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California Mosquitoand VectorControl

AssociationInc

SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASE

INCALIFORNIADURING1987

RichardWEmmonsDaleVDonderoCynthiaSChan

MarilynMMilbyJohnDWalshWilliamCReeves

This18threportinaseriesofannualreports
presentedtotheCaliforniaMosquitoandVector
ControlAssociationCMVCAsince1969sum
marizestheresultsofcooperativeeffortsbylocal
mosquitocontrolagencieslocalhealthdepart
mentstheCaliforniaDepartmentofFoodand
Agricultureprivatephysiciansandveterinarians
andtheagenciesandprogramsrepresentedbythe
authorshipWeeklyreportsofthesurveillance
programresults23duringtheseasonweresentto
alargemailinglistofparticipantsintheprogram
duringthe1987seasonandthisbriefsummarywas
preparedforpresentationJanuary301988atthe
56thannualmeetingoftheCMVCA

Despitetheusualextensiveclinicalandlabo
ratorytestbasedsurveillanceforhumanand

1ViralandRickettsialDiseaseLaboratoryDivisionofLabora
toriesCaliforniaStateDepartmentofHealthServicesBerke

leyCalifornia

2DepartmentofBiomedicalandEnvironmentalHealthSci
encesSchoolofPublicHealthUniversityofCalifornia
BerkeleyCalifornia

3EnvironmentalManagementBranchCaliforniaStateDe
partmentofHealthServicesSacramentoandBerkeleyCali
fornia

4VeterinaryPublicHealthUnitInfectiousDiseaseBranch
CaliforniaStateDepartmentofHealthServicesBerkeleyCali
fornia

5lnfectiousDiseaseBranchCaliforniaStateDepartmentof
HealthServices

LuciaTHuiFranklinEnnikJillGriffin

EdmondVBayerandRobertAMurray

January28311988

equinecasesduringtheyearonly1humancaseof
StLouisencephalitisSLEwasdetectedThis
wasa2yearoldboyinSanBernardinoCitySan
BernardinoCountywhoapparentlywasinfectedby
mosquitoesfromafloodcontrolpondclosetohis
homeOnsetofillnesswasSeptember181987
andconsistedofinitiallowgradefeverandlossof
appetitethenstiffneckheadacheandfeverto
1037Ffollowedbyconvulsionstemporaryparal
ysisandcomaforashortperiodHewashospi
talizedfromSeptember2329butrecoverywas
completeSeracollectedSeptember25andOcto
ber26showedsignificantrisesinSLEantibody
titersbybothindirectimmunofluorescenceand
complementfixationtestswithhighIgMantibody
intheacutephaseserumAntibodytestswere
doneatboththeSanBernardinoCountyHealth
DepartmentLaboratoryandtheStateHealthDe
partmentsViralandRickettsialDiseaseLabora
tory

Nohumanorequinecasesofwesternequine
encephalomyelitisWEEwerefoundalthough37
clinicallysuspectequinecasesfrom16counties
weretestedforWEEantibodyinadditiontorou
tinescreeningofapproximately100humans
Therewere5840mosquitopoolstestedlargelyin
Verocellculturesthisyearratherthaninsuckling
miceTable1Wearenowutilizinganinsitu
enzymeimmunoassayEIAsystemfordetection
ofisolatesincellcultureVectastainTMPeroxi
daseSystemTherewere122strainsofWEE

1



virusisolatedfromvariousnorthernandcentral

countiesShastaButteYubaSutterYolo
SacramentoMercedandfromRiversideand
ImperialCountiesinsouthernCaliforniaOnly2
strainsofSLEviruswereisolatedfromSepulveda
inLosAngelesCountyandfromSeeleyinImpe
rialCountyTwelvestrainsofCaliforniaen
cephalitisvirusCEVwereisolatedfrompoolsof
Aedesmelanimon7fromLostHillsinKern

Countyand5fromButteCountysitesAlsothe
usuallargeassortmentofTurlockHartParkanda
fewBunyamweragroupisolateswerefoundTable
2Adetailedlistingofpositivemosquitopools
andthevirusesisolatedfromthemareshownin
Table3

Table1Numberofmosquitoesandpoolstestedduring1987bytheViralandRickettsialDiseaseLaboratory
bycountyandspecies

Butte

Imperial

Inyo
Kern

Kings
Lake

LosAngeles
Merced

Orange
Riverside

SanBernardino

Sacramento

SanDiego
SantaBarbara

Shasta

Sonoma

Stanislaus

Sutter

Tulare

Ventura

Yolo

Yuba

TOTAL

2

Aedesmelanimon

MosqPools

1700 34

190 5

4055 94

258 6

146 3

Culexpeus

Mosq Pools

50 1 300

287

1874 80 17495

150

897 40 14106

6002 146 10501

3720 91 13717

135 8 856

257 8 2702

441 9 26

37 1 16 1 409

3638 74

44 3 80 2

28 1

10096 221 13472 386 60893

Culexpipiens

Mosq Pools

344

The63sentinelchickenflocks2025chickens
ineachweredistributedthroughoutthestateand
werebledmonthlyduringmostoftheyearIn7211
seratestedbyEIAforWEEandSLEantibodies
therewere83seroconversionsforWEETable4
TheTableandfootnotesmustbereadcarefullyto
interpretthenumberofseroconversionsineach
areaorflocksincesomechickenscouldnotbere
bledeachmonthorwerenottestedeachmonth

ThedistributionofWEEpositivebirdsranged
fromShastatoFresnoCountiesinthenorthand

centralareasandtheCoachellaValleyImperial
CountyandalongtheColoradoRiverinthesouth
FourteenSLEseroconversionsoccurredinLos

AngelesCountyLongBeachCityandImperial

Culextarsalis

Mosq Pools

6 5625 113

11 10428 222

249 7

4593 104

27 2

830 18

441 8704 220

3 1017 25

369 6023 164

248 36102 812

291 5727 130

18 19663 421

60 3449 76

317 7

990 22

2 75 3

12 1826 40

7370 164

10 1

10 890 21

20053 423

1199 29

Others

Mosq Pools

TOTAL

Mosq Pools

50 1 7725 155

2211 58 12926 291

439 12

8648 198

27 2

50 1 1138 25

15253 336 43326 1077

1313 31

1496 37 22522 619

10064 254 62669 1456

179 8 23343 520

126 3 20780 450

1383 29 7791 173

317 7

990 22

542 14

2288 54

229 6 11237 244

10 1

1234 31

20177 428

1227 30

1471 135167 3024 31041 733 250669 5840

PrimarilyCulexerythrothoraxAlsoincludesCulisetaparticepsAnophelesfreebomiCulisetaincidensandAedestaeniorhynchus



CountyfromAugusttoearlyJanuaryOfspecial
interestwastherecognitionofOctober1987Jan
uary1988SLEseroconversionsintheElDorado

ParkLongBeachCityandtheLaBreaLosAn
gelesCountyflocks7chickenstotalPreviously
notmanybleedingsweredonethislateintheyear
Thefindingindicatestheneedtodomoreextensive
surveillanceduringthewinterperiodtoassessits
importanceintheannualcycle

Plansforthesurveillanceprogramduring
1988includesomewhatexpandedsentinelchicken
serosurveillanceandanefforttoincreasethein
tensityofhumandiseasesurveillanceforWEE
SLEandCEVinfections

Table2Numberofviralisolatesfrommosquitoestested
Laboratorybyspeciescountyandagentisolated

Acknowledgments
WethankPatriciaWeberKateHaber

LenorePitstickandDorisHollanderforspecialas
sistanceinthemosquitoandchickenseratesting
programWealsothankmanyotherstaffmembers
oftheViralandRickettsialDiseaseLaboratory
theEnvironmentalManagementBranchformerly
VectorSurveillanceandControlBranchofthe
CaliforniaStateDepartmentofHealthServices
CSDHStheArbovirusFieldStationinBakers
fieldandotherstaffoftheSchoolofPublicHealth
UniversityofCaliforniatheInfectiousDisease
BranchCSDHSallparticipatinglocalmosquito
controlagencieslocalpublichealthdepartments

during1987bytheViralandRickettsialDisease

Calif Hart

Species County WEE SLE Turlock Group Park

Aedesmelanimon Butte

Kern

Yuba 1

Culisetaparticeps Riverside

Culexpipiens Riverside 1

complex LosAngeles

Culextarsalis Butte 6

Imperial 14 1

Kern

LosAngeles 1

Merced 1

Orange
Riverside 45

Sacramento 15

SanDiego
Shasta 2

Stanislaus

Sutter 19

Yolo 16

Yuba 2

17

1

2

1

5

7

1 2

1 1

1

8

1

1

1

1

2

1

1

Bunya
Virus Total

5

1 8

1

1 1

7

15

8

1

1

1

62

15

1

4

1

23

18

3

TOTALISOLATES 122 2 21 12 19 2 178

3



theCaliforniaDepartmentofFoodandAgricul
tureprivatephysiciansandveterinarianswho
submittedsamplesfortestingtheMicrobiology
ReferenceLaboratoryCypressCAforassistingin
serologicalsurveillanceforhumancasesandmany

4

otherswhoassistedwiththeprogram
WeespeciallythanktheCaliforniaMosquito

andVectorControlAssociationforprovidingfunds
topurchasespecialequipmentandsuppliesneeded
fortestingofchickenseraandmosquitopools



Table3Viralisolatesfrommosquitoestestedduring1987bytheViralandRickettsialDiseaseLaboratory
compiledchronologicallyandbyMosquitoAbatementDistrict

DIST POOL SPECIES NO VIRUS DATE PLACE COUNTY

MOSQ COLL

BUCO 033 Aemelt 50 CEV 622 Gridley Butte

034 50 CEV 622 Gridley Butte

037 50 CEV 622 Gridley Butte

039 50 CEV 622 Gridley Butte
048 50 CEV 629 Gridley Butte
102 Cxtars 50 WEE 720 Nord Butte
104 50 WEE 720 Nord Butte
112 50 WEE 720 Nord Butte

125
It ft

50 WEE 727 Honcut Butte

129
It II

50 WEE 803 Gridley Butte
131

II II

50 WEE 803 Nord Butte

135 50 HART 824 Chico Butte
CHLV 338 Cxtars 50 WEE 512 Mecca Riverside

347 50 WEE 519 Mecca Riverside
363

II II

26 WEE 527 Mecca Riverside
384 50 WEE 527 Mecca Riverside
387 50 WEE 527 DesertBeach Riverside
389 50 WEE 527 DesertBeach Riverside
391 50 WEE 527 DesertBeach Riverside
409 50 WEE 603 Mecca Riverside
418 50 WEE 603 Mecca Riverside
432 50 WEE 610 Mecca Riverside
433 50 WEE 610 Mecca Riverside
434 50 WEE 610 Mecca Riverside
436 50 WEE 610 Mecca Riverside
440 50 WEE 610 Mecca Riverside
441 II

50 WEE 610 Mecca Riverside
453 50 WEE 622 Mecca Riverside
455 50 WEE 622 Mecca Riverside
457 50 WEE 622 Mecca Riverside
459 50 WEE 622 Mecca Riverside
464 tl II

50 WEE 622 Mecca Riverside
468 50 WEE 622 Mecca Riverside
479 II

50 WEE 622 DesertBeach Riverside
486 50 WEE 622 Mecca Riverside
492 13 WEE 624 Mecca Riverside
493

11

50 WEE 624 Indio Riverside
500 14 WEE 708 Thermal Riverside
513 32 WEE 715 Mecca Riverside
535 50 WEE 722 Indio Riverside
536 50 WEE 722 Indio Riverside
537 23 WEE 722 Indio Riverside
540

It

50 WEE 723 Mecca Riverside
550 45 WEE 723 Mecca Riverside

continued
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Table3continued

DIST POOL SPECIES NO VIRUS DATE PLACE

MOSQ COLL

CHLV 566 Cxtars

618

621

622

623

624

625

626

627

630 Cxpip
375 Cxtars

392

678

COLO 242

244

250

254

261

IMPR 095

KERN 089 Aemeln

104

105

109

125

127

138

071

117

119

120

130

132

175

195

134

LOSA 041 Cxpip
MERC 008 Cxtars

NWST 289 Cspart
318 Cxpip

ORCO 498 Crtars

PALO 293

338

342

343

345

continued

6
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It

I

Cxtars

Aemeln

Cxtars

50 WEE 729
50 WEE 819
50 WEE 819
50 WEE 815
50 WEE 811
50 WEE 819
50 WEE 819
50 WEE 819
50 WEE 819
50 WEE 811
50 TRLK 527
50 TRLK 527
50 TRLK 903
50 WEE 610
50 WEE 610
50 WEE 610
50 WEE 610
36 WEE 707
50 SLE 825
50 CEV 615
50 CEV 623
50 CEV 629
50 CEV 629
50 CEV 713
50 CEV 713
50 CEV 727
34 HART 612
50 HART 713
50 HART 713
25 HART 713
18 BUNYA 713
50 HART 727
50 HART 824
50 HART 826
28 HART 727
21 HART 630
50 WEE 804
46 BUNYA 721
50 HART 811
24 HART 911
50 WEE 609
50 WEE 609
50 WEE 609
50 WEE 609
50 WEE 609

Indio

Indio

Indio

Indio

Indio

Indio

Indio

Indio

Indio

Indio

MeccaDuckClub

DesertBeach

MeccaIndio
Bard

Bard

Bard

Bard

Bard

Seely
LostHills

LostHills

LostHills

LostHills

LostHills

LostHills

LostHills

Buttonwillow

JohnDale

JohnDale

JohnDale

Buttonwillow

JohnDale

JohnDale

KernRiverBottom

JohnDale

Belair

Merced

MiraLoma

PradoCorona

IrvineDuckClub

PaloVerde

PaloVerde

PaloVerde

PaloVerde

PaloVerde

COUNTY

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside

Imperial
Imperial
Imperial
Imperial
Imperial
Imperial
Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

Kern

LosAngeles
Merced

Riverside

Riverside

Orange
Imperial
Imperial
Imperial
Imperial
Imperial



Table3continued

DIST POOL SPECIES NO VIRUS DATE PLACE COUNTY

MOSQ COLL

PALO 389 Cxtars 50 WEE 623 PaloVerde Imperial
390 50 WEE 623 PaloVerde Imperial
392

If 50 WEE 623 PaloVerde Imperial
174 50 WEE 506 Blythe Riverside

320 50 WEE 609 Blythe Riverside

399 50 WEE 630 PaloVerde Imperial
396 44 WEE 630 Blythe Riverside

420
ft

50 WEE 721 Blythe Riverside

369 50 TRLK 618 Blythe Riverside

370 50 TRLK 618 Blythe Riverside

371 26 TRLK 618 Blythe Riverside

385 33 TRLK 623 Blythe10thAve Riverside

394
ft

19 TRLK 630 Blythe6thAve Riverside

440 50 TRLK 811 Blythe10thAve Riverside

442 50 TRLK 811 Blythe10thAve Riverside

443 50 TRLK 811 Blythe10thAve Riverside

476 50 TRLK 902 Blythe10thAve Riverside

479 50 TRLK 902 Blythe10thAve Riverside

491 50 TRLK 908 Blythe10thAve Riverside

542 50 TRLK 929 Blythe10thAve Riverside

223 50 TRLK 518 Blythe10thAve Riverside

291 31 TRLK 602 Blythe Riverside

SACR 382
ft II

50 WEE 803 Herald Sacramento

423 50 WEE 810 Wilton Sacramento

497 50 WEE 817 RioLinda Sacramento

506 50 WEE 817 Galt Sacramento

576
If

50 WEE 824 Wilton Sacramento

578 50 WEE 824 Wilton Sacramento

585 50 WEE 824 Wilton Sacramento

590 50 WEE 824 RioLinda Sacramento

711 50 WEE 831 RioLinda Sacramento

717 50 WEE 831 RioLinda Sacramento

770 16 WEE 910 Natomas Sacramento

787 50 WEE 914 Wilton Sacramento

790 50 WEE 914 Wilton Sacramento

796 50 WEE 914 ElkGrove Sacramento

845 50 WEE 921 ElkGrove Sacramento

156 50 WEE 713 Davis Yolo

193 50 WEE 720 Merritt Yolo

194
It

50 WEE 720 Merritt Yolo

195
tf

50 WEE 720 Merritt Yolo

259 40 WEE 727 Davis Yolo

335 50 WEE 803 Woodland Yolo

366 50 WEE 803 Woodland Yolo

448 50 WEE 810 Woodland Yolo

continued
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Table3continued

DIST POOL SPECIES NO VIRUS DATE PLACE COUNTY

MOSQ COLL

SACR 452 Crtars 50 WEE 810 Woodland Yolo
545 II

50 WEE 817 Davis Yolo
572 50 WEE 819 Woodland Yolo
609 50 WEE 824 Zamora Yolo
648 50 WEE 824 Yolo Yolo

735 50 WEE 831 Davis Yolo

816 50 WEE 921 ElMacero Yolo
874

II II

50 WEE 920 Davis Yolo
170 50 HART 714 Woodland Yolo
564 50 TRLK 819 Woodland Yolo

SAND 115 50 HART 708 SanElijoLagoon SanDiego
SHAS 015 47 WEE 818 Redding Shasta

020 50 WEE 825 Anderson Shasta
010 50 HART 818 Redding Shasta
019 50 TRLK 825 Anderson Shasta

SOUS 473
It

23 SLE 831 Sepulveda LosAngeles
SUYA 046 46 WEE 724 Sutter Sutter

052 59 WEE 724 Sutter Sutter

055 55 WEE 729 YubaCity Sutter

058
H

50 WEE 805 Sutter Sutter
059 50 WEE 805 Sutter Sutter
060 II It

50 WEE 805 Sutter Sutter
061 II

55 WEE 805 Sutter Sutter
064 50 WEE 807 Sutter Sutter
065 50 WEE 807 Sutter Sutter
066 50 WEE 807 Sutter Sutter
067 50 WEE 807 Sutter Sutter

068 50 WEE 807 ENicolaus Sutter

069 50 WEE 807 ENicolaus Sutter
070 29 WEE 807 ENicolaus Sutter
071 50 WEE 810 Sutter Sutter
072 50 WEE 810 Sutter Sutter
074 50 WEE 810 Sutter Sutter
098 II It

50 WEE 819 Robbins Sutter
144 50 WEE 904 PleasantGrove Sutter
262 Aemeln 50 WEE 1008 LomaRica Yuba
040 Cxtars 50 WEE 722 Marysville Yuba
086 50 HART 813 Marysville Yuba
112 50 WEE 825 Arboga Yuba
024 50 TRLK 629 OBanionCorner Sutter
024 50 HART 629 OBanionCorner Sutter
025 50 HART 629 OBanionCorner Sutter
087 53 TRLK 817 EastNicolaus Sutter

TRLK 013 18 HART 728 CrowsLanding Stanislaus
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Table4WEEandSLEseropositivechickensnumbertestedpercentpositiveCalifornia1987

Flocklocation WEEpositivenumbertestedpercentpositive
May1115 June812 July610 Aug37 Aug31Sep4 Sep28Oct2 Oct2630

continued

NorthernCalifornia

ShastaCottonwood 017 017 017 017 017 21712 nottested

TehamaMADoffice 019 020 020 52025 72035 112055 nottested

CorningMartinRanch 019 020 020 1205 1205 42020 nottested

ButteChico 020 020 019 019 019 018 nottested

ButteHoncut 017 018 019 019 019 1195 nottested

ButteGrayLodge 020 020 020 1205 1205 61932 nottested

SYubaPVRanch 020 020 020 020 020 1205 nottested

SYubaDeans 020 019 019 31916 81942 81844 nottested

SYubaBarker 020 020 020 020 32015 42020 nottested

SacYoloMerritt 020 020 019 019 1195 1195 nottested

SacYoloNatomas 020 020 020 020 020 1205 nottested

SacYoIoElkGrove 019 018 019 016 018 1176 nottested

MarinSonomaWSantaRosa 020 020 020 019 1195 1195 nottested

SolanoDixon 020 020 020 020 020 1205 nottested

SantaClaraSanMartin 020 019 018 018 016 016 nottested

NCALIFORNIAWEETOTAL 0291 0291 0290 102863 222865 4228215

SanJoaquinValley

SanJoaquinLodi 021 021 020 020 1205 1205 nottested

EastsideOakdale 020 020 09 09 09 09 nottested

TurlockVictoria 020 020 020 020 020 020 nottested

MercedLosBanos 020 020 020 019 019 019 nottested

FresnoWestsideMendotaRef 020 019 020 017 017 1176 nottested

ConsolidatedFriantRd 020 020 018 017 017 017 nottested

KingsMADofficeHanford 020 020 020 020 018 018 nottested

DeltaKingsburgGC 020 019 020 020 020 020 nottested

TulareMADoffice 016 016 016 015 016 016 nottested

WestSideLostHills 025 025 025 025 025 025 nottested

WestSideMaricopa 020 020 018 015 014 014 nottested

DelanoTeviston 020 019 018 016 016 016 nottested

KernWasco 020 017 017 017 016 016 016

KernFCTracy 020 020 020 018 018 018 018

KernButtonwillow 019 019 019 018 017 017 017

KemWildlifeRefuge 018 016 016 016 016 016 016

KernOildale 020 019 018 018 017 08 08

KernJohnDale 020 020 020 020 019 019 019

KernRiverBottom 020 020 020 018 017 017 017

SANJOAQUINWEETOTAL 0379 0370 0354 0338 13311 23221 0111
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Table4continuedWEEandSLEseropositivechickensnumbertestedpercentpositiveSCalifornia1987

Flocklocation

SantaBarbaraGoleta

VenturaPtMugu

VenturaSimiValley

LosAngelesLaBrea

SoutheastBalboaGolf

SoutheastHarborLakes

SoutheastNorwalk

LosAngelesCalPoly

LongBeachElDorado

OrangeDuckClub

OrangeFullerton

OrangeSanMateoPoint

SanBernardinoSanBernardino

WestValleyChino

WestValleyBrianoBros

RiversideLakeElsinor

CoachellaValleyMecca

CoachellaValleyThermal

CoachellaValleyNorthIndio

NorthwestCorona

ImperialPaloVerde

ImperialBard

ImperialElCentro

SanDiegoVista

SanDiegoSanYsidro

SanDiegoLakeside

ColoradoRiverNeedles

ColoradoRiverHavasuRefuge

ColoradoRiverBlythe

SCALIFORNIAWEETOTAL

LosAngelesLaBrea

SoutheastBalboaGolf

LongBeachElDorado

ImperialBard

SCALIFORNIASLETOTAL
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WEEpositivenumbertestedpercentpositive
July610 Aug37 Aug31Sep4 Sep28Oct2 Oct2630

SouthernCalifornia

Nov1621 Dec1418

020 020 nottested 020 nottested nottested nottested

020 020 020 020 nottested nottested nottested

020 020 020 019 nottested nottested nottested

019 019 019 019 019 nottested 019

019 018 015 016 016 016 nottested

025 025 025 025 025 025 025

024 025 025 025 025 025 025

021 014 023 020 020 020 020

010 010 014 010 010 010 07

023 022 021 021 019 019 017

024 024 024 024 021 024 024

016 016 016 nottested 016 nottested nottested

020 017 019 018 018 nottested nottested

024 024 024 024 024 024 024

024 020 015 014 013 013 013

014 015 013 018 nottested nottested nottested

132454 142458 142458 152462 152462 162467 162467

1254 2258 2258 2258 2258 2258 2258

32114 62129 72133 72035 71937 71937 71937

021 020 018 013 012 010 09

1205 1205 1205 1205 1205 1205 1205

42020 91753 91753 91753 91753 91753 91753
alldead

017 015 015 015 015 nottested nottested

09 05 1234b 1254 1254 nottested nottested

020 020 020 019 019 nottested nottested

012 012 010 010 09 09 09

025 025 022 021 021 021 020

31323 21217 21217 21217 21217 21217 21217

255505 345296 375207 375147 374448 3733311 3733211

SLEpositivenumbertestedpercentpositive
July610 Aug37 Aug31Sep4 Sep28Oct2 Oct2630 Nov1621 Dec1418

019 019 21911 21911 21911 nottested 61932

019 018 015 1166 1166 1166 nottested

010 010 014 010 010 010 2729
020 017 31718 31718 41724 41724 41718

0550 0529 55201 65141 74442 53332 123324

a2chickens8WEEpositiveinJunebleeding

bNewchickenputout10daysearlierprebleedwasalsoWEEpositivecamefromnearLakeside

cPresumablythe1seropositivechickenremainedpositivebutisnotincludedintotal

d1chicken8positiveinJunebleeding1JulypositivechickendiedpriortoAugustbleeding

eInJan1988bleeding31030positiveforSLE3serafromDec1987bleedingleakedintransitandcouldnotbetested
f1otherchickenpositivebutwasnegativeinNovemberbleedingsonotcounted

NOTEallotherchickenswerenegativeforWEEandSLEinMayandJune



MOSQUITOABUNDANCEANDARBOVIRUSACTIVITY

DirectorArbovirusResearchUnit
DepartmentofBiomedicalandEnvironmentalHealthSciences

SchoolofPublicHealthUniversityofCalifornia
BerkeleyCA94720

MembersandguestsoftheCalifornia
MosquitoandVectorControlAssociationIam
pleasedtowelcomeyoutothissymposiumwhich
wasorganizedbyDrWilliamKReisenandwhich
willservetopresentrecentdatafromanongoing
seriesofresearchprojectsontheecologyofar
bovirusesandmosquitovectorsinsouthernCali
forniaThisisacollaborativeresearcheffortthat
makesmaximaluseoftheencephalitissurveillance
programandinvolvespersonnelandresourcesof
manyofthemosquitoabatementorvectorcontrol
districtsandCountyHealthDepartmentsinSouth
ernCaliforniatheVectorSurveillanceandControl
BranchandtheViralandRickettsialDiseaseLab
oratoryoftheCaliforniaDepartmentofHealth
ServicesandtheArbovirusResearchProgramat
theUniversityofCaliforniainBerkeleyandBak
ersfield

Iwillprovideyouwithabriefoverviewofthe
scopeoftheresearchalongwithsomeoftheques
tionsthatweareaddressingThenIwillallowthe
otherspeakerstoprovideyouthespecificsonthe
individualstudies

Background
ThearbovirusresearchprogramattheUni

versityofCaliforniainBerkeleyhasinitiatedstud
iesonthemosquitoborneviralencephalitidesin
southernCaliforniaforseveralreasonsFirstone
ofourprimaryresearchinterestsforthepast30
yearshasbeentheelucidationofmechanismsthat
allowwesternequineencephalomyelitisWEE
andStLouisencephalitisSLEvirusestopersist
throughthewintermonthswhenmosquitovectors
ceasefeedingonvertebratehostsSincethelate
1960showeverWEEandSLEviralenzooticac
tivityhasbecomequitesporadicinourlongterm
studyareasintheCentralValleyandhasnotbeen
detectableduringthesummermonthsofmost
yearsSinceenzootictransmissionofWEEand
SLEvirusescontinuestooccurannuallyalongthe
ColoradoRiverandintheImperialandCoachella
ValleysthisareaofsouthernCaliforniaoffersa

INSOUTHERNCALIFORNIA

INTRODUCTION

JamesLHardyPhD

uniqueopportunitytoanswersomeoftheremain
ingquestionsaboutthemechanismswhichallow
thesevirusestooverwinterintemperateclimates

Secondhumancasesofmosquitoborneen
cephalitishaveoccurredhistoricallyintherural
andsuburbanareasoftheinlandagriculturalval
leysofCaliforniaThustheoccurrenceofhuman
casesofSLEinthegreaterLosAngeles
metropolitanareabeginningin1983cameasa
surpriseandhasstimulatedtheneedforindepth
ecologicalandepidemiologicalresearchonboth
mosquitovectorsandSLEvirusinalargeurban
environment

