6tocollectbloodengorgedfemales
forplannedhostidentificationstudies

RESULTSANDDISCUSSION

Trapssetinmicrohabitatswiththetallestvegeta
tiveprofilehadthegreatestmosquitohostseekingabun
danceTheseresultswereconsistentamongthreeex
perimentsin1998andinfouroffiveexperimentsin
1997

Overallmeansofabundanceformicrohabitatsin
thetemporalexperimentrankedfromlowesttohighest
weresandbarsaltgrasspickleweedshorelinetamarisk
mesquitecitrusinteriorandcitrusmarginTable1
Theedgeofthehabitatwiththetallestphysicalprofile
hadthegreatestmosquitoabundanceDifferencesamong
bimonthlysampleperiodswererelatedlargelytoover
allmosquitoabundanceInAprilcatchatshoreline
tamariskwasnearlyashighascitruswhereasinJune
catchatshorelinetamariskwaslowerthanmesquite
citrusedgeandcitrusinteriorTheabundanceprofile
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Figure1Mapofstudyareashowingsitesfor1997and1998Site1istemporalstudysitein1998

forAugustshowedfewerdifferencesamonghabitats
althoughcatchatcitrusremainedhighestOctoberwas
similartoAprilandJuneexceptthatcitrusinteriorwas
lowerthanmesquite

MostCxtarsaliswerecollectedinrestingunits
placedincitrushabitatTheseresultswereconsistent

throughouttheseasonFeedingsuccessseemedgreat
estincitrusbecausethemajorityofbloodfedfemales
werecollectedinthishabitat

InconclusionCxtarsalisfemalesappeartoseek
hostsroostingornestingwithintallerprofilevegetation
becausetrapshunginthesemicrohabitatsconsistently
havethegreatestcatchSeasonalchangesinmosquito
abundancebirdnestingroostingbehaviortemperature
andhumiditydidnotgreatlyinfluencethispatternThese
datastrengthentheresultsofourpreviousbloodmeal
hostidentificationstudywheremostavianandmam
malmealscamefrompasseriformbirdsthatroostinel
evatedvegetationsuchasmesquiteandcitrusorrabbits
thatexploittheseecotonesLothropetal1997
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TABLE1Cxtarsalisgeometricmeanabundancefemalespertrapnightateachmicrohabitatduringfourbimonthlyexperiments

Month Sandbar

April 270

June 17

August 17

October 10

Mean 35

ShoreTam Saltgrass
7452 3520

797 211

89 70

228 74

603 259

Mesquite
5540

1070

57

399

627

CitrusEdge CitrusInterior

7956 9201

1000 942

132 140

489 273

859 771
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DistributionandAbundanceofCulicidaeand

ChironomidaeDipteraFollowingStormDamageina
SouthernCaliforniaConstructedWetlands

JBKeiperJJianninoJBeehlerandWEWalton

DepartmentofEntomologyUniversityofCaliforniaRiversideCA92521

ABSTRACTA122haconstructedwetlandsinthePradoBasinRiversideCoCAwassampledduring
1998todeterminefactorsinfluencingthedistributionandabundanceofmosquitoesCulicidaeandnon
bitingmidgesChironomidaeFourCOtrapsincloseproximitytothewetlandsdemonstrated
thathostseekingpopulationswerelowwith0199totaladultsmostlyCulexquinquefasciatustakenon
anyonenightEmergencetrappinganddippingwereconductedfrom24July9OctoberSixtythree
samplingstationswereplacedinshallow03m11ftanddeep06m22ftpondsatperipheraland
centralareasofstandsofcattailsTyphaspCaliforniabulrushSchoenoplectuscalifornicusandbulrush
standschokedwithduckweedLemnaminoradditionalstationsweredeployedoveremergentbuttercups
RanunculusflammulaandsubmergedbuttercupsRaquilisOneemergencetrap025mwasdeployed
andthreedipsexecutedonaweeklybasisateachstationMosquitoesweretakeninfrequently40adults
and16immaturestakenduringentiresamplingperiodEmergenceofCulexoccurred24July28August
whileAnophelesemerged14August9Octoberhowevernocorrespondingpatterninlarvalpopulations
wasdetectedIncontrasttothelownumbersofimmaturemosquitoesover2200nonculicidaquatic
macroinvertebrateswerecollected

Morethan35000adultmidgesweretakeninemergencetrapsBothspeciesofRanunculusproduced
lownumbersofmidgeswhileTyphaandSchoenoplectusexhibitedthelargestemergentpopulations
Centralareasofplantstandsindeeppondswereonaveragethelargestcontributorstoadultmidge
populationsNodifferencewasapparentintheduckweedchokedandduckweedfreestandsof
SchoenoplectusThelargemidgeandnonmosquitomacroinvertebratepopulationsdemonstratethat
thesewetlandsareproductivethusthelowmosquitonumbersaresurprisingRecentdisturbanceby
extremevernalstormsandsubsequentfloodeventsprobablyrevertedthesystemtoasuccessionalstage
ecologicallyunfavorableformosquitoproduction

INTRODUCTION

ThePradoConstructedWetlandsCARiverside
Coisaseriesofinterconnectedmarshesdesignedto
polishtertiarytreatedwaterdivertedfromtheSantaAna
RiverThesystemwasputintooperationin1996bythe
OrangeCountyWaterDistrictThecloseproximityof
densehumanpopulationsmakesthesewetlandsanabate
mentconcernduetotheirpotentialasadevelopmental
siteformosquitoesDipteraCulicidaeOthercon
structedwetlandsinRiversideCountyhaveproduced
largenumbersofhostseekingfemalesegWaltonet
al1990WaltonandWorkman1998andthePrado
Basinhaspreviouslybeenshowntoharborpestiferous

anddiseasetransmittingspeciesMianetal1990
Howeverunusuallyheavyvernalfloodingin1998
causedlargevolumesofwatertomovethroughthe
wetlandswhichdamagedwatercontrolstructuresand
accessbermsBBaharieOCWDperscommThis
severedisturbanceundoubtedlyaffectedthebiological
communitiestherePortionsofthewetlandssurvived

thespatesrelativelyundamageddespitebeingtempo
rarilyinundatedbyfloodwatersandtheestablished
vegetationremainedintactintheseareas

Effortstorebuildwereconductedduringthespring
andsummermonthsandthewetlandswereinopera
tionbyJulyThissituationprovidedanopportunityto
studytherecolonizationpatternsofmosquitoesandother

NorthwestMosquitoandVectorControlDistrict1966ComptonAvenueCoronaCA91719
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aquaticinsectsbydocumentingadultemergenceandthe
distributionofimmatureinsectsintherecentlydisturbed
marshThesurroundingnaturalareasanddairyfarm
drainsprovidedpotentialsourcesofadultsandsurviv
ingvegetationconstitutedadequatehabitatformosquito
colonizationegCollinsandResh1989Waltonand
Mulla1989Weattemptedtodetermineifmosquito
andmidgeDipteraChironomidaedistributionand
abundancewereaffectedbywetlandplantspeciesand
waterdepthvariationswithintheconstructedwetlands
thepopulationsofotheraquaticmacroinvertebrateswere
alsoinvestigatedWiththesedataavailablesoundabate
mentstrategiescanbeappliedtospecificareaswithin
largeconstructedwetlandsthesizeofwhichmaypro
hibitapplicationofcontrolmeasurestothewholesys
temThesedataarealsonecessaryforthedevelopment
ofvegetationmanagementpracticeswhichenhancein
sectpopulationsbeneficialtomaintainingbiodiversity
waterfowlfoodproductionandecosystemfunction

MATERIALSANDMETHODS

The122haPradoConstructedWetlandsconsistof

46individualmarsheshereafterreferredtoasponds
separatedbyearthenbermsandinterconnectedbywa
tercontrolstructuresThenaturallyestablishedvegeta
tionincludedcattailsTyphaspCaliforniabulrush
SchoenoplectuscalifornicusMeyerSojakbuttercups
RanunculusaquatilisvarcapillaceusThuillandR
flammulavarovalisBigelsmartweedsPolygonum
sppennywortHydrocotylranunculoidesLpond
weedPotamogetonspandduckweedLemnaminor
LBulrushandcattailspredominatedandbuttercups
linedthemarginsofmanypondsRepairsofstormdam
agewerecompletedandnormalwetlandsoperation60
80cfswasresumedon17July1998

Samplingstationsweresetupinshallow03m11
ftanddeep06m22ftpondswithinstandsofcat
tailsbulrushandbulrushstandschokedwithduckweed
anadditionalsevenstationswerepositionedoveremer
gentbuttercupsRflammulaandfouroversubmerged
buttercupsRaquilisindeeppondsonlyOneemer
gencetrap025mwasdeployedateachstationand
vegetationcuttoapproximately510cmabovethewa
terleveltopermittrapplacementwithoutalteringthe
physicalstructurebelowthewatersurfaceThebottoms

oftrapsremainedbelowthewatersurfaceandgrowing
vegetationwascroppedwithshearsweeklytoprevent
themfrombeingtippedTwentyfourtrapswerede
ployedincattails12eachinshallowanddeepponds
and22ink10inshallowand12indeepponds

sixtrapswereplacedinduckweedchokedbulrushstands
deeppondsonlytodetermineifthisfloatingmacro
phyteeffectsdipteranemergencewhencomparedto
duckweedfreebulrushsitesTrapsincattailsandbul
rushweredividedequallybetweenthosepositionedat
peripheralandcentrallocationsofplantstandsthosein
centrallocationswereapproximately35mfromthe
peripheryofthestandFunnelswereinsertedin045L

screwcapjarsandthejarsweresecuredtothetopof
theemergencetrapstocaptureemergentinsectsJars
weredeployedduringmorninghoursrecoveredafter
approximately9597hrandreturnedtothelaboratory
wheretheywerefrozentokillthespecimensAdult
mosquitoeswereidentifiedtospecieswhereasmidges
weretakentofamilyonlyTrapswererunweeklyfrom
20JulythroughAugust1998andbiweeklyfromSep
temberto9October1998

Larval mosquitoes and other aquatic
macroinvertebratesweresampledwithastandard300
mldipperThreedipsweretakenateachstationjust
priortojarcollectionandcombinedinaconcentrator
cupAllspecimenswerepreservedin95ethanolfor
sortingidentificationandenumeration

FourdryiceCObaitedtrapswererunfor24hr
onanapproximatelyweeklybasisatlocalitiesnearthe
wetlandsfrom12May24November1998tomonitor
hostseekingactivityTwowereplacedattheperimeter
ofthewetlandsoneatthediversionchannelwhichsup
plieswatertothewetlands335527N1173699
WandtheotheronasuburbanroadBluffStborder
ingthewetlands335484N1173684WThe
othersweresituatedatanearbyruralparkPradoPark
335567N1173611WandadairydrainMcCarty
Slough335586N1173692Wforcomparative
purposes

RESULTSANDDISCUSSION

Asurprisinglownumberofadultmosquitoesn40
wasobtainedwithemergencetrapsCulextarsalis
CoquilletCulexquinquefasciatusSayCulex
erythrothoraxDyarCulexstigmatosomaDyarAnoph
eleshermsiBarrandGuptavanjiandAnopheles
franciscanusMcCrackenwererepresentedintheemer
gencedataMianetal1990obtainedthreespeciesof
Culisetainadditiontothetaxalistedaboveduringtheir
samplinginthePradoBasinbutdidnotreportAn
franciscanusfromtheircollectionsTheirworkwas

conductedduring19851986approximately10years
priortotheconstructionofthepresentwetlandssystem
Thissuggeststhatconstructioneffortsfloodingeco
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7Aug 21Aug

logicalsuceessionoranycombinationofthesefactors
mayhavecausedthecompositionoflocalmosquito
speciestochangeduringthisperiod

AdisjunctemergencepatternbetweenCulexspp
andAnophelessppisevidentFig1Duringtheearly
samplingefforts24July7AugustonlyCulexwere
obtainedandduringthelaterperiods4September9
OctoberAnophelesrepresentedtheonlyadultstaken
Onlyduringtheshortperiodof1428Augustdidthe
twogeneraoverlapThefactthatCulexsppnumbers
droppedoffasthesummerprogressedisnotsurprising
Anophelesspppopulationsareknowntothriveinthe
presenceofalgalbloomsandwenotedthattheappear
anceofAnophelescoincidedwiththelatesummerde
velopmentofextensivemassesofthefilamentousgreen
algaSpirogyraChlorophytaThispotentialfoodsource
wasprobablybeneficialtothesmallAnophelessppopu
lationspresentandmayexplainthedisjuncttemporal
distributionsofthetwogeneraAlgicidesareperiodi
callyappliedtopondstocounterbloomsofthegreen
algawaternetChlorophytaHydrodictyonwhichare
knowntoentrapandcausehighmortalityamongmos
quitofishGambusiaaffinisDuetothetrophicasso
ciationofAnophelesandalgaeladenfreshwaters
MeyerandDurso1998thePradowetlandsshouldbe
consideredanexcellentpotentialbreedingsiteforthis
vectorofhumanmalariaandapplicationsofalgicides
targetedatpondsexhibitingSpirogyrabloomsmayrep
resentacolonizationdeterrentoranalternativeabate

mentstrategyhereArecenthumanmalariaoutbreak

4Sep

Anopheles
Culex I

21Sep 9Oct

Figure1TotalAnophelesandCulexadultstakeninemergencetrapsatPradoWetlands1998

insouthernCaliforniawasattributedtoundocumented

workerswhoacquiredtheirinfectionsbeforeentering
theUSMaldonadoetal1990

TheCOtrapsonthewetlandsperipheryindicated
alowpopulationofhostseekingmosquitoesinthegen
eralareadespitethecloseproximityofmarshesduck
pondsanddairyfarmsewagelagoonsThenumberof
hostseekingadultsobtainedinonetrapduringany24
hrperiodneverexceeded200andatotalofonly2817
adultsweretakenFigs2adCulexquinquefasciatus
represented843ofthecollectionwhileCxtarsalis
CxstigmatosomaandCxerythrothoraxcomprised
93 36 and28respectivelyWhilecollections
ofCxquinquefasciatuswerelow88412pertrap
nighttheotherthreeCulexspwerecomparativelyin
significant0180adultspertrapnightTwentytwo
adultsofthegeneraCulisetaAnophelesandAedeswere
collectedrepresenting1ofthetotalcatch03adults
pertrapnightTable1

Culexquinquefasciatusadultswereobtainedmostly
atthedairydrain352 andPradoPark364 only
672specimens283 weretakenattheothertwosites

adjacenttothewetlandsMianetal1990reported
takingnearly300Culexspadultspertrapnightfrom
thePradoBasinduringthe198586breedingseason
andobtainedover200adultspertrapnightregularly

Dipsamplesalsoalsoproducedsparsenumbersof
mosquitoeswithonly15larvaeand1pupabeingcol
lectedinnearly1900separate300mldipsLarvalCulex
andAnophelesdidnotproducedisjuncttemporaldistri
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TABLE1TotalnumberofadultmosquitoestakenatfourCOtrapsitesnearPradoConstructedWetlands1998
z

SITE Cxtarsalis Cxquinquefasciatus Cxstigmatosoma Cxerythrothorax others TOTAL

BluffSt

DairyDrain

Diversion

PradoPark

43

168

20

31

488

836

184

866

41

37

0

23

3

32

28

17

4

10

6

2

579

1083

238

939

TOTAL 262 2374 101 80 22 2839

butionsasseenintheadultemergencedataHowever
studiesinotherhabitatshavedemonstratedthiseg
Krameretal1987Converselyover2200nonmos
quitomacroinvertebrateswereobtainedandweredomi
natedbyOdonatachironomidmidgelarvaeandam
phipodcrustaceansTable2Numerouscrustacean
zooplankterswerealsotakenOftheculicidlarvaeen
counteredeightwereCulexsppandsevenwereAnoph
elesspp

TABLE2Totalnumberofnonmosquitoaquatic
macroinvertebratesobtainedin300mldipsamplesatthePrado
constructedwetlandsJulyOctober1998

TAXA TOTALOBTAINED

Odonata

ChironomidaeDiptera
AmphipodaCrustacea
CorixidaeHemiptera
Ephemeroptera
NotonectidaeHemiptera
Coleoptera
CeratopogonidaeDiptera
EphydridaeDiptera

598

573

460

306

209

44

27

7

3

Incontrasttomosquitoemergenceover35000
chironomidmidgeadultswereobtainedinemergence
trapsFigs3acAdultemergencewashighestincen
tralareasofbulrushandcattailsindeeppondsthanother
samplingareasduringthefirstseventoeightweeksFig
3abMidgeproductioninemergentbuttercupswas
consistentlylowroughly2040perweekonaverage
whereasemergencefromsubmergedbuttercupspro
ducedaninitialsurgeofalmost150pertrapon7Au
gustthesenumbersdroppedquicklyto20by21Au
gustandreachedzeroduringthelastfourweeksofsam
plingFig3cThedramaticdeclineinmidgeproduc
tioninthevicinityofsubmergedbuttercupscoincided
withitseventualsenescence

Duckweedchokedbulrushstandsproducedcom
parablenumberstothosefromlocationsfreeofduck

weedhowevercentralareasproducedanotablepeak
on4Septemberwhenanaveragenumberof200midges
pertrapwastakenFig3cAllemergencetrapsites
producedlownumbersofmidgesasthesamplingsea
soncametoanendaverage50adultspertrapFigs
3ac

Theresultsobtainedsuggestthatemergencepat
ternsarealteredbyvegetationspeciesMidgeemer
gencewasheaviestfromcentralareasofcattailandbul

rushstandsindeeperpondsthepresenceofduckweed
appearedtoaffectemergencepatternsminimallyand
probablydoesnotrepresentaphysicalbarriertonewly
emergedadultsescapingthewatersurfaceEmergent
buttercupsprovidesahighdegreeofstructuralhetero
geneityunderthewatersurfacecomparedtothesimple
structureprovidedbybulrushandcattailHoweverthe
increasedstructuralcomplexitydidnotprovideim
provedhabitatformidgesrelativetotheotherwetland
plantsexamined Oneexplanationmaybethat
larvivorousfishorinvertebratepredatorssuchasodo
natelarvaemayfindrefugefromtheirpredatorsand
thereforedecimatelarvalmidgepopulations

Naturaldisturbancescanhavebothpositiveand
negativeeffectsoninvertebratecommunitiesdepend
ingontheseverityandpredictabilityofthecauseReice
1994Theintermediatedisturbancehypothesissuggests
thatdisturbancethatisbothunpredictableandmoder
atemayincreasethespeciesrichnessofacommunity
bykeepingthepopulationsofdominantcompetitorslow
Connell1978Flowingwaterhabitatsfrequentlyare
disturbedbyspateswhereasstandingwaterenviron
mentssuchaslakespondsandwetlandsarenotim
pactedwithsuchregularityNeverthelessthevernal
floodingsubsequentreconstructionandflushingof
sedimentsatPradoconstitutedanunpredictedandse
veredisturbancewhichappearedtobecatastrophicto
themosquitopopulationswhichmayhavebeenpresent
priortotheseeventsThisprobablybroughtthemarsh
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toanearliersuccessionalstagenotconducivetoculicid
productionConverselythelargemidgepopulations
demonstratedthatthedisturbancewaslessdestructive

totheseinsectsandthatsecondaryproductionwithin
thePradowetlandswashighManymidgelarvaewere
observedtoresidewithintubesconstructedofdetrital

andalgalparticlesattachedtowetlandplantsJB
KeiperunpublisheddataThisepiphyticexistenceprob
ablymadethemidgepopulationsmoreresistanttothe
floodingandflushingofthemarshCentralareasofplant
standsareprobablymoreprotectedthanperipheralar
easandthismayexplainwhytrapsplacedawayfrom
theperipheryofcattailandbulrushstandsproducedrela
tivelyhighnumbersofmidgeadultsAlternativelythe
deeperwaterprovidedmoresubmergedsurfaceareaon
theinnundatedvegetationthereforethelargernumbers
takenindeeperpondsmaybearesultsimplyofincreased
substrateforlarvaetoresideonHoweverifincreased
surfaceareaonmacrophytesincreasesmidgepopula
tionsonewouldexpectbuttercupsastructurallycom
plexplanttoproducelargernumbersofemergentadults

Toofewmosquitoeswerecollectedin1998todis
cusstheeffectsofvegetationtypelocationwithinplant
standsandponddepthontheirdistributionandabun
danceHoweverchironomidmidgesexhibiteddistinct
spatialemergencepatternswithintheplantstandsex
aminedMidgelarvaeareimportantformaintaining
biodiversityandsupportingecosystemfunctionssuch
asenergytransferandnutrientrecyclingMerrittand
Cummins1996Howevertheyhavethepotentialto
emergeinsuchhighnumbersineutrophicsituationsthat
theycanbecomeanuisancetopeopledwellingnearthese
areasandpotentiallycausingadilemmaforconstructed
wetlandsmanagersThepreliminaryresultsreported
heresuggestthatbreakingextensivestandsofTypha
andSchoenoplectusintoinsularhabitatswithpropor
tionallylargerecotoneareasbyharvestingorherbicide
applicationmayreducechironomidpopulationsThese
actionsshouldallowmosquitofishtoaccesscentralar
easofplantstandsCollinsandResh1989However
werecommendsuchactionsonlyif1localbusiness
ownersorresidentscomplainofnuisanceswarmsof
midgesor2mosquitobreedingisdetectedviadipor
emergencetrapdataatinteriorareasoftheseplantstands
Furthermoreshallowareasattheedgeofpondsseeded
withemergentbuttercupsmaykeepmidgeemergence
lowhoweverwecannotyetdrawconclusionsregard
ingtheabilityofthisplanttopromoteordetermosquito
colonizationContinuedmonitoringofdipteranemer
genceatthePradoconstructedwetlandsisneededto

followthesepopulationsofpotentialeconomicconcern
asthesystemagesandvegetationproliferatesdense
vegetationhasbeenshowntopromotehighmosquito
productioninconstructedwetlandsinPhoenixAZ
TusconAZAlbuquerqueNMandHemetCA
Furthermorewewilldocumenttheeventualcoloniza

tionbymosquitoesandthespatialdynamicsofadult
emergencefromplantstands
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EvaluationofMosquitoandArbovirusActivityinOrange
CountyDuring1998

RobertCummingsLisaOpieStephenBennettCarrieFogartyAlfonsoMelagozaEricKimbrough
JohnathanHaliliScottPhemisterRalphHavickorstandJamesWebb

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTTheOrangeCountyVectorControlDistrictcontinueditssurveillanceofmosquitoand
arbovirusactivitythroughout1998bycollectingbloodsamplesfromwildbirdsandsentinelchickensas
wellascollectingadultmosquitoesfromovipositionalandCDCCOtrapsTherewerenopositive
mosquitopoolsorhumancasesinOrangeCountyduring1998Howeveronesentinelchicken
seroconvertedforSLEantibodiesinAprilandSLEpositivewildbirdswerefoundinmostmonths9of
1998Overall083ofthe2294sampledhousefinchestestedpositiveforSLEantibodiesCulex
quinquefasciatuswasthemostcommonlytrappedmosquitothroughoutOrangeCountyexceptfora
freshwaterwetlandareaofIrvinewhereCxtarsaliswaspredominant

MOSQUITOSURVEILLANCE

TheOrangeCountyVectorControlDistrict
OCVCDcontinueditsadultmosquitosurveillance
programthroughout1998bycollectingmosquitoesfrom
avarietyofsuburbantrappingsitesMosquitocollec
tionsweremadeattwelvepermanentsitesinthecounty
usingsixgravidfemaleovipositionaltrapsCummings
1992andnineteenCDCCObaitedtrapsSudiaand
Chamberlain1962Inadditionbloodfedfemalemos
quitoeswerecollectedfromonemodifiedAustralian
crowtrapMcClure1984usedtocapturewildbirds
andthemosquitoesthatentered