Thirdvectorcompetencestudiesdoneinthe
laboratorywithfieldandcolonizedstrainsofCulex
peushaveindicatedthatthisspeciesisanefficient
vectorofSLEvirusSinceCxpeusisabundantin
someareasofthePradoandLosAngelesBasins
duringcertaintimesoftheyearitwasofinterestto
determineifthisspeciesisinvolvedinenzooticor
epidemictransmissionofSLEvirusintheseareas

FinallyvariousmembersofthesouthernCal
iforniacomponentoftheCaliforniaMosquitoand
VectorControlAssociationhaveaskedustoiniti

atecollaborativeresearchtoaddressspecificprob
lemsonmosquitovectorandencephalitiscontrol
thatareuniquetotheirindividualdistrictsorto
southernCalifornia

ResearchObjectivesandPlan
Thelongtermgoalofthisresearchistoex

pandourknowledgeoftheecologyandepidemiol
ogyofarbovirusesandmosquitovectorsthatareof
publichealthandveterinaryimportanceinsouth
ernCaliforniaThisinformationwillprovidein
partthebasisforthedevelopmentofmoreeffec
tiveoralternativestrategiesforthecontroland
surveillanceofmosquitoborneviralencephalitisin
largesuburbanandurbanenvironments

Toaccomplishthisgoalwehaveinitiatedfour
researchprojectsinvariousgeographicalareasof
southernCaliforniaincludingtheMojavePalo
VerdeandBardValleysalongtheColoradoRiver
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theImperialandCoachellaValleysandthePrado
andLosAngelesBasinsPermanentstudysites
havebeenestablishedineachareawheremosquito
vectorpopulationsandencephalitisviralactivityare
beingmonitoredthroughouttheyearnotjust
duringtheusualsummerencephalitisseasonWe
areattemptingtosampleandtotestforvirusall
mosquitospeciesfoundintheseareastodetermine
ifdifferentmosquitospeciesareinvolvedinthe
maintenanceofthesevirusesduringdifferenttimes
oftheyear

Thefirstprojectisdesignedtostudytheecol
ogyofmosquitoborneencephalitisvirusesin
southeasternCaliforniaalongtheColoradoRiver
andintheImperialandCoachellaValleysSpecific
questionsbeingaskedincludeDoWEEandSLE
virusesoverwinterinthisareaoraretheyreintro
ducedannuallyArewintertimelevelsofWEE
andSLEviralactivitypredictiveofsummertime
levelsIsthereanorthwardmovementofWEE

andSLEvirusesalongtheColoradoRiverand
fromtheImperialValleytotheCoachellaValley
Localagenciescollaboratingwithusonthisproject
aretheCoachellaValleyMosquitoAbatement
DistrictandtheImperialCountyandRiverside
CountyHealthDepartmentsandtheSan
BernardinoCountyVectorControlProgram

Thesecondprojectinvolvesfieldstudieson
theecologyofSLEvirusinthegreaterLosAngeles
areaincollaborationwiththeOrangeCounty
VectorControlDistrictSoutheastMosquito
AbatementDistrictLosAngelesCountyWest
MosquitoAbatementDistrictandLosAngeles
CountyHealthDepartmentStudysitesarelo
catedinrepresentativeresidentialareasthere
mainingmarshescityparksandgolfcourses
ImportantquestionsbeingaskedincludeDoes
SLEvirusoverwinterinthisareaandifsoare
theseenzootictransmissionfociintheLosAngeles
Basinfromwhichthevirusspreadsintotheresi
dentialareasduringthesummerwhenenviron
mentalconditionsarerightWhichmosquito
speciesareinvolvedintheendemicandepidemic
transmissionofvirusintheurbanenvironment

Whichvertebratespeciesserveasamplifyinghosts
ofthevirus

Thethirdprojectisbeingconductedinthe
vicinityofChinointhePradoBasinincollabora
tionwiththeWestValleyMosquitoAbatement
DistrictandNorthwestMosquitoAbatementDis
trictInthisarealargepopulationsofCxpeusas
wellasCulextarsalisandCulexquinquefasciatus
arebreedinginwastewatereffluentfromdairy
farmsinjuxtapositiontoalargenonimmune

12

humanpopulationThusauniqueopportunityis
providedtostudythecomparativebionomicsof
threeCulexvectormosquitospeciesandtodeter
minetheirrelativerolesinthemaintenance

amplificationandtransmissionofSLEvirustohu
mans

Thefinalprojectisanongoingstudyofthe
vectorcompetenceofvariousmosquitospeciesfor
WEEandSLEvirusesinSouthernCaliforniathat
wasbeguninthelate1970sTheprimaryaimof
thecurrentstudiesistodetermineifanyofthe
nonepidemicvectormosquitospeciescanpossibly
serveasreservoirhostsforthesevirusesandorare
involvedintheirwintertimetransmissionThis

potentialisbeingevaluatedbytestingtheabilityof
fieldcollectedfemalemosquitoestoserveasverti
calorhorizontaltransmittersofvirus

Withthesethoughtsinminditisnowtimefor
thescientistswhoaredoingtheresearchtopresent
theirdataonMosquitoAbundanceandArbovirus
ActivityinSouthernCalifornia
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ALONGTHELOWERCOLORADORIVERDURING19861987

WKReisenRPMeyerMMMilbySLDurso

WCHeathSBPresserJLHardyandRWEmmons

ABSTRACT

CulextarsaliswasthemostfrequentlycollectedmosquitoatstudyareasintheMohavePaloVerdeand
BardValleysalongthelowerColoradoRiverduring1986and1987Relativeabundancepatternsmeasuredby
COtrapswerebimodalwithpeaksduringspringandfallWesternequineencephalomyelitisWEEviruswas
act atstudyareaseachyearandwasisolatedon22occasionsfrompoolsofCxtarsalisfemalescollectedafter
thevernalpopulationpeakSeroconversionswithinflocksofsentinelchickensoccurredafterWEEviruswas
isolatedfromCxtarsalisLimitedWEEactivitywasassociatedwiththeautumnalincreaseinCxtarsalis
abundanceAlowlevelofStLouisencephalitisSLEvirusactivitywasdetectedbytheseroconversionofsen
tinelchickensduringlatesummerduringbothyearsandSLEviruswasnotisolatedfrommosquitoesInitial
resultsindicatedthatWEEandperhapsSLEviruseswerereintroducedannuallyfromsoutherlyfociandwere
disseminatedprogressivelynorthward

Introduction

Theoverwinteringofencephalitisvirusesin
Californiahasbeenthetopicofcontinuingre
searchsincetheearly1950swithfewencouraging
resultsHypothesesthathavebeenproposedin
clude1virusesarereintroducedperiodicallyfrom
southernendemicareasor2virusesoverwinterit
Californiaineitherthemosquitoorvertebrate
componentsoftheprimaryCulextarsalisCoquil
lettbirdorpossiblesecondarytransmissioncycles
perhapsinvolvingAedesmosquitoesandmammals

ThelowerColoradoRiverprovidesanexcel
lentenvironmenttoinvestigatethesealternatehy
pothesesFig1TheriverprovidesanaturalNS
corridorfordispersalbymigratorybirdsandlinksa
seriesofirrigatedagriculturalvalleysandwildlife
refugeswherearboviruseshistoricallyareactive
duringeachsummertransmissionseasonThus

1Thisresearch wasfundedinpartbyResearchGrant5R22

AI03028fromtheNationalInstituteofAllergyandInfectious
DiseasesBiomedicalResearchSupportGrant8S07RR05441
fromtheNationalInstitutesofHealthspecialfundsfor

mosquitoresearchallocatedannuallythroughtheDivisionof
AgricultureandNaturalResourcesUniversityofCalifornia
andbysupplementalfundingfromtheSouthernRegionofthe
CaliforniaMosquitoandVectorControlAssociationandthe

CaliforniaMosquitoandVectorControlAssociation

2ArbovirusResearchProgramSchoolofPublicHealthUni
versityofCaliforniaBerkeleyCA94720

3CoachellaValleyMosquitoAbatementDistrictThermal
4DepartmentofEnvironmentalHealthServicesSan
BernardinoCountyNeedles

5ViralandRickettsialDiseasesLaboratoryDivision of

LaboratoriesCaliforniaDepartmentofHealthServices
Berkeley

theprimaryobjectiveofourresearchwastode
scribetheseasonalityofmosquitoabundanceand
arbovirusactivityatstudysitesalongthelower
ColoradoRiverandinthelongrangetorelate
thesepatternstoselectedabioticparametersin
cludingriverflowtemperatureandrainfallThe
presenceofotherpotentialvectorspeciessuchas
AedesdorsalisMeigenAevexansMeigenand
CulisetainornataWillistonmayallowanassess
mentoftheimportanceofsecondarytransmission
cyclesinvirusmaintenance

MethodsandMaterials

Descriptionofstudyareas
DuringJune1986studyareaswereestab

lishedatNeedlestheHavasuNationalWildlife
RefugeNWRParkerDamandBlytheFig1
TheParkerDamsitewasdeletedduring1987be
causemosquitoabundancewaslowandvirusactiv
itywasnotdetectedduring1986Thetransectwas
extendedtothesouthduring1987toincludethe
PaloVerdeandBardareasAllcollectionsites

weresituatedwithin1kmoftheColoradoRiver
butdifferedconsiderablyintheirecologyThe
WhetmoreRanchatNeedleswasaruralresiden

tialsitewithlittleirrigationTheHavasuNWR
PaloVerdeandsupplementaltrappingsitesat
BlytheandBardweresituatednearriparian
marsheswhichwereinundatedpermanentlyor
intermittentlybyriverwaterdependinguponthe
flowrateBlythePaloVerdeandBardwere
adjacenttofloodirrigatedcottonandalfalfafields

Mosquitoabundanceandarbovirusmonitoring
Aclusterof3COtrapsandaflockof25sen

tinelchickenswerepositionedateachstudyarea
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Fig1Anadditional6to9trapswereoperated
atsupplementallocationsnear110kmeach
studysitetoenhancesamplingsensitivityCO
trapswererunatmonthlyintervalsduring1986
buttrappingfrequencywasincreasedtoweekly
collectionsatBlytheandPaloVerdeand23times
permonthatNeedlesduring1987Onthemorn
ingaftercollectionspecimenswereanaesthetized
withtriethylaminesortedtospeciespooledinto
lotsof50femaleseachandfrozenat70Cforlater
virusisolationattemptsusingsucklingmiceandor
verocellculturesinaninsituenzymelinked
immunoassayELISAorplaqueassaysystem
Sentinelchickenswerebledmonthlyandthesera
testedforantibodiestoWEEorSLEvirusesusing
indirectfluorescentantibodyorELISAtechniques

Results

Mosquitoabundance
Atotalof89667mosquitoescomprising14

speciesand4generawerecollectedduring893trap
nightsfromJuly1986throughNovember1987Cx
tarsaliswasthemostabundantspeciescollected
duringboth198672 n 6090and198762
n 83577followedbyCrerythrothoraxDyar
1986 18 1987 27 Fig1Cxery
throthoraxwasfocallyabundantatacattailmarsh
near10thAvenueinBlythebutwasrelativelyrare
attheremainingcollectionsiteswhereCxtarsalis
comprisedfrom74to92ofthespecimenstaken
Riverflowremainedlowandchanneledthroughout
thesamplingperiodandthusfloodwaterspecies
suchasAevexansandAedorsaliswererelatively
rareincollectionsOftaxonomicinterestwasthe

collectionof4specimensofAedespurpureipes
AitkenfromtheHavasuNWRin1986Meyeret
al1987and15specimensofAethelcterDyar
fromBardValleyin1987Meyeretal1988which
werenewrecordsforCaliforniaPriortothere

centcollectionof4AepurpureipesintheParker
andYumaareasofArizonabyJakobetal1985
theknowndistributionofthisspeciesintheUnited
StateswasrestrictedtosoutheasternArizona

SimilarlyAethelcterhadnotbeenrecordedwest
ofthePecosRiverinNewMexicopriortoour
collectionsduringOctober1987DarsieandWard
1981

Mosquitoeswerebimodallyabundantduring
springandfallatcollectionsitesalongthelower
ColoradoRiverFig2Coldwinterandhotdry
midsummerconditionscauseddrasticreductions

inhostseekingactivityeventhroughagriculturalir
rigationprovidedbreedingsitesthroughoutthe
yearMeanmonthlytemperatureswererelatively

similaratstudyareasandvariedtemporallyfroma
lowof10CinDecembertoahighof36CinJuly
Extremesrangedfromoccasionalfreezesduring
wintertotemperaturesinexcessof45Cduring
midsummerRainfallwaslowandrangedfrom7
to13cmfallingmostlyduringlatesummeraspart
ofasoutherlymonsoonairflowfromtheGulfof
Mexico

Arbovirusactivity
Atotalof41641femalesin935poolswere

testedforarbovirusesduring1986and1987
Emmonsetal19871988Speciesweretestedin
approximateproportiontotheirabundanceand
thusCxtarsalis31527femalesin692poolsfol
lowedbyCxerythrothorax7110females155
poolswerethemostfrequentlytestedspeciesA
totalof22westernequineencephalomyelitis
WEEand14TurlockTURisolationswere
madefromCxtarsalisWEEviruswasrecovered

fromallsitesexceptParkerDamwhileTURwas
isolatedonlyatthenorthernendofthePaloVerde
Valleyat10thAvenueinBlythe

Viruswasnotisolatedfromanyofthere
mainingmosquitospeciestestedeventhoughthe
10thAvenueareawhereTURviruswasisolated

supportedanabundantpopulationofCr
erythrothoraxAlthoughmostfrequentlyassociated
withCxtarsalisandbirdsTURvirusalsohasbeen
isolatedfromsmallmammalsThusthecontinued
failuretoisolateTURvirusfromCrerythrothorax
wouldseemtoberelatedtopoorvector
competenceratherthandifferencesinhostfeeding
patternsorlowabundanceatsiteswhereTUR
virusisactive

WEEvirusinfectionsinCrtarsaliswerede

tectedduringearlysummerIntheMohaveValley
WEEviruswasisolatedon3occasionsduringAu
gust1986butwasnotrecoveredduring1987Fig
2aThepatternofsentinelseroconversionto
WEEvirusbychickensattheHavasuNWRindi
catedcontinuedvirustransmissionactivity
throughoutthesummerwithconversionsdetected
duringAugustSeptemberandOctoberof1986
Fig3aChickensattheHavasuNWRandthe
WhetmoreRanchdidnotconvertserologicallyto
WEEpositiveduring1987agreeingwellwiththe
lowCrtarsalisabundanceandabsenceofvirus

isolations

AsingleisolationofWEEviruswasmade
fromBlytheduringJuly1986Fig2band65of
sentinelchickensconvertedtoWEEpositiveby
AugustFig3bindicatingabriefbutintense
periodofvirustransmissionTheseasonalpattern
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wasmoreclearlydelineatedduring1987withWEE
isolationsmadefromMaythroughJulyatboth
BlytheandPaloVerdeaftertheCxtarsalispopu
lationhadattainedmaximalvernalabundanceFig
2bVirusactivitywasnotdetectedafterJulyin
bothyearsdespiteautumnalincreasesinCx
tarsalisabundanceDuring1987only2and1
chickensconvertedtoWEEpositiveduringJune
andJulyatBlytheandPaloVerderespectively
Fig3bTwochickensconvertedtoSLEpositive
duringAugust1986butnoseroconversions
occurredduring1987SLEviruswasnotisolated
fromover12000mosquitoestestedduring1987

MosquitosamplingwasdonemonthlyatBard
Valleyduring1987Fig2cFiveWEEisolates
weremadeduringlatespringaftertheCxtarsalis
populationhadattainedmaximalabundanceSim
ilartothepatternobservedinMohaveValley
WEEconversionsoccurredaftertheisolationof

virusfromCxtarsalisFig3cVirusactivityoc
curredslightlylaterduring1987than1986when
95ofchickensbledinJulybytheImperial
CountyHealthDepartmentconvertedserologicaly
toWEEpositiveSimilartoPaloVerdeSLEvirus
wasdetectedduringearlyautumnbyseroconver
sionofsentinelchickensbutviruswasnotisolated
fromover6000Crtarsalisorothermosquitoes

Discussion

Ourpreliminaryresultsrevealedseveralin
terestingecologicalpatterns
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1ArbovirusesonlywereisolatedfromCx
tarsaliswhichwasthemostfrequentlycol
lectedmosquitoat4of5studyareasLow
numbersofotherpotentialvectorspecies
duringayearoflowvirusactivityquestioned
thesignificanceofalternatetransmissioncy
clesinvirusmaintenanceCurrentdataindi

catedthatvirusisolatedpreviouslyfromother
mosquitoesmostlikelyrepresentedaspillover
fromthebasicCxtarsalisbirdcycle

2Cxtarsalisabundancewasmarkedlybi
modalwithpeaksoccurringduringspringand
fallWEEisolationsweremadefromfemales

collectedafterthevernalpopulationattained
maximalabundanceSentinelseroconversions
subsequentlyweredetectedafterWEEisola
tionsweremadefromCxtarsalisandwhen

viruswasnolongerisolatedfrommosquitoes
Thesedatasupporttheconceptthatvirus
isolationfrommosquitoesprovidesanearlier

warningofincreasedactivitythandoesthese
roconversionofsentinelchickens

3Theintensityofvirustransmissionasindi
catedbysentinelseroconversionrateswas
difficulttopredictfromCxtarsalisminimum
infectionratesMIRForexampleduring
1987WEEMIRsatPaloVerdeandBard

weresimilarat62and64per1000females
testedduringJunehoweversentinelsero
conversionrateswere5and53 respectively

4ClinalSNtrendsinWEEactivitywere
detectedDuring1986whenthelevelofvirus
transmissionactivitywashighWEEisolations
frommosquitoesandsentinelseroconversions
weredetectedearlieratBardandPaloVerde

ValleysthanintheMohaveValleyDuring
1987whenvirusactivitywaslowdetection
wassporadicbutWEEMIRsandsentinelse
roconversionsappearedtodecreasealongaS
Ncline

5SLEviruswasdetectedbysentinelsero
conversionsinPaloVerdeandBardValleys
andalsoseemedtodecreaseinactivityalonga
SNclineNeitherSLEnorWEEviruswas

recoveredduringtheautumnalincreaseinthe
Cxtarsalispopulation

Inconclusionourinitialstudiesalongthe
lowerColoradoRiverindicatedthatWEEvirus

activitywasassociatedcloselywiththevernalrisein
theCxtarsalispopulationbutcouldnotbede
tectedpriortoMayThesedatasuggestareintro
ductionandprogressivenorthwarddissemination
ofvirusactivityHoweversamplingintensitywas
minimalinBardandMohaveValleysduetologisti
caldifficultieswhichlimitedthenumberofspeci
menstestedforvirusDuring1988weplanto
continueourmosquitoandvirusmonitoringactivi
tiesatthesamestudyareasandintensifysampling
BardValleythroughcollaborationwiththeImpe
rialCountyHealthDepartmentHopefullyex
pandedmonitoringandcarefulevaluationofcon
currentlygatheredweatherandriverflowdatawill
substantiatethepreliminarytrendsindicatedby
thesefirstyearsofsampling
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MOSQUITOABUNDANCEANDARBOVIRALACTIVITY

INTHECOACHELLAVALLEY 1987

SLDursoandMJBurguin

CoachellaValleyMosquitoAbatementDistrict
83733Avenue55ThermalCA92274

ABSTRACT

Mosquitoandarboviralactivityweremonitoredatthreeprimaryandsevensecondarysitespositioned
inaNStransectoftheCoachellaValleythroughout1987Culextarsaliswasthemostfrequentlycollected
speciesandexhibitedabimodalrelativeabundancepatternwithpeaksduringthespringandfallWestern
equineencephalomyelitisWEEviruswasisolatedfromfemalemosquitoeson44occasionsprincipallyfrom
CxtarsalisafterthevernalpopulationpeakStLouisencephalitisSLEviruswasisolatedonlyoncefroma
latewintercollectionofCxtarsalisandTurlockviruswasisolatedthreetimesSentinelchickenflocks
seroconvertedtoWEEvirusafterisolateswereobtainedfrommosquitopoolsInitialresultsindicatethat
WEEandperhapsSLEvirusmaynotonlybereintroducedtothevalleyannuallyfromsoutherlyfociand
disseminatedprogressivelynorthwardbutthatlimitedoverwinteringfociofWEEandSLEvirusmayexist
locallyinthelowerCoachellaValley

TheCoachellaValleywithitsseasonallylarge
numbersofmosquitoesabundantmigrantand
residentbirdpopulationsandpersistentarboviral
activityprovidesanuniqueopportunityto
investigatetheecologyofwesternequine
encephalomyelitisWEEandStLouis
encephalitisSLEvirusesThisvalleynotonly
providesanaturalNScorridorforthecollection
anddispersalofmigratorybirdsbutalsoprovidesa
geographicallinkbetweentheruralagricultural
areasofsoutheasternCaliforniawiththe

urbanindustrialareasofsouthwesternCalifornia
Althoughitispossibletodemonstratethe

presenceandtransmissionofbothofWEEand
SLEviruseswithintheCoachellaValleyduring
virtuallyeverysummerthemechanismsbywhich
thesevirusesoverwinterwithinandorareperiodi
callyreintroducedtothevalleyremainunknown
TraditionalencephalitisvirussurveillanceEVS
techniquesconsistingofmonthlymosquitocollec
tionsandserologicalexaminationofasinglesen
tinelchickenflockprovidedlittleinformation
otherthanviralpresenceduringsummer

Thustheprimaryobjectiveofthepresent
studywastodescribethemosquitoabundanceand
arboviralactivityintheCoachellaValleyonayear
roundbasisAdditionallyitshouldbepossibleto
obtainoperationalinformationconcerningthe
criticaltimeperiodintheseasonaltransmissioncy

1Thisresearchispartof acollaborativeeffortbetweenthe

CoachellaValleyMosquitoAbatementDistrictandDrsWK

ReisenRPMeyerandJLHardyoftheUniversityofCali
forniaBerkeley

cleofWEEandSLEwhenmosquitocontrolef
fortsshouldbemaximizedinordertominimizethe

riskoftransmissiontoman

MaterialsandMethods

Monitoringofmosquitoandarboviralactivity
intheCoachellaValleyduring1987wasaccom
plishedthroughaNStransectofthreeprimary
andsevensecondarysitesFig1Eachofthese
siteswaschosenonthebasisofverifiedorsus

pectedpriorvirusactivityproximitytoavian
refugesandtheabundanceofvectororhuman
populations

Monitoringatthethreeprimarysitescon
sistedof1weeklymosquitoabundanceassess
mentviaastandardNewJerseyLightTrap2
weeklymosquitocollectionsforvirusisolationvia
threeCOtrapsand3monthlyserological
testingof aflockof25chickensforantibodiesto

WEEandSLEvirusesThreeCO2baitedtraps
wereutilizedateachofthesevensecondarysites
monthlyinordertoenhanceoverallsamplingsen
sitivity

Collectionandprocessingoflivemosquito
samplesfromallCOtrapsforvirusisolation
generallyfollowedtheguidelinesestablishedbythe
CaliforniaDeptofHealthServicesWalsh1987
Onthemorningaftercollectionspecimenswere
anesthetizedwithtriethylaminesortedtospecies
pooledintolotsof50eachandthenfrozenat
74Cforlatervirusisolationattempts

Thethreeprimarysitesutilizedinthisstudy
representtypicalmosquitobreedingsourcesas
foundthroughoutthevalleyAdohrValleyFarms
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NATIONAL

MONUMENT

Southwest

L

rTrucking

1987EVSSITES

COACHELLAVALLEY

MOSQUITOABATEMENT

DISTRICT

ORourkes

Dates4

locatedinMeccaisrepresentativeoftheduck
huntingclubslocatedwithin12milesofthenorth
ernshoreoftheSaltonSeaTheseduckclubseach

maintainhundredsofacresofstandingwaterand
subsequentmosquitoproblemsfromAugustto
MayintheirfeedingandshootingpondsInaddi
tionAdohrValleyFarmsproducesalimitednum
beroffloodwatermosquitoesintheirfloodirri
gateddategrovesandpermanentwatermosquitoes
inornamentalpondsandcontainersAbundant
bloodmealopportunitiesexistatthissitefromthe
migratoryandresidentbirdsalargegoatherd
numeroushuntingdogsandhumaninhabitants
ORourkesDateGrovelocatedinThermal

istypicalofthehundredsofdategrovesscattered
throughoutthelowerCoachellaValleyTheregu
larfloodirrigationofthesegrovesproduceenor
mouspopulationsofPsorophoraandAedes
mosquitoesthroughoutthebreedingseason
Standingwaterfrompoordrainageornamental
pondsandopensepticsystemswithinORourkes
DateGrovealsoproducesmoderatenumbersof
culicinemosquitoesBloodmealopportunitiescan
befoundinthecattleherddomesticfowlandhu
maninhabitantsofthisgroveinadditiontothe
numeroushorsespasturedonaranchtothesouth

TheSouthwestTruckingCompanylocatedin
Indioperiodicallyproducesfloodwatermosquitoes
fromtheirrigationofthecitrusgroveswithinand
surroundingthissiteHoweverculicinebreedingis
limitedtothesmallnumberofsitesfoundinthe

Adohr

Farms SALTON

SEA

41PrimarySite
SecondarySite

Figure1LocationofthethreeprimaryandsevensecondaryencephalitisvirussurveillanceEVSmonitoring
sitesintheCoachellaValleyfor1987

adjacentresidentialneighborhoodandmunicipal
golfcourse

Results

Atotalof119290mosquitoescomprising10
speciesand5generawerecollectedinCO
trapsfromthetenmonitoringsitesduring596trap
nightsin1987CulextarsalisCoquillettwasthe
mostabundantspecies839 followedbyCxp
quinquefasciatusSay50 Psorophoracolumbiae
DyarandKnab48 andAnopheles
franciscanusMcCracken48 Theabundance

ofCrtarsalisrangedlocallyfromahighof9596
atseveralofthesecondarysitestoalowof92at
ORourkesDateGrove

Atotalof1079poolscontaining44596
mosquitoes1032poolswith43442femalesand47
poolswith1154malesweretestedforarboviruses
with701ofthosebeingCxtarsalisfemales699
poolscontaining31255mosquitoesTheremain
ingspeciesweresubmittedinrelativeproportionto
theirabundanceThus142poolsn5700ofCx
pquinquefasciatus107poolsN4649ofPs
columbiaeand57poolsN909ofCsinornata
weresubmittedfortestingAtotalof43WEEone
SLEandthreeTurlockvirusisolationsweremade
fromCxtarsalispoolsWEEvirusappearedtobe
widelydistributedandsubsequentlywasisolated
fromoversixofthe10sitesExceptforasingle
WEEvirusisolationfromCrpquinquefasciatus
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collectedinasecondarysiteviruswasnotisolated
fromanyoftheremainingmosquitospeciestested

Crtarsaliswerebimodallyabundant
throughoutthevalleyduringthespringandfall
Thispatternwasmostclearlydemonstratedat
AdohrValleyFarmsFig2whereover3000fe
malespertrapnightwerecollectedinmidApril
duringthevernalpeakandover2500femalesper
trapnightwerecollectedinmidOctoberduring
theautumnalpeakTherelativelycoolwintersand
veryhotdrysummersinthevalleywerepresum
ablydetrimentaltoCrtarsalisreproductionand
survivalrespectivelyConsequentlythisspecies
wasmostabundantduringthecoolspringandfall
periodswhichcoincidedwiththefloodingofthe
duckclubsthatprovidedidealbreedingconditions
intheformofthousandsofacresofstandingwater