Atotalof81poolsfrom1865mosquitoeswassent
totheUniversityofCaliforniaDavisCenterforVec
torborneDiseaseResearchUCDCVDRfortesting
Table1Mosquitopoolswereobtainedprimarilyfrom
ovipositionaltraps67poolsandoftheseCulex
quinquefasciatusSaycomposedthemajorityofmos
quitoespooled66poolsNinepoolsofCulextarsalis
CoquillettandsixpoolsofCulexstigmatosomaDyar
werealsosubmittedfortestingNopoolstestedposi
tiveforeitherStLouisencephalitisSLEvirusorwest
ernequineencephalomyelitisWEEvirus

GravidCxquinquefasciatuswerecollectedmost
abundantlyfromtheSealBeachandGardenGrovetrap
sitesFigs1and2Thehighestcollection100gravid
femalemosquitoesoccurredinearlyJuly28thweek
of1998atHellmanRanchinSealBeachFig2Sub
urbanmosquitocollectionsbyCDCCObaitedtraps
in1998showedanoverallincreaseover1997withthe

highestnumberofmosquitoescollectedpertrapnight
inJuneFig3

MosquitocollectionsfromtheSanJoaquinMarsh
Fig4showedaseasonalshiftin1998comparedto
1997withthepeakoccurringinAugustthreemonths
laterthanin1997Thisshiftmayhavebeenduetothe
increasedprecipitationexperiencedinthe199798rain
fallseasonwhichextendedintoMayThe199697sea
soninOrangeCountyhadatotalof136inchesAn
noyNOAA1997ofrainfallandthe199798season
hadmorethantwiceasmuchwith295inchesAnnoy
NOAA1998Culextarsalismosquitoesforwhichthe
numberscollectedintheSanJoaquinMarshweremuch
higherin1998thanin1997werethemajorcontribu
torstothispatternseenin1998Fig5

ARBOVIRUSSEROSURVEILLANCE

Arbovirusserosurveillanceconsistedofbiweekly

testingofoneflockoftensentinelchickensandweekly
testingofwildbirdsmostlyhousefinchesCarpodacus
mexicanusandhousesparrowsPasserdomesticus
capturedinninemodifiedAustraliancrowtrapsdis
persedthroughoutOrangeCountySentinelchickens
weretestedforSLEandWEEantibodiesbytheState
laboratoryfromApriltoOctoberandtheOCVCDlabo
ratoryeverytwoweeksthroughouttheyearOne
chickeninOCVDssentinelflockattheSanJoaquin
MarshseroconvertedforSLEantibodiesinAprilFig
6Asentinelchickenalsoseroconvertedinthesame
monthinLosAngelesCountyFig6Thesewerethe
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TABLE1NumberofmosquitoesandmosquitopoolssubmittedforSLEandWEEvirustestingbyspeciesandtraptypefrom
OrangeCountyduring1998

Species
Numberof OvipositionTraps ModifiedCrow CDCTraps
mosquitoes pools Trappools pools

TotalNumber

ofpools

Culexquinquefasciatus

Culextarsalis

Culexstigmatosoma

1498

262

105

61

0

6

5

5

0

0

4

0

66

9

6

TOTALS 1865 67 10 4 81

TABLE2SmallbirdseroconversionsforSLEandWEEantibodiesinOrangeCountyduring1998

Species SLE WEE NoBloodSamples SLE WEE

Housefinch 19 0

Housesparrow 0 0

Other 0 0

2294

987

141

083

000

000

000

000

000

TOTALS 19 0 3422 056 000

onlySLEpositivesentinelchickensfortheLosAnge
lesbasinduring1998

Atotalof3422wildbirdbloodsampleswastested
byhemagglutinationinhibitionHAIassayGruwell
etal1988attheOCVCDlaboratoryresultingin19
positivebirdsallwerehousefinchesTable2Thehigh
estpercentofpositivebirdsoccurredinJanuary13
April13 andMay12 of1998Fig6The
sentinelchickenseroconversionsparalleledthewildbird
seropositivesinAprilFig6

Overall1998wasayearmarkedbylowarboviral
activitycomparedtopreviousyearsFig7Lessthan
1ofwildbirdstestedseropositiveforSLEandthere
werenobirdspositiveforWEEAdditionallynohu
mancasesofSLEorWEEwerereportedinOrange
Countyduring1998
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Figure3HostseekingmosquitoactivityaturbanmosquitocollectingsitesOrangeCountyCaliffor1997and199810
CDCtraps
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Figure7SeroprevalenceofSLEantibodiesinwildbirdsinOrangeCountyCaliffor19871998
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SummaryofReportedStLouisEncephalitisandWestern
EquineEncephalomyelitisVirusActivityinCalifornia

from19691997

LuciaTHuiStanRHustedWilliamKReisenCharlesMMyersMichaelSAscherVickiLKramer

VectorBorneDiseaseSectionCaliforniaDepartmentofHealthServices

ABSTRACTThisresourcedocumentisintabularformtosummarizeStLouisencephalitisandwestern
equineencephalomyelitisvirussurveillanceresultsinCaliforniafrom19691997Humanandequine
casessentinelchickenseroconversionsandpositivemosquitopoolsarelistedbycountyandyearThis
summaryofCaliforniaDepartmentofHealthServicesandUniversityofCaliforniaactivitiessupplements
thecomprehensiveworkofReevesetal1990whichcovers19431987

WesternequineencephalomyelitisWEEandSt
LouisencephalitisSLEvirusesareendemiczoonoses
inCaliforniathatcausedwidespreadepizooticsamong
equinesandepidemicsamongresidentsoftheCentral
Valleypriortothemid1950sLennetteetal1961
InitialfieldresearchwascenteredinKernCountyand
thesouthernSanJoaquinValleyReevesandHammon
1962TheunprecedentedepidemicofWEEandSLE
in1952Longshoreetal1956promptedtheCalifor
niaDepartmentofPublicHealthcurrentlyCalifornia
DepartmentofHealthServicesCDHStoorganizea
surveillanceprogramtoprovideanearlywarningofthe
riskofhumaninfectionLongshore1960Theprogram
includedasearchforhumancasesofWEEandSLE
detectionofequinecasesofWEEdetectionofarbovi
rusinfectioninmosquitoesandmonitoringoflarval
andadultmosquitopopulationsEmmonsandGrodhaus
1976Subsequentlyaconcertedeffortwasmadeamong
theCDHSlocalmosquitocontrolagenciesandthe
UniversityofCaliforniaSchoolofPublicHealthBer
keleytodevelopandimplementastatewideprogram
Earlysurveillance19691978wasbasedonmosquito
infectionratesonlyLongshoreetal1960butlater
1979theprogramwasexpandedtoincludeflocksof
sentinelchickensoriginallydeployedbytheUniversity
ofCaliforniaBerkeleyReevesetal1990Thefind
ingshavebeenpublishedannuallysince1971Thissur
veillanceprogramhasbeenaugmentedthroughtheyears
intoacooperativesystemwhichincludesstatewide

weeklyadultmosquitooccurrencereportweeklybul
letinoflaboratoryisolationsofarbovirusesfrommos
quitopopulationsserologicaldetectionofvirusactiv
ityinsentinelchickensandepidemiologicalinvestiga
tionofsuspecthumanandequinecasesWalsh1987
ThecurrentEncephalitisVirusSurveillanceProgram
monitorsenzooticactivitybytestingbloodsamplesfrom
flocksofsentinelchickensandvirusesisolatedfrom

poolsofmosquitoesemphasizingthevectorsCulex
tarsalisAedesmelanimonCxpipiensandCx
stigmatosomaSpecimensfromsuspectedhumanand
equinecasesarediagnosedbypassivecasedetection
systemsandconfirmedbytheViralandRickettsialDis
easesLaboratoryVRDLCDHSinBerkeley

Certaineventsinfluencedthesamplingeffortsum
marizedinthisreportInitialprogramexpansionem
phasizedknownaffectedareaswithintheCentralVal
leyLongshore1960ThethreatofVenezuelanequine
encephalomyelitisvirusintroductionintoCalifornia
duringthemid1970sexpandedsamplingintoSanDi
egoandImperialcountiesneartheMexicanborder
Workmanetal1976andstimulatedtheinitiationof
anarbovirusresearchprogrambytheUniversityofCali
forniaatLosAngelesWorketal1985Meylanetal
1989SubsequentstudiesbytheUniversityofCalifor
niaBerkeleyandCDHSextendedthesestudiestoin
cludetheColoradoRiverandCoachellaValleyReisen
etal1992In1984southernCaliforniaexperienced
thefirstmajoroutbreakofSLEinthemetropolitanarea

ArbovirusFieldStationResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicineUniversity
ofCaliforniaDavis
zNiral RickettsialDiseaseLaboratoryCaliforniaDepartmentofHealthServices
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ofLosAngelesandOrangecountiesMurrayetal
1985TwentysixSLEcaseswereconfirmedduring
thesummerthelargestnumberofSLEhumancases
since1959AllmajoroutbreaksofWEEandSLEhad
previouslyoccurredinruralandsuburbanareasinthe
SacramentoandSanJoaquinValleyandalongtheColo
radoRiverThisoutbreaknotonlyhadexpandedsur
veillanceinLosAngelesandOrangecountiesbutalso
facilitatedpublishingoffirststatewideguidelineof
CaliforniasMosquitoborneEncephalitisVirusSurveil
lanceandControlProgramWalsh1987

Changesinfieldandlaboratorymethodshaveaf
fectedthedatasetAlthoughmosquitopoolsizehasre
mainedconstantat50femalesperpoolassayproce
dureschangedfromasucklingmousesystemin1988
Emmonsetal1989toaninsituenzymeimmunoassay
EIAbasedonVerocellcultureThischangeintesting
protocolfocuseddetectiononWEEandSLEandvoided
informationonotherconcurrentlycirculatingviruses
suchasTurlockandHartParkIntheearly1990sthe
numberofsentinelchickensperflockwasprogressively
reducedfrom25to20andto10hensandthenumberof

flocksincreasedtoexpandgeographicalcoverageIn
themid1980stestingshiftedfromacomplementfixa
tiontesttoanindirectimmunoassayandsubsequently
bleedingmethodswerechangedfromjugularpuncture
toalancetprickofthecombReisenetal1994Re
ductioninflocksizeandimprovementsinbleedingand
testingmethodsallowedbleedingfrequencytobein
creasedfromevery4toevery2weeksimprovingin
formationflowandforecastingComprehensiveguide
linestargetingthestandardizationofsamplingmethods
interpretationofresultsandinteragencyinformation
exchangeweredevelopedbytheMosquitoandVector
ControlAssociationofCaliforniaReisen1995

Thispublicationsummarizeshistoricalarbovirus

surveillanceresultsforeasyreferencebyhealthdepart
mentsuniversitiesandlocalmosquitoandvectorcon
trolagenciesandtosupplementthemonographEpi
demiologyandControlofArbovirusesinCalifornia
19431987byReevesetal1990Unlessotherwise
statedthesurveillancetestingwasdonebyVRDL

Specialresearchonarbovirusoccurrencewascon

ductedinImperialandRiversidecountiesMadonetal
1974Workmanetal1976KerncountyReisen1984
Reisenetal1990LosAngelesBasinReisenetal
1992SanBernardinoCountyReisenetal1990and
southeasternCaliforniaReisenetal199219951997
Eachstudyhaditsspecialfocusonsurveyingtheland
scapeecologyvectorpopulationdynamicsandvirus
activitiesatdesignatedsitesThedetectionofSLEand

WEEactivitiesofmosquitoesorsentinelchickensfrom
theabovestudieswerenotincludedinthissummary

ReportedvirusactivityforSLEandWEEissum
marizedinTable1bycountyandyearThesummary
dataisfromtheCDHSannualarboviruspresentations
publishedintheProceedingsoftheCaliforniaMosquito
andVectorControlAssociationcurrentlyMVCAC
19711998Emmonsetal19721994Reillyetal
1995Krameretal199698Thetablealsoincludes
informationfromReevesetal1990Reeves1970
Sudia1971ReevesandMilby1980andMeylan
1988Whentherewasaconflictbetweenpublications
onthereportedcasesthenumberslistedintheCDHS
annualsurveillancereportswereused

Table1indicatesthetotalnumberofSLEandWEE

humancasesmosquitopoolviralisolationschicken
seroconversionsandequinecasesalongwiththetotal
numberofmosquitopoolsandsentinelchickenflocks
testedforeachyearbycounty

InadditiontoTable1bycountyandyearthein
formationhasbeenplacedinanAccess97databaseand
PowerPointsoftwareavailabletoCDHSandrequesting
agenciesformapsorothertablesdelineatingspecific
informationFigures14areincludedtoindicatestate
widestatisticsbyyear
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Figure1HumanCasesofWEEandSLEinCaliforniafrom1969to1997
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YEAR HUMANCASES MOSQUITOPOSITIVES CHICKENSERA HORSECASES

WEE SLE WEE SLE WEE ISLE WEE

1969 0 5

GL2

SA2

SU1

01

IM1
351

BU4IM1
SH2SL1
SU5TE23

Testingnotdoneuntil1979

2

SJ1TE1

3487POOLSTESTED
104POOLS3591

1970 0 2 8
IM8

89
IM89

1801POOLS

1971 3

BU1

SA1

SU1

2

SA1

SN1

1660

CO5
IM860

SI1TE2

61

CO4IM1
SD1SU1

16

BU2FR1
GL5IM1
SA1SH2
SJ1ST1
TE1SUI

1759POOLSTESTED
1801POOLS3560

1972 3

FR2

MA1

QHF
4112

CO1FR3
KE2KI1
IM1412

MA15RI1
SU1TU3

6133
CO9

IM2933

MA2RI1
SA1SDI
SH3TE10
TU3YL2

1

KE1

6180POOLSTESTED
1638POOLS7818

1973 0 5

IM1

KE1

RI1

SD1

SJ1

81 148
CO1

IM72148
RI4SB2

ST1SU1

6461

KE2
IM4861
LS1RI2

SB3SD7
TU1

2

SH1

YL1

4326POOLSTESTED
2655POOLS6981

1974 0 0 43

IM3RI4
2290

IM2290
2

KE1

RI11320POOLSTESTED
2556POOLS3876

1975 0 0 0270
IM270

026
IM26

0

891POOLSTESTED
1460POOLS2351

1976 0 3

MA1

RI1

SD1

012

IM12
996

IM596

RI2SB2

0

1174POOLSTESTED
2024POOLS3198

1977 0 1

SB1

1092
IM392
SB7

3137
IM1 137

RI1SB1

0

727POOLSTESTED
1619POOLS2346
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TABLE1SummaryofWEEandSLEinCaliforniaFrom1969to1997

COUNTIES
BUBUTTE

IMIMPERIAL

LSIASSFN

ORORANGE

SDSANDIEGO

SNSONOMA

VEVENTURA

CCCONTRACOSTA

KEKERN

MAMADERA

PLPLACER

SJSANJOAQUIN
STSTANISLAUS

YLYOLO

COCOLUSA

KIKINGS

MEMERCED

RIRIVERSIDE

SHSHASTA

SUSUTTER

YBYUBA

FRFRESNO

LALOSANGELES

MDMODOC

SASACRAMENTO

SISISKIYOU

TETEHAMA

GLGLENN

LKLAKE

MRMARIN

SBSANBERNARDINO

SLSOLANO

TUTULARE

University CaliforniaLosAngeles
2ArbovirusResearchLaboratoryUniversityofCaliforniaBerkeley
Data IthepositiveisolationstestedbyArbovirusResearchLaboratoryUniversityofCaliforniaBerkeley

PositiveisolationsweretestedbyAnimalandPlantHealthInspectionServiceUnitedStatesDepartmentofAgricultureAmesIowa



1978 0 1

SD1

8747
BU8

IM947

KE1KI2
MA2ME1
RI40SA2
SB13ST6
TU3

3729

IM429

R132TU1

12

BU1FR1
RI1SA1
SJ1ST1
SUITE1
YL3YBI

1690POOLSTESTED
573POOLS2263

1979 I

SA1

0 113

BU2CO2
IM28KE26
PL1RI13
SA2SB4
SH7SJI
ST1SU8
TE2TU14
YB1YL1

25

IM11

RI7

SB7

250

SacValley142
BUGLSU
YB
SanJoaqValley
100KE
SoCA8

0 18

BUIFR1
IM1KEI
MA1MD1
SA4SJ3

SH1SL1
ST2YL1

1803POOLSTESTED 31FLOCKS
1980 0 0 70

BU1CO5
GL1IM8
KE19R115
SA1SB10
ST1SU3
TU5YB1

12

IM1

RI8

SB3

98

BU2GL4
IM11KE59
PL1RI1
SH3SU2
TE10YB5

1

RI1

2

KE1

PL1

3745POOLSTESTED 31FLOCKS
1981 0 0 48

BU2IM1
KE18PL1
RI17SA1
SU2TU4
YB2

2

SB2

43

BU2C02
IM4KE24
RI6TE2
YB3

8

RI3

IM5

I

SA1

2197POOLSTESTED 22FLOCKS
1982 1

SBI

0 227

IM34KE100
KI4RI7
SB1TU81

0 149

FR13IM37
KE79KI19
TE1

3

IM3

3

FR1KE1
RII

2590POOLSTESTED 25FLOCKS
1983 0 9

IM3

LA1

RI3

SB1

SD1

180

IM20KE126
RI9SA1
SB15TU8
YL1

51

IM19

KE3

RI23

SB6

106

FR10GL1
IM16KE68
KI4RI1
TU5YB1

31

IM28

RI3

2

RI1

LA1

3403POOLSTESTED 31FLOCKS
1984 0 26

LA16

OR5

RI4

SD1

46

IM36

SB9

25

IM20

LA3

SB2

7

IM2KE1
OR1RI2
SB1

34

LA10IM9
OR3RI5
SB7

1

FR1

3004POOLSTESTED 45FLOCKS
1985 0 3

LA1

RII

SB1

28

IM21

RI3

SB4

30

LA1IM15
RI8SB6

19

IM12SB7

52

LA1IM42
RI1SB8

0

4417POOLSTESTED 55FLOCKS
1986 2

SH1

YL1

3

LA3

35

IM15LA2
RI2SB3
SA2SU1
YL10

51

IM7LA32
KE3OR5
RI4

93

BU12FR1

IM23RI21
SB18SL11
ST1SU6

35

IM12KE2

LA7OR2
R111SA1

1

TE1

4530POOLSTESTED 59FLOCKS
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1987 0 1

SB1

122

BU6IM14

ME1RI46
SA15SH2
SU19YB3
YL16

27
IM17
LA1

83

BU7FR1
IM10RI28
SA2SD1
SH2SJ1
SL1SN1
SU12TE15
YB1YL1

13

IM4

LA9

0

5840POOLSTESTED
117POOLS5957

63FLOCKS

1988 0 2

IM1

SBI

39

IM13

RI23

SB3

921
1M121

LA6RI1
SB1

65

IM63

RI1

SB1

111

IM71KE3
LA27OR5
RI1SB4

0

5711POOLSTESTED
1425POOLS

68FLOCKS

1989 0 29

LA1

KE15

KI8

TU5

15
IM15

127

IM10LA4
KE85RI28

35
IM34

SB1

269

FR7IM21
KE177

KI18LA5
OR3RI24
TU14

0

3845POOLSTESTED
2748POOLS

68FLOCKS

1990 0 2

LA1

TU1

0 181

IM6LA1
RI71

SB1TU3

0 9023

FR8IM34
KE11LA2
OR1

RI31 23
TU3

0

5262POOLSTESTED
1005POOLS

71FLOCKS5FLOCKS
76

1991 0 1

LA1

773

IM58LA7
RI15

144

IM40LAI
RI4

157

IM70
RI87

16150
IM73
LA15

RI77
SB1

0

4589POOLSTESTED
1027POOL5616

100FLOCKS22FLOCKS
122

1992 0 2

LA1

VE1

120
IM14RI6
SB1

010

IM4RI6
5039
FR1

IM2323
LA3

RI1816

SB4TU1

11773
FR1

IM2224
KE3LA36

MA4OR5
RI4349

TU1VE2

1

IM1

2329POOLSTESTED
1393POOLS3722

131FLOCKS26FLOCKS
157

1993 0 3

SB1

SD1

ORI

168 12

BU2CC11
CO15GL3
IM112

LK8MA1
PL2SA45
SJ1SB2
SH7ST2
SU27TE1
YL36YB4

515

IM15
LA1

SB4

27731

BU47CC6

CO6FR2
GL11

IM2628

LA1LK6
MA2ME3
RI1 3

SA62SJ12
SB5SH1
SL17SN3

ST8SU28
TE7TU1
YL7YB15

9037
IM4736
LA23

RI41
SBI6

1

TE1

3800POOLSTESTED
595POOLS4395

152FLOCKS20FLOCKS
172
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1994 0 1

1

81

IM1
LK4

SA4

07
IM4
RI3

476

BU5C03
GL4

IM86

LK3MR1
SA7SJ2

SL3TE6
YL2YB3

117 154
IM7069
LA1

RI4285
SB4

0

1859POOLSTESTED 156FLOCKS23FLOCKS
585POOLS2444 179

1995 0 0 0 8024 11385 0

BU9C01 IM28

FR1GL4 LA1

IM23 RI8385
IR2324 SB1

SA5SJ1
SU9YL4

2069POOLSTESTED 173FLOCKS13FLOCKS
237POOLS2306 186

1996 0 0 16 01 193 4011 0

BU1 RI1 BU42CC1 IM15

KE3 FR4GL17 LA11

LK1 IM6KE46 RI1111
SA3 LK5ME4 SB3

SU2 NA1SA12
YL6 SJ5SL6

ST1SU20

TE9TU1

YL8YB5
2236POOLSTESTED 164FLOCKS10FLOCKS
444POOLS2680 174

1997 0 1 35 0 225 62 4

LA1 GL2 BU45CO2 IM24 KE1
LK4 CC2FR6 LA4 ME1

PL3 GL13IM26 R132 MDI
SA2 KE4KI3 SB2 SH1
ST2 LK7MA3
SU14 ME10RI10
YL8 SA14SJ2

SH4SL8
SN3STI1
SU30TE7

YL4YB11

2360POOLSTESTED 196FLOCKS
Total 10 107 2160 1444 2077 1735 69
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ComparisonoftheEfficiencyofFourTypesofCarbon
DioxideBaitedTrapsforSamplingCulexMosquitoes

inOrangeCountyCalifornia
RPMeyerRFCummingsJAHillandWKReisen

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

INTRODUCTION

Mosquitosurveillanceiscontinuouslybeingrefined
assciencediscoversnewandmoreefficientmethod

ologiesthatincreaseourabilitytoeffectivelysample
fieldpopulationsThisinevitabletrendinmoderniza
tionalsointroducesanopportunitytodevelopunifor
mityinsamplingbyapplyingtrapdesignoperationand
placementstandardsintendedtoprovidecontinuityin
dataacquisitionContinuitysubsequentlyallowsfornear
directcomparisonofpopulationdataobtainedateither
theLocalagencyregionalorstatewidelevel

Mosquitopopulationsstatewidecurrentlyarebe
ingquantifiedsomewhathelterskelterbyavariety
ofadulttrapsthatemployeitherlightegstandardNew
JerseyLightTraporNJLTorcarbondioxideegvari
ousCDCstylehostseekingtrapssupplementedwithdry
iceasanattractantDataobtainedbythishybridsur
veillanceprogramaredifficulttocorrelatetemperedby
thefactthatNJLTsaredeclininginsensitivity

Sincebeingintroducedasthestandardmosquito
trapinCaliforniaNJLTefficiencyhasdeclinednotice
ablyinurbanenvironmentswherebothsecurityandcon
veniencelightingsignificantlydiminishthephotoat
tractancyofthetrapTheconsequencesofthisdimin
ishedattractancymeansthatlightproneNJLTssub
stantiallyunderestimatemosquitorelativeabundance
andintroduceconfoundingdatathatcompromisesam
plingaccuracyessentialtoevaluating1risktohuman
exposuretomosquitobornediseaseand2retrospec
tiveanalysesofcontrolprogramsuccessesandfailures