WEEviruswasdetectedinCrtarsaliscol

lectedfromthissiteduringMayandJuneon14oc
casionsThisbriefbutintenseperiodofvirusac
tivitycloselyfollowedthevernalpopulationpeak
Ofconsiderableinteresthereisthetwosingleiso
lationsofWEEvirusfromthissiteinmidJanuary
andearlyMarchatatimewhenlowmosquitopop
ulationswereencounteredAdditionallyasingle
SLEvirusisolationwasmadefromCxtarsalis

collectedatthissiteinmidFebruaryatimeof
yearwellbeforeanypreviousSLEisolationinthe
valley

AlthoughmosquitocollectionsatORourkes
DateGrovewereprimarilyCrpquinquefasciatus
477 andPscolumbiae396 Crtarsalisstill

demonstratedasimilarbutmorewidelyseparated
bimodalabundancewithanearlyFebruarypeakof
over45femalespertrapnightandamidOctober
peakofnearly40femalespertrapnightFig3
NovirusisolationsweremadefromORourkes

DateGroveduring1987whichisprobablyareflec
tionofthelocallylowvectorpopulations

Thelimitednumberofbreedingsitesandhost
availabilityattheSouthwestTruckingCompany
provedtobemuchlessconducivetomosquitopro
ductionandinfactmadethemosquitopopula
tionsmuchmoredependentuponwateravailabil
ityConsequentlyCrtarsaliscollectedfromthis
sitedemonstratedasinglepopulationpeakofover
270femalespertrapnightinearlyAugustduringa
timewhentheownerswereheavilywateringthe
citrusgroveFig4WEEviruswasisolatedfrom
Crtarsaliscollectedatthissiteonfourseparate
occasionsbetweenlateJuneandmidAugust
WEEvirusisolationsfromthissiteappeartobe
independentfromthepopulationabundance

22

Collectionsmadeateachofthesevensec

ondarysitesgenerallysupportedthetrendsob
servedatthethreeprimarysiteswiththepreviously
describedbimodalabundanceofCrtarsalisoccur

ringinmostsitesTemporalandspatialdistribu
tionofthe24WEEvirusisolationsfromthesec

ondarysitessupporttheobservationofanorthward
progressionofviralactivityasthetransmissionsea
sonprogressedWEEvirusisolationswereob
tainedapproximately34weeksearlierincollec
tionsmadeneartheSaltonSeathanfromthose

madefurtherupvalley
SentinelchickenseroconversionstoWEE

viruswerefirstnotedinearlyJuneatAdohrValley
Farmsandquicklyreachedaplateauof58posi
tiveFig5Theseseroconversionsimmediately
followedtherecoveryofvirusfrommosquitoesand
occurredsometimeafterthevernalmosquitopop
ulationpeakAlthoughviralisolationswerenot
madefrommosquitoescollectedfollowingthe
autumnalCrtarsalispopulationpeakfurther
WEEviralactivitywasdetectedbyadditional
chickenseroconversionsAttheothertwoprimary
sitesseroconversionstoWEEvirusfirstoccurred
aboutoneserologicaltestingperiodlaterthanit
didatAdohrValleyFarmsandlevelledoffatmuch
lowerlevelsAlthoughmosquitocollectionsfailed
todetectWEEviralactivityatORourkesDate
Grove8ofthesentinelchickensseroconverted
toWEEvirus

Examinationofclimatologicalinformationfor
1987Fig6indicatesthatfollowingamildwinter
thevalleyexperiencedanunseasonablywarm
springcoolsummerandmildfallByproviding
earlierconditionssuitableforbreedingandex
tendingthebreedingseasonlaterintothefallthis
weathermayhaveactedtoamplifythevernaland
autumnalvectorpopulationsandthusenhanceviral
transmissionpossibilities

Summary
Althoughlimitedinscopethefirstyearofthis

studyrevealedsomeinterestingobservations

1Arboviruseswereisolatedalmostexclu

sivelyfromCvtarsalisandnotfromanyother
speciesreemphasizingtheimportanceofthis
speciesastheprinciplearboviralvectorinru
ralagriculturalareasofCaliforniasuchasthe
CoachellaValley

2TheabundanceofCrtarsaliswasclearly
bimodalwithspringandfallpopulationpeaks
Thesepopulationlevelsmayhavebeenfur
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therelevatedbytheparticularweathercondi
tionsexperiencedinthevalleyduring1987

3PortionsofthelowerCoachellaValleymay
haveservedasoverwinteringfociofWEEand
SLEvirusesasindicatedbythelatewinter
isolationsofbothvirusesfromAdohrValley
FarmsinadditiontoanisolationofWEE
virusinDecember1986

4Whetherintroducedorlocallyoverwinter
ingonceWEEvirusbecameactiveanorth
wardprogressioninactivityoccurredwith
aboutaonemonthtimelagbetweenvirus
isolationsfrommosquitoesandseroconver
sionsinsentinelchickensinthelowerandup
perCoachellaValley

5FutureEVSprogramsshouldembrace
severalmonitoringmethodstomostthor
oughlydetectviralactivityWhileweekly
mosquitocollectionsprovideimportanttem
poralandspatialinformationsentinelsmay
bemoresensitivetovirusactivityaswit
nessedbytheserologicaldetectionofviralac
tivityatORourkesDateGroveandafterthe
autumnalvectorpopulationpeakatAdohr
ValleyFarms

6Theobservedseasonalsequenceofaver
nalvectorpopulationpeakfollowedbyvirus
detectionandultimatelybysentinelchicken

CHICKENSEROCONVERSIONS

m1111111T11111111111111111111111 II1

IJIFIMIA1MIJIJIAISIOINID

CalendarWeek

seroconversionssuggeststhatitwillbepossi
bletodevelopoperationalstrategiestomaxi
mizecontroleffortsatthemostopportune
timetobreakthetransmissioncycle

Inconclusionourinitialinvestigationsindi
catethatWEEvirusactivityoccurredthroughout
allof1987intheCoachellaValleybutwasmost
closelyassociatedwiththevernalriseinCxtarsalis
populationEvidencesuggeststhatWEEvirusmay
haveoverwinteredlocallyandorbeenreintro
ducedintothelowervalleyinearlyspringand
movedprogressivelynorthwardwithtimeIn1988
weplantotrytoverifysomeofthespatialand
temporalpatternsseenduring1987andtoextend
thenorthernlimitsofourmonitoringsitetransect
totheupperCoachellaValley
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MOSQUITOABUNDANCEANDVIRUSACTIVITYINTHECHINO

AREASANBERNARDINOCOUNTYCALIFORNIA1987

AllanRPfuntner

MosquitoadultsCulextarsalisCulexpeusandCulexquinquefasciatusweresampledusingCO
trapsandwalkintyperedboxesOverall24395adultmosquitoesweretestedforthepresenceofarboviruses
withnegativeresultsMonthlybloodsamplestakenfromsentinelflocksofchickensatoneurbanandonerural
sitetestednegativeforWEEandSLEvirusesLackofvirusactivitymaybedueinparttofemalemosquitoes
feedinguponareadilyavailablebovidpopulationMosquitobloodmealtestsinprogressmayprovideinsight
intothecontinuedabsenceofarbovirusactivityintheChinoArea

Introduction

TheWestValleyVectorControlDistrictwas
formedin1983andbeganactualfieldoperationsin
May1984TheDistrictislocatedinthewestern
cornerofSanBernardinoCountyinanareaen
compassingresidentialindustrialandagricultural
environmentsMostmosquitoesareproduced
fromthemanyimpoundmentsusedtodisposeof
wastewaterfromthewashingofdairycattleDen
sitiesof500to1000immaturemosquitoesperdip
arecommoninhighlyproductivesourcesThe
mostcommonmosquitospeciesoccurringinthe
DistrictisCulexquinquefasciatusSayfollowedby
CulexpeusSpeiserandCulextarsalisCoquillett

In1985theDistrictbegananencephalitis
virussurveillanceprogramwhereinadultfemale
mosquitoesweretrappedutilizingmodifiedCDC
styletrapsbaitedwithdryicePfuntner1979and
aflockofsentinelchickenswasestablishedAsthe

threepredominantmosquitospeciesinhabitingthe
Districtareknownsuspectedandorlaboratory
competentvectorsofStLouisencephalitisvirus
SLEtheoutbreakofthisvirusintheadjoining
LosAngelesandOrangeCountiespromptedcon
cernthatviruscasescouldalsooccurinSan

BernardinoCountyHardyetal1985Emmonset
al19841985Subsequentlystudieswere
initiatedtoexpandsurveillanceactivitiesinboth
ruraldairyandurbanresidentialhabitatsduring
thefallwinterandspringperiodsThepresent
paperdescribesmosquitoabundanceandvirusac
tivitypatternsduring1987

MaterialsandMethods

Sentinelchickenflocks25eachwereestab
lishedatoneresidentialsiteandoneruralsitein

Januaryof1987andwerebledatmonthlyinter
valsRoutinemosquitocontrolactivitieswere
maintainedinandaroundthesamplingsitesNew

26

WestValleyVectorControlDistrict
13766ArapahoePlaceChinoCA91710

ABSTRACT

Jerseylighttrapswereoperatedsevennightsper
weekatbothlocationsAwalkinredboxMeyer
1985wasplacedattheruralsitewhereresting
adultswerecollectedweeklyAdulthostseeking
femalemosquitoeswerecollectedweeklybythree
carbondioxidebaitedtrapsoperatedateachsiteat
groundlevelca2metersUpto10poolsoffifty
malesorfemalesforeachofthethreeCulex

specieswereshippedweeklyondryicetoeitherthe
ArbovirusResearchLaboratoryUniversityofCal
iforniaBerkeleyortheViralandRickettsialDis
easeLaboratoryDepartmentofHealthServices
StateofCaliforniafortesting

Results

OfthethreemosquitospeciesCxquinque
fasciatuswasthemostabundantatbothruraland
urbansitescomprisingapproximately85ofthe
capturedadultswhichnumbered48111This
specieswasmostprevalentduringAugustwhen
maximumtrapcountsapproached1400females
pernightattheruralsiteand600femalespernight
attheurbansiteFigs1and2Cxtarsaliswas
theleastabundantspeciescapturedca7 Its

greatestactivitywasinJuneandJulyFigs3and
4Cxpeuscomprisedabout9ofthetotalalso
withthemostspecimenstrappedduringJuneand
JulyFigs5and6

Overall24395Culexadults538poolswere
testedforvirusactivitywithnegativeresultsTable
1Monthlybloodsamplestakenfromthesentinel
chickenswerelikewisenegative

Discussion

ThelackofviralactivityintheChinoarea
during1987wasconsistentwiththepreviouslow
levelsofactivitydetectedhereandinthenearby
PradoBasinEmmonsetal198419851986
1987Theconsistentabsenceofarboviralactivity
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Table1MosquitocollectedatruralandurbansitesnearChinoSanBernardinoCountyandtestedforSLE
andWEEvirusinfection

Species Sex

Rural

Cxtarsalis

Cxtarsalis

Cxquinquefasciatus
Cxquinquefasciatus
Cxpeus
Cxpeus

Urban

Crtarsalis

Cxtarsalis

Cxquinquefasciatus
Crquinquefasciatus
Crpeus
Crpeus

M

F

M

F

M

F

M

F

M

F

M

F

wasdifficulttoexplainsincethebasicecological
componentsforbothSLEandwesternequineen
cephalomyelitisWEEvirustransmissioncycles
appeartobepresentAsdescribedinthepresent
papermosquitoesincludingCxtarsaliswere
abundantinbothruralandurbanlocalitiesduring
midsummerwhenSLEandWEEnormallyare
activethroughoutthestateTemperaturehumidity
regimensseemedconducivetovirusreplicationand
mosquitosurvivalasindicatedbyparityrates
Passerinebirdswereabundantinbothresidential

anddairyenvironsandadditionalbirdtaxainclud
ingmigrantswerecommoninthePradoBasin
Possiblythediversionofhostseekingfemalesto
theabundantdairycattlemayhaveinhibitedvirus
amplificationbyreducingtheprobabilitythatan
infectivefemalewouldbiteasusceptiblevertebrate
hostSincecowsrarelyproduceadetectable
viremiatheyareconsideredtobeadeadend
hostinvirustransmissioncyclesAtpresent840
Culexfemalesarebeingtestedtodetermineifthe
hostselectionpatternofthesenormallyor
nithophagicspecieshasbeenmodifiedintheChino

NumbersTested

Pools Total

6

56

48

223

21

36

210

2373
2064
10873

819

1410

0 0

11 524

0 0

85 3911
0 0

52 2211

areatoincludeahighproportionofbovidblood
meals

Acknowledgments
Sentinelchickenswerebledbythestaffofthe

ArbovirusFieldStationMosquitoesandserawere
testedforvirusbytheArbovirusLaboratory
SchoolofPublicHealthUniversityofCalifornia
BerkeleyandtheViralandRickettsialDiseases
LaboratoryCaliforniaDepartmentofHealthSer
vicesThisresearchwasfundedinpartbyRe
searchGrant5R22AU3028DfromtheNational

InstituteofAllergyandInfectiousDiseases
BiomedicalResearchSupportGrant8S07RR
05441fromtheNationalInstitutesofHealthspe
cialfundsformosquitoresearchallocatedannually
throughtheDivisionofAgricultureandNatural
ResourcesUniversityofCaliforniaandsupple
mentalfundingfromtheSouthernCaliforniaRe
gionoftheCaliforniaMosquitoandVectorCon
trolAssociation

TheauthorwishestothankDrWKReisen

forthisreviewofthemanuscriptThesupportand

29



30

130

120

110

100

90

80

70

60

50

40

30

20

10

wiirirrttwttrrrIIIrtI rrriitit1

F M A M J J A S 0

Figure5MeannumberofCxpeuscollectedpertrapnightataruralsiteinChino1987

o

NJLT

F M A

1987

1987

A S O

Figure6MeannumberofCxpeuscollectedpertrapnightataurbansiteinChino1987



assistanceofthestaffoftheWestValleyVector
ControlDistrictaregratefullyacknowledged

References

EmmonsRWMMMilbyPAGilliesWC
ReevesEVBayerKEWhiteJD
WoodieandRAMurray1984Surveillance
forarthropodborneviralactivityanddisease
inCaliforniaduring1983ProcCalifMosq
andVectorContrAssoc5216

EmmonsRWMMMilbyJDWalshWC
ReevesEVBayerLTHuiJDWoodie
andRAMurray1985Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1984ProcCalifMosqand
VectorContrAssoc5314

EmmonsRWMMMilbyJDWalshWC
ReevesEVBayerLTHuiJDWoodie
andRAMurray1986Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1985ProcCalifMosqand

VectorContrAssoc5418

EmmonsRWMMMilbyJDWalshWC
ReevesEVBayerLTHuiJDWoodie
andRAMurray1987Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1986ProcCalifMosqand
VectorContrAssoc55111

HardyJLSBPresserRPMeyerWK
ReisenLDKramerandAVVornham

1985Comparisonofa1984LosAngeles
strainofSLEvirusmousevirulencechicken
viremogenicRNAoligonucleotideandvector
competencecharacteristicsProcCalifMosq
andVectorContrAssoc531015

MeyerRP1985Thewalkintyperedboxfor
samplingadultmosquitoesProcNJMosq
ExerminSoc72104105

PfuntnerAR1979AmodifiedCObaited

miniaturesurveillancetrapBullSocVector
Ecol43135

31



MOSQUITOABUNDANCEANDARBOVIRUSACTIVITY

INORANGECOUNTY1987

JPWebbMJMedinaandSGBennett

Theresponsesbymosquitocontrolagencies
tothe1984SLEoutbreakintheLosAnglesBasin
WebbandMyers1986haveprogressedfromthe
immediateacceleratedmosquitocontroloperations
tothelongtermsurveillanceandstudystages
Paramounttothesestagesisthedeterminationof
themosquitovirusbirdhumaninterrelationships
atthepointorpointswherevirusacquisitionbythe
mosquitoesandvirustransmissiontohumanshave
thehighestprobabilityofoccurrenceEpidemio
logicaldatafromthe1984SLEepidemicintheLos
AngelesBasinindicatethathumancontactwith
virusinfectedmosquitoesmayhaveoccurredin
suburbanperidomesticenvironmentsMurrayetal
1985Webbetal1987

Evaluationofeachoftheintegralcomponents
throughinvestigationalstudiesshouldintheory
provideinsightsintoeffectivemosquitoanddisease
controlproceduresItwaswiththissimplelogical
progressionthattheBackyardMosquitoandSmall
BirdStudyprogramswereinitiatedin1985
RitschelandWebbunpublisheddataWebbetal
1987InadditiontotheusualannualEncephalitis
VirusSurveillanceEVSandSentinelChicken
programsin1987theBackyardMosquitoPro
gramandtheSmallBirdBleedingProgramwere
greatlyexpandedTheseprogramsoverlappedat
severalsitesthisyearanditisplannedthattheywill
beoperatedconcurrentlyatthesamelocalitiesnext
yearTheEVSprogramyielded713poolsof
mosquitoesthatweresubmittedtotheViraland
RickettsialDiseaseLaboratoryfortestingNoneof
thepoolstestedpositiveforSLEorWEEvirus
TheSentinelChickenprogramalsoproducedno
positiveseroconversionsforSLEorWEEviralan
tibodiesTheSmallBirdBleedingprogramwasdi
rectedbyDrJohnGruwellandproduced5555
serasamplesFebDec35ofthesamples
063 testedpositiveforSLEviralantibodies

StLouisencephalitisvirusactivityin1987was
alsolowinmosquitopopulationsintheLosAnge
lesBasin1SLEpositivepoolofCulextarsalis
fromLosAngelesCountyaswellasintheentire
stateonlytwoSLEpositivepoolsbothCx
tarsalisintotalwerereportedIncontrastnu
merouspools121inthestatetestedpositivefor
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OrangeCountyVectorControlDistrict
13001GardenGroveBoulevardGardenGroveCA92643

WEEvirusHowevermostofthesewerefrom
centralCaliforniaandtheColoradoRiverarea
nonewasrecordedfromtheLosAngelesBasin

Mosquitospeciescompositionfrequencyand
activitycontinuetobeimportantsurveillanceand
studycriteriainOrangeCountyinregardstoar
bovirustransmissionThesefactorshavebeensep
aratedecologicallyintourbansuburbanandrural
habitatsbecauseithasbeenrecognizedfrompre
viousworkWebbunpublisheddataWebband
Myers1986Webbetal1987thatbothhabitats
demonstratedifferencesinmosquitoandbird
speciesoccurrenceandfrequencyForexamplein
descendingorderoffrequencyCulexerythrothorax
DyarCxtarsalisCoquillettandCulex
quinquefasciatusSayarethespeciescommonly
associatedwithruralmarshlandhabitatsinOrange
CountyIntheurbansuburbanhabitatthemost
frequentlycollectedspeciesisCxquinquefasciatus
withoccasionalrecordsofCxtarsalisCulexpeus
SpeiserandCulisetaincidensThomsonData
compiledforthelastfiveyearsfromNewJersey
lighttrapssituatedinruralhabitatsTable1have
indicatedthatsummerpopulationsofCxtarsalis
havedeclinedandplateauedsince1983and1984
NewJerseylighttrapdatageneratedin
urbansuburbanhabitatsTable2indicatedthat
CxtarsalislevelswereextremelylowHowever
Cxtarsalisnumberscollectedatcertain

urbansuburbansitesbymodifiedCDCCO
trapsweresignificantlyhigherTable3The
differencesheremaybecausedbytheadditional
attractancyofCOandthenegativeinfluenceof
competitivelightfromsourcesotherthanthe
mosquitotrapsCulexquinquefasciatuslevelswere
higherthantheotherspeciesTable4inthe
urbansuburbanhabitatsandsignificantlyhigh
numberspertrapnightwerefoundthroughoutthe
entiremosquitoseasonTheresultsfromthe
ReiterCummingsgravidfemaletrapsTable5
indicatedthattherewereevenhigherlevelsofCr
quinquefasciatusactivityintheperidomesticsur
roundingsthanshownwiththeCDCtraps

DiminishmentoftheSLEWEEvirusand
mosquitoactivityinOrangeCountysince1983and



Table1AveragenumberoffemaleCulextarsalispertrapnightRuralHabitatsNewJerseyLightTraps

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1987 01 06 07 32 40 28 140 112 64 67 13

1986 04 05 16 42 57 125 143 36 58 33 03 01

1985 04 06 09 40 73 65 140 100 20 66 08 02

1984 01 01 02 02 05 16 188 84 56 39 02 00

1983 05 03 07 17 98 190 376 95 121 36 10 01

RepresentativeRuralHabitats FeatherlyParkSanJoaquinMarshand20RanchDuckClub
Lighttrapinstalled20Julyat20RanchDuckClubFeatherlyParklighttrapinoperative

Table2AveragenumberoffemaleCulextarsalispertrapnightSuburbanHabitatsNewJerseyLight
Traps

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1987 000 000 000 000 000 004 004 038 019 006 004

1986 000 000 013 184 079 064 006 000 000 000 008 000

1985 000 000 000 003 002 005 003 010 002 004 000 000

1984 005 002 007 010 005 004 000 005 003 000 000 000

1983 002 002 025 112 220 006 013 009 012 009 012 002

RepresentativeSururbanHabitats GardenGroveHuntingtonBeachOrangeandTustin
NodataforGardenGroveandOrangelighttraps
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Table3AveragenumberoffemaleCulextarsalispertrapnightSuburbanHabitatsCDCLightCO

HuntingtonBeach 152 025 047 318 501 1152 001
Pett

Fullerton

Medina

Fullerton 101 ND 233 4510 1039 11012 147
Fine

Orange ND 006 018 006 054 006 054
Elliott

Numbersinparentheses TrapNights
ND Nodata

Table4AveragenumberoffemaleCulexquinquefasciatuspertrapnightSuburbanHabitatsCDCLightCO
Traps

HuntingtonBeach
Pett

Fullerton

Medina

Numbersinparentheses TrapNights
ND Nodata
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Apr May Jun Jul Aug Sep Oct

101 154 333 107 648 5010 302

Apr May Jun Jul Aug Sep Oct

701 665 185 1567 3401 1704 1201

701 1704 4433 2477 2108 16810 802

Fullerton 101 ND 2303 1237 7512 12815 558
Fine

Orange ND 256 1308 1566 1503 1206 684
Elliott
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NewportBeachHarbor

SantaAnaFireStation

TustinIrvineRanch
NODATAAVAILABLEFOR1982

Table5AveragenumberoffemaleCulexquinquefasciatuspertrapnightSuburbanHabitats
ReiterCummingsGravidFemaleTrap

Jul Aug Sep Oct

Fullerton 7184 6804 13765 6133
Fine

Whittier 2133 2904 6404 5901
MillerLosAngelesCo

HuntingtonBeach 6504 9584 6303 5101
Pett

ElToro 263 2303 4333 1652
FireStation

Numberinparentheses TrapNights

1986 1987
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1984maybeduetothecoolingtrendthatabruptly
beganin1985andprogressedtosubnormaltem
peraturesin1986and1987Figure1

Culexquinquefasciatuswasthemostnumer
ousandmostfrequentspeciescollectedCulex
peusandCxtarsalisalsoweretrappedwithregu
larityatsomesitesbutwerepresentinmuchlower
numbersthanCxquinquefasciatusCulisetainci
densoccasionallywastakeninrelativelylarge
numbersalsoseeWebbetal1987Anyoneor
allofthesespeciesmaybeimportantinthetrans
missioncycleofSLEandorWEEvirustoreser
voirhostsortohumansItisimperativethatan
intensifiedthreetofouryearyearroundstudyof
theperidomesticinterrelationshipsofthe
mosquitovirusbirdhumanfactorsbelaunchedin
theurbansuburbanperidomesticenvironmentof
theLosAngelesMetropolitanarea

Acknowledgments
WethankGilbertLChalletManagerOr

angeCountyVectorControlDistrictforlogistical
andmaterialsupportChickenseraandmosquito
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poolsweretestedbytheViralandRickettsialDis
easeLaboratoryBerkeleyWildbirdserawere
testedinpartbytheArbovirusResearchLabora
toryUniversityofCaliforniaBerkeley
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MOSQUITOABUNDANCEANDARBOVIRUSACTIVITY

StLouisencephalitisvirushasoccurredin
southernCaliforniaparticularlyLosAngeles
RiversideandOrangeCountiessince1984InLos
AngelesCountySLEhumancaseshavebeenasso
ciatedcloselywithsentinelflockseroconversions
andvirusisolationsinabundantCulextarsalisCo

quillettpopulationsoccurringneartheremaining
riparianandmarshhabitatswithinthedensely
populatedurbanenvironmentTheaboveevidence
suggeststhatCulextarsalismaybetheprinciple
vectorofSLEvirusinLosAngelesCountyand
thatSLEvirushasbecomeestablishedwithinthe
countyatthefewremainingsitescapableofpro
ducingabundantCulextarsalispopulations

DistrictGeographyandSLEStudySites
Theinformationinthepresentreportisre

strictedtodatacollectedandcompiledwithinthe
SoutheastMosquitoAbatementDistrict
SEMADTheSEMADwithinthegreaterLos
AngelesBasiniscomprisedofapproximately700
squaremilesofdenselypopulatedareaGeo
graphicallytheDistrictismostlyflatterrainwith
poordrainagegraduallyincreasinginelevationina
southnorthdirectionfromsealeveltoseveral
hundredfeetneartheinlandfoothillsTheDistrict

ishighlyurbanizedwithtypicalurbanmosquito
sourcesSeverallargeareasof10ormoreacresof
marshandriparianhabitatspersistwhichproduce
abundantpopulationsofmosquitoesparticularly
Culextarsalis

Recently1984to1986severaloftheseareas
haveexperiencedactivetransmissionofStLouis
encephalitisSLEvirusandsomeweresuspected
asbeingfociforSLEtransmissiontohumans
Since1984twoofthesesiteshavebeenintensively
monitoredforSLEactivity1HarborLakea50
acremarshhabitatand2SepulvedaBasina
squaremilefloodcontrolbasinconsistingofboth
marshriparianandagriculturalhabitatsIn1986
intensiveSLEmonitoringbeganintheDowney
NorwalksectionoftheSanGabrielRiveraripar
ianhabitatmanipulatedbytheLosAngelesCounty
FloodControlDistrictforpurposesoffloodcon
trolandwaterregenerationMonitoringforSLE
activityhasincludedoneormoreofthefollowing

INLOSANGELESCOUNTY

JackHazelriggPhD
AssistantManagerEntomologist

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldSouthGateCA90280

methods1captureoffemalemosquitoesusing
CO2baitedportablelighttrapsCDC2sentinel
chickenflocks3sentinelpigeonflocksand4
serasamplingfromcapturedandreleasedperido
mesticbirds

MosquitoOccurrenceAbundanceandSeasonal
Trends

Over20yearsofextensivelarvalsamplingand
NewJerseylighttrapNJLTcollectiondatahave
shownthatfivespeciesofmosquitoescommonly
occurthroughoutSEMAD1Culextarsalis2
CulexquinquefasciatusSayCulexpeusSpeiser4
CulisetaincidensThomsonand5Culisetainor
nataWillistonThreeotherspeciesoccurinre
strictedhabitatswithinspecificareasoftheSE
MADCulexerythrothoraxDyarAnophelesfree
borniAitkenandAnophelesfranciscanusMc
Cracken

AcomparisonoftheDistricts1987NJLT

datawiththoseaveragedforthefiveyearperiod
1982to1986showedthatadultsofthecommon

mosquitospeciesoccurredannuallywithinthe
Districtinagenerallyrepeatableandpredictable
trendFig1ExceptforCxerythrothoraxand
Anophelesspeciesalladultfemaleswerecaptured
yearroundintheDistrictsNJLTsTheabsenceof