TechnicaldiscussionsbetweentheMosquitoand
VectorControlAssociationofCaliforniaMVCAC
CaliforniaDepartmentofHealthServicesVectorBorne
DiseaseSectionCDHSVBDSandtheUniversityof
CaliforniaUCconcludedthatcurrentapplicationof

theNJLTmaynotbeprovidingaccurateestimatesof
mosquitopopulationsinlightproneareasofthestate
Thereforestudieswereinitiatedandjustrecentlycon
cludedtoresolvethisdilemmaandofferbothrealistic

andaffordablesamplingtrappingalternativesCompara
tivetrapstudiesconductedinsoutherncentraland
northernCaliforniaoverthepastseveralyearshavere
vealedthatsubstitutinghistoricalNJLTswiththeCO2
trapoperatedwithoutlightalternativeisnotonlyprac
ticalbutpreferred

SwitchingtoCO2trapbasedsurveillancewillin
volveconsiderablecommitmentfromallmosquitocon
trolbasedagenciesstatewideAtthesametimeitis
realizedthatstandardNJLTswillhavetobereplaced
withastandardizedCO2trapThereareanumberof
vectorcontrolagenciesinCaliforniathatcurrentlyop
erateoneofseveraleitherhomebuiltorcommercially
availableversionsmodificationsofthestandardSudia

ChamberlainCDCstyleminiaturelighttrapAmong
themultitudeofCDCstylemodelsfoursimilarand
uniqueconfigurationswereconsideredforstandardde
ploymentinCaliforniaIncludedaretheUCArbovirus
FieldStationtrapUCtheHockmodel1012trap
HocktheOrangeCountyVectorControlDistrictEn
cephalitisVirusSurveillancetrapOCandAmerican
BiophysicsCorporationtrapABEachtrapconfigu
rationfeaturesasuctionfanhousedinacylindricalbody
portableoperationprovidedbyeitherdryorgelcell
batteryDCpowersourcescreenedcollectioncarton
bagexternalattachedreceptacleforholdingdryice
Technicalinformationonthesetrapsisprovidedby
CummingsandMeyer1999elsewhereinthisissue

Studiesevaluatingtheefficiencyofthesetrapswere
concludedlastsummerAdetailedstatisticalanalysis
oftheresultsarebeingpublishedbyReisenetal2000
Thispaperreportsonthefindingsoftrapevaluations

ArbovirusFieldStationResearchUnitCenterforVectorBorneDiseaseResearchSchoolofVeterinaryMedicineUniversity
ofCaliforniaDavis
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conductedinOrangeCountySanJoaquinMarshby
staffoftheOrangeCountyVectorControlDistrict
OCVCD

MATERIALSANDMETHODS

StudySiteTrapevaluationsJunethroughOcto
berwereconductedatSanJoaquinMarshlocatedin
centralOrangeCountyasidethecampusoftheUniver
sityofCaliforniaIrvineUCIcampusThesiteisknown
foritslonghistoryonmosquitoresearchandencephali
tisvirussurveillanceDuringthesummermonthsthe
marshproducesexceptionalnumbersofCulex
erythrothoraxDyarandsubordinatenumbersofCulex
tarsalisCoquillettCulexquinquefasciatusSayAnoph
eleshermsiBarr GuptavanjiCulisetaincidensTh
ompsonandrarelyCulexstigmatosomaDyarand
CulisetainornataWillistonAllofthesespecieswere
representedincollectionsduringtrapevaluationshow
everonlythefirsttwospeciesCxerythrothoraxand
Cxtarsalisweresampledinadequatenumberstosup
portdetailedstatisticalinterpretationslinkedtoevalua
tionparameters

MosquitoControlActivitiesAspartofOCVCDs
commitmentcontractwithUCItocontrollingmosqui
toesontheSanJoaquinMarshthesiteistreatedTues
daythroughFridayeachweek 4nightsweekMay
OctwithScourgeRresmethrinappliedviavehicle
mountedfoggerMosquitopopulationssampledon
Mondaynightofeachweekwererepresentedbyamix
ofthosethat1survivedpreviousresmethrintreatments
and2newlyemergedrecruitedindividualsfromSat
urdaythroughMondayMosquitoessampledonTues
daynightofeachweekweresubjectedtoanapplication
ofresmethrinThistreatmentregimenprovidedanex
cellentopportunitytodeterminetrapefficienciesmea
suredagainsthighversuslowmosquitoabundances

TrapOperationTrapswereoperatedN48trap
nightseachweekofthestudyonMondayno
resmethrinapplicationandTuesday resmethrinap
plicationnightsfromsunsettosunriseTheAmerican
Biophysicstrapwasequippedwithaphotocellswitch
thatautomaticallyengagedthemotorfanandminilight
atsunsetEachtrapwassuppliedwithapproximately
25kgofdryiceasthecarbondioxideattractantCol
lectionswerepickedupthefollowingmorningandre
turnedtothelaboratoryforprocessingThenumberand
sexofeachspeciescollectedbyeachtrapwasrecorded

TrapRotationandPlacementTransectsTraps
werearrangedintwoparallelstransectswitheachtrap
placementsite4transectseparatedby25mAlltraps

werehungfrommetalstandardsatadistanceof1to
15mabovegroundlevelToavoidsitebiastrapsrep
resentingeachofthefourmodelsevaluatedwerero
tatedeachnighttwoweeksforonecompleterotation
seriesmodeltrapateachsitewithineachtransectin
dependentofresmethrintreatments

RESULTS

Throughouttheperiodoftrapoperationnightly
weatherandrelatedenvironmentalparametersremained
relativelyuniformwithnonoticeabledisruptionscre
atedbyspatesintemperaturewindandprecipitation
Similarlypopulationtrackingprovidedbythetrapsav
eragecollectionsizesreflectedstableenvironmental
conditionswithpopulationnumbersremainingrelatively
stableuntilthelasttwoweeksofsamplingatwhichtime
bothCxtarsalisandCxerythrothoraxabundancede
clinedtowellbelowtheprecedingtrackingaverage

TheresultsoftheCDCstyleCO2trapevaluation
studiesatSanJoaquinMarshindicatednoticeabledif
ferencesintrapefficienciesthatweresurprisinglyin
verselyrelatedtomodelunitcostbutpositivelyassoci
atedwithlowcostcoupledwithengineeringsuperior
ityAllmodelseffectivelysampledhostseekingfemale
CxtarsalisandCxerythrothoraxwiththelatterspe
ciesingreatestabundanceinbothpreandposttreat
mentcollectionsRotationoftrappositionsintendedto
compensateforlocationeffectsdidprovidesomeindi
cationthatpositiondidinfluencetoalesserextenttrap
efficiencyHowevertheUCtrapintransect1consis
tently 90 outperformedallothertrapsregardless
ofwhereitwasplacedandreplicatednighttonight

OveralltheUCtrapperformedthebestfollowed
bytheOCHockandABAsofthiswritingtheAB
traphasbeendiscontinuedandreplacedbyamoreeffi
cientbutcostlymodelthatoperatesusingupdraftver
susdowndrafttechnology

EvaluationsPretreatment

CulextarsalisPretreatmenttrappingdataindicates
thatboththeUCandOCtrapswereaboutequallysupe
riorforsamplinghostseekingCxtarsalisTheonly
exceptionisdemonstratedbytheoverwhelmingeffi
ciencydemonstratedoftheUCtrapoperatedintransect
1Fig1ATheremainingtwomodelsyieldedcatches
thatwereatorwellbeloweithertheUCorOCmodels

withtheHockcomparabletoOCbut2foldmoreeffi
cientthantheoverallleasteffectiveABtrap

Comparingtrappingefficienciesbetweentransects
1and2therewerenodistinctindicationsinthedata

thatsamplingresultswerespatiallydifferentTrapsop
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Figure1AMeannumberoffemaleCulextarsaliscollected
pertrapnightbyeachtrapmodelevaluatedintransects1and
2onpretreatmentnightsBMeannumbercollectedpertrap
nightintransects1and2onposttreatmentnights

eratedintransect1didnotconsistentlysamplemore
Cxtarsalisthantrapsoperatedsimultaneouslyin
transect2andvisaversa

CulexerythrothoraxTrappingdatafrompretreat
mentcollectionsparalleledthoseobtainedforCxtarsalis
Fig2AHoweverresultsfortheUCtrapweremixed
withthatmodelperforminglessefficientlythantheOC
andHockoperatedintransect2BoththeOCandHock
wereequallyeffectivewithinandbetweentransectswith
bothmodelsconsistentlyyieldinglargerca2fold
collectionsthantheABtrapineithertransect1or2

Betweenandwithintransectresultswerealsoin

consistentandsimilartocollectionsizepatternsobserved
forCxtarsalis

EvaluationsPosttreatment

CulextarsalisPosttreatmenttrappingindicatedthat
treatmentswithULVresmethrinsignificantlyreduced
ca5foldoverallmosquitoabundanceonSanJoaquin
MarshThoughmosquitoesabundanceswerereduced
trappingresultsandcomparativeefficienciesremained
relativelyunchangedFig1BTheUCmodelstillper
formedmosteffectivelyintransect1butlesseffectively
intransect2whereboththeOCandHockyieldedcom
parablecollectionsofhostseekingfemalesCollections
obtainedbytheABtrapwerestillconsistently2foldor
lessthantheothermodelsevaluatedIndividualtransect
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Figure2AMeannumberoffemaleCulexerythrothorax
collectedpertrapnightbyeachtrapmodelevaluatedin
transects1and2onpretreatmentnightsBMeannumber
collectedpertrapnightintransects1and2onposttreatment
nights

resultswereinconsistentwithnoappearanceofatransect
bias

CulexerythrothoraxThepatternofUCtrapsupe
riorityremainedconsistentwiththeexceptionofpre
treatmentsamplingofCxerythrothoraxwheretheHock
modeltrapoperatedinbothtransects1and2weresu
periortoboththeUCandOCtrapsContrarytodimin
ishedtrappingsuccesstheABactuallyperformednearly
equaltoboththeUCandOCtrapswithbothofthelat
termodelsyieldingnearlyidenticalaveragecollection
sizesTheOCtrapoperatedintransect1actuallycol
lectedfewerCxerythrothoraxthaneithertheABor
UCtrapsNodifferenceswereevidentinthedatato
indicateasamplingbiasbetweentransects

CONCLUSIONS

Theresultsofthisstudyhavedemonstratedthatsig
nificantdifferencesintrapefficiencyexistbetweenthe
4modelsofCDCtypetrapsevaluatedatSanJoaquin
MarshFurtheranalysisoftheengineeringprofilesre
fertoCummingsandMeyer2000alsoindicatesthat
trapconfigurationsincorporatingsimpledesignsand
superiordynamicsinsuctioncapacityarepreferred
forsamplingbothCxtarsalisandCxerythrothorax
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Theobviousapplicationofhighlyefficientandeco
nomicaltrapsinstatewidesurveillancewillbeamajor
sellingpointforagencieshavinglimitedresourcesbut
amplemanpowertoshuttledeploytrapsonaroutine
weeklyorbiweeklybasisTheadditionalplusesinclude
havingtrapsthatare1largelyunaffectedbycompeti
tivelightsources2portableandeasytodeploy3
capableofcapturingstatisticallyvalidnumbersofmos
quitoesnotfractionalaswithNJLTdata4opera
tionallycomparableovertimeandspaceand5main
tainedeffectivelywithlimitedresources
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WILLIAMCREEVES

NEWINVESTIGATORAWARD

TheWilliamCReevesNewInvestigatorAwardisgivenannuallybytheMosquitoandVectorControlAsso
ciationofCaliforniainhonorofthelongandproductivescientificcareerofDrWilliamCReevesProfessor
EmeritusSchoolofPublicHealthUnversityofCaliforniaatBerkeley
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AdultSpatialEmergencePatternsandLarvalBehaviorof
theTuleMosquitoCulexerythrothorax