CxerythrothoraxfromDecembertoMayandthe
anophelinesfromFebruarytoJuneisprobablydue
tothecombinedeffectoflowseasonalabundance
andlimiteddistributionratherthanseasonal

inactivityAnnuallyfromNovemberthroughMay
theCulisetaspeciesaremostabundantTable1
andproportionatelydominatetheNJLTcaptures
Fig1FromJunethroughOctoberthathighest
percentageofNJLTcapturesaretheCulex
mosquitoesFig1asixmonthperiodwhentheir
populationsaremostabundantTable1Among
theCulexmosquitoesCxquinquefasciatusandCx
peusarethemostabundantandrequirethemost
controleffortbytheDistrictTheseseasonal
populationtrendsaretemperaturedependentand
followapatternwelldocumentedbytheDistrict

TheseasonaloccurrenceofCxtarsalisessen
tiallymirrorsthepatternoftheotherCulex
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Table1Comparisonofthemonthlynumberofadultfemalemosquitoescollectedaveragedoverthe5year
period19821986withmonthlytotalsoffemaleadultmosquitoescollectedintheSoutheastMosquito
AbatementDistrictNewJerseylighttrapsduring1987

Culextarsalis

1982861987

Jan 35 57 88 129 177 225 300 411

Feb 68 72 79 59 239 307 386 438

Mar 62 20 115 45 359 208 536 273

Apr 107 27 239 110 581 298 927 435

May 228 39 313 167 406 222 947 428

Jun 207 156 413 579 226 190 846 925

Jul 182 180 374 429 86 80 642 689

Aug 165 186 349 644 42 79 556 909

Sep 234 171 368 400 49 63 651 634

Oct 91 242 448 822 346 211 885 1275
Nov 33 63 280 404 644 611 957 1078
Dec 29 14 90 50 374 166 493 230

TOTAL 1441 1227 3136 3838
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SEMADNewJerseyLightTrapCollections
for19821986and1987
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1986 NewJerseyandCDCLightTrapCollections
ofThreeSLEActiveStudySites

MAY

HARBORLAKECDC

SEPULVEDABASINCDC

SGRIVERCDC

JUNE JULY

Figure2The1986averagefemaleCulextarsalispertrapnightcollectedfromNewJerseyandCO
baitedCDClighttrapsatHarborLakeSepulvedaBasinandtheSanGabrielRiverSoutheast
MosquitoAbatementDistrict

mosquitoesandisslightlybimodalTable1
ComparedtotheotherCulexspeciescombinedand
capturedyearroundCrtarsalispopulationsare
alwaysproportionatelylowerFig1Cxtarsalis
populationsareleastabundantfromOctober
throughDecemberTable1Theynoticeablyin
creaseinJanuarytomoderatelevelsthatremain
steadythroughAprilInMayanothermarkedin
creaseoccursandcontinuesuntilOctoberThis
slightbimodalityinSouthernCaliforniapopula
tionsofCrtarsalisisassociatedwiththecapability
ofthismosquitotocolonizesourcesresultingfrom
latewinterandearlyspringrainsAdditionalstaff
ishiredseasonallybytheDistricttocontroltheex
pectedlatespringandsummerincreasesofboth
CrtarsalisandotherCulexmosquitoes

EvaluationofNJLTandCDCTrapDatafromthe
StudySites

NJLTandCDCtrapdatafor1986and1987at
thethreestudysiteswereevaluatedtodescribeCr
tarsalispopulationtrendsandhowtheymight
relatetoSLEactivityFigs2and3

1

1

1
AUG

NEWJERSEYLIGHTTRAP

SEPT OCT

HarborLakeHarborLakeisarecreational

lakeandwildlifepreservemaintainedbytheCityof
LosAngelesRecreationandParksDepartment
Muchofthelakeisshallowovergrownwithemer
gentbulrushandfromearlyJunetomidOctober
producesabundantpopulationsofCxtarsalisand
CxerythrothoraxmosquitoesEachyearmosquito
populationsarenotcontrolledatHarborLakebe
cause1chemicalcontrolisnotfeasibleand2
variousinterestgroupsintervenetopreventclean
upandmaintenanceofthemassiveovergrowthof
aquaticvegetation

ExceptfortheOctober1987dataofapproxi
mately26femalespertrapnightthe1986and
1987NJLTdatafromHarborLakewassimilarto
theusualDistrictwidebimodaltrendforCx

tarsalisFigs2and3Unseasonablywarmtem
peraturesandsubstantialraininOctober1987
promotedtheunusuallyhighearlyfallpopulation
NJLTdatashowedthatthe1986summerpopula
tionwasgreaterandremainedsteadierthanthe
1987populationforthesameperiodAverage
monthlyCDCpopulationsforthesummerdidnot
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ofThreeSLEActiveStudySites
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Figure3The1987averagefemaleCulextarsalispertrapnightcollectedfromNewJerseyandCO
baitedCDClighttrapsatHarborLakeSepulvedaBasinandtheSanGabrielRiverSoutheast
MosquitoAbatementDistrict

fluctuatecorrespondinglytotheNJLTdataThe
AugustSeptember1986populationsweresubstan
tiallyhigherthanthoseof1987forthesameperiod
OntheotherhandtheJuneJulyCDCpopulations
of1987weresubstantiallyhigherthanthoseof1986
forthesameperiod

SepulvedaBasinTheSepulvedaBasinlies
almostcentrallywithintheSanFernandoValley
LosAngelesCityandwasmodifiedbytheArmy
CorpsofEngineersasafloodcontrolbasinThis
sitecontainsmarshandriparianhabitatsthatpro
duceabundantpopulationsofCxtarsalisfromlate
springtoearlyfallUnlikeHarborLaketheDis
tricthasbeenespeciallyactiveincontrolling
mosquitoesinthisareasince1985because4hu
mancasesofSLEwerecontractedin1984The

NJLTcollectionsforCxtarsalisfromboth1986

and1987reflectthiscontroleffortFigs2and3
Bimodalityisinapparentandtheincreaseinabun
danceexpectedinlatespringthroughearlyfalloc
curredonlyinMayJuneandJulyof1986andin
Juneof1987TheincreasedOctoberpopulation
associatedwithHarborLakein1987alsooccurred

intheSepulvedaBasinHoweverthe1986June
Augustand1987MaySeptemberCDCtrapcollec
tionsrevealedthatCxtarsalismayhavebeenmore
numerousthanrevealedbytheNJLTcaptures
Theplacementandnumberoftrapsusedineach
trappingmethodprobablyaccountedfortheob
serveddifferencesEightto14fixedCDCtrap
siteswereusedtosampleextensivesectionsofthe
SepulvedaBasinversusasinglepermanentlyplaced
NJLTCxtarsaliscontrolwhichmayhavebeen
spottythroughouttheBasinmayhavebeensimply
morethoroughandeffectiveneartheNJLT

In1987andsince1985SLEvirusisolations
frommosquitoesandvirustransmissionconfirmed
fromsentinelflockseroconversionshaveoccurred

inSepulvedaBasinDespitetheevidenceofvirus
activitythroughouttheseyearsonlyin1984were
humanSLEcasessuspectedofbeingassociated
withtheBasin

Althoughasinglevirusisolateoccurredina
relativelylowCxtarsalispopulationatSepulveda
BasinonAugust311987andwasfollowedbya
sentinelchickenseroconversionasimilarevent



failedtooccurinmuchgreaterCxtarsalispopula
tionsatHarborLakewhereeachyearsince1984
mosquitoisolatesandsentinelseroconversions
haveoccurredThepresumptionwasthatthevirus
wasnotpresentatHarborLakeorwaspresentata
lowandundetectablelevelIngeneralitcannotbe
determinedwithanycertaintybasedontheanalysis
ofthegeneralregionaltemperaturedataandCDC
trapdatafromthesetwostudysiteswhySLE
transmissiondidoccuratSepulvedaBasinandnot
atHarborLake

SanGabrielRiverInJuly1986asinglehu
mancaseofSLEoccurredinthecityofNorwalkin
thevicinityoftheSanGabrielRiveranareaprevi
ouslyunmonitoredbytheDistrictforadult
mosquitoactivityIntensiveCDCtrappingofthe
riverrevealedabundantCxtarsalisthroughout
mostofthesummerOf47Cxtarsalismosquito
poolscollectedandprocessedforviruspresence17
or36wereSLEpositiveindicatingahighrateof
infectionAlthoughundeterminedCxtarsaliswas
presumablyabundantinJunebeforemonitoring
beganCuriouslyitcouldnotbesubstantiatedby
larvalsamplingthattheriverwastheprimary
mosquitobreedingsourceInspringtheriverhad
beenmodifiedbytheLosAngelesFloodControl
DistrictLAFCDtoallowhundredsofacresof

standingwatertoaccumulateforgroundwater
rechargeEarlyin1987aNJLTwasestablished
neartheriverandbothasentinelchickenandpi
geonflockandcrowtrapwereplacedshortlyaf
terwardIn1987exceptforsomeintermittentup
wellingandwaterrunofftheriverremaineddry
The1987NJLTandCDCdatareflectthiscondi

tionFigs2and3TheNJLTdatashowedlittle
tonoCxtarsalisactivitythroughouttheyearand
CDCtrappingrevealedthatCxtarsaliswasonly
relativelynumerousinSeptemberNopoolswere
positivethroughoutthemonitoringperiodNose
roconversionsoccurredinthesentinelbirdsand

peridomesticbirdswerenotcapturedinthecrow
trapComparedto1986waterintheriverin1987
appearedinsufficienttoproduceenoughCxtarsalis
tosupportorsustainSLEtransmission
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PRELIMINARYEVALUATIONOFTHEVECTORCOMPETENCEOFSOMESOUTHERN

CALIFORNIAMOSQUITOESTOWESTERNEQUINEENCEPHALOMYELITIS

WEEANDSTLOUISENCEPHALITISSLEVIRUSES

RPMeyerJLHardySBPresserandWKReisen

ArbovirusResearchUnit

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCA94720

Introduction

ArbovirussurveillanceinsouthernCalifornia

betweentheyearsof1977and1987revealedthat
bothwesternequineencephalomyelitisWEEand
StLouisencephalitisSLEviruseswereisolated
predominantlyfrompoolsofCulextarsalis
CoquillettTable1SLEviruswasisolatedocca
sionallyfrompoolsofAedesdorsalisMeigen
CulexerythrothoraxDyarCulexpensSpeiserand
CulexquinquefasciatusSayandWEEvirusfrom
poolsofAedesvexansMeigenCrerythrothorax
andCrquinquefasciatusAlthoughCxtarsalishas
beenincriminatedastheprimaryurbanandrural
vectorofSLEandWEEvirusesinCalifornia

ReevesandHammon1962thefactthatother
speciesalsohavebeenfoundnaturallyinfectedwith
thesevirusesrecentlyhasgeneratedconsiderable
interesttowardselucidatingtheirpossiblerolein
thehorizontaltransmissioncycleorthe
maintenanceofviralendemicityviatransovarial
transmission

Virusisolationsfromwildcaughtfemales
revealonlythepresenceofinfectedindividualsand
donotindicatetheirrelativecapacitytotransmit
virusbybiteTheabilitytotransmitvirusie
vectorcompetencelargelydeterminestheextent
towhichaspeciescanfunctionasaneffective
vectorinnaturePriortothispresentinvestigation
SLEvectorcompetencetestsofsouthernCalifornia
mosquitoesshowedthatCxpeustransmittedSLE
virusmoreefficientlythaneitherCxtarsalisorCx
quinquefasciatusHardyetal19851986andthat
Crtarsaliswasoverallasignificantlymoreefficient

Thisresearch wassupportedbyResearchGrant5R22AI

03028fromtheNationalInstituteofAllergyandInfectious

DiseasesBiomedicalResearchSupportGrant8S07RR05441

fromtheNationalInstitutesofHealthspecialfundsfor

mosquitoresearchallocatedannuallythroughtheDivisionof

AgricultureandNaturalResourcesUniversityofCalifornia

andsupplementalfundingfromtheSouthernCaliforniaRegion

oftheCaliforniaMosquitoandVectorControlAssociation
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vectorofSLEthanCxquinquefasciatusMeyeret
al1983

Inthepresentstudyvectorcompetencetest
ingwasexpandedtoincludeSLEandorWEE
evaluationsofAevexansAedestaeniorhynchus
WiedemannCrerythrothoraxandPsorophora
confinnisLynchArribalzagaTodateSLEand
WEEviruseshavenotbeenisolatedfromAetae

niorhynchusandthereisonlyonerecordedisolate
ofWEEfromPsconfinniscollectedatCalexico
ImperialCountyCAin1973Emmonsetal
1974ThereforeitisunknownwhetherCalifornia
populationsofthesespeciescantransmitvirusafter
feedingoninfectedmammalsThisinvestigation
summarizestheresultsofpreliminarySLEandor
WEEvectorcompetencetestsofAevexansAe
taeniorhynchusandPsconfinnisanddefinitively
assessestheSLEvectorcompetenceofCxery
throthorax

Methods

VirusStrainsMosquitoesweretestedwith
theKernCountystrainsofSLEBFS1750and
WEEBFS1703virusesisolatedfromseparate
poolsofCrtarsaliscollectedinJuly1953andthe
LosAngelesCountystrainofSLESOUE1684
isolatedfromapoolofCrtarsaliscollectedat
HarborLakeinSeptember1984Eachstrainhad
beenpassagedtwiceinsucklingmicebyintracra
nialinoculationViremogeniccharacterization
testshaveshownthattheSOUE1684strainof

SLEislessvirulentthantheBFS1750straininits

capacitytoproduceviremiasinchickensand
mortalityinsucklingmiceMeyeretal1983
Hardyetal1985

MosquitoesAllfieldstrainswerecollectedas
hostseekingfemaleswithCOtrapswiththe
exceptionofAetaeniorhychuswhichwascollected
asmaturelarvaeandpupaeTheHPhigh
producerlaboratorystrainofCxtarsaliswasused
asacontrolforeachtestwithWEEvirusandin

onetestwithSLEvirusThisstrainhadbeense



Table1VirusisolationsfrommosquitoescollectedinSouthernCalifornia19771987

Species

Aedestaeniorhynchus
Culexerythrothorax
Culexpeus
Culexquinquefasciatus
Culextarsalis

Culisetaincidens
Culisetainornata

Aedesdorsalis

Aedestaeniorhynchus
Aedesvexans

Culexerythrothorax
Culexquinquefasciatus
Culextarsalis

Culisetainornata

Psorophoraconfinnis

Notested Nopools

1586
34689
19102
80895
88286
3672

119

2709
6572
34498
341723
1841
4754

lectedinthelaboratorytobeahighlycompetent
vectorofWEEvirusHardyetal1983

InfectionofMosquitoesFemalemosquitoes
wereinfectedperosbyfeedingonpledgetssoaked
withsweetened25sucrosedefibrinated
viremicchickenbloodSOUE1684BFS1750
andBFS1703or10mousebrainsuspensionof
virusBFS1703mixedindefibrinatedwholerab
bitbloodFemalesthatfedtorepletionwereincu
batedataconstant25Cfor14daysandthen
testedfortheirabilitytotransmitvirususingthein
vitrocapillarytubemethodofAitken1977Fe
malesofCxerythrothoraxcollected attheSan

JoaquinMarshandinfectedwiththeSOUE1684
andBFS1750strainsofSLEviruswereincubated

for18daystoassessthepossibilitythatthisspecies
mayrequirealongerperiodofextrinsicincubation
toachieveinfectivityFemalesandsalivasamples

LosAngelesOrangeandSanDiegoCounties

31

883

573

2002
2162

106

7

0000
0000
1005
0000
1001
0000
0000

ImperialRiversideandSanBernardinoCounties

765

84

36

4

70

179

820

7501
95

111

WEE SLE

0000
0000
3110
5076
8023

400117
0000
0000

NoisolationsMIR

0000
0000
2010
5006

35040
0000
0000

3392
0000
0000
3046
0000

155045
0000
0000

DatacompiledfromEmmonsetal1978197919801981198219831984198519861987and1988
Minimuminfectionrateper1000femalestested
IncludespoolsfromsouthwesternSanBernardinoCountyChinoandvicinity

capillarytubecontentsofinvitrotransmissionat
temptsweretestedforthepresenceofvirusbyin
situenzymeimmunoassaysEIAYoungHeetal
1984Grahametal1986

VectorCompetenceParametersInfectivity
andtransmissionefficiencywereexpressedasan
infectionrate Noinfected Notestedx

100andatransmissionindex Notransmit

ting Notestedx100respectivelyMeyeretal
1986

Results

VirusdosagesFemalemosquitoesingested
concentrationsofvirusconcentrationofviruspre
sentinthemidgutofthemosquitoiscaLog18
PFUplaqueformingunitlessthanthatofthe
pledgetorhostviremiathatwerewithinthe
rangesoftitersthatwouldbeacquiredbyfeeding
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Table2InfectionratesandtransmissionindicesobtainedforAedestaeniorhynchusAedesvexansand
PsorophoraconfinnisinfectedperoswitheithertheSOUE1684andorBFS1750strain ofSLEvirusorBFS

1703strainofWEEvirus19861987

Species Date Source

Aedestaeniorhynchus
Sep87 PtMugu

Aedesvexans RiversideCo

Sep87 Thermal

Sep87
Jul86

Psorophoraconfinnis
Sep87 Thermal

oninfectedvertebratesinnatureHardy1987
SLEinfectionsindovesandnestlinghousefinches
normallyproduceviremiasintherangeofLog10
1030andLog3040PFUrespectivelyBy
comparisonWEEviremiasinnestlinghouse
fmchesaremuchhigherandareintherangeof
Log6090PFU

VectorcompetencetestswithAetae
niorhynchusAevexansandPsconfinnisTable
2NoneofthefemalesofAetaeniorhynchusAe
vexansorPsconfinnisthatweretestedwiththe
SOUE1684strainofSLEvirusbecameinfected
ortransmittedvirusafterbeingincubatedfor14
daysataconstanttemperatureof25CInacom
parisontestwiththeBFS1750strainofSLEonly
40oftheAevexanstestedbecameinfectedand
nonetransmittedvirusTheAevexanspopulation
fromThermalalsowastestedwiththeBFS1703

strainofWEEvirus10mousebrainandrabbit
bloodwhichproduceda330infectionrateand
a104transmissionrateofvirusinvitroHow

everincomparativetesttheHPstrainofCx
tarsaliswasmorecompetentMorethan900of
thefemalestestedbecameinfectedand360were

capableoftransmittingvirusinvitroTable3
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Dosage Number Infect Trans

VirusStrain LoglUPFUTested Rate Index

VenturaCo

SOUE1684

SOUE1684

BFS1750

BFS1703

RiversideCo

SOUE1684

12 48 0 0

15 25 0 0

21 25 4 0

50 48 33 104

18 45 0 0

Concentration001mlofvirusinmosquitomidgut
10mousebrainsuspensionmixedwithsweetened25sucrosedefibrinatedwholerabbitblood

VectorcompetencetestswithCxerythrotho
raxCxpeusandCxtarsalisTable3Allbut1
femaleSanJoaquinMarshofthe124Cxery
throthoraxtestedfrom4separatepopulationswith
theSOUE1684strainofSLEvirusfailedto
transmitvirusafterthestandardextrinsicincuba
tionperiodof14daysat25CInfectionratespro
ducedbytheSOUE1684strainrangedfromonly
50to120 BycomparisontheBFS1750strain
producedamuchhigherinfectionrate35 in

femalesofCerythrothoraxfromtheSanJoaquin
Marshhowevernoneofthosefemalestransmit
tedvirusinvitroWhentheextrinsicincubationpe
riodwasextendedanadditional4daysto18days
postinfectiontheinfectionrateintheBFS1750
groupincreasedto40 and12ofthefemales

testedwereabletotransmitvirusTheinfection
rateintheSOUE1684groupalsowasincreased
by50 butnofemalestransmittedvirusIna

singletestwithWEEvirusBFS1703strainonly
10ofthefemaleCxerythrothoraxcollectedat
BlythebecameinfectedafteringestingLog69
PFUofvirusindefibrinatedviremicchickenblood
Ofthe42femalestestednonetransmittedvirusin
vitroConversely95oftheHPfemalestested
concurrentlybecameinfectedand600transmit
tedvirus



Table3InfectionratesandtransmissionindicesobtainedforCulexerythrothoraxCulexpensandCulextarsalis
infectedperoswitheithertheSOUE1684andorBFS1750strainofSLEvirusorBFS1703strainofWEE
virus19861987

Species Date

Culexpeus

Culextarsalis

Source

Culexerythrothorax LosAngelesCo
Jul86 HarborLake

OrangeCo
May86 SanJoaqMarsh

RiversideCo
Jun87 Blythe

Jul86 PradoBasin

RiversideCo

May86 PradoBasin

LosAngelesCo
Jul86 HarborLake

RiversideCo

May86 PradoBasin

Jul86 PradoBasin

HPlaboratory
Sep87 strain

Jun87

Sep87

VirusStrain
Dosage Number Infect Trans

Log toPFUTested Rate Index

SOUE1684 15 25 12

SOUE1684 24 20 5

24 20

BFS1750 24 20 35

40

SOUE1684

BFS1703

SOUE1684

24 20

18 60 10

69 42 10

15 20 18

SOUE1684 24 15 47 40

SOUE1684 15 25 56 0

SOUE1684 24 10 100 70

SOUE1684 15 19 68

SOUE1684

BFS1703

BFS1703

18 25 44

50 22 91

69 20 95

Concentration001mlofvirusinmosquitomidgut
Femalesincubatedfor18dayspostinfection
Defibrinatedviremicchickenblood

10mousebrainsuspensionmixedwithsweetened25sucrosedefibrinatedwholerabbitblood

0

5

10 0

0

12

0

0

0

0

4

36

60

45



ApopulationofCxpeusfromthePrado
Basinwasincludedasanonlinecomparisonina
singleSLESOUE1684testofCrtarsalisfrom
thePradoBasinandCxerythrothoraxfromtheSan
JoaquinMarshResultsindicatethattheCxpeus
populationfromthePradoBasinwasless
competentoverallthanconspecificpopulations
testedpreviouslyfromOrangeandLosAngeles
CountiesHardyetal1985Only470and400
ofthefemalestestedbecameinfectedandtrans

mittedvirusrespectively
GroupsoffemaleCxtarsalistestedfromthe

PradoBasininMayandJulywiththeSOUE1684
strainshowedconsiderablevariationintheinfec

tionrateandtransmissionindexwhichappearedto
berelatedtotheconcentrationofvirusingested
Approximately70ofthefemalesthatingested
Log24PFUofvirusintheMaytestwereableto
transmitvirusinvitroWhenfemalesrepresenting
thatsamefieldpopulationwereretestedinJuly

withalowerdosageofvirusLog15PFUall
femalestestedfailedtotransmitvirusResults

weresimilarfortheHPlaboratorystrainofCx
tarsaliswherealowtransmissionindex40 also

wasobtainedamongfemalesthatingestedonly
Log18PFUofvirusThefailureofHPand
PradoBasinJulytestfemalestotransmitthe
SOUE1684strainofSLEefficientlyafteringest
ingaconcentrationofviruscomparabletothe
viremiaproducedindovesfurtherdemonstrated
thatnonvirulentstrainsofSLEarevectoredpoorly
andorthatperhapsarelativelynarrowthreshold
existsie Log050PFUintheconcentration
ofvirusingestedthatis necessarytoproduceadis
seminatedinfectionandeventualinfectivity

Discussion

Preliminaryvectorcompetencetestsfailedto
demonstratethatAetaeniorhynchusAevexans
andPsconfinniswereexperimentallycapableof
transmittingSLEvirusFemalesingestedtitersof
virusthatwouldhaveresultedinamoderateto

hightransmissionindex4070 ineitherCxpeus
orCxtarsalisHardyetal19851986Further
testingofadditionalpopulationswillbenecessary
beforeanydefinitiveconclusionscanbemade
concerningtheirrelativestatusashorizontal
vectorsofSLEortothepossibilitythatthese
speciesmayalsobeinvolvedwithmaintainingviral
endemicityviatransovarialtransmission

Duringthespringof19862isolatesofSLE
viruswereobtainedfrompoolsofAedorsaliscol
lectedatBardImperialCountyCASinceSLE
viruswasnotdetectedsimultaneouslyinCxtarsalis
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testedfromthesameareatheearlyseasonalap
pearanceofSLEinAedorsalissuggestedthepos
sibilityoftransovarialtransmissionbythatspecies
Thereforeweplaceahighpriorityonobtaining
populationsofAedorsalisfromthelowerCol
oradoRiverBardValleyregiontoevaluatethe
abilityofthisspeciestotransmitSLEviruseither
horizontallybybiteorverticallybytransovarial
transmission

Thedatapresentedhereinsupportourcon
clusionthatCxerythrothoraxisapoorvectorof
SLEvirusinSouthernCaliforniaOnly1femalein
124testedwasabletotransmittheHarborLake

strainSOUE1684ofSLEvirusHowevera
slightlyenhancedtransmissionindex12 was

achievedwhenfemalesweretestedwiththemore

virulentKernCountystrainBFS1750ofvirus
andincubatedfor18daysThereforesomehori
zontaltransmissionmayoccuriffemalesingestvir
ulentstrainsofvirusinnatureandareabletosur

vivethedurationofanapparentlylongperiodof
extrinsicincubationIntheabsenceofingesting
virulentformsofSLEvirusitisouropinionthat
Crerythrothoraxshouldposenoimmediatethreat
tomaninareaswherethisspeciesisabundantand
SLEvirushasbeenisolatedrepetitivelyfromCx
tarsalis

ThefailureofCerythrothoraxtotransmit
WEEvirusinonetestafteringestingarelatively
highconcentrationofvirusindicatesthatthis
speciesalsoisnotalikelyvectorofWEEinSouth
ernCaliforniaeventhoughthevirushasbeeniso
latedsporadicallyfromfieldpoolsoffemales
Fieldisolatesprobablyrepresentinfectedrather
thaninfectiveindividualsTestsofatleast2addi

tionalpopulationsshouldprovidemoreconclusive
evidencetoeithersubstantiateorrefutetheseini

tialfindings
ThepreliminarytestoftheAevexanspopu

lationfromtheCoachellaValleywiththeKern
CountystrainBFS1703ofWEEvirusdemon
stratedthat104ofthefemalestestedwerecapa
bleoftransmittingvirusBycomparisonprevious
testsoffieldpopulationsofCxtarsalisindicated
thatmorethan70ofthefemalesingestinga
comparablechallengeofviruswouldhavetrans
mittedvirusafteranextrinsicincubationregimen
of14daysat25CThereforeitdoesnotappear
likelyfromtheseinitialfindingsthatAevexans
wouldfunctionasanefficientsecondaryvectorof
WEEinthedesertregionsofSouthernCalifornia
Inadditionthisspeciesaswellastheotherspecies
ofAedesandPsorophoratestedfeedsprimarilyon
mammalswhichdonotdevelophighviremiatiters



incomparisontobirdsieLog2040PFUin
rabbitsversusLog6090inhousefinches
Hardy1987Amammalianhostfeedingpattern
wouldmakeitlesslikelythatmanyfemaleswould
becomeinfectiveafterfeedingoninfectedmam
malsratherthaninfectedbirds

Insummarypreliminaryvectorcompetence
testsindicatedthat1AetaeniorhynchusAevex
ansandPsconfinniswereunabletotransmitSLE
virushorizontallyinthelaboratory2Aevexans
fromtheColoradoDesertdoesnotappeartobean
efficientsecondaryvectorofWEE3Cxery
throthoraxcannotbeconsideredapotentialvector
ofSLEunlessfemalesingestvirulentstrainsofthe
virusandsurvivealongperiodofextrinsicincuba
tionand4Cxerythrothoraxfailedtotransmit
WEEvirusinasingletestafteringestingadosage
ofvirusthatproduceda70transmissionindexin
ahighlycompetentlaboratorystrainofCxtarsalis

Acknowledgments

Theauthorswishtothankthefollowingper
sonsandagenciesfortheirassistanceinproviding
laboratoryandlogisticalsupportBRHillandV
MMartinezoftheArbovirusFieldStationSchool
ofPublicHealthUniversityofCaliforniaBerke
leyMrSLDursoAssistantManagerCoachella
ValleyMosquitoAbatementDistrictDrMS
DhillonBiologistNorthwestMosquitoAbatement
DistrictDrJPWebbVectorEcologistOrange
CountyVectorControlDistrictandDrJE
HazelriggAssistantManagerSoutheastMosquito
AbatementDistrict

References

AitkenTHG1977Aninvitrofeedingtechnique
forartificallydemonstratingvirustransmission
bymosquitoesMosqNews37130133

EmmonsRWGGrodhausandEVBayer
1974Surveillanceforarthropodborneviruses
anddiseasebytheCaliforniaStateDepart
mentofHealth1973ProcCalifMosq
ContrAssoc42193203

EmmonsRWGGrodhausandEVBayer
1978Surveillanceforarthropodborneviruses
anddiseasebytheCaliforniaStateDepart
mentofHealth1977ProcCalifMosqand
VectorContrAssoc461014

EmmonsRWGGrodhausandEVBayer
1979Surveillanceforarthropodborneviruses
anddiseasebytheCaliforniaDepartmentof
HealthServices1978ProcCalifMosqand
VectorContrAssoc47715

EmmonsRWGGrodhausandEVBayer
1980Surveillanceforarthropodborneviruses
anddiseasebytheCaliforniaDepartmentof
HealthServices1979ProcCalifMosqand
VectorContrAssoc48714

EmmonsRWMMMilbyPAGilliesWC
ReevesandEVBayer1981Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1980ProcCalifMosqand
VectorContrAssoc4914

EmmonsRWMMMilbyPAGilliesWC
ReevesandEVBayer1982Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1981ProcCalifMosqand
VectorContrAssoc502938

EmmonsRWMMMilbyPAGilliesWC
ReevesEVBayerKWhiteandJD
Woodie1983Surveillanceforarthropod
borneviralactivityanddiseaseinCalifornia
during1982ProcCalifMosqandVector
ContrAssoc51616

EmmonsRWMMMilbyPAGillesWC
ReevesEVBayerKWhiteJDWoodie
andRAMurray1984Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1983ProcCalifMosqand
VectorContrAssoc5216

EmmonsRWMMMilbyJDWalshWC
ReevesEVBayerKWhiteJDWoodie
andRAMurray1985Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1984ProcCalifMosqand
VectorContrAssoc5314

EmmonsRWMMMilbyJDWalshWC
ReevesEVBayerLTHuiJDWoodie
andRAMurray1986Surveillancefor
arthropodborneviralactivityanddiseasein
Californiaduring1985ProcCalifMosqand
VectorContrAssoc5418

EmmonsRWDVDonderoCSChanM
MMilbyJDWalshWCReevesEV
BayerLTHuiandRAMurray1987
Surveillanceforarthropodborneviralactivity
anddiseaseinCaliforniaduring1986Proc
CalifMosqandVectorContrAssoc551
11

EmmonsRWDVDonderoCSChanM
MMilbyJDWalshWCReevesEV
BayerLTHuiandRAMurray1988
Surveillanceforarthropodborneviralactivity
anddiseaseinCaliforniaduring1987Proc
CalifMosqandVectorContrAssoc561
10

41



GrahamRRJLHardyandSBPresser1986
UseoftheinsituenzymeimmunoassayEIA
systemforrapiddetectionofarbovirusesin
mosquitoesofCaliforniaProcCalifMosq
andVectorContrAssoc5410

HardyJLEJHoukLDKramerandWC
Reeves1983Intrinsicfactorsaffectingvector
competenceofmosquitoesforarboviruses
AnnRevEntomol28229262

HardyJLSBPresserRPMeyerWK
ReisenLDKramerandAVVorndam
1985Comparisonofa1984LosAngeles
StrainofSLEvirusMousevirulencechicken
viremogenicRNAoligonucleotideandvector
competencecharacteristicsProcCalifMosq
andVectorContrAssoc531015

HardyJLRPMeyerWKReisenandSB
Presser1986AfurtherevaluationofCulex

mosquitoesinthegreaterLosAngelesarea
fortheirabilitytovectorStLouisencephalitis
virusProcCalifMosqandVectorContr
Assoc54910

HardyJL1987Theecologyofwesternequine
encephalomyelitisvirusintheCentralValley

48

ofCalifornia19451980AmJTropMed
Hyg373Suppl18S32S

MeyerRPJLHardyandSBPresser1983
ComparativevectorcompetenceofCulex
tarsalisandCulexquinquefasciatusfromthe
CoachellaImperialandSanJoaquinValleys
ofCaliforniaforStLouisencephalitisvirus
AmJTropMedHyg32305311

MeyerRPJLHardySBPresserandWK
Reisen1986Proceduresforevaluatingthe
vectorcompetenceofmosquitoesforar
bovirusesProcCalifMosqandVector
ContrAssoc541115

ReevesWCandWMcDHammon1962Epi
demiologyofthearthropodborneviralen
cephalitidesinKernCountyCalifornia1943
1952UnivCalifBerkeleyPublPublic
HealthVol41257

YoungHeZYWenFongTZhongWenG
JiQianCQinShengandWYiMin1984
Asimplifiednewmethodforidentificationof
arbovirusesVirusdetectionusingenzyme
immunoassayonculturedcellsJVirol
Methods94551



MOSQUITOABUNDANCEANDVIRUSACTIVITYINSOUTHERN

CALIFORNIASUMMARYREMARKS

WilliamKReisen

ArbovirusResearchProgram
DepartmentofBiomedicalandEnvironmentalHealthSciences

SchoolofPublicHealthUniversityofCalifornia
BerkeleyCA94720

Datadescribingtemporalandspatialtrendsin
mosquitoabundanceandarbovirusactivityare
criticaltodevelopingeffectivesurveillanceand
controlprogramsandtoincriminatingvector
speciesatwhichtodirecttheseprogramsFora
mosquitospeciestobeconsideredasanimportant
vectorofahorizontallytransmittedarbovirusit
must1beabundant2feedfrequentlyonverte
brateswhichproduceviremiasofsufficienttiterto
infectmostfemales3befoundinfectedfrequently
innature4beabletosurvivelongenoughtobe
comeinfectiveand5beabletotransmittheac
quiredinfectionreadilybybiteThecollaborative
researchdiscussedtodayhasaddressedimportant
aspectsofincriminationincludingmosquitorelative
abundancefieldinfectionratesandvectorcompe
tence

SpeciescompositionCulextarsaliswasthe
mostabundantandwidespreadspeciescollectedin
irrigatedagriculturalvalleysalongtheColorado
RiverandintheCoachellaValleyCxtarsaliswas
focallyabundantintheLosAngelesBasinwhereit
appearedtoberestrictedtoresidualriparianand
marshhabitatsFloodwaterAedesandPsorophora
generallywerenotabundantduring1987andwere
restrictedalmostentirelytoagriculturalsiteswhich
werefloodirrigatedsincetheColoradoRiverflow
remainedlowandchanneledCulexquinquefas
ciatusandtoalesserextentCxpeusreplacedCx
tarsalisasthemostabundantspeciescollectedat
dairyandresidentialsettingswherebreedingwas
restrictedtopollutedorperidomesticsources
Culexerythrothoraxwasonlyabundantatmarshes
supportingdensestandsofcattails

SeasonalabundanceCxtarsalisabundance

alongtheColoradoRiverandintheCoachella
ValleywasbimodalwithpeaksinspringApril
MayandlatesummerearlyfallAugustOcto
berSummerandwinterdeclinesinabundance
wereattributedtohotdesiccatingandcold
weatherpatternsIncontrastmosquitopopula
tionsinthegreaterLosAngelesareaandthe
Chinoareaweremostabundantduringearlysum
merJuneandagaininfallOctoberMidsum
merdecreasesinabundanceprobablyreflectedthe

impactofmosquitoabatementactivitieswhich
weregreatestfromJunetoSeptember

VirusactivityWesternequineencepha
lomyelitisWEEviruswasactiveinthePalo
VerdeandBardValleysalongtheColoradoRiver
andintheCoachellaValleywith62isolationsmade
between14Januaryand19August1987and37of
182sentinelchickens20 convertingserologi
callytoWEEpositiveWiththeexceptionofasin
gleisolationfromCrquinquefasciatusallWEE
isolationsweremadefromCxtarsalisindicating
thatalternatetransmissioncyclesmaynothave
beenimportantintheamplificationofWEEvirus
during1987WEEactivitydetectedduringJanuary
andMarchalongthenorthshoreoftheSaltonSea
precededincreasedactivityintheMeccaJune
andIndioAugustareasIncreasesinWEEactiv
itywererelateddirectlytoincreasesinCrtarsalis
populationabundanceUnfortunatelysurveillance
intheImperialValleywasinsufficienttodetermine
iftheincreasedWEEactivityobservedinthe
CoachellaValleywastheresultofanorthwarddis
seminationofmoreextensiveactivityintheImpe
rialValleyorrepresentedenzooticamplificationat
anisolatedfocusalongthenorthshoreWehope
toinvestigatethissituationnextyearbyestablishing
earlyseasonvirusmonitoringat3sitesinImperial
ValleyincollaborationwiththeImperialCounty
HealthDepartmentIn1987WEEvirusactivity
seemedtoberestrictedtothesesouthernruralar

easanddidnotenterthePradoorLosAngeles
basinsThemechanismswhichpreventtheintro
ductionandestablishmentofWEEvirusinthese

basinsremaincrypticsincethebasiccomponents
ofthetransmissioncycleappeartobepresent

StLouisencephalitisSLEviruswasisolated
on3occasionsfromMeccaintheCoachellaValley
SeeleyinImperialValleyandtheSepulvedaBasin
inLosAngelesCountyTheisolationofSLEvirus
fromapoolofCxtarsaliscollectedatMeccaon17
February1987andtheseroconversionof5sentinel
chickensatBardweretheonlyindicationofSLE
activityoutsideoftheLosAngelesBasinThese
roconversionsof10sentinelchickensoccurredin

theLosAngelesBasinfromAugustthroughDe
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cemberatLaBreaSepulvedaDamandElDorado
ParkindicatingalowbutwidespreadlevelofSLE
activityTheisolationofSLEvirusfromCx
tarsalisinFebruaryandlateseasontransmission
activityinDecemberdetectedbysentinelse
roconversionsspeculativelysuggestedthatSLE
virusmayremainactiveinitsprimaryCxtarsalis
birdcyclethroughoutthewinterinSouthern
CaliforniaHopefullycontinuedwintersampling
willsupporttheimportanceofthesepreliminary
fmdingsandprovidefurtherindicationofthe
endemicityofSLEvirusintheLosAngelesarea

VectorcompetenceComparativevector
competencestudiesareusefulininterpretingfield
isolationsofvirusandindicatingwhichspeciesre
quirefurtherecologicalstudyCxquinquefasciatus
previouslyhasbeenshowntobeaninefficientlabo
ratoryvectorofbothWEEandSLEvirusesThe
singlefieldisolationofWEEfromthisspeciesin
1987appearedtorepresentaspilloverfromthe
basictarsalisbirdcycleBothWEEandTurlock
TURviruseswereactiveat10thAvenuein
BlytheasitesupportingalargeCxerythrothorax
populationHoweverWEEorTURvirusinfec
tionswerenotdetectedin6513Crerythrothoraz
femalestestedfromthissiteorin14365females
testedfromothersitesinSouthernCaliforniaIn

thelaboratorythisspeciesgenerallywasrefractory
toinfectionandamongthosefewfemalesthatbe
cameinfectedalmostnone1124werecapableof
transmission

AedestaeniorhynchusandPsorophoracon
finnisarecapableofexperimentallytransmitting
parenterallyacquiredSLEvirustransovariallyto
theirprogenyHoweverbothspecieswerere
fractorytooralinfectioninvectorcompetence
studieswerecollectedinfrequentlyinnatureand
werenotinfectedwitharbovirusesduring1987with
1431and5691specimensrespectivelytested
fromSouthernCaliforniaAedesvexanswerere

fractorytoSLEbutweremoderatelysusceptibleto
infectionwithWEEwithasmallpercentagecapa
bleoftransmittingvirusinvitroHoweverAe
vexanswerenotabundantduringtheMayJulype
riodofWEEactivityandnoneofthe2187speci
menstestedwereinfected

Inconclusioncollaborativestudiesduring
19861987describingmosquitoabundance
seasonalityinfectionratesandvectorcompetence
clearlysupporttheconceptthatCxtarsaliswasthe
primaryvectorofWEEandperhapsSLEvirusesin
southernCaliforniaWinterisolationsandlate

seasonseroconversionsbysentinelchickensandpi
geonsindicatedthatSLEvirusmaybecapableof
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overwinteringintheCxtarsalisbirdcycleFurther
studiesareplannedtosubstantiatethesefmdings
andquantitatetherateofvirusamplificationand
dissemination
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ABSTRACT

ViremiaandantibodyresponsestoStLouisencephalitisSLEvirusweremeasuredinexperimentally
infectedrockdovestodeterminetheirsuitabilitytoserveassentinelhostsforthedetectionofSLEviralactivity
inanurbanenvironmentTenof10birdsdevelopedhemagglutinationinhibitingantibodiestoSLEvirusafter
subcutaneousinoculationwithapproximately1000plaqueformingunitsofvirusPeakmedianantibodytiters
of180wereattainedat14daysafterinfectionandthenmedianantibodytitersdecreasedto140 ondays21and
28and110onday56afterinfectionThreeofthe10infectedbirdsdevelopedlowtiteredviremiasondays3or
4postinfectionThesepreliminaryresultsindicatethatsentinelrockdoveswouldbesensitiveindicatorsof
SLEviralactivity

Introduction

Aspartoftheresearchtostudytheecologyof
StLouisencephalitisSLEvirusintheLosAn
gelesBasinrockdovesiedomesticpigeonsare
beingcomparedwithchickensandwildbirdsas
sentinelanimalsfortheearlydetectionofSLEviral
activityGergisandPresser1988Therationale
forthiswasbasedonknowledgethatbirdsbelong
ingtothefamilyColumbiformeswhichincludes
rockdovesandmourningdovesfrequentlybecome
involvedinSLEviraltransmissioncyclesinboth
ruralandurbanenvironmentsReeves Hammon

1962McLean Bowen1980Furtherlaboratory
studieshavedemonstratedthatpigeons
Chamberlainetal1957andmourningdovesJ
Hardyunpublisheddataaresusceptibletoex
perimentalinfectionwithSLEvirusFinallyhost
preferencestudiescarriedoutintheCentralValley
ofCaliforniaindicatedthatCulervectorsofSLE

virusfeedfrequentlyoncolumbiformbirdsReeves
etal1963Tempelisetal1965Tempelisand
Washino1967

Afterthesentinelrockdoveswereputoutat
sitesinOrangeCountyinmidsummer1987we
begantodetectwhatappearedtobeimmunologi
calconversionstoSLEvirusinseveralbirdswhen

therewasnootherevidenceofSLEviralactivityin
theareaHoweversomebirdswereseropositive
bytheneutralizationtestandnegativebythe
hemagglutinationinhibitionHItestandvice
versaAlsoseveralseropositivebirdsbecame
seronegativeatthenextmonthlybleedingThis
wasincontrasttosentinelchickensthatremain

antibodypositiveoncetheyseroconverttoSLE

virusLaMotteetal1967Partoftheseproblems
wererelatedtodifferentmethodsbeingusedto
collectserumsamplesfromsentinelrockdoves
Nonethelessitbecameapparentthatwewereun
abletointerprettheserologicresultswithcertainty
becausewehadnoknownSLEviralantibodyposi
tiverockdoveserumtodetermineiftheserologic
reactionswereassociatedwithSLEvirusspecific
immunoglobulinsFurthermorewehadnoknowl
edgeofthemagnitudeanddurationofSLEviral
antibodyresponsesinthisavianspeciesThusit
wasnecessarytoundertakeexperimentalinfection
studieswithSLEvirusinrockdovestosortout

theseambiguities

MaterialsandMethods

RockdoveswerepurchasedlocallyinBakers
fieldandaswasthecasewithsentinelrockdoves
theageofthebirdswasunknownTheSOUE16
84strainofSLEviruswasusedtoinfectbirds

ThisSLEviralstrainwasisolatedoriginallyfroma
poolofCulextarsalisCoquillettcollectedin
Septemberof1984attheHarborLakestudysitein
LosAngelesCountyandhadtwointracranialpas
sagesinsucklingmice

AlltwelvebirdswereprebledEachof10
birdswastheninoculatedsubcutaneouslywithap
proximately1000PFUofvirusThisiswithinthe
rangeofviraldosesthatmosquitoeswouldbeex
pectedtoinjectwhenfeedingonahostHurbut
1966The10inoculatedand2uninoculatedcon
trolbirdswerehousedinthesamecageandbledat
selectedtimesforviremiaorantibodydetermina
tionsBloodsamplesforviremiatestswerediluted
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15inviraldiluentatthetimeofcollectiononpost
infectiondays1thru10with1controland5inocu
latedbirdseachbledonalternatedaysstartingon
day1orday2Bloodspecimenswerefrozenat
70Cimmediatelyaftercollectionandsubse
quentlythawedandtitratedforvirusbyplaqueas
sayinverocellculturesBloodstakenforserum
sampleswerediluted15inphysiologicalsalineat
thetimeofcollectiononpostinfectiondays714
2128and56Theseraweretitratedforantibody
bytheHItestusingtheBFS1750viralstrainas
thetestantigen
ResultsandDiscussion

All10oftheinoculatedrockdovesbecame

infectedaftersubcutaneousinoculationwithSLE

viruswhereasneitherofthe2controlbirdshoused
inthesamecagebecameinfectedThusintracage
transmissionofSLEvirusdidnotoccurbetween

rockdovesanessentialprerequisiteforanimals
beingusedassentinelhostsforarbovirussurveil
lance

Threeofthe10infectedbirdsdevelopedlow
titeredviremiasofonly10to10plaqueforming
units01mlofbloodonpostinfectiondays3or4
SimilarlyChamberlainetal1957detectedonly
traceamountsofSLEvirusinthebloodoftwo

experimentallyinfectedpigeonsHowevereven
theselowviremialevelsareprobablysufficientto
infectsomefemalesofseveralCulexvectorspecies
ForexampleKrameretalmanuscriptin
preparationwereabletoinfect48to95ofthe
femalesfromahighlycompetentlaboratorystrain
ofCulextarsalisthatfedonchickenscirculating
similarlevelsofSLEvirusintheirbloodSimilar

observationshavebeenreportedbyMeyeretal
1983forCulexquinquefasciatusSayinfectedwith
SLEvirusbyfeedingonviremicchickens

Table1AntibodyresponsestoSLEvirusintenexperimentallyinfectedrockdoves

Dayafter
infection

0

7

14

21

28

56

52

Median

110

110

180

140

140

110

HIantibodyresponsestoSLEvirusinrock
dovesaresummarizedinTable1Specificanti
bodieswerefirstdetectedinallbirdsonday14
postinfectionwhenpeakmediantitersof180oc
curredMediantitersthendecreasedto140on

days21and28andto110onday56postinfection
ThisrapiddecreaseinSLEviralHIantibodytiters
alsohasbeenobservedinringneckedpheasants
tricoloredblackbirdsandhousesparrowsthatwere
infectedexperimentallywithanotherstrainofSLE
virusJLHardyunpublisheddataIncontrast
SLEviralantibodytitersremainedathighlevelsfor
atleast3monthsinmourningdovesandhouse
finchesthatwereinfectedaspartofthesameex
perimentThusthedurationoftheantibodyre
sponsesindifferentspeciesofadultwildbirdsap
pearstobequitevariablefollowingexperimental
infectionwithSLEvirusNonethelessresultsob
tainedinthepresentstudyindicatedthatserologi
calconversionstoSLEviruswouldbedetectablein

sentinelrockdovesiftheywerebledatmonthly
intervalsasisthecurrentpracticeintheen
cephalitissurveillanceprograminCalifornia

Weplantorechallengehalfoftheinfected
rockdovesinthisstudywithSLEvirustodeter
mineiftheydevelophightiteredsecondaryanti
bodyresponsesIftheydothenitmaybepossible
todiscerntwosequentialinfectionswithSLEvirus
inasinglesentinelrockdoveascomparedtoonly
oneinasentinelchicken

Thesepreliminarystudiesindicatedthatrock
dovespossesssomeoftheattributesonewouldde
sireinasentinelanimaltobeusedfordetectionof

SLEviralactivityinurbanresidentialareasThese
includehighsusceptibilitytoparenteralinfection
developmentofadetectableantibodyresponseof
suitabledurationandsuitabilityformaintenancein

Hemagglutinationinhibitionantibodytiter

Range

1401320

120180

120180

110120



backyardsBasedonarboviralstudiesdonein
otherareasitisassumedthatrockdovesareat
tractivehostsofCulexvectorspeciesbutthisre
mainstobedemonstratedinourstudyareasinthe
LosAngelesBasin

Acknowledgments
ThisresearchwassupportedbyResearch

Grant5R22AI03028fromtheNationalInstitute

ofAllergyandInfectiousDiseasesBiomedical
ResearchSupportGrant8S07RR05441fromthe
NationalInstitutesofHealthspecialfundsfor
mosquitoresearchallocatedannuallythroughthe
DivisionofAgricultureandNaturalResources
UniversityofCaliforniaandsupplementalfunding
fromtheSouthernCaliforniaRegionoftheCali
forniaMosquitoandVectorControlAssociation

References

ChamberlainRWREKisslingDDStamm
andWDSudia1957VirusofStLouisen

cephalitisinthreespeciesofwildbirdsAmJ
Hyg65110118

GergisNNandSBPresser1988Preliminary
observationsofthreeaviansurveillancesys
temsforStLouisencephalitisinLosAngeles
andOrangeCountiesCaliforniaProcCalif
MosqandVectorContrAssoc565457

HurbutHS1966Mosquitosalivationandvirus
transmissionAmJTropMedHyg15989
993

LaMotteLCGTCraneRBShrinerandL

JKirk1967Useofadultchickensassen

tinelsIViremiaandpersistenceofantibody
inexperimentallyinoculatedadultchickens
AmJTropMedHyg16348356

McLeanRGandGSBowen1980Vertebrate
HostInTPMonathedStLouisen
cephalitisAinPublicHlthAssocWashing
tonDCPages381450

MeyerRPJLHardyandSBPresser1983
ComparativevectorcompetenceofCulex
tarsalisandCulexquinquefasciatusfromthe
CoachellaImperialandSanJoaquinValleys
ofCaliforniaforStLouisencephalitisvirus
AmJTropMedHyg32305311

ReevesWCandWMcDHammon1962Epi
demiologyofthearthropodborneviralen
cephalitidesinKernCountyCalifornia1943
1952UnivofCalifPressBerkeley257pp

ReevesWCCHTempelisREBellamyand
MFLofy1963Observationsonthefeeding
habitsofCulextarsalisinKernCountyCali
forniausingprecipitatingantiseraproduced
inbirdsAmJTropMedHyg12929935

TempelisCHWCReevesREBellamyand
MFLofy1965Athreeyearstudyofthe
feedinghabitsofCulextarsalisinKern
CountyCaliforniaAmJTropMedHyg
15989993

TempelisCHandRKWashino1967Host
feedingpatternsofCulextarsalisinthe
SacramentoValleyCaliforniawithnoteson
otherspeciesJMedEntomol4315318

53



Introduction

SinceStLouisencephalitisSLEviruswas
firstrecognizedasadiseaseofmanin1983the
occurrenceofthediseaseinNorthAmericahas

beencharacterizedbyperiodicoutbreakswhich
punctuateyearsofminimaltransmissionTsaiand
Monath1987HoandHirsh1985Monath1980
In1984anoutbreakofSLEinSouthernCalifornia
resultedinsixteenserologicallyconfirmedhuman
caseswithonefatalityinLosAngelesCounty
LACandfivecasesinOrangeCountyOC
LACVectorborneDiseaseSurveillancedata
1988Thepreventionofhumandiseasemaybe
facilitatedbytheearlydetectionofSLEvirusactiv
itythusthedevelopmentofsensitivesurveillance
systemsisaprimaryconcernforpublichealth
researchers

Theabilityofbirdstoproduceantibodiesin
responsetoinfectionwithSLEvirusisofinterest
sinceanincreaseinantibodyprevalencecanbe
usedtoforecastincreasedactivityofthevirus
SerologicevidenceofinfectionwithSLEvirushas
beendetectedinspeciesfrom13avianfamilies
McLeanandBowen1980

Monitoringseroconversionsinsentinelchick
enspreviouslyunexposedtovirushasbeenauseful
indicatorofSLEvirusactivityandconversionrates
havebeencorrelatedwiththeoccurrenceofhuman

casesBowenandFrancy1980Sentinelchicken
flockscontinuetobeusedthroughoutCaliforniato
detectthepresenceofSLEvirusNewaviansys
temsincludingsentinelpigeonsandferalbirdsare
beingevaluatedbytheLosAngelesCountyDe
partmentofHealthServicesVectorControl
ProgramSoutheastMosquitoAbatementDistrict
OrangeCountyVectorControlDistrictand
UniversityofCaliforniaBerkeleyArbovirus
ResearchUnitUCBARU

ThepresentpapersummarizesSLEvirusac
tivityinsentinelchickenflocksinLosAngelesand
OrangeCountiesfor1986and1987andcompares

1LosAngelesCountyHealthDepartmentVectorborneDis
easeSurveillance313NFigueroaStreetRoom322LosAn

gelesCA90012

ArbovirusResearchProgramSchoolofPublicHealthUni

versityofCaliforniaBerkeleyCA94720
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PRELIMINARYOBSERVATIONSOFTHREEAVIANSURVEILLANCE

SYSTEMSFORSTLOUISENCEPHALITISIN

LOSANGELESANDORANGECOUNTIESCALIFORNIA

NasrNGergisandSallyBPresser

theutilityandsensitivityofthreeaviansentinel
systemsthatwereusedin1987

MaterialsandMethods

Sentinelchickenflocksweremaintainedat

variouslocationsinLACandOCTable1Three
aviansystemswerecomparedatfourlocationsto
detectthepresenceofSLEvirussentinelchick
enssentinelpigeonsandferalbirdsFlocksof25
whiteleghornchickensand30domesticpigeons
werehousedinchickenwirecageswhereasferal
birdswerecollectedinAustraliancrowtrapswith
theapertureoftheinletreducedtoexcludelarge
birdsVirusactivitywasmonitoredatriparian
habitatsSanJoaquinMarshinIrvineOrange
CountyandHarborLakesinWilmingtonLosAn
gelesCountyandsuburbanhabitatsSanGabriel
RiverinNorwalkLosAngelesCountyandLas
RiendasDriveinFullertonOrangeCounty

Chickenflockswerebledonceamonthfrom

12Mayto15December1987whereaspigeon
flocksweredeployedinJuneandbledmonthly
fromAugusttoDecemberDuringeachbleeding
session3040ccofbloodweredrawnfromthe
jugularveinofeachchickenusingavacutainer
systemWhenthismethodwasunsuccessfula30
ccsyringewitha22gaugeneedlewasusedtoob
tainthesamplefromthewingveinBloodsamples
frompigeonsweretakenfromthewingvein04cc
ofbloodwasdilutedwith16ccofphysiological
salinetoincreasethevolumeofthesampleFeral
birdsweretrappedforoneweekpriortomonthly
sentinelflockbleedingdatesinLACandbiweekly
inOCBirdswereidentifiedtospeciessexedand
bandedpriortobleedingWhenferalbirdswere
bled02ccofbloodweredrawnfromthejugular
veinandmixedwith08ccofphysiologicalsaline