ParkerDWorkmanandWilliamEWalton

DepartmentofEntomologyUniversityofCaliforniaRiversideCalifornia92521

ABSTRACTPreviousstudiesfoundadisparityintherelativeabundanceofCxerythrothoraxinlarval
dippingversuscarbondioxidebaitedtrapsamplesWhetherthisdisparitywascausedprimarilybyspatial
emergencepatternsorlarvalbehaviorwasthesubjectofthisstudyStudiesonthespatialemergence
patternsofadultmosquitoeswerecarriedoutina14x69mexperimentalwetlandmesocosminsouthern
Califomiausing025memergencetrapsduringthesummerof1996Culexerythrothoraxappearedto
bethedominantspeciescollectedandthenumberofemergingindividualsexhibitedastrongpositive
correlationwithincreasingdensityofemergentvegetationLarvalbehaviorofthismosquitoinalaboratory
aquariumwasrecordedbyvideotapingandanalyzedbyimageanalysistodeterminelarvallocationand
aggregationLarvalbehaviorwasmeasuredunderthreeregimenslowfoodhighfoodandafteralight
shadowstimulusCulexerythrothoraxlarvaeaggregatedstronglyandweredistributedpredominantlyin
thecornersoftheaquariumThelarvaealsorespondedtoasmall11 changeinlightintensityThe
strongassociationoflarvaeofthisspecieswithverticalstructuresanditspropensitytodivewhena
changeinlightintensityoccursprobablycontributetothedifficultyofsamplingpopulationsofCx
erythrothoraxlarvaeThesephenomenamayleadtoanunderestimationofthepopulationdensitiesof
CxerythrothoraxlarvaeusingsamplingtechniquessuchasdippingAdditionallythestrongassociation
ofthisspecieswithemergentvegetationmayconfoundcontrolstrategiesaimedatlarvalpopulations

keywordsCulexerythrothoraxadultemergencelarvalbehaviorSchoenoplectusmosquitocontrol

INTRODUCTION

Constructedtreatmentwetlandsarebecomingan
increasinglyimportantaspectofwatertreatment
throughouttheworldMcCarthy1997Potentialap
plicationsofsuchtechnologyincludethetreatmentof
industrialeffluentthemitigationofgraywaterthetreat
mentofstormwaterrunofffromfreewaysandthetreat
mentofsecondaryandtertiarysewageeffluentCon
structedwetlandscanbebuiltinnearlyanyareaare
typicallyalowcostalternativetophysicalorchemical
treatmentandgenerallydonotrequireelaboratetech
nologyTheyalsoprovidehabitatforindigenousand
migratingwildlifeandserveasasiteforpubliceduca
tionaboutwaterrelatedissues

Applicationofwetlandstechnologyisofparticular
interestinaridregionsoftheworldincludingthesouth
westernUnitedStatesCurrentlythereare50con
structedwetlandsinthisregionBrownandReed1994
TheMultipurposeWetlandsResearchandDemonstra
tionProjectinSanJacintoCaliforniaisamultiagency
efforttodevelopdesignandoperationalcriteriaforlarge

wetlandsintendedtoprocesswastewaterTheprojectis
evaluatingwastewaterprocessinginalarge10hadem
onstrationwetlandandeightsmaller01haexperimen
talwetlandsresearchcellsThewetlandsareplanted
primarilywiththeCaliforniabulrushSchoenoplectus
californicusMeyerSojakwhichisusedtoremove
nutrientsparticularlynitrogenfromsecondarytreated
sewageeffluentandtoprovidehabitatforwildlife
Unfortunatelythebulrushwhichservesavitalrolein
thefunctioningofthewetlandalsoprovidesharborage
formosquitoes

Previousstudieshaveshownthattheconstructed

wetlandsintheMultipurposeWetlandsResearchand
DemonstrationProjectarecapableofproducinglarge
numbersofhostseekingmosquitoesWaltonetal1996
WaltonandWorkman1998Asvegetationstandsbe
cameincreasinglydenseandextensivehostseeking
femalepopulationsofCxerythrothoraxDyarreached
33000femalestrapnightHoweverconcurrentdipsam
plingforlarvalpopulationsatbothsitesyieldedfewCx
erythrothoraxlarvaeWaltonandWorkman1998The
totalnumberofCulexerythrothoraxlarvaerarelyex
ceeded1larvaperdipwithaonetimemaximumof7
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larvaeperdipFurtherseveralcapturemarkrecapture
studiesillustratedthatadultCxerythrothoraxremained
nearthewetlandscomplexandrarelydispersedfurther
than05kmoutsideoftheconfinesofthemarshsys
temsWaltonetal1999

Thepurposeofthisresearchwastoaddressthedis
crepancyinhostseekingfemaleversuslarvalabundance
forCxerythrothoraxOurstudiesfocusedontwoas
pectsofCxerythrothoraxbiologythespatialemer
gencepatternsofadultsfromaresearchcellmesocosm
andthebehavioroflarvaeunderlaboratoryconditions

MATERIALSANDMETHODS

AdultEmergenceAdultcollectionswerecarried
outfromAugustuntilOctober1996usinga01ha14
x69mresearchcellmesocosmCaliforniabulrushgrew
throughoutthewetlandwhichwassuppliedwithsec
ondarytreatedsewageeffluentaverageflowof32li
tersminfromanearbytreatmentplant

Therelationshipbetweenadultmosquitoemergence
andvegetationdensitywasexaminedbyplacingnine
025memergencetrapsoverstandsofScalifornicus
withvaryingculmdensitiesThevegetationineach
quadratwascutto 3cmabovethewatersurfaceto

allowfortrapplacementwhilenotdisturbingtheinteg
rityofthevegetationatorbelowthesurfaceofthewa
terThenumberofculmsineachquadratwasdeter
minedduringinitialtrapplacementforeachvegetation
standTopreventtrapsfrombeingtippedoverbygrow
ingvegetationthebulrushheightwasmaintainedby
clippingtwiceweeklyAtenthtrapwasplacedoveropen
waterAlltrapswereplacedtoensurethatthebottom
marginofthetrapremainedbelowthewatersurface

Samplejarsattheapexoftheemergencetrapswere
collectedandreplacedweeklythecontentswerekilled
byfreezingandcountedunder25xmagnificationAdults
wereidentifiedtospeciesusingBohartandWashino
1978andsexedTherelationshipbetweentuleculm
densityandthenumberofemergedmosquitoeswas
analyzedusingaleastsquareslinearregressionPriorto
analysisemergenceandculmdensitydatawerelog
x1transformed

LarvalBehaviorCulexerythrothoraxlarvaeused
forbehavioralobservationswerethefirstgeneration
progenyofwildadultscollectedwithCOtraps
attheconstructedwetlandsresearchcomplexAdults
wereofferedbloodmealsfrombothmiceand1dayold
chicksinthelaboratoryEggraftswereseparatedinto6
ounce200mlSweetheartwaxedicecreamcupsfor
rearingLarvaewererearedat312Calightdarkcycle

of1410hoursandfedamixtureofmousechowand
brewersyeast31

Forbehavioralobservationsfivelarvaefroma

singleeggraftinthefirstorseconddayofthefourth
instarwerechosenatrandomforeachvideotapingses
sionEight45minutevideotapesessionswerecon
ductedwhichwerecomprisedofthree15minuteepi
sodesdivingbehaviorunderlowfoodconditionsdiv
ingbehaviorassociatedwithalightshadowstimulusand
divingbehaviorunderhighfoodconditionsLarvalbe
haviorwasvideotapedusingaSharpHi8Viewcam
ModelVLH410V

Duringthecourseofthestudyoneoftwoacrylic
aquariawereusedanaquarium140x09x11cm
withacolorlessfrontandbackandblackenedsidesand

bottomthatwasplacedagainstawhitebackdropthe
other140x26x122cmwithacolorlessfrontwhite
sidesandbackandablackbottomThelatterallowed

betterresolutionofthelarvaeduringtapeanalysisand
wasusedinapproximatelyhalfofthetapingsessions
Theaquariawerefilledtoadepthof10cmwithaged2
weeksofaeration022mmfilteredSuper200mem
branefiltertapwaterwhichwaschangedbetweenses
sionsTheaquariumwasilluminatedusingacombina
tionofa20WfullspectrumfluorescentlightbulbFluker
LaboratoriesRS12420Wsuspended20cmabovethe
aquariuma75WincandescentlightbulbPhillipssus
pended30cmabovethetopoftheaquariumandsix
40WoverheadfluorescentlightsSylvaniaSuperSaver
CoolWhiteAmbientlightlevelsatthesurfaceofthe
waterduringtapingwere786lmm

Larvaewereallowedtenminutestoacclimatein

theaquariumbeforerecordingtheirbehaviorBehavior
underlowfoodconditionswasrecordedfirstinallses
sions

Divingbehaviorassociatedwiththelightshadow
stimuluswaselicitedbyswitchingtheoverheadfluo
rescentlightsoffthenbackonThechangeinlightlevel
wasapproximately89lmmrepresentingadecrease
inlightlevelof11fromambientlevelsintheroom
Thelightstimulusepisodesweretapedimmediatelyfol
lowingexposureoflarvaetolowfoodconditions

Larvalbehaviorinthehighfoodconditionswas
recordedaftertheadditionof05mlofanactivatedyeast

solution0026gmlsmallaquariumor0075gml
largeaquariumFleishmansYeastAfteradditionof
theyeastsuspensionthemediaintheaquariumwas
thoroughlymixedbypumpingwiththepipetteapproxi
mately15timesLarvaewereacclimatedfor10min
utesbeforetapingcommenced
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Larvalmosquitobehaviorwasanalyzedusinga
SonyEVS5000Hi8videocassetterecorderandaper
sonalcomputerequippedwithImageProimageanaly
sissoftwareDuringdivinganalyseslarvalpositionwas
trackedbyfollowingthelarvalheadcapsule

Inordertodeterminewhetherthelarvaepreferred
particularregionsoftheaquariumegcornersand
whetherlarvaewereaggregatedthehorizontalposition
oflarvaeatthesurfacewasmeasuredunderlowand

highfoodconditionsAsingleframewascapturedev
erythirtysecondswithineachepisodelowhighfood
treatmentsonlyandthehorizontalpositionofeachlarva
atthewatersurfacewasmeasuredrelativetotheleft
walloftheaquariumTheminimumdistancebetween
larvaewasmeasuredforeachframe

Analysisofdivingbehaviorassociatedwithlight
stimulusconsideredthenumberoflarvaerespondingto
thechangeinlightlevelAdditionallythedurationof
eachdivewasmeasured

Statisticalanalysisofthedegreeofaggregationof
larvaewascomplicatedduetotheleftskeweddistribu
tionofdistancesThereforetheminimumdistancesbe
tweenlarvaewerelogtransformedandcomparedus
ingaKolmogorovSmirnovtesttodeterminewhether
thedistributionofthetransformedminimumdistances
betweenlarvaeforafoodlevelcombinationwasnor

malDistributionswerethencomparedwithinaparticu
larfoodlevelbytheKolmogorovSmirnovtestA
KruskalWallisnonparametriconewayANOVAon
rankedmediansforthedistancebetweenlarvaeforeach

sessionwasusedtodeterminewhethersignificantdif
ferencesinaggregationexistedbetweenCx
erythrothoraxandarandomdistribution

Horizontaldistributionofthelarvaewasanalyzed
bydividingtheaquariumintofourhorizontalzonesData
wereanalyzedusingaChisquaredtestwherethenull
hypothesisassumedarandomdistributionoverthearea
wouldresultin10ofthelarvaeoccurringinZoneA
and30ofthelarvaeoccurringineachoftheZonesB
CandD

RESULTSANDDISCUSSION

AdultEmergence EmergenceofadultCx
erythrothoraxshowedastrongpositivecorrelationwith
vegetationdensityr093Asstemdensityincreased
above800culmsmadultemergenceexceeded300
adultsweek

LarvalBehaviorInbothlowandhighfoodcon
ditionsCxerythrothoraxwashighlyaggregatedcom
paredtoarandomlarvaldistributionTable1The

medianminimumdistancebetweenLarvaeunderlow

foodconditions058cmwassignificantlylessthan
themedianminimumdistance146cmexpectedun
derarandomdistributionTukeystestP 005Un
derhighfoodconditionsthedegreeofaggregationof
Cxerythrothoraxmediandistance036cmwassig
nificantlydifferentTukeystestP005thantheran
dommodelTable1