Bloodsamplesfrompigeonsandwildbirds
weretransferredtovacutainersheldatroomtem
peratureforclotformationandthenweretrans
portedtothelaboratoryinacoolnotfrozenice
chestBloodsampleswerecentrifugedat2000
RPMforapproximately10minutesandserawere
collectedandstoredat70CChickenserawere

testedbytheCaliforniaStateDepartmentof
HealthServicesViralandRickettsialDiseaseLab

oratoryVRDLusinganenzymeimmunoassay
EIAwithpositiveresultsconfirmedbyanindirect



Table1ComparisonofSLEvirusantibodiesinchickenserainLosAngelesandOrangeCounties19861987

Locations

LosAngelesCounty

HarborLakesWilmington
SanGabrielRiverNorwalk
HorticultureAreaCalPolyUnivPomona
BalboaGolfCompanyEncino
ElDoradoParkLongBeach
LaBreaTarPitsWestLosAngeles

Total

OrangeCounty

SanJoaquinIrvine
SanMateoPointSanClemente
FeatherlyParkAnaheim
Fullerton

Total

BledthroughSeptemberexceptforflocksinWilmingtonPomonaandEncinowhichwerebledthrough
October

2BledthroughDecember
3Numberofpositivebirdsnumberofbirdsaliveattheendoftheyear

fluorescentantibodyIFAtestThepigeonand
feralbirdseraweretestedattheUCBARUbya
hemagglutinationinhibitionHItest

ResultsandDiscussion

Aslightbutnonsignificantx2019df1p
005increaseinSLEvirusactivitywasobserved

insentinelchickensinLACin1987whencom

paredto1986Table1Thehigheractivityin
1987wasattributedtotheincreasednumberof

chickensthatwerebledduringNovemberandDe
cemberaftersurveillanceactivitynormallyiscur
tailed

AlthoughtheprevalenceofantibodiestoSLE
viruswasgreaterinsentinelchickensonlyone
isolationofSLEviruswasmadefrompoolsof
CulextarsalisinLACVRDL1987unpublished
Thisrepresentsthelowestnumberofisolations
frommosquitoesinLACandOCsince1984LAC
VectorborneDiseaseSurveillancedata1987

1986 1987

221
NoFlock

219
218
022
119

79971

217
019
017
NoFlock

25338

025
025
020
116
27
619

911280

017
016
NoFlock

024

0570

LowSLEactivitymayhavebeenduetodrieram
bientconditionsthatprevailedin1987aswellas
theabsenceofwaterdischargedintotheSan
GabrielRiver

NoferalbirdsproducedantibodiestoSLE
virusinLACatthesiteswherethethreedifferent

aviansystemswerelocatedTable2Itisunclear
whetherthiswasconsistentwiththelowerlevelof

virusactivitythatwasobservedinthemosquito
populationsorthatlownumbersofspecimenswere
testedIncontrastpositiveserologiesforSLE
viruswereobservedforbothpigeonsandferal
birdsinOCTable2Anadditional26serocon
versionsinferalbirdswerereportedinOCatother
locationsJAGruwellunpublisheddataThe
detectionofantibodiestoSLEvirusinsentinelpi
geonsandferalbirdsmayindicatethatthesetwo
systemsarebetterabletodetectlowlevelsofvirus
activitythansentinelchickenswherenoantibodies
wereobserved
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Table2AcomparisonofthreeaviansystemsatsitesinLosAngelesandOrangeCounties12May15
December1987

Locations Chickens

LosAngelesCounty

HarborLakes

Norwalk

Total

OrangeCounty

Fullerton

SanJoaquinMarsh

Total

1Numberofpositivebirdsnumberofbirdsaliveattheendofthestudy
Numberofpositivebirdsnumberofbirdsbledincludingrecaptures

Chickenflocksaretheonlysentinelsystem
thathavebeenusedinLACandOCinthepast
Howeverbecausethelocationswherechickens
maybeplacedarelimitedtheirexposuretothe
virushasbeenlimitedtoriparianmarshhabitats
Thislessenstheirabilitytoserveasasentinelani
malespeciallyinsuburbanbackyardswheresome
SLEvirustransmissionmayoccurConversely
feralbirdsaredispersiveandarenotlimitedin
geographicaldistributionAsaresulttheymaybe
asuperiortoolforSLEvirusdetectionThedata
presentedherearepreliminaryandfurther
researchwillbenecessarytoassessthesensitivity
andcosteffectivenessofalternativesystemstothe
sentinelchickenflock
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AyearlongstudytodeterminetheprevalenceofStLouisandWesternequineencephalitisar
bovirusesintheperidomesticandruralwildbirdpopulationsofOrangeCountyproduced5555samplesfrom
37speciesforlaboratorytestingThirtyfiveserasamples063 werepositiveforSLEantibodiesand5sam
ples009 forWEEantibodiesPeakvirusactivityoccurredinDecemberwhen327ofallbirdssampled
testedpositiveThedataindicatedthatvirustransmissionseemedtobeoccurringyearroundalbeitatavery
lowlevel

PASSERIFORMBIRDSASASURVEILLANCEMETHODFOR

ARBOVIRUSACTIVITYINRURALANDSUBURBANSITESIN

ORANGECOUNTYCALIFORNIA1987

JAGruwellBLBrownandJPWebbJr

OrangeCountyVectorControlDistrict
13001GardenGroveBlvdGardenGroveCA92643

ABSTRACT

Introduction Thecrowtrapsprovedtobethemostefficient
WildbirdshavebeenknowntobehoststoSt methodnotonlyinnumberofbirdscapturedbut

LouisencephalitisSLEandWesternequineen alsoinprovidingrecapturedspecimensforresam
cephalitisWEEvirusessincethe1940sandhu pling
mancasesofWEEandSLEhavebeenidentified

inCaliforniasincethe1950sOrangeCountyre CrowTraps11243birds6291recaptures
mainedfreeofrecordedhumancasesuntil198384 Shooting 568birds

whenconfirmeddiagnosesofSLEinhumanswere MistNets 265birds

documentedinLosAngelesOrangeandSan
DiegoCountiesMurrayetal1986Testingof Atotalof01ccofbloodwasremovedvia

wildbirdsforarboviralantibodiesinOrange jugularpunctureandplacedin09ccofbovine
Countyhadbeensporadicfrom1984Table1un diluentHemagglutinationinhibitionHAItests
til1987whenafulltimepositionwascreatedby wererunbythelaboratoriesattheUniversityof
theOrangeCountyVectorControlDistrict CaliforniaLosAngelesUCLAOrangeCounty
OCVCDtomonitortheprevalenceofavianar PublicHealthDepartmentOCPHDandUniver
boviralantibodiesintheCountyThisstudywas sityofCaliforniaBerkeleyUCBTheHAIposi
alsodesignedtodeterminewhichbirdspecies tiveserawillbesenttoUCBforconfirmation
wouldbethemostsuitableforfuturesurveillance testing
effortsMcLeanetal1986unpublisheddata Thecrowtrapswere6x4x6includinga

variableentrancegapfrom2to5andcon
MaterialsandMethods structedfromwoodandhardwareclothThrough

Birdswerecollectedforbloodsamplingusing trialanderror12trapswerefinallyplacedinrela
modifiedcrowtrapsmistnetsandbyshooting tivelysecuresiteswhichincluded6residentialback
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Table1HistoryofwildbirdseratestingforStLouisencephalitisviralantibodies
inOrangeCounty

Noof

Year Agency Months

1984 UCLAOCVCD OctNov

1985 OCVCD AugSep

1986 CDCOCVCD AugSep

1987 OCVCD FebDec

Samples

100

225

386

5555

SLE

Positive

2000

1000

200

063



ByersResidenceEastOakLaneSantiagoOaks
FieStation19ElTomRoadandJeronimoElToro

ColeResidence31501AvenidaLosCerritosSanJuanCapistrano
QialletResidence5262RoyaleIrvine
MasaoParkMaintenanceYanaIrvine
20RanchDuckClubIrvine
PetResidence608JanaCircleHuntingtonBeach
CenralPadsMaintenanceYardHuntingtonBeach
ModjeskaParkMaintenanceYardAnaheim
CarbonCanyonRegionParkMaintenanceYanlBrea
FmeResidence337LasRiendasFullerton
MillerResidence11575RiosonWhinerLosAngelesCounty

yards4parks1firestationand1duckclub
Figure1Eachtrapwasvisitedtwiceaweek
whenbirdsweremarkedusingdifferentcolored
uniquetoeachtrapsite20gaugewirebands
bledandreleasedFoodandwaterwerereplen
ishedinthetrapatthesametimeDuringthelast
weekofeachmonthallbirdsinalltrapswerebled
Majorproblemsincludedvandalismandground
squirrelsSpermophilusbeecheyiandshrikes
Laniusludovicianusenteringthetrapsandeither
carryingoffallthegrainorkillingthecaptured
birds

Mistnetsweresetinboththeparksettings
andatriparianandstreambedsitesBloodsam
plesweretakenusingthesamemethodologyasthe
crowtrapsComparedtothecapturerateofcrow

Figure1CrowtrapsitesOrangeCountyCalifornia1987

trapsmistnettingwasmoreworkforthenumber
ofbirdssampledandinthefuturewillbeusedonly
inanareaconsideredtobeanactivevirusfocus

Shootingwasconductedatcountylandfills
BonitaCanyonBreaandSantiagoforrock
dovesgullscrowsandravensandontheIrvine
RanchmourningdovesSamplesweretakenby
cardiacpunctureandprocessedasusual

Results

Themostfrequentlycapturedbirdwasthe
housefinchCarpodacusmexicanusat4004of
totalsamples4136ofrecaptures4832ofto
talresamplesand4074ofalllivecapturesThe
housesparrowPasserdomesticuswasthenext
mostfrequentat2981oftotalsamples3599
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Table2SummaryofbirdbloodspecimencollectionFebruaryDecember1987

HouseFinchCarpodacusmexicanus

HouseSparrowPasserdomesticus
RockDoveColumbalivia

MourningDoveZenaiduramacroura

GroundDoveColumbigallinapasserina

SpottedDoveStreptopeliachinensis

RingedTurtleDoveStreptopeliarisoria 1

WhiteCrownedSparrowZonotrichialeucophrys 297

SongSparrowMelospizamelodia 153

GoldenCrownedSparrowZonotrichiaatricapilla 6

SwampSparrowMelospizageorgiana 1

LarkSparrowChondestesgrammacus 1

RedWingedBlackbirdAgelaiusphoeniceus 261

BrewersBlackbirdEuphaguscyanocephalus 40

BrownHeadedCowbirdMolothrusater 54

CommonCrowCorvusbrachyrhynchos 12

CommonRavenCorvuscorax 10

SaysPhoebeSayornissoya 83

BlackPhoebeSayornisnigricans 11

WestemKingbirdTyrannusverticalis 1

CaliforniaGullLaruscalifornicus 21

StarlingSturnusvulgaris 28

MockingbirdMimuspolyglottos 18

ScrubJayAphelocomacoerulescens 9

CliffSwallowHirundopyrrhonota 7

BullocksOrioleIcterusbullockii 7

WesternMeadowlarkSturnellaneglecta 5

YellowthroatGeothlypistrichas 6

AudubonsWarblerDendroicaauduboni 3

LoggerheadShrikeLanusludovicianus 4

YellowWarblerDendroicapetechia 3

CommonBushtitPsaltriparusminimus 3

BrownTowheePipilofuscus 1

AnnasHummingbirdCalypteanna 1

BlackHeadedGrosbeakPheucticusmelanocephalus9

ShortBilledMarshWrenCistothorusplatensis 1

CaliforniaQunilLophortyxcalifornicus 2

TOTALS 5555
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Percent Percent Percent NumberPercent

NumberTotal Number Total Number Total Live TdLive

SamplesSamplesRecapturesRecapturesResamplesResamplesCapturesCaptures

2224

1656

383

204

28

1

4004 2602 4136 488 4832 4826 4074

2981 2264 3599 348 3446 3920 3309

689 383 323

367 17 027 2 020 221 187

050 1 002 29 025

002 1 001

002 1 001

535 674 1071 71 703 971 820

275 191 304 39 386 344 290

010 6 005

002 1 001

002 1 001

470 236 375 21 208 497 420

072 40 034

097 123 196 16 158 177 149

022 12 010

018 10 008

149 174 277 25 248 257 217

020 11 009

002 1 001

038 21 018

050 28 024

032 18 015

016 9 008

013 7 006

013 7 006

009 5 004

011 6 005

005 3 003

007 4 003

005 3 003

005 3 003

002 1 001

002 1 001

016 9 008

002 1 001

004 002

10000 6291 10000 1010 10000 11846 10000



oftotalrecaptures3446oftotalresamplesand
3309ofalllivecapturesTables26Ithas
beensuggestedHardy1976McLeanetal1986
thatthesetwospeciesFigure2alongwithrock
andmourningdovesareprobablythebestindicator
ofvirusactivityandthisseemedtobethecasein
OrangeCountyTable7Positivebirdswere
foundthroughouttheCountyFigure3Tables89
withamajority27675 collectedfromtheCity
ofIrvineandIrvineRanchsouthtoSanJuan
Capistrano

PeakvirusactivitywasseeninJuly085of
totalbirdspositiveSeptember131 andDe

cember327 Figure4Therelativelyhigh
rateinDecemberseemedtoindicatewintertrans

missionofSLEvirusbecause4birds2white
crownedsparrows1housefmchand1Says
phoebethathadbeenpreviouslyrecapturedre
sampledandtestednegativeforvirusyieldedposi
tiveSLEresultsThewhitecrownedsparrowsare
wintervisitorsthatarriveinlateSeptemberand
leavearoundthefirstofMay

100

900

800

700

600

500

400

300

200

100
od

o

Discussion

Housefmchesandhousesparrowsareproba
blythebestavianhostsuponwhichtoconcentrate
forantibodysamplingThesetwospecieswerethe
mostnumerous6985ofallsamples7735of
allrecaptures8278ofallresamplesthemost
easilyhandledandquicklybecamehabituatedto
thecrowtrapsasafoodsourceTheonlydraw
backtothesystemofsamplingwastheinabilityto
identifyindividualbirdsAllbirdswerebanded
withcoloredwireadifferentcolorforeachtrap
siteThisenablesthecollectortocatchandsample
onlyunmarkedbirdsduringthebalanceofeach
monthwhilereleasingtheothersThelastweekof
everymonthallbirdsmarkedandunmarkedare
sampledAsystemofindividualnumberedbands
wouldbemoreefficaciousbutduetoconstraints
oftimeandpersonnelandthelargenumberof
specimensinvolvedwasvirtuallyimpossibleatthis
pointinthestudy

InFebruaryMarchandthefirstpartof
April83housefmchesweremarkedatthePett

HouseFinches

HouseSparrows

Figure2Monthlylivecapturesofhousefinchesandhousesparrows1987
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residencecrowtrapinHuntingtonBeachThirty
sixofthesebirds43 wererecapturedduringthe
yearinothercrowtrapsthroughouttheCounty
Figure5Thepotentialfordispersionofvirusvia
housefinchesupto40milesinthiscasehasbeen
dramaticallydemonstratedbythisstudyandfollow
upstudiesarestronglyencouraged

Thisprojectwasintendednotonlytoprovide
moredataontheroleofwildbirdsintheoverall

SLEviruscyclebutalsotoserveasanearlywarn
ingsurveillancesystemiedetectthevirusin
avianhostsbeforeitbecomesprevalentinperido
mesticmosquitopopulationsandimplementap
propriateandtimelycontrolmeasuresthusre
ducingtheriskofvirustransmissiontohumans
TheOrangeCountyPublicHealthLaboratory
OCPHwillbeperformingtheserologicaltesting
in1988usingHAItestsandresultswillbeavailable
34daysaftercollection

XII

Thesamplingofperidomesticbirdsdoesnot
standaloneintheresearchintoSLEandWEEcy
clesinsouthernCaliforniaDatagleanedfromthis
workmustbecorrelatedwithongoingstudiesof
mosquitopopulationssentinelchickenandpigeon
flockshumanepidemiologicaldataetcInsum
maryitseemsthatSLEviralantibodyexistsata
verylowlevelinthewildbirdpopulationofthe
Countyalmostyearroundeventhoughsentinel
chickenandpigeonflocksshowedminimalactivity
andnopositivemosquitopoolsweredetected
Severalmoreyearsofdataareneededtodeter
minetheroleofwildbirdsintheviruscycleinOr
angeCounty

Inadditionitcanbesaidthat1987provided
notonlyawealthofdatabutalsoachancetolearn
howandwheretoplacethecrowtrapsinorderto
maximizecaptureandrecapturelevelsofwhat
appeartobetargetbirdshousefinchesand

123 NumberofPositiveBirdsperSite

CrowTrap

X Other seeTable9

Figure3LocalitiespositiveforSLEandWEEinOrangeCountyCalifornia1987
seeTable9
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housesparrowsMembersofthefamily
Columbidaerockdovemourningdoveground
dovealthoughdifficulttocollectinnumbers
seemtobegoodvirusreservoirsandwillalsoserve
asatargetin1988andbeyondThesignificance
ofverylowlevelsofbothSLEandWEEvirusesin
theCountyduring1987remainstobeelucidated
throughcontinuingresearchduringthenextseveral
years
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Table7SLEandWEEpositivebirdsbyspeciesOrangeCounty1987

HouseSparrowPasserdomesticus 101
HouseFinchCarpodacusmexicanus 9

WhiteCrownedSparrowZonotrichialeucophrys 6

RockDoveColumbalivia 5

SaysPhoebeSayornissaya 21
MourningDoveZenaiduramacroura 2

RedWingedBlackbirdAgelaiusphoeniceus 1

CalifomiaQuailLophortyxcalifornicus 1
SongSpatrwMelospizamelodia 1
BrownHeadedCowbirdMolothrusater 1

Table8LocalitiesofSLEandWEEpositivebirdsOrangeCounty1987

SitesIthroughXIIsameasFigure1

XIII BonitaCanyonDumpIrvine
XIV TrabucoCreekSanJuanCapistrano
XV DayResidenceWestminster

XVI RattlesnakeReservoirIrvineRanch
XVII LagunaReservoirIrvineRanch

XVIII LagunaLakesIrvineRanch
XIX HillcrestParkFullerton

SLE 35063totalallbirds
WEE 5009totalallbirds
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Table9SLEandWEEpositivebirdsOrangeCounty1987

CatalogA Species Sex Age Date Locality

JAG87 53 HouseFinch M Irnm 6Feb XIV

216 HouseFinch F Imm 4Mar VII

1439 HouseFinch F Fledg 22June IV

1484 HouseSparrow F Fledg 23June XII

2187 HouseSparrow F Fledg 10July XV

2218 BrownHeadedCowbird F Ad 13July III

2221 HouseSparrow F Imm 13July III

2394 HouseFinch F Ad 17July XI

2514 HouseFinch F Ad 21July XII

2583 HouseSparrow F Imm 21July XV

2613 HouseSparrow F Imm 21July XIX

2677 HouseFinch F Ad 24July XII

2715 RockDove F Ad 27July XIII

2892 SaysPhoebe M Ad 29July XVIII

3180 RockDove M Ad 10Aug XIII

3499 SongSparrow F Ad 19Aug XIV

3618 RockDove F JuvImm 24Aug XIII

3670 CaliforniaQuail M Ad 24Aug XVI

4018 RockDove M JuvImm 8Sept XIII

4104 RockDove M Ad 14Sept XIII

4115 SaysPhoebe M Ad 14Sept XVI

4269 MourningDove M Ad 23Sept XVII

4281 MourningDove M Ad 23Sept XVII

4395 HouseSparrow M Imm 28Sept IX

4555 HouseSparrow F Ad 13Oct IX

4821 WhiteCrownedSparrow M Imm 2Nov I

4862 HouseSparrow F Imm 9Nov IV

5164 RedWingedBlackbird F Ad 1Dec VI

5173 HouseSparrow M Imm 3Dec IV

5174 WhiteCrownedSparrow M Ad 3Dec IV

5198 HouseSparrow M Imm 4Dec XII

5205 HouseFinch F Ad 7Dec I

5244 WhiteCrownedSparrow M Imm 10Dec VI

5255 WhiteCrownedSparrow M Imm 11Dec XI

5483 WhiteCrownedSparrow M Ad 28Dec III

5484 WhiteCrownedSparrow M Ad 28Dec III

5489 SaysPhoebe M Ad 28Dec III

5497 HouseFinch F Ad 28Dec IV

5542 HouseSparrow F Ad 30Dec VII

5555 HouseFinch F Ad 31Dec IV

Recapturesresampledbirds
WEE

35 SLE063
5WEE009



VERTICALDISTRIBUTIONANDRESPONSEOFCULEXMOSQUITOES

TODIFFERINGCONCENTRATIONSOFCARBONDIOXIDE

ARPfuntnerWKReisenandMSDhillon

ABSTRACT

TheeffectsofdifferentcarbondioxidereleaseratesandtrapheightsonthecatchsizeofCulextarsalis
CxquinquefasciatusandCrpeusinCDCstyletrapswereevaluatedinsouthernCaliforniaThemeancatch
sizeofCulextarsalisfemalesbutnotCxquinquefasciatusorCrpeusincreasedsignificantlywhen release

rateswereincreasedfrom250to1000mlperminInrurallocationstrapheight25and10meters
CO2

idnot

significantlyaffectthenumberofadultscapturedTheparityrateofCxquinquefasciatuswasgreaterat10
metersthanatthelowerlevelsTheotherspeciesdidnotexhibitsignificantparitydifferencesrelatedtoheight
AturbansitesthenumberofCrtarsalisandCxpeusadultscapturedtendedtoincreaseintrapsplacedinthe
treecanopyat5metersFurtherresearchisindicatedtodetermineifcarbondioxidebaitedtrapslocatedat
groundlevelunderestimatetheabundanceofhostseekingfemales

Introduction

Sincethe1983outbreakofStLouisen

cephalitisvirusintheLosAngelesbasinthree
speciesofmosquitoesCulextarsalisCoquillett
CulexquinquefasciatusSayCulexpeusSpeiser
havebeenfoundnaturallyinfectedEmmonsetal
1984198519861987Vectorcompetencestud
iesbyHardyetal1985determinedthatCxpeus
wasaveryefficientlaboratoryvectorofSLEfol
lowedbyCxtarsalisandCrquinquefasciatusAll
threespeciesfeedprimarilyonbirdsTempelisand
Washino1967andareattractedtocarbondioxide
baitedtrapsHoweverprevioustrapcomparison
studiesinKernCountyMeyer1985andinSan
BernardinoCountyReisenandPfuntner1987in
dicatedthatdryicebaitedtrapsmayunderestimate
therelativeabundanceofCrpeusfemalesand
therebyreducetheeffectivenessofarbovirus
surveillanceforthisspecies

Researchwasinitiatedtoincreasethecatch

sizeofCxpeuscapturedinCOtrapsThepresent
paperdeterminedtheeffectsofdifferingtrap
heightsandcarbondioxidereleaseratesonthe
abundanceofCulexspeciescapturedinmodified
CDCstyletrapsPfuntner1979

MaterialsandMethods

StudyAreasEvaluationsoftrapheightswere
conductedattwourbanandtworurallocations

Theurbansiteswerelocatedinthesuburban

communitiesofRossmoorOrangeCountyand

1WestValleyVectorControlDistrict13766ArapahoePlace
ChinoCA91710

2DepartmentofBiomedicalandEnvironmentalHealthSci
encesSchoolofPublicHealthUniversityofCalifornia

BerkeleyCA94720

3NorthwestMosquitoAbatementDistrict6851GraniteHill
DriveRiversideCA92509

NorwalkLosAngelesCountyRuralsiteswere
nearthePradoBasinRiversideCountyandata
dairyadjacenttothecityofChinoSanBernardino
CountyTheurbanlocationsrepresentedtypical
residentialhabitatswheremosquitobreedingoc
curredinbackyardandotherproximalsourcessuch
asditchesandfloodcontrolchannelsTherural

locationswereneardairywastewaterpondsorim
poundmentsresultingfromirrigationandrainwater
runoff

CO2ReleaseRatesPressurizedcylindersof
carbondioxidegascoupledtoregulatorsAccu
TrolModelRS43andmeteringvalvesNuproM
serieswereadjustedbybubbleflowmetertoexpel
250500and1000mlminGaswasreleased
through32mmIDtubinginsertedintooneofthe
four64mmdischargeholeslocatedatthebottom
edgeofeachofthe38Lpaintcansnormallyused
tohousedryiceTrapswereoperatedfromdusk
todawnataheightoftwometersatthedairylo
cationinChinoEachreleaseratewastestedin

threetrapsatthreesitesonthreeoccasions
Thedryicesublimationratesfromeachof

threeinsulated38Lcontainersweredetermined

byperiodicallyweighingthetaredcontainersinthe
laboratoryonanelectronicpanbalanceOhaus
E3003000Thevolumeofgasproducedwasde
rivedfromthenetweightusingthefollowing
chemicalequationbasedupontheStandardGas
Law

1LCOLx44g 197gLsolidCOL

Thefourdischargeholesoneachofthethreecon
tainerswereapproximately64mmindiameteras
notedpreviouslyTheroomtemperaturewas27
2C

TrapHeightTrapsbaitedinitiallywithap
proximately14kgofdryicewereoperatedfrom
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dusktodawnattwogroundlevelfiveandten
metersheightatthreefixedsitesonfouroccasions
atadairyinChinoandonsixoccasionsatrural
sitesnearPradoBasinTrapswerehungfrom
ropesrunningthroughpulleysattachedtotree
limbsandthusthetrapsatfiveandtenmeters
weresituatedadjacenttoorwithinthetreecanopy
Similarlytrapswererunonfouroccasionsat
groundlevelandatfivemetersatthreesitesin
NorwalkandatfoursitesinRossmoor

ProcessingTrapswereretrievedearlyinthe
morningandwereimmediatelytransportedtothe
laboratorywheremosquitoeswereanesthetized
withtriethylaminesortedtospeciesandsexand
countedDuringthetrapheightevaluationat
Chinotheparitystatusof4050femalesofeach
Culexspeciesweredeterminedbyovariandissec
tionusingacombinationofthetracheolationand
dilatationmethodsDetinova1962Sinceauto
genouseggdevelopmentcanconfoundtheinter
pretationofparitydatapupaewerecollectedatthe
dairysiteallowedtoemergeheldunderinsectary
conditions168LD252Con10sucrosefor
6daysandthendissectedtodetermineovarian
developmentFemaleswithfolliclesmaturedto
StageVChristophers1911wereconsideredtobe
autogenous

10

12

11

1

09

08

07

06

05

04

03

02

01

0

0 2 6

TimeHrs

Figure1DryIceSublimationRateat27Fr 068P005

4

StatisticsTrapcatchesweretransformedtoIn
Y1andthentestedbyanalysesofvariance
blockedbytrapsitesSokalandRohlf1981
Meanspresentedhereinarebacktransformedor
geometricvaluesThevariabilityofparityrates
amongheightswascomparedbycontingencychi
square

Results

CO2ReleaseRatesThesublimationrateof

thedryicedecreasedsignificantlyP001from
1035mlminattimezeroto425mlminafter
twelvehoursexposureat27CFig1Therange
ofCOreleasedfromthedryiceholder1000to
300mmin wascomparabletothatevaluatedin
theCOgasreleaseexperiment1000to250
mlminThecatchsizeofCxtarsalisincreased
asafunctionoftheCOreleaserateTable1No
significantdifferenceswereobservedfortheother
twospeciesCatchsizesvariedgreatlybothamong
andwithintrapstationsmakinganalysisevenafter
transformationdifficultSincetheCOrelease
ratedidnotinfluencethecatchsizesforCrquin
quefasciatusorCxpeusandsincemostCxtarsalis
arecollectedduringearlyeveningwhentherelease
ratefromthedryicewashightherangeintheCO
releaseratefromdryicebaitedtrapsprobablydid