Culexerythrothoraxwasdistributednonrandomly
intheaquariumLarvaeoccurredmostfrequentlynear
thesidesoftheaquariuminbothfoodlevelsZoneA
51ofthetimeThisissignificantlymorefrequently
thanthe10expectationforthelarvaerandomlydis
tributingthemselvesx44362P 0001andx
49393P0001lowfoodandhighfoodrespectively

Culexerythrothoraxwassensitivetothelowlevel
lightstimulusTable2Anaverageof69ofthelar
vaerespondedtoanygivenstimulusIncontrastCx
tarsalislarvaewerefoundtobeunresponsivetosucha
stimulusWorkman1998Whenrespondingtoalight
stimulustheaveragedivetimeforCxerythrothorax
was58 4secondsTable2

TABLE1Degreeofaggregationasmeasuredbymedian
distancetonearestneighborforahypotheticalrandom
distributionoflarvaeandforCulexerythrothoraxunderlow
andhighfoodcondition

RandomDisribution

Cxerythrothorax

LowFood

146

058

HighFood
135

036

TABLE2ProportionalresponseofCulexerythrothoraxlarvae
to11changeinambientlightlevelsandaveragedivetime
forthoselarvaeresponding

ProporationalResponse DiveTimes
Mean 0611 582
SE 0061 424

Theaggregationbehaviorandhorizontaldistribu
tionofCxerythrothoraxlarvaeinthelaboratoryiscon
gruentwiththatobservedforadultemergenceinthe
fieldThepropensityoflarvaetospendthemajorityof
theirtimeinthecornersoftheaquariausedinthebe
havioralstudiesindicatesthattheselarvaearedrawnto
verticalstructuresinthewatercolumnThissituation

appearstobeanalogoustotheassociationbetweenveg
etationdensityandCxerythrothoraxemergenceinthe
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fieldAdditionallylarvaewereobservedtoscrapethe
verticalsurfacesoftheaquariumbeforetapingcom
mencedpersonalobservationfurthersuggestingthat
Cxerythrothoraxlarvaeutilizeverticalsurfacesforfeed

ingInterestinglyahighdegreeofaggregationexisted
inbothlowandhighfoodenvironmentsEventhough
lowfoodenvironmentsarequalitativelyverydifferent
thantheturbidorganicallyenrichedhabitatinwhich
theselarvaearefoundatthestudysiteunderlowfood
conditionsthelarvaecontinuedsearchingforfoodon
verticalsurfaces

ThestrongassociationofCxerythrothoraxwith
verticalsurfacesinthelaboratoryandwithvegetation
inthefieldcontributetomakingthisspeciesdifficultto
monitorinthepreadultstagesusingconventionaldip
pingtechniquesWhenvegetationbecomesverydense
asseenintheemergenceexperimentitisverydifficult
tosamplelarvaebydippingpersonalobservationThis
problemiscompoundedbythehabitofthisspeciesto
divewhenexposedtoadisturbanceinlightleveland
remainsubmergedforapproximatelyoneminute
Clearlydifferenttechniquesareneededtoassessthese
populationspriortoadultemergence

ThebehaviorofCxerythrothoraxalsomaycon
foundcontrolstrategiesaimedatthelarvalpopulations
Thedensevegetationinhabitedbytheselarvaemay
hindercurrentcontroltechnologyFishand
macroinvertebratepredatorsmightalsohavedifficulty
penetratingthedensevegetation
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IncorporatingWeatherVariablesinDiseaseModelsA
RetrospectiveLongitudinalStudyofDengueFever

inTrinidadandTobago
JenyWegbreit

ArborvirusResearchUnitCenterforVectorborneDiseaseResearch
SchoolofVeterinaryMedicineUniversityofCaliforniaDavisCalifornia95616

ABSTRACTHistoricaldenguefevermorbidityandweatherdatafromTrinidadandTobagowerecompiled
andanalyzedtoassesspossiblerelationshipsbetweenweathervariablesanddenguefeverincidenceThis
studyevaluatedretrospectivelytherelationshipbetweenmorbidityincidenceattributedtodenguefever
inTrinidadandTobagoandlocalvariationsintemperatureandprecipitationWeeklydenguemorbidity
datafromthecountryofTrinidadandTobagoandmonthlyprecipitationandtemperaturedatafromthe
PortofSpainTrinidadwereanalyzedforanineyearperiod19821990

INTRODUCTION

Denguefeveriscausedbyavirusfromthefamily
Flaviviridaefourserotypesarerecognizeddengue1
dengue2dengue3anddengue4Allfourserotypes
havebeenfoundintheAmericasHoweveronlysero
types12and4circulatedduring19821990

ThevirusistransmittedprimarilybyfemaleAedes
aegyptiwhichimbibehumanbloodtonourishtheirde
velopingeggsAedesaegyptiisahighlydomesticated
mosquitobreedinginfreshwatercontainersstoredfor
drinkingandbathingandinunusedtiresoutsidehomes
BecauseseverefrostandcoldweatherkillsadultAe

aegyptimosquitoesandeggsKniplingandSullivan
1957dengueiscurrentlyrestrictedtotropicalandsub
tropicalregions

Theclinicalmanifestationsofdenguefevercan
rangefromaminorfeveroftenwithflulikesymptoms
toseveredenguehemorrhagicfeverDHFanddengue
shocksyndromeDSSthatmayresultindeathBetween
200000and500000casesofthesevereDHFDSSform
occuryearlythroughouttheworldandcasefatalities
canreachfortytofiftypercentifnottreatedwithfluid
replacementtherapyBenenson1990

Therelationshipbetweenweatheranddenguefe
verincidenceismultifacetedinvolvingboththemos
quitolifecycleandviralreplicationrequirementsIthas
beendeterminedthatwarmertemperaturesreducelar
valsizeofAeaegyptiRuedaetal1990resultingin
smalleradultsSmalleradultfemalemosquitoeshave
beenfoundtofeedmorefrequentlytonourishtheirde
velopingeggsMacDonald1956increasingtheprob
abilityofobtainingandtransmittingthevirus

Asecondconsiderationinviraltransmissionisthe

extrinsicincubationperiodEIPdefinedasthetime
fromtheuptakeofaninfectiousbloodmealuntilamos
quitoiscapableoftransmittingavirusAstudybyWatts
etal1987determinedthattheEIPisheavilycontin
gentupontemperaturetheEIPforAeaegyptidecreased
fromtwelvetosevendayswhenmosquitoeswerekept
at3235Cinsteadof30CThereducedEIPobserved

byWattsetalmayresultinagreaternumberofdengue
fevercasesbecauseitwilltakelesstimebeforethevec

torcantransmitthevirus

Higherprecipitationmayeitherincreaseordecrease
dengueincidenceratesInthefirstscenariohighpre
cipitationmayenhancehumancontactwithAeaegypti
becauseboththevectorandhumansaremorelikelyto
spendtimeindoorsInthesecondscenarioaninverse
relationshipbetweenprecipitationandtransmissionof
thedenguevirusexistsInastudyinBrazilitwasfound
thatlowrainfallinresultsinmorewaterstoragecon
tainersinhomesandthereforemoreAeaegyptiinresi
dentialareasSoper1938Thisrelationshipresultsina
negativecorrelationbetweenrainfallanddenguefever
incidence

Climatologistshavepredictedatwodegreeincrease
inglobaltemperaturesbytheendofthenextcentury
causedbyanexpecteddoublinginatmosphericcarbon
dioxideHoughtonetal1996Ifglobalwarmingoc
cursincreasedtemperaturesmayhavetremendousim
plicationsforviraldiseaseswhosevectorsaresensitive
toclimatechangesDenguefeveristhearboviraldis
easethoughttoposethegreatestthreatinNorthAmerica
shouldglobalwarmingoccurShope1991Ithasbeen
predictedthatwarmingmayshiftthedistributionand
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frequencyofdenguewithdireconsequencestopublic
healthintheareasaffectedPatzetal1996

Theimplicationsofglobalwarmingondengue
transmissionhasbeenmodeledbyMartensetal1987
inastudythatindicatedthatthetransmissionpotential
ofdenguemaybehighlysensitivetoclimatechanges
Theypredictedthattransmissionshouldbeparticularly
sensitivetowarminginhigheraltitudesandinareasthat
arecurrentlyattheperipheryofendemictransmission

JettenandFocks1997havealsodevelopeda
modeldemonstratingtheinfluenceofwarmingonthe
intensityanddistributionofdenguethroughoutthe
worldUsingasimulationmodelprojectiontheirre
sultsindicatethatthecurrentwarmingpredictionoftwo
degreesby2100mayresultinanincreaseinboththe
latitudeandaltituderangeofdenguefeverTheyalso
concludedthatthedurationofthetransmissionseason

couldincreaseintemperatelocations
Asyettherehasbeennostudypublishedofactual

casedatathatseeksaretrospectivestatisticalassocia
tionbetweenweathervariablesanddengueincidence
Studiesofdengueinthepasthavenotlookedatweather
factorsindependentlynorhavetheylookedlongitudi
nallyathowthesefactorsmayaffectmorbidityrates
Thisstudyisintendedtoevaluatetherelativeimpor
tanceoftemperatureandprecipitationtotransmission
usinglongtermcasedatafromtheislandsofTrinidad
andTobago

OBJECTIVES

Themainobjectiveofthisstudywastodetermine
retrospectivelywhethertherewasatemporalpatternof
associationbetweenweathervariablesanddenguefe
vermorbidityratesBecausemosquitodensityactivity
andsurvivalarerelatedtovariousweatherconditions

theremaybeacorrelationbetweendenguefeverinci
denceandweatherpatternsHoweveritisuncertain
whethertemperatureorprecipitationwillbethestron
gestpredictorofdengueincidenceorwhetheramore
predictiverelationshipexistswhenbotharetakeninto
account

Thetimelagbetweenweatherphenomenonand
changesindenguefeverincidenceisalsouncertainThe
componentsoftheprobabletimelagincludetheperiod
ofembryonicdevelopmentofthemosquitohatching
timelarvalandpupaldevelopmenttheadultandsexual
developmentperiodthetimebeforethefirstbloodmeal
theEIPandthetimebeforetheappearanceofclinical
manifestationsofdenguefeverIthasbeenfoundthat
theEIPforAeaegyptiwillrangefromseventotwelve

daysdependingonambienttemperatureWatts1987
Ithasalsobeendeterminedthattheperiodbetweenin
fectionandclinicalmanifestationsofdiseaseinhumans

rangesfromfourtosixdaysPanAmericanHealthOr
ganization1994Itisthereforeassumedthatatimelag
ofatleast11andperhapsasmuchas18dayswillbe
foundHoweverthismaybeaveryconservativeesti
mateasitdoesnottakeintoaccountthelifecycleand
developmentofthemosquitowhichvariesaccordingto
ambientweatherconditionstheavailabilityoffoodand
larvaldensityinthecontainerthatservesasthe
mosquitosbreedingsite

MATERIALSANDMETHODS

Monthlymeanprecipitationandtemperaturedata
fromthePiarcoInternationalAirportinTrinidadwas
downloadedfromtheNationalClimaticDataCenter

httpwwwncdcnoaagovcgibinres40p1
WeeklyincidenceratesofdenguefeverinTrinidad

andTobagowereobtainedfromDrJoseCampioneat
theCaribbeanEpidemiologyCenterwhogatheredand
enteredthemorbiditydata

Thedatawereanalyzedbothqualitativelyandquan
titativelyTheweatherparameterswereplottedovertime
withrespecttothecasedataandquantitativemodels
weredevelopedtodeterminewhichhadthebestfit

Bothlinearandexponentialunivariateandbivari
ateregressionswereconductedModelsweredeveloped
expressingnotimelagbetweentheweathervariables
anddenguefeverincidencealagofupto12months
withbothtemperatureandprecipitationasindependent
variablesandwitheachaloneastheindependentvari
ableremovingoutliersandtestingprecipitationand
temperaturewithdifferenttimelags