8 10 12 14



Table1Geometricmeannumberoffemalescollectedpertrapnightat3COreleaseratesChino1987

Culexspecies

quinquefasciatus
tarsalis

peus

COReleaseRatemlmin

250 500 1000 ANOVA

3786

327b

366

518

567ab
744

3814

1044a

377

ns

ns

P005meansfollowedbythesameletterwerenotsignificantlydifferentwhentestedbyamultiplerange
testTrapnights 27

Table2Geometricmeannumberoffemalescollectedpertrapnightat3heightsChino1987

Culexspecies

quinquefasciatus
tarsalis

peus

Trapnights 36NS P005

Culexspecies

quinquefasciatus
tarsalis

peus

Trapnights 32NS P005

3746

1097

339

158

727

88

TrapHeightinMeters

2 5 10 ANOVA

2877

728

308

Table3GeometricmeannumberoffemalescollectedpertrapnightatsitesnearthePradoBasinCorona
1987

TrapHeightsinMeters

2 5 10 ANOVA

612

2075

433

4233

1013

417

593

1308

226

ns

ns

ns

ns

ns

ns

11



notaffectCulexcatchsizes

TrapHeightThemeannumberoffemalesof
thethreespeciescollectedatChinodidnotdiffer
significantlyattwofiveortenmetersTable2
ThoughnotsignificantlydifferentP005the
meannumbersoffemalesofallthreespeciescap
turedinthePradoBasinwerelessatgroundlevel
thanateitheroftheotherheightsTable3At
theurbanlocationsmorefemaleswerecollectedat
thetrapsinthetreecanopyatfivemetersthanat
groundlevelTable4HoweveronlyCtarsalis
atRossmoorandCxpeusatNorwalkshowedsig
nificantdifferencesAttheChinositetheparity
rateofCxquinquefasciatuswassignificantlyhigher
attenthanattwoorfivemetersThepercentpar

Table4Geometricmeannumberoffemalescollectedpertrapnightat2and5mheightsatRossmoorand
Norwalk1987

Culexspecies

quinquefasciatus
tarsalis

peus

Culexspecies

quinquefasciatus
tarsalis

peus

N numberdissected

P0005df fNS P005

12

Rossmoor

2 5

536

08

19

2 5

2144
1844
2948

TrapHeightinMeters

657

31

62

Meansat5msignificantlylargerP005P001thanat10mremainingmeansnotsignificantlydifferent
P005RossmoorOrangeCountytrapnights 30NorwalkLACounty 24

Table5PercentofparousfemalesN collectedat3trapheightsChino1987

TrapHeightsinMeters

2147
3340
2241

ityforbothCxtarsalisandCrpeusdidnotdiffer
significantlyamongheightsTable5Ofthepu
paecollectedandrearedfromtheChinodairysite
Cxtarsalisyielded50autogenyn14whileCx
quinquefasciatusshowednoautogenyn75No
pupaeofCxpeuswerecollected

Discussion

Inruralenvironmentstheeffectivenessofthe

CObaitedCDCstyletrapincollectingfemale
Culexmosquitoeswasnotenhancedbyreducing
thereleaseratetolevelsapproachingonethirdthat
routinelyusedTheCOreleaseratesusedinthe
presentstudywereallconsiderablyhigherthanex
pectedfromrespiringbirdsForexampleReeves

2 5

07

02

03

5044
3441
2049

Norwalk

42

07

20

10 Chisq

119

327ns

115ns



1953concludedthattheCOreleaseratesofa
chickenmanandacowwereabout25250and
2500mlminrespectivelyHoweverhefound
thatthecatchsizesofCrquinquefasciatusdidnot
differmarkedlybetweenreleaseratesof25and250
mlminalthoughdecreasesoccurredatrelease
ratesof2500mlminSimilartothepresentstudy
thegreatestnumbersofCxtarsalisweecollectedat
thegreatestCOreleaserates

Trapeffectiveness atruralsiteswasnotin

creasedbypositioningthetrapsbelow2meters
orwithintreecanopy5and10metersCon
verselytrapslocatedintheurbanenvironsshowed
agreatertendencytocaptureincreasednumbersof
CxtarsalisandCxpeuswhenplacedinthetree
canopyDifferencesinmosquitoresponsetoCO
trapsatruralandurbanhabitatsweredifficultto
interpretsincetrapswereplacedcomparablyalong
treewindbreaksattheruralsitesandalongtrees
liningstreetsintheurbansettingsPossiblyresults
wereinfluencedbyincreasedmosquitoattackrates
anddecreasedrelativehostavailabilityinruralsites
wheretrapcountswere1to2logsgreaterthanob
servedaturbansitesespeciallyforCxquinquefas
ciatusThuselevatedbitingratesmayhaveforced
femalestoseekbloodmealinhabitatslessfre
quentlysearchedwhenbitingrateswerelowThe
elevatedabundanceofCxquinquefasciatusalso
couldhavealteredthehostseekingpatternsofCr
tarsalisandCxpeussincethehostselectionpat
ternaresimilaramongallthreespeciesTempelis
etal19651967Thesedensityinducedchanges
inhostseekingpatternsandpossiblehostavoid
ancebehaviorcouldhavecontributedtothevery
highamongtrapvariabilityobservedovertimeand
spaceduringthepresentstudy

Anadditionalconfoundmentwascreatedby
trapplacementrelativetothetreecanopyUn
avoidablysometrapswerepositionedwithinthe
canopyandwereprotectedbythevegetationwhile
othertrapsatthesameheightwererelativelyex
posedThesedifferencesinbaitpresentationalso
mayhavecontributedtothevariabilityamong
traps

Additionalresearchwillbeneededtoevaluate

furtherthehuntingstrategiesofthethreeCulex
speciesunderlowabundancelevelstodetermineif
groundlevelsurveillancetrapsdoindeedunderes
timatetheabundanceofCxtarsalisandCxpeus
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Duringthesummerof1987thecommunitiesofRossmoorOrangeCountyandNorwalkLosAngeles
CountyweresurveyedforadultandlarvalmosquitoesCulexquinquefasciatuswasthemostabundantspecies
inbothcommunitiesandwassampledreadilybygravidtrapsFemalesofallculicinespecieswerecollectedby
COtrapsatgroundlevelandintreecanopyAdultsofallspeciesrestedmostfrequentlyinshrubberyand
flowerbedsathomeswherebreedingwasdetectedandindependentofhomeowneropinionofrecentmosquito
bitesTheca6foldgreatermosquitoabundanceatRossmoorthanNorwalkwasattributedtodifferencesin
mosquitoproductionfromperipheralandnotbackyardbreedingsources

Introduction

StLouisencephalitisvirusSLErecentlyhas
appearedasapublichealthprobleminthegreater
LosAngelesmetropolitanareawith25human
casesconfirmedsince1983Thegeographicaldis
tributionofthehumancasesvirusisolationsfrom
mosquitoesandseroconversionsamongflocksof
sentinelchickenshasindicatedwidespreadenzootic
virustransmissionwithCulextarsalisCoquillettas
theprincipalvectorEmmonsetal19841985
19861987Virussurveillanceactivitieshaveem
phasizedresidualmarshandriparianhabitatsand
essentiallyhaveneglectedthebackyardenviron
mentwheresomeofthehumancasesmayhave
beencontractedUnfortunatelybasicinformation
onthebionomicsofmosquitoesinhabitingthe
peridomesticenvironmentessentiallyislackingfor
thegreaterLosAngelesarea

Theobjectivesofthepresentstudywereto
describequantitativelytheabundanceandbio
nomicsofvectormosquitoesinrepresentative
communitiesinthegreaterLosAngeles
metropolitanareaEmphasiswasplacedonde

isresearchwasfundedinpartbyResearchGrant5R22
AI03028fromtheNationalInstituteofAllergyandInfectious
DiseasesBiomedicalResearchSupportGrant8S07RR05441

fromtheNationalInstitutesofHealthspecialfundsfor
mosquitoresearchallocatedannuallythroughtheDivisionof
AgricultureandNaturalResourcesUniversityofCalifornia
andsupplementalfundingfromtheSouthernRegionofthe
CaliforniaMosquitoandVectorControlAssociation
2DepartmentofBiomedicalandEnvironmentalHealthSci
encesSchoolofPublicHealthUniversityofCalifornia

BerkeleyCA94720

3OrangeCountyVectorControlDistrictGardenGroveCA
92702

4SoutheastMosquitoAbatementDistrictSouthgateCA
90280

MOSQUITOABUNDANCEINSUBURBANCOMMUNITIESINORANGE

ANDLOSANGELESCOUNTIESCALIFORNIA1987

WKReisenRPMeyerVMMartinez

OGonzalezJJSpoehelandJEHazelrigg

ABSTRACT

termining1speciescomposition2relativeabun
danceasestimatedbydifferentsamplingmethods
3microhabitantsutilizedbyrestingadults4fe
maleCulexreproductivestatusand5prevalence
andrelativeproductivityofbackyardandperiph
eralbreedingsources

MaterialsandMethods

DescriptionofstudyareasThesuburban
communitiesofRossmoorOrangeCountyand
NorwalkLosAngelesCountywereselectedfor
studybecausehumanSLEcasespreviouslyhadoc
curredwithineachcommunityduringthesummers
of1985and1986respectivelyInadditionboth
communitiesweresituatedalongtheSanGabriel
Riverfromwhich28isolationsofSLEviruswere

madefromCulexmosquitoesduring1986
Emmonsetal1987

TheRossmoorstudysitewassampledfrom
2031July1987encompassedanareaofca06
kmandcontainedca680homesresidenceden
sity 1133homeskmFig1Homeswere
assessedatca150000250000andyardswere
welllandscapedandmostlywateredbyautomatic
sprinklersystems

TheNorwalkstudysitewassampledduring
1727August1987andwassmallerthanRossmoor
02kmwithabout312homesdensity
1560kmIncomparisonwithRossmoorhomes
inNorwalkwerelessexpensive75000125000
hadsmallerlotswerelandscapedminimallyand
usuallywerewateredbyhandorwithportablede
vices

MosquitosamplingAdultmosquitoeswere
sampledby6methodsat3to9fixedsitesoneach
of4occasionsineachcommunityFigs1and2

Hostseekingfemaleswerecollectedbydry
icebaitedtrapspositionedin3habitats1ground
level1520msuspendedfromtheeavesof
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housesoradjacentvegetation250melevationin
treecanopyand3undergroundattheentrances
tocatchbasinsRossmoororstormdrainman
holesNorwalk

Gravidfemaleswerecollectedbyafacsimile
oftheReiter1983trapbaitedwithahayinfusion
media

Phototacticmosquitoesweresampledby
standardNJlighttrapsfittedwith25wattbulbsand
operatedfor7consecutivenightsat3locations

From9to14residencesneareachofthe9
fixedtrappingstationsweresurveyedfor
mosquitoesHomeownersweresurveyedtodeter
minetheirimpressionofrecentmosquitocontact
timespentoutdoorsintheeveningandthenum
bersofpetswhichsleptoutdoorsThetypesof
mosquitorestingsiteswererecordedMosquitoes
restinginvegetationinfrontandbackyardswere
collectedfortimedintervalsusingapoweraspira
torMeyeretal1983whilethoserestingunder
houseeavesorinoutbuildingswerecollectedbya
handheldmechanicalaspiratorHauscherrsMa
chineWorksTomsRiverNJInadditioneach
premisewassearchedformosquitobreedingThe
numbersandtypesofhabitatscontainingwater
potentialbreedingsourceswererecordedfor
eachhouseholdImmaturemosquitoeswerecol
lectedfromeachpositivehabitatandreturnedto
thelaboratoryforidentificationaseitherL3orL4
larvaeoradultsemergingfrompupae

Inadditiontoresidencessuitablebreeding
siteswithinorperipheraltothestudyareaswere
searchedformosquitobreedingStandingwaterin
streetgutterswasmappedandexaminedfor
breedingAtRossmoorallcatchbasinsaflood
controlchannelandtheI605freewaydrainwere
examinedforbreedingFig1AtNorwalk
swimmingpoolswithahistoryofpoormainte
nancetheSanGabrielRiverbedca1kmWand
theI5freewaydrainFig2weresearchedfor
mosquitobreeding

StatisticsNumbersofmosquitoestrappedor
collectedrestingweretransformedtoiny1to
normalizethedistributionandcontrolthevariance
priortoperforminganalysesofvariance
ANOVAMeanspresentedintablesorfigures
werebacktransformedgeometricestimates
mean Williams1951meanChisquarewas
usedtotestforthegoodnessoffitofthedispersion
patternofmosquitoesrestingathousestotheneg
ativebionomialdistributionPoole1974
Results

SpeciescompositionCulexquinquefasciatus

Saywasthemostabundantmosquitocollected
comprising87n 6336and77n 1196
ofthetotalspecimenscollectedatRossmoorand
NorwalkrespectivelyOtherspeciescollectedin
orderofdecreasingabundancewereCulexpeus
Speiser8and12 CulisetaincidensThomson
3and7 andCxtarsalis2and4 respec
tivelyAtRossmoor2femaleAedestae
niorhynchusWiedemannandasinglefemale
CulexerythrothoraxDyaralsowerecollected

SamplingeffectivenessAtRossmoormore
Cvquinquefasciatusfemaleswerecollectedhost

seekingatCOtrapsthanattemptingtoovipositin
gravidtrapsFig3Howeveronly422ofhost
seekingfemaleswereparousFig4andtherefore
only233and274femalespertrapnightatground
and5mlevelrespectivelyhadimbibedaprevious
andpotentiallyinfectiousbloodmealwhichwas
comparabletotheabundanceoffemalescollected
bythegravidtrapFig3AtNorwalkwhere
populationabundancelevelswereconsiderably
lowerthanatRossmoormorefemaleswerecol
lectedatgravidthanatCOtrapsperhapsindicat
ingthatgravidfemaletrapsmayberelativelymore
effectiveincollectingCvquinquefasciatuswhen
populationlevelsarelowandbreedingstiesrela
tivelyscarceandwidelydispersed

Crtarsalisabundancewaslowthroughout
andfemalesweresampledmostreadilyatCOtraps
hungintreecanopyFig5Similarresultswere
observedforCtpeusalthoughspecimensalso
wererecoveredfromgravidandNJlighttrapsFig
6

Fewmosquitoesofallspecieswerecollected
intrapshungundergroundineithertheentrances
tocatchbasinsRossmoororinmanholesopen
ingintostormdrainsNorwalkFigs356
Thesedataindicatedthatundergroundsiteswere
notamajorsourceofmosquitobreedinginthe
currentsurvey

NewJerseylighttrapscollectedfew
mosquitoesFigs356Mosthouseshadfront
andbackporchlightsandallstreetswerewelllit
increasingthebackgroundilluminationlevelsand
therebyreducingoveralltrapeffectiveness

Abundancepatternsofmosquitoesatresi
dencesThedispersionpatternofadultscollected
restingatresidenceswasdecidedlyclumpedforthe
fourcommonmosquitospeciesTable1Thera
tiosofthevariancetothearithmeticmeanwere
greaterthan1throughoutandwerehighestat
Rossmoorwhereabundancelevelsweregreater
thanatNorwalkThesedataimpliedthatthevari
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Table1DispersionpatternsoffourspeciesofmosquitoesrestingatresidencesinRossmoorandNorwalk
1987

Freq

Numbersofmalesandfemalescollectedperhouse

Rossmoorn 106 Norwalkn 108

class quinq tars peus incid quinq tars peus incid

0 44 72 41 82 68 94 83 97

1 15 22 21 11 14 3 12 6

2 6 5 10 5 11 1 6 2

3 5 4 8 3 3 1 3 1

4 3 0 6 2 3 0 3 0

5 3 1 5 1 3 0 0

6 3 1 3 0 2 0 1

7 4 0 2 1 1 1 1

8 5 1 0 0 0 0 0

9 3 0 3 0 1

10 2 1 0 0

11 0 1 0 0

12 0 3 0 0

13 1 0 0 0

14 0 0 0 0

15 1 0 0 0

15 10 2 1 2

Max 132 8 27 18 38 4 7 7

Mean 585 059 259 064 149 020 048 024

Variance 2225 158 1682 423 1955 037 127 098

sx 3804 265 651 659 1312 185 265 408

k 029 046 054 015 023 023 025 008

Chi 1029 502ns 1297ns 209ns 633ns 112 185ns 249ns

aquinq Cxquinquefasciatustars Cxtarsalisandincid Csincidens

bk anindexofthedegreeofclumpingcalculatedforthenegativebinomialdistributionusingthemethod
describedinPoole1974ModeltestedbyChisquareforgoodnessoffitbycomparingexpectedfrequencies
withobservedfrequencydistributions P001nsP005
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Table2Meannumberofadultmosquitoes collectedrestingathousespositiveornegativeforreportedrecent
mosquitobitesordetectedbreedingsourcesRossmoorandNorwalk1987

Mosquitobites

Rossmoor Norwalk

Pos Neg Pos

Samplesize 19 39 28 74

quinquemales
females 229 260 076 129

tarsalismales

females 093 017 016 015

peusmales
females 183 125 019 032

incidensmales
females 013 042 006 015

aPairedmeansposvsnegfollowedbyaweresignificantlygreaterP005

bOnlyhousessurveyed orwithresidentsrespondingincluded

Threehouseswithpositivestreetguttersalsoincluded

ancewasnotindependentofthemeanThedistri
butionofadultmosquitoesamonghouseswas
foundtofitanegativebinomialmodelforall
specieswiththeexceptionofCxquinquefasciatus
atRossmouwherelargenumbersofadultswere
collectedatfewhousesThedegreeofclumpingof
malesorfemalesamonghouseswasgreaterat
NorwalkthanatRossmoorasindicatedbythe
lowervaluesofkfromthenegativebinomialdistri
butionThusmosquitoeswereaggregatedmore
highlywhenpopulationabundancewaslowthan
whenabundancewashigh

Residentopinionofrecentmosquitoattack
wasessentiallyindependentofthedistributionof
restingfemaleabundanceathousesTable2
WiththeexceptionofCxtarsalisatRossmoor
meanfemalemosquitoabundancewasnotsig
nificantlydifferentbetweenhousesreportingornot
reportingrecentmosquitobitesInNorwalkresi
dentsalsowereaskediftheyfrequentlywereout
doorsduringtheperiodofpeakmosquitohost
seekingactivity19002200hrsOverall78of

80

Breedingsites

Rossmoor Norwalk

Neg Pos Neg Pos Neg

11 92 7 101

1130 282 416 101

717 213 278 103

038 042 099 016

068 042 070 012

271 008 099 052

290 148 000 035

090 040 034 022

103 020 000 013

the28residentsreportingmosquitobitesalsore
portedthattheyspenttimeoutdoorsinthe
eveningsParadoxicallythepercentagewasnot
significantlydifferentfrom70oftheresidents
reportingnomosquitobitesDogswerethemost
commonhouseholdpetsleepingoutdoorshow
evermosquitorelativeabundancealsovariedin
dependentlyofthenumberofdogsperhousehold
Theabundanceofpetsdidnotvaryspatiallywithin
studyareasalthoughtheabundanceofdogswas
greateratNorwalk07housethanatRossmoor
05house

Incontrasthousespositiveformosquito
breedingmostlyCxquinquefasciatushadsignifi
cantlymoreadultmosquitoesthanhouseswhere
breedingsourcescouldnotbefoundTable2
Breedingsitesathouseswerenotclumpedamong
trapsitesateitherRossmoororNorwalkiethe
probabilityofencounteringabackyardbreeding
sourcewasindependentofhouselocationinthe
studyareaOurdataindicatedthathouseinspec
tionsforbreedingwouldbeamorereliableindica
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Table3PercentageoftotalmosquitoescollectedrestinginmicrohabitatssampledinRossmoorandNorwalk
1987

Species

Rossmoor

Habitattypes

Total Shrubs House Porch Misc Yard Holes

Sex Coll flowers eaves patio bldgs debris drains

Cxquinq M 437 80 2 8 8 1 1

F 188 69 9 8 10 1 4

Cxtarsalis M 29 79 3 0 14 3 0

F 32 75 6 6 6 6 0

Cxpeus M 165 91 5 1 3 1 0

F 108 75 7 12 6 1 0

Csincidens M 38 84 5 3 0 8 0

F 114 68 17 4 10 1 1

Norwalk

Cxquinq M 108 82 0 1 5 7 7

F 52 87 0 2 4 4 4

Cxtarsalis M 15 86 0 0 7 7 0

F 7 86 0 0 14 0 0

Cxpeus M 30 67 0 0 17 7 10

F 19 74 0 0 21 0 5

Csincidens M 19 53 0 0 0 47 0

F 7 29 0 0 0 57 14

aCollectedbysweeperfromfrontandbackyardshrubberyflowerbedsandgardens

bOverhanging eavesinfrontandbackofhousecollectedbyhandaspirator

CPorchpatiowithassociatedhangingandpottedplantscollectedbyhandaspirator

dMiscbldgs assortedshedsplayhousestreehousesdogandotherpethousingcollectedbyhandaspirator
andorsweeper

eYarddebris discardedcontainerstirescarspruningetc

Holesdrains wereexcavationsunderhousefoundationsdepressionsinornamentalfountainsdrainsto
swimmingpoolsetc

82



torofadultabundancethanhomeownercom

plaints
Collectionsofrestingmosquitoeswerekept

separatebyhabitatandthensummedoverhouses
toprovideanindicationofadultrestinghabits
Table3WiththeexceptionoffemaleCsinci
densatNorwalkmorethan65oftheadultsofall
specieswerecollectedrestinginshrubberyflower
bedsorbackyardgardensProportionatelymore
femalesthanmaleswerecollectedrestingunder
houseeavesandfromunscreenedporchesand
patiosMosthomesatRossmoorhadlargeshaded
porchesandoverhangingeaveswhilehomesat
Norwalkhadsmallerporchesandsmallorno
eavesIngeneralmosquitorestingsiteswere
characterizedbyhighhumidityandmostfrequently
adultswerefoundundertreecanopyorinsmall
spacesprotectedbyhouseconstructionResting
siteselectionpatternswouldmakecontrolbyaerial
applicationofinsecticidesdifficultduringtheday

FemalepopulationagestructureFemale
Culexcollectedrestinginperidomestichabitatsor
hostseekingatCOtrapsweredissectedtodeter
mineparitystatususingacombinationoftra
cheationanddilatationtechniquesNelson1966
ParityratesforCxtarsalisandCxquinquefasiatus
wererelativelyhighandapproached50 indicat

ingparitywashigherinresidentialcommunities
thanobservedinruralagriculturalhabitatseg
Reisenetal1983ReisenandPfuntner1987Cx
peusparityrateswereconsiderablylowerthanCx
tarsalisorCxquinquefasciatusagreeingwithpre
viousobservationsinthenearbyChinoarea
ReisenandPfuntner1987

BreedingsitesTheprevalenceofpotential
andpositiveresidentialbreedingsiteswasgreater
atRossmoorthanatNorwalkTable4Theuse
ofautomaticwateringdevicestoirrigatemore
extensivelandscapingcontributedgreatlytothe
numberofbreedingsourcesobservedatRossmoor
Sprinklerrunoffandpoorstreetdrainageprovided
breedinghabitatformosquitoesadjacenttoresi
dencesFrequentfloodingandrefugiacreatedby
leaflitterallowedbreedingtopersistinstanding
waterinstreetguttersandcatchbasinsdespite
routinetreatmentbytheOrangeCountyVector
ControlDistrictMostofthepositivemiscella
neoussmallcontainerswerepottedplantswhich
werewateredtoofrequentlytodrainwellInaddi
tiontothehouseholdswithpotentialbreedingsites
iesourceswithwatermanymorehouseholds
haddrycontainerswhichwerenotrecordedDur
inganunseasonablywetyearthesehabitatsmay

becomefloodedandprovideinnumerableback
yardbreedingsources

Culexquinquefasciatuswasthemostabundant
mosquitocollectedfrompositivebreedingsitesat
bothRossmoorandNorwalkHabitatsexploited
rangedinsizefrombromeliadaxilstoa
Doughboyswimmingpoolandafloodcontrol
channelCsincidensalsoexploitedsmallsized
peridomesticbreedingsitessuchasflowerpots
whileCrpeuswasassociatedmorefrequentlywith
largersourcessuchasdrainsunmaintainedfish
pondsetcCxtarsaliswascollectedfromtwoex
posedsunlitsourcesafloodcontrolchannelat
RossmoorandaDoughboypoolatNorwalk

Discussion

Cxquinquefasciatuswasthemostabundant
mosquitospeciescollectedatbothRossmoorand
NorwalkSimilarspeciescompositionpatterns
havebeenreportedforresidentialcommunities
elsewhereinOrangeCountyWebbetal1987
Allfourofthecommonspecieswerefound
breedingatresidenceshoweveronlylargesunlit
sourceswerepositiveforCrtarsalisMosquito
breedingatNorwalkwaslimitedtosourcesatresi
denceswhereasperipheralfreewaydrainsstorm
channelsandstreetgutterswerealsopositivefor
breedingatRossmoorIncreasednumbersofal
ternativebreedingsourcesundoubtedlycontributed
totheconsiderablyhigheradultmosquitoabun
dancelevelsca6XestimatedatRossmoorthan
atNorwalkHoweverincreasedabundancewas
notreflectedinmosquitoannoyancetoresidents
sincethepercentageofresidentsreportingrecent
mosquitobiteswascomparableinthe2communi
tiesRossmoor 33 Norwalk 27 Collec

tivelythesedataindicatedthatthecurrentabate
mentstrategyofcontrollingstormdrainagesystems
andignoringbreedingatresidencesprobablywas
suitedtolargesuburbanareaswherethefewsmall
backyardsourcesproducedrelativelyfewadult
mosquitoes

Thepresentdatawerecollectedduringape
riodofnorainfallorarbovirusactivityResidences
atNorwalkandtoalesserextentRossmoorcon
tainednumerousartificialcontainerswhichap
pearedcapableofproducingalargemosquitopop
ulationiffilledbyrainfallWeplantosurveythe
sameneighborhoodsinlatewinterearlyspring
afterorduringtherainyseasonwhichshouldpro
videaninterestingcontrasttothecurrentinvesti
gation

83



Table4Percentageofhouseswithpotentialbreedingsourcescontainingwaternumberofhousespositivefor
sourceincludedinparenthesisRossmoorandNorwalk1987

Sourcetype

Numberofhouses 106

Manmade

Plumbing
Ornamentalponds
Birdbaths

Miscsmallcontainers
Petdishes

Barrels

Streetgutters

Natural

Surfacepool
Treehole
Plantaxils

bEggraftonly
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Rossmoor

36

101
92
8

693
17

31
3

31b
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SUMMARYREMARKSANDFUTURERESEARCHDIRECTIONSREGARDINGTHE

PROGRAMONMOSQUITOABUNDANCEANDARBOVIRUSACTIVITY

INSOUTHERNCALIFORNIA

WilliamCReeves

Asignificantportionofthe1985meetingof 2Howdidthevirusspreadoversuchalarge
theCMVCAwasdevotedtodiscussionoftheout partofthemetropolitanareasoquietlyand
breakofStLouisencephalitisSLEinsouthern apparentlyrapidly
Californiain1984Iwasaskedatthattimetopro
videsomeperspectivesandpredictionsbasedon Wecannotanswerthatquestionasthe
thatexperienceItwasagreedthattheoccurrence surveillancesystemintheepidemicyearwasnot
of21casesofSLEinLosAngelesandOrange extensiveorsensitiveenoughtoanswertheques
Countieswasanewexperienceandthatwemust tionHowevervirushasbeenactiveinthe
determinewhyitoccurredifweweretopreventits metropolitanareaineachofthe3succeeding
recurrenceAtthattimeIpredictedwithtongue yearsbutattoolowaleveltotracepossible
incheekthatifwecarriedoutintensiveandcostly movement

studieslookingforanswerswecouldalmostbe
certainthattheviruswoulddisappearorwouldbe 3Weretheresidualmarshesreclaimedwa

atverylowlevelsforafewyearsPriorexperience terareasandrecreationalwaterskeysitesfor
hadindicatedthisusuallyhappenedwhenstudies theintroductionandestablishmentofinfec

weresetupfollowingmajorepidemicsofSLEAs tion

youknowfromthepapersonthisprogramthishas
beenthecaseforthepast3yearsInallofsouth Suchareasaswellasmoreresidentialareas
ernCaliforniatherewereonly3casesofSLEeach havecontinuedtobesiteswherevirushasbeen

yearin1985and1986and1in1987Atthesame detectedbytheexpandedsurveillanceprogram
timeamajorincreaseinsurveillanceallowedthe Thusthesuspectedareasstillcouldbeimportant
detectionofSLEvirusatalowlevelinvectorsand andmustbecontrolledbutresidentialareas
vertebratehostsineachofthoseyears shouldbeaddedasafocusforcontrolactivity