RESULTSANDDISCUSSION

Twomodelsdemonstratedastatisticallysignificant
relationshipbetweenweathervariablesandmorbidity
duetodenguefeverBothofthemodelsoccuratatime
lagofsixmonthsThefirstmodelexpressesarelation
shipinwhichtemperatureistheindependentvariable
andmorbiditylaggedbacksixmonthsisthedependant
variableThesecondmodelexpressesarelationshipin
whichbothtemperatureandprecipitationareindepen
dentvariablesandmorbiditylaggedbacksixmonthsis
thedependentvariableBothmodelswerestatistically
significantbutneitherwasrobustthustheirutility
shouldbequestioned
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Despitethefactthatneithermodelwasrobustboth
indicateinterestingrelationshipsthatareworthyofcom
mentInbothmodelsapositivecorrelationexistsbe
tweentemperatureanddenguefevermorbidityItis
possiblethattemperatureinfluencesthelifecycleofthe
mosquitoortheviralreplicationrateresultinginmore
casesofdenguefeverathighertemperatures

Anotherinterestingrelationshipindicatedbythe
secondmodelisthenegativecorrelationbetweenpre
cipitationandmorbidityThismaybeduetoeithermore
waterstorageduringlowrainfallortheflushingofout
doorlarvalbreedingsiteswhenrainfallishigh

Thelastsignificantrelationshipisthesixmonthlag
observedinbothmodelsTheresultsindicatethatittakes

sixmonthsforweathertoaffectdenguefevermorbidity
ratesThereasonforthislengthoftimeisunknownA
timelengthofonetoatmosttwomonthswasexpected
giventhetimingofthemosquitolifecycleHowever
bothmodelsappeartofollownaturaltrends

Toimproveuponthemodelalargerdatasetshould
beusedincorporatingalongertimespanOrpossibly
otherweatherfactorsincludinghumidityandwindspeed
shouldbeanalyzed

Inconclusionthepresenteffortisademonstration
ofmodeldevelopmentforarboviraldiseasesSimilar
modelscanbeusedbypublichealthpractitionersand
vectorcontrolspecialiststodevelopcontrolmeasures
beforeepidemicsituationsarise

Acknowledgments

DrMarkWilsonUniversityofMichiganAnn
Arborprovidedinvaluableassistancecontributingboth
ideasforthisprojectandinestimablecriticismDrJose
CampionetheCaribbeanEpidemiologyCenterisre
sponsibleforprovidingthedenguefevercasedata

REFERENCESCITED

BenensonAS1990ControlofCommunicableDis

easeinManWashingtonDCAmericanPublic
HealthAssociation

HoughtonJTLGMeiraFilhoBACallanderN
HarrisAKattenbergKMaskelleds1996Cli
mateChange1995TheScienceofClimate
ChangeContributionofWorkingGroupItothe
SecondAssessmentReportoftheIntergovernmen
talPanelonClimateChangeCambridgeCam
bridgeUniversityPress

JettenTHandDAFocks1997Potentialchangesin
thedistributionofdenguetransmissionundercli
matewarmingscenariosAmJTropMedHyg
57285297

KniplingEBandWNSullivan1957Insectmortal
ityatlowtemperaturesJEconEntomol50
368369

MacDonaldVW1956AedesaegyptiinMalaysiaII
LarvalandAdultBiologyAnnTropMed
Parasitol50399414

MartensWJMTHJettenandDAFocks1997

Sensitivityofmalariaschistosomiasisandden
guetoglobalwarmingClimaticChange35145
156

PanAmericanHealthOrganization1994Dengueand
DengueHemorrhagicFeverintheAmericas
GuidelinesForPreventionandControlScientific

PublicationNo548

PatzJAPREpsteinTABurkeandJMBalbus
1996Globalclimatechangeandemerginginfec
tiousdiseasesJAmMedAssoc2753217
223

RuedaLMKJPatelRCAxtellREStinner1990
Temperaturedependantdevelopmentandsurvival
ratesofCulexquinquefasciatusandAedesaegypti
DipteriaCulcidaeJMedEntomol27892898

ShopeR1991GlobalClimateChangeandInfectious
DiseasesEnvHealthPerspectives96171174

SoperFL1938YellowFeverthepresentsituation
TransRSocTropMedHyg32297

WattsDMDSBurkeBAHarrisonREWhitmire
andANislak1987Effectoftemperatureonthe
vectorefficiencyofAedesaegyptifordengue2
virusAmJTropMedHyg96143152



GUIDELINESFORCONTRIBUTORS

Proceedings PapersoftheMosquitoandVectorControl
AssociationofCalifornia

TheProceedingsistheProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia
OnevolumeisprintedeachyearandincludesthepresentationsgivenattheAssociationsannualconference
Publicationofsubmittedpapersisalsoencouraged

CONTRIBUTIONSAmanuscriptforpublicationintheProceedingsisencouragedfromeveryspeaker
Articlesshouldbeoriginalcontributionsinthefieldofmosquitoandvectorecologyandcontrolandprovide
informationtobenefitthediverseinterestsintechnicaldevelopmentoperationsandprogramsandmanagement
documentationPleasedonotsubmitpapersthathavebeenpreviouslypublishedorarebeingconsideredfor
publicationelsewhereAnexcessivenumberofpapersononesubjectorbyanyoneauthoraregenerallydiscouraged
Althoughpreferenceisgiventopapersacceptedontheprogramagendaacceptabilityforpublicationrestson
meritdeterminedonreviewbytheEditorandthePublicationsCommitteeAnonmemberauthorwishingto
publishintheProceedingsisrequiredtopaytheregistrationfeefortheconference

MANUSCRIPTFORMATManuscriptsmustbetypeddoublespacedonlyononesideofthepagewith
oneinchmarginsonallsidesA312computerdisketteshouldalsobesubmittedCommonMSDOSIBM
compatiblebasedwordprocessingprogramssuchasMicrosoftWordorWordPerfectispreferredOnehard
copyplustwocopiesofthetablesfiguresandorphotographsshouldaccompanythedisketteTheseshouldbe
submittedtotheEditorwithin60daysfollowingtheendoftheconferenceArticlesreceivedafterthattimemay
bereturnedforresubmissionforthenextProceedingsAuthorsshouldrefertorecentissuesoftheProceedings
andPapersoftheMosquitoandVectorControlAssociationofCaliforniaandtheJournaloftheAmericanMosquito
ControlAssociationforguidanceAuthorsoftechnicalpapersshouldfollowthebasicrecommendationsaspresented
intheScientificStyleandFormatTheCouncilofBiologyEditorsManualforAuthorsEditorsandPublishers
LatestEdition

TheProceedingssubscribestothescientificabbreviationsofmosquitogenericnamesusedbytheAmerican
MosquitoControlAssociationTheusageandalistofthesescientificnamesarediscussedintheJournalofthe
AmericanMosquitoControlAssociation54851989BilettergenericabbreviationsareusedforCulicidae
CommonAbbreviationsetalegieetcarenotitalicizedUseofthemetricsystemwithEnglishmeasurements
inparenthesisisencouragedAvoidfootnotesintext

ThepapersintheProceedingswillappearforthemostpartassubmittedEditoriallibertieswillbeexercised
inthoseinstanceswhereimprovedclarityisneededandwherestyleisincorrectArticlesrequiringextensive
editingandnotconformingtostyleandinstructionswillbereturnedtotheauthorforcorrection

SUBMITTEDPAPERSManuscriptsotherthanpresentationsattheconferencesubmittedforpublication
intheProceedingswillbetreatedasRefereedorPeerReviewedArticlesThesewillbesentforreviewtoat
leasttwoormorescientistsproficientinthesubjectsFollowingtheircommentsandadvicetheEditorwill
determinewhethertheseshouldbepublishedasPeerReviewedarticles

TITLEThetitleauthorsnamesorganizationmailingaddressemailaddressandtelephonenumber
shouldappearatthetopofthefirstpage

ABSTRACTAnAbstractisrequiredandshouldprovideabriefsummaryofthepaperTheEditormay
refusetopublishAbstractsorSummariesalone

PAGENUMBERINGNumberpagesconsecutivelyincludingTablesandFiguresInserttheTablesand
figuresasseparatepagesfollowingthefirstplacetheyarereferencedinthetext

TABLESTablesshouldbetypedonseparatesheetsplacedincorrectsequenceinthetextandshouldbe
limitedtothosestrictlynecessaryTablesshouldbepreparedwithregardtotheultimateprintedsizeofone3 or

twocolumns614 EachTableshouldbereferencedatsomepointwithinthetextAvoidlongandcomplex
Tables

ix



ILLUSTRATIONSFiguresgraphslinedrawingsandphotographsmustbemailedflatFiguresshouldbe
numberedconsecutivelyTitleslegendsorotherheadingsshouldbetypeddoublespacedonaseparatesheetof
paperAswithTablesillustrativematerialsmustbeplannedtofitreasonablywithinaoneortwocolumns
formatFigurenumbersinadditiontotheauthorsnameshouldbewritteninthebluepencilonthebackofeach
illustrationFiguresgeneratedondotmatrixprintersorphotocopiesreproducedpoorlywillnotbeacceptablefor
publicationSincemostFiguresmaybereducedtoonecolumninwidththeoriginallinesandprintingmustbe
legiblewhenreductionbecomesnecessary

LITERATUREREFERENCESCITEDAlphabetizereferencesbytheauthorssurnamesWithinthe
alphabeticalordersequenceshouldbebyyearbeginningwiththemostrecentpublicationdateIncludeonly
publicationsthatarecitedinthetextandthestyleofcitationsshouldconformtotheformatinthelatestissueof
theProceedings

PROOFANDREPRINTSAuthorswillreceiveagalleyproofaswellasorderformsforreprintswitha
scheduleofchargesMajorrevisionsatthisstagewillnotbeacceptableProofswithcorrectionsifanyand
reprintorderformsshouldbereturnedwithintendaystotheMVCACoffice

MosquitoandVectorControlAssociationofCaliforniaMVCAC
8633BondRoadElkGroveCA95624

Phone9166852600 Fax9166851768

Emailmovcac@aolcom

EditorMinooBMadon

GreaterLACountyVCD
12545FlorenceAvenueSantaFeSpringsCA90670

Phone5629449656 Fax5629447976
Emailminoo@greaterlacom

x


	PROCEEDINGS AND PAPERS
	Mosquito and Vector Control Association of California
	1999 MVCAC SUSTAINING MEMBERS
	Table of Contents
	Conference Dedication In Memoriam -  Howard R. Greenfield
	Dedication Speech for Howard R. Greenfield
	In Memoriam - Robert H. Peters
	Plague Activity in San Bernardino County During 1998
	The Africanized Honey Bee Program in San Bernardino County
	An Inexpensive Collapsible Pyramidal Emergence Trap for the Assessment of Wetland Insect Populations
	Mosquito Production from Three Vegetation Management Practices for Constructed Treatment Wetlands in Southern California Preliminary Findings
	A Model Surveillance Program for Vector-Borne Diseases in California, 1998-99
	Recreational Park Yellowjacket Control in Santa Clara County
	Surveillance for Mosquito-Borne Encephalitis Virus Activity and Human Disease in California, 1998
	Comparison of the Physical Parameters of Four Types of Modified CDC-Style Traps in Reference to their Mosquito Collecting Efficiency
	Temporal Abundance of Mosquitoes at Microhabitats in the Coachella Valley, California
	Distribution and Abundance of Culicidae and Chironomidae (Diptera) Following Storm Damage in a Southern California Constructed Wetlands
	Evaluation of Mosquito and Arbovirus Activity in Orange County During 1998
	Summary of Reported St. Louis Encephalitis and Western Equine Encephalomyelitis Virus Activity in California from 1969-1997
	Comparison of the Efficiency of Four Types of Carbon Dioxide-Baited Traps for Sampling Culex Mosquitoes in Orange County, California
	William C. Reeves New Investigator Award
	Adult Spatial Emergence Patterns and Larval Behavior of the “Tule Mosquito,” Culex erythrothorax
	Incorporating Weather Variables in Disease Models: A Retrospective Longitudinal Study of Dengue Fever in Trinidad and Tobago
	Guidelines for Contributors Proceedings and Papers of the Mosquito and Vector Control Association of California