Ifollowedtheaboveremarksbyposing7
questionsthatIthoughtdeservedattentionThe15 4Whichofthe4speciesofCulexmosquitoes
papersinthissymposiumand5tomorrowindicate thatarecommonintheareaareimportantas
thatattentionhasbeengiventothosequestions vectorsofSLE

andconsiderableprogresshasbeenmade
Insummarythequestionsandprogressareas Considerableprogresshasbeenmadeinthis

follows areaVirusisolationsindicatethatCxtarsalishas

higherinfectionratesthanCxquinquefasciatusCx
1Howwasthevirusintroducedandwasita peusorCxerythrothoraxVectorcompetence
newstrainwithunusualinfectivityand studieswithexperimentallyinfectedspecimens
pathogenictraits rankthespeciesintheirorderofefficiencyasCr

peusCrtarsalisCxquinquefasciatusandCxery
throthoraxItstillappearsthatCxtarsalisisanes

Sofarthereisnoevidencethatthevirusin sentialvectorhoweveritwillrequireanotherepi
volvedin1984wassignificantlydifferentfromother demicofSLEtodetermineiftheserankingswill
strainsisolatedfromCaliforniainpreviousorre remaintrue

centyearsThereislittlefactualevidencethatthe
viruswasintroducedversusbeingapersistenten 5WerethethresholdlevelsofCxtarsalis

zooticinfectioninthemetropolitanareaasitisin populationsthathadbeenidentifiedinprevi
nearbymoreruralareas ousstudiesinmoreruralareasalsonecessary
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tosupportendemicorepidemicspreadof
SLEinsouthernCalifornia

Itisclearthattheidentifiedthresholdlevels

ofCxtarsaliscollectedinNewJerseylighttraps
arenotapplicabletoalargemetropolitanareaand
thatthisisaninsensitivemethodtomeasurepop
ulationsofotherCulexspeciesinsuchenviron
mentsThereasonsforthiswillbediscussed

shortly

6Whatarethebloodfeedinghabitsofthe
Culexspeciesondifferenthostsina
metropolitanarea

Methodstoanswerthisquestionarebeingde
velopedanditstillmustbedeterminedifapopula
tionofover8millionpeopleiscompetitivewith
wildbirdsasasourceofvectorbloodmeals

7IsitpossiblethatSLEvirushasbecome
establishedasatransovarialinfectionbetween

femalemosquitoesandtheirprogenywhich
wouldprovideanefficientreservoirofinfec
tion

Suchtransmissionhasbeenshowninlabora
torystudiesbutintensiveeffortstodocumentsuch
eventsinnaturearestillinprogressandinconclu
sive

FutureResearchDirections

Iwanttoturnnowtodiscusssomeresearch

thatmayassistusinthepreventionoffutureepi
demics

SurveillanceThesurveillancesystemtode
tectvirusactivityinsouthernCaliforniain1984was
verylimitedbutsubsequentlywasexpandedIn
1984therewereonly6sentinelchickenflocks
therearenow28flocksThis4foldincreasehas

improvedgeographicrepresentationandincreased
thesensitivityofthesystemAdditionalsiteshave
beenidentifiedwhereSLEandwesternequineen
cephalomyelitisWEEvirusesareactiveCurrent
researchwilldetermineifsentinelpigeonsorthe
frequentsamplingofwildbirdswillbemoreeffi
cientoreconomicalthansentinelchickens

In1984over48000Crtarsaliswerecollected
from6southernCaliforniacountiesandtestedfor
virusIn1987thiswasincreasedmorethan2fold
toover110000specimensdoublingthesensitivity
ofvirusdetectionAtthesametimeover97000
specimensofotherspeciesweretestedin1987to
clarifytheirroleasvectorsTosummarizeinthe

past3yearstestsonover235000Crtarsalishave
resultedin111isolationsofWEEvirusand80of

SLEvirusIncomparativetestsofover113000Cx
quinquefasciatusonly1WEEand7SLEvirusiso
lationsweremadeTestsof54000Cxpeusre
sultedinonly1isolationofWEEand2ofSLE
virusTestsonthousandsofCxerythrothorax
yieldedonly1isolateofWEEvirusWhileitmust
begrantedthatvirusactivitywaslowinthepast3
yearsthesamplingwaslargeenoughtoleaveno
questionthatCrtarsalishadmorecontactwith
viremichoststhandidtheother3Culexspecies
Culexerythrothoraxcannowbedroppedfromthe
surveillanceprogram

Thestatewidesurveillancesystemhasrelied
onNewJerseylighttrapstodetectchangesinthe
abundanceofmosquitovectorsinruralandurban
areasofCaliforniaThresholdlevelsofCxtarsalis
populationshadbeenidentifiedearlierinruralar
easthatwerebelievedtosustainvirustransmission
ortoallowitsspreadtohumansIbelievethese
measuresstillapplytomostofCaliforniaHow
everitisclearthattheNewJerseylighttrapisnot
asensitiveinstrumenttomeasureCxtarsalispop
ulationsinmetropolitanareasofsouthernCalifor
niaItisevenlesssatisfactoryofCquinquefas
ciatusmeasurementIbelievetheinefficiencyof
trapsreflectstheinfluenceofwhatIcalltheurban
glow Thisisthecurtainoflightthatcoverslarge
metropolitanareasatnightThisdegreeoflighting
issimilartoorgreaterthantheeffectofafull
moonthatwasshownyearsagobyHarryPrattto
decreaselighttrapefficiencyTheurbanglowoc
curseverynightandnotmonthlyasdoesmoon
glowTheuseofCOtrapsovipositiontrapsor
othercollectingmethodsmaybypassthisproblem
Howeverthesealternativemethodsarecostlyand
requiredailyattentionwhichmaymakethemim
practicalotherthanforresearchstudiesIsuggest
thattheNewJerseylighttrapindicesbemain
tainedandthattheresearchonalternativemethods

beusedtorecalibratethedatafromNewJersey
trapsfrommetropolitanareasPresentinforma
tionfromongoingresearchwouldindicatethata
Cxtarsalisindexof1ormorefemalespertrap
nightmightbesignificantinametropolitanarea

Thedebateovertherelativeimportanceof
CxtarsalisandCxquinquefasciatusasvectorsof
SLEvirusstillmustberesolvedBothofthese
speciescantransmitSLEwhileWEEvirushasCx
tarsalisasanimportantvectorandCxquinquefas
ciatuscannotbeinfectedwithortransmitWEE

virusCommonspeciesofwildbirdsproduce
viremiaswithbothvirusesandtheyserveasthe
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sourceofvectorinfectionBothWEEandSLE

viruseshavebeenactiveintheImperialand
CoachellaValleysinmostyearsbutforpractical
purposesWEEhasnotbeenfoundinthe
metropolitanareainyearswhenSLEhasWhy
hasntWEEvirusbeentransportedintoandbe
comeestablishedinmetropolitanareasifSLE
virushasbeenHypotheticallythesamebirdsare
amodefortransportofbothvirusesoverlongdis
tancesThisquestionisthesubjectofongoingre
searchonthepopulationdynamicsandvirusinfec
tionratesinthese2mosquitospecies

Theidentificationof21clinicalcasesofSLE

in1984inresidentsofLosAngelesandOrange
Countiesraisedthequestionifthisepidemichad
occurredinanimmunologicallyvirginpopulation
thathadlittleantibodyfrompriorinfectionsYou
willrecallthatinearlieryearswhenSLEwas
highlyendemicinareassuchasKernCountyover
20ofpeoplewhohadlivedtherefor10yearsor
morehadbeeninfectedandwereimmuneThe

CentersofDiseaseControlincollaborationwith
localhealthagenciescollectedabankofblood
samplesfromresidentsoftheLosAngeles
metropolitanareaafterthe1984epidemicIhave
beeninformedcurrentlythatonly15oftheover
2000personsinthatsamplehadneutralizinganti
bodiestoSLEThereforeitmustbeassumedthat
almostallresidentsofthisareastillaresusceptible
toSLEvirusItalsoisobviousthatitisnotfeasi

bletouseserologicalsurveystodetectinapparent
infectionsinhumansasabasicpartofthesurveil
lancesystem

Toenlargeontheproblemofestablishingan
improvedsurveillancesystemSomepeopleas
sumethatthepurposeofasurveillancesystemisto
detectvirusactivitybeforethereisanychanceof
infectioninanypersonwholivesinanareaorto
predicteachyearthechancesandtimethatvirus
willbecomeactiveinanareaThiswouldbea

perfectsystemandallowimmediateresponseofa
controlagencyHoweverIdonotbelievethat
thesearerealisticobjectivesforoursurveillance
programToreachthislevelofsensitivitywould
requireagreatlyincreasedandmoreexpensive
programAtthesametimeIbelievethepresent
programisrealisticanditisunlikelythatvirusac
tivitywillreachalevelthatpresentsanepidemic
threatwithoutbeingdetectedIalsobelievethat
thepresentresearchprogramwillleadtoimproved
sensitivityandeffectivenessofsurveillanceandwill
identifyareasforconcentrationofcontrolefforts

VectorControlThefinalareaIwanttocon

sideristheproblemofvectorcontrolinsouthern
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CaliforniaIfthehypothesisisthatvirusismoved
intothemetropolitanormorenorthernareasof
thestateitmaybecomeveryimportanttoreduce
thelevelsofvirusactivityintheImperialand
CoachellaValleysInthoseareasCrtarsalis
reacheshighpopulationseachyearinthefalland
springandthisisassociatedwithactivityofSLE
andWEEvirusesrespectivelyAnyreductionin
thesepopulationscoulddecreasevirusactivityand
decreasethechancesofnorthernmovementof
viruses

Extensivecurrentstudiesonthebionomicsof

Culexmosquitoesinurbanandruralareasof
southernCaliforniahaverevealedgapsinour
knowledgeregardingdispersalandthelifetablesof
theprincipalCulexspeciesIntensivesurveysin
metropolitanareashaveindicatedaneedforcostly
intensifiedinspectionsandcontrolofCulexinsuch
environmentsifvirusactivityistobeminimized
Unfortunatelynewmethodsforchemicalorbio
logicalcontrolofadultandimmaturemosquitoes
thatareacceptableandeffectiveinurbanareasare
slowindevelopment

Inlookingtothefuturethemostencouraging
aspectsoftheproblemaretheexistenceofanet
workofwellstaffedcontrolagenciesthatarecon
cernedwiththeproblemandwhoarededicatedto
itssolutionaneffectivestatewidesurveillancesys
temandthecurrentlevelofcollaborativeresearch
betweentheUniversityofCaliforniaandcontrol
agencies



PESTICIDELABELREQUIREMENTSUNDERTHEENDANGERED

SPECIESACTAPUBLICHEALTHEXEMPTION

Introduction

WhentheUSEnvironmentalProtection

Agencyannouncedinearly1987itstimetablefor
implementationofitsnewlabelrequirementsfor
protectionofendangeredspeciesunderPL97304
theamendedEndangeredSpeciesActitbecame
immediatelyobviousthatlittleallowancehadbeen
madefortheprotectionofhumanhealthother
thaninthecaseofafullblowninsectbornedisease

epidemicToaddressthisproblemaspecial
committeeoftheCMVCAmetseveraltimestode

velopaworkableplanfortheprotectionofhuman
healthinareasaffectedbythelabelrestrictions
Althoughprotectionofhumanhealthwasof
paramountimportancemeaningfulprotectionof
endangeredspecieswasanimportantdesignfactor
GeorgeCraigpresidentoftheAmericanMosquito
ControlAssociationgaveessentiallythissame
chargetothatassociationsNationalMosquito
ControlFishandWildlifeCommitteeandwitha
largeoverlapinmembershipwiththeCMVCA
committeeTheAMCABoardofDirectorsin
structedtheAMCAcommitteetousethe

CMVCAspublichealthexemptionplanasamodel
foranAMCAplan

Anearlyfinisheddraftplanforapublichealth
exemptionforCaliforniawasproducedbythe
CMVCAcommitteebuttheurgencyofpushing
forwardwithafinishedversionwasremovedwith

EPAsannouncementthatthenewlabelrequire
mentswouldnotbeimplementedinearly1988as
previouslyannouncedbutthat1988wouldbeused

todevelopasolidworkableprogramforthe
longrunThegoal remainstoprotectendan
geredspecieswhileatthesametimeavoidanyun
necessarydisruptionofagricultureorotheruses
EPA1988

Ithinkitiswellforallconcernedthatwehave

thisyearormoretotakeastepbackwardandto
lookattherelationshipbetweenpublichealthcon
cernsandtheprotectionofendangeredspecies
ThatiswhatIplantodonow

Protectingpublichealth
Itseemsironicthatoneshouldhavetobeina

positiontodefendpublichealthinterestsCer
tainlytheoverwhelmingpassageofProposition65
inthisstatesuggeststhatthepublicwantsitshealth

BruceFEldridge
DepartmentofEntomology

UniversityofCalifornia
DavisCA95616

protectedMostlyitisaproblemofeducation
Whenapublichealthprogramiscarriedoutas
successfullyasismosquitoabatementinCalifornia
sothatdensityofdiseasevectorsrarelyrisestolev
elssufficienttoproduceepidemicsorlargeout
breaksofvectorbornediseasethepublictendsto
taketheprogramforgrantedandtoassumethat
vectorabatementneednolongerbeattendedtoI
amgoingtostickmyneckoutGiventhesizeof
thehumanpopulationinCaliforniatodayandthe
sizeofthepresentirrigatedagriculturalindustry
plusthepresenceofmosquitoandothervector
breedingsourcesintheformofcommunity
marshesandotherbodiesofstandingwaterIam
willingtostatethatifthevectorpopulationsarenot
maintainedatlevelsfarbelowtheirbreedingpo
tentialtherewillbeoutbreaksofhumandisease

Thisseemslikearelativelystraightforwardthesis
onewhichwouldpermitallofustosayinthe
wordsofThomasJeffersonIholdthesewordsto
beselfevident AlassuchisnotthecaseThe

mindsetofpublicdecisionmakersisinvariably
Herewehavehumancasesofhumandisease do

somethingnow whywerentwewarned Let

meprovideamoderndayexampleAllofushave
warnedtheFederalGovernmentingeneralandthe
CentersforDiseaseControlinparticularaboutthe
potentialdangerofAedesalbopictusYetalmost
noresourceshavebeenmadeavailablefordevel

opmentofnewcontrolmethodsforthismosquito
intiresandsimilarhabitats

PrinciplesofaPublicHealthExemption
Itseemstomethatapublichealthexemption

planshouldhavetwobasictenants1that
protectionofpublichealthisparamountand
shouldnotreceivesecondaryconsiderationwhen
planningprogramstoprotectendangeredspecies
and2effectiveprotectionofthepublicfrom
vectorbornediseasesdependsuponmanagement
ofvectorpopulationsandmaintainingtheirdensi
tiesatlowlevelsWhencasesofhumandisease

breakoutthebattlehasbeenlostandtheonlyre
coursethenistoinvokeemergencymethodsof
questionableeffectivenessAtthesymposiumheld
inBerkeleylastApriltohonorDrWilliamC
ReevesIpresentedapaperentitledStrategiesfor
SurveillancePreventionandControlofArbovirus
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DiseasesinWesternNorthAmericaInthispaper
Eldridge1987Iconstructedamodelbasedon
CaliforniasMosquitoborneEncephalitisVirus
SurveillanceandControlProgramWalsh1987
andexaminedstepbystepthereliabilityofthe
variouscomponentsofthesystemandtheirtheo
reticalrelationshiptoactualdiseaseoutbreaksI
alsoreviewedanumberofactualdiseaseoutbreaks

fromthestandpointofefficacyofemergencycon
trolmeasuresIbelievetwooftheconclusionsof

thatpaperbeardirectlyonapublichealthexemp
tion

1Itisverydifficulttolowerbyspraying
thedensityofadultvectorstolevelsbelow
thatneededtostoptransmissionofpathogens
andsuchsprayingshouldberegardedasa
remedytobeusedonlyafterallpreventive
methodshavefailed

2Wellorganizedmosquitoabatement
effortswhichincludeadequatesampling
vectordensityandvirusinfection
determinationsandinsecticidesusceptibility
testingarefarmoreeffectiveandinthelong
runmoreeconomical

ThePublicHealthExemption
TheexemptionproposedbytheCMVCA

committeewouldoperateontwotiersThefirst
wouldbeforsituationswhereanoutbreakofhu

mandiseaseappearslikelyifthereisnotsomekind
ofinterventionThesecondwouldbeforsituations

whereanoutbreakofhumandiseaseisoccurring
Foreachtiertherewouldbetwoprimarydecision
levelsThefirstwouldbeadeterminationbythe
StateDepartmentofHealthServicesDHSthata
probablepublichealthemergencysituationexists
andthatlabelrestrictionsassociatedwithendan

geredspecieshabitatwouldpreventadequatecon
trolInthecaseofthefirsttierthisdetermination
wouldbemadeafteralocalagencyhadreviewed
environmentalfactorsvectorpopulationtrends
andotherrelevantfactorsasfarinadvanceofthe

probableoutbreakaspossibleandmadeaformal
requesttoDHSforadeterminationInformation
submittedtotheDHSwouldincludethenatureof

thethreattopublichealthvectorspeciesinvolved
theareasinvolvedtheendangeredspeciesin
volvedtherangeoftheendangeredspeciesthe
pesticidesrestrictedDHSwouldrespondwithin
10daysInthecaseofthesecondtiersuchade
terminationbyDHSwouldbemorequicklyren
deredprobablyusingtelephonecommunication

Thesecondlevelofdeterminationwouldbe

anevaluationofthecontrolplaninareasaffected
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bylabelrestrictionsTheplanwouldinclude1
thespecificcontrolactionsproposedincluding
brandformulationfieldstrengthandapplication
method2actionsproposedtoreduceadverse
impactonendangeredspecies3approximate
datesofproposedactions4nameoftheperson
whowillsupervisethecontroleffortsand5a
statementexplainingwhynonrestrictedpesticides
orothercontrolprocedurescannotbesubstituted

TheplanwouldbesubmittedtoDHSwho
wouldsendittotheUSFishandWildlifeService

forreviewandcommentDHSwouldrespondto
theagencyrequestinganexemptionwithin30days
InthecaseofaTier2situationthislevelofdeter
minationwouldalsobeexpeditedFinallyEPA
wouldreviewtheentireprocedureannuallytode
terminewhetherornottheprocedurewasoperat
inginsuchawayastosatisfyPL97304

Finalcomments

Theproposedplanforapublichealthexemp
tiontothelabelrequirementsfortheprotectionof
endangeredspecieswouldseemtoprovidealevel
ofprotectiontothepublichealthofCaliforniaciti
zensbutnottothedegreetheypresentlyhavein
areascoincidingwiththerangeofendangered
speciesTheplanistediousandexceptwherehu
mancasesofdiseaseareactuallyoccurringtime
consumingIhopeitisworkableandonewhich
canrelyonstateagencydeterminationsonacase
bycasebasisItisnotworkableifsuchdetermina
tionsmustbemadebyafederalagencysuchas
EPAbecauseofthetimeframesinvolvedFinally
itmustbeemphasizedthatanexemptionisnot
carteblancheforroutinemosquitocontrolwithin
therangeofendangeredspeciesRelieffromlabel
restrictionsmustcomefrommoreaccuraterange
determinationsandmorerealisticassessmentsof

exposurefactorsofpublichealthpesticidestoen
dangeredspecies
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CONVENTIONALCHEMICALPESTICIDESFORMOSQUITOCONTROL

Introduction

RecentlyIsawaneditorialinthenewspaper
aboutthefinancialconditionoftheUnitedStates

economyTheeditorialbeganwiththissentence
Wehavehittheicebergbutthebandplayson
AsIreadthearticleIcouldnthelpbutbeim
pressedbytheparallelsbetweenthesubjectofthe
editorialandthelongrunningcontroversyabout
theuseofchemicalpesticidesIaskedmyselfIn
thecaseofpesticideusehavewehittheiceberg
andareweignoringthedangersignalswhilewe
conductbusinessasusual Morespecificallyisa
nearlytotalbanontheuseofconventionalchemi
calpesticidesformosquitocontrolinCaliforniaif
nottheentireUnitedStatesrelativelycloseat
handOristhetruthclosertotheviewIhave

heardexpressedbutreallynotrecentlythat
chemicalpesticideswillalwaysbewithusbecause
therearenopracticalalternativesavailablenor
willtherebeanyforsometimetocomeItseems
tomethattherearemanyradarsignalsbouncing
aroundtheatmospherewhichsuggestthatanice
bergmaybeclosertotheshipofmosquitoabate
mentthananyofuswouldliketoadmitInthe
nextfewminutesIwouldliketo1reviewthe
patternofuseofconventionalpesticidesfor
mosquitoabatementinCaliforniaoverthepast
threedecades2callattentiontosomecurrent
developmentswhichprovidecluestothefutureof
conventionalpesticideuse3reviewthestatusof
alternativestopesticidesand4providemyeval
uationofthefutureofconventionalpesticideuse
formosquitocontrolinCalifornia

Somedefinitions

BeforeproceedingfurtherImustdefinethe
termconventionalchemicalpesticideandcontrast
theseagentswithothermaterialsusedinmosquito
controlInthecontextofthisaddressconventional
chemicalpesticidesarethosecompoundsmainly
syntheticwhichexerttoxicitybyinterferingwith
physiologicalprocessesfoundinalmostallbiologi
calorganismsbothvertebrateandinvertebrate
Themarginofsafetyaffordednontargetorganisms
suchashumanbeingsresultsfromminimizing
dosagesandexposureExposureisminimizedina
numberofwaysincludinguseofchemicalswhich
breakdownquicklyintheenvironmenttonontoxic

PASTANDFUTURE

BruceFEldridge
DirectorUniversitywideMosquitoResearchProgram

UniversityofCalifornia
DavisCA95616

byproductsForsomenontargetorganisms
especiallyinvertebrateshoweverwhichsharethe
habitatofthetargetmosquitoandwhichenjoy
equalexposuretheremaybenomarginofsafety
Currentlyinmosquitocontrolconventional
chemicalpesticidesarenearlyallorganophosphate
carbamateandpyrethrumorsyntheticpyrethroid
compounds

Otherpesticidesusedformosquitocontrol
fallunderthecategoryofinsectspecificandin
somecasesasubsetofthatcategorymosquito
specificThesecompoundsexerttoxicitybyinter
feringwithphysiologicalprocesseswhichinsects
andperhapsotherarthropodshavebutverte
bratesdonotExampleswouldbelarvicidaloils
growthregulatorsandbacterialinsecticidessuchas
BtiInsomeparlancetheformergroupwouldbe
calledbroadspectrumthelatternarrowspectrum

Thereisatendencytoacceptasdogmathe
principalthatconventionalchemicalsarebadin
sectspecificchemicalsaregoodThattheformer
aredangerousthelatterarenotWeshouldallbe
cautiousabouttakinganinflexiblepositionhere
becausetheremaybeexceptionstothisItisnot
myintentionhowevertoarguetherelativemerits
orrelativeenvironmentalsafetyofthetwogroups

ratherIwishtofocusonlyonthetrendsofcon
ventionalpesticideusebothpastandfuture

HistoryofPesticideUseforMosquito
ControlinCalifornia

Idonothaveaccesstorecordsofpesticide
useformosquitocontrolinCaliforniabefore1954
theyearthattheCaliforniaMosquitoandVector
ControlAssociationbeganpublishinginsecticide
usedatafortheirmemberorganizationsIassume
howeverthatthetrendwasupwardbetweenthe
endofWorldWarIIwhenDDTfirstbecame
availableforcivilianuseand1954Thepeakyear
foruseofconventionalpesticideswas1958when
over400tonsofmaterialwasreportedusedFig
1Therehasbeenagradualbutsignificant
downwardtrendintheuseofconventionalpesti
cidesformosquitocontrolinCaliforniasincethat
timeBy1980thequantityreportedwaslessthan
onetenththatusedin1958andreportedusagehas
stayedataboutthissamelevelsincethattime
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Reportedorganochlorineusageformosquito
controlpeakedin1958atabout275tonsmostly
DDTFig2Usagefelloffdrasticallyafter1961
DDTwassuspendedforallbutafewusesinthe
UnitedStatesin1972andnoorganochlorineusage
wasreportedafter1973Itisinterestingtonote
thatorganochlorineusageformosquitocontrolhad
fallentoonlyaboutonehalftonannuallyinCali
forniatwoyearsbeforetheDDTban

Whenstatewiderecordkeepingstartedin
1954organophosphatesmadeuponlyabout13
ofreportedpesticideuseFig3Usagepeakedin
1960andtherehasbeenagradualreductioninre
portedusesincethenIn1986organophosphates
comprisedabout87ofalltheconventionalpesti
cidesusedForthatyearover20tonswereap
pliedformosquitocontrolbutthiswasstillless
thanonetenthoftheamountappliedinthepeak
yearof1960Thefigure20tonsmayseemlikean
enormousquantitysoperhapsIshouldputthis
intoperspectiveFortheyear1986about2890
tonsofmalathionweresoldinCaliforniain326

differentproductsCDFA1987Ifweassume
thatmostofthistotalwasactuallyusedforinsect
controlofonekindoranotherthentheuseof
malathionformosquitocontrolwhichwasre
portedbyCMVCAmemberstobeabout13tons
comprisedlessthanonehalfofonepercentofthe
totalamountusedinCaliforniaforallpurposes

Otherclassesofconventionalpesticidesused
arecarbamatesFig4whicharedowntoabout
halfinreportedusagefromapeakof6tonsin
1973andpyrethrumandsyntheticpyrethroids
Fig5forwhich1986wasapeakyearlessthan
onetonapplied

Itisimpossibletomakeadirectcomparison
oftheuseofinsectspecificmaterialstothatof
conventionalchemicalsduringthisperiodona
quantitativebasisThisisbecausetheunitsof

measurementaredifferentandthereisnowayto
provideforaconversionBacterialinsecticidesare

measuredintermsoftoxicunitsoilsingallons
Examinationofrelativetrendsisinterestinghow
everTheuseoflarvicidaloilshasbeenremark

ablystableovertheyearswithanaverageof
443504gallonsperyearusedbetweentheyears
1954and1986Fig6Reportedusagein1986
wasonlyslightlybelowtheaverageTherehas
beenastrikingincreaseintheuseofgrowthregu
latorssincetheirintroductionintheearly1970s
Fig7andinbacterialinsecticidessincetheirin
troductionintheearly1980sFig8Theyear
1986wasapeakyearforreporteduseofgrowth

regulatorsandusageofBtiwasdownonlyslightly
fromtheyear1985

Takenasawholetheusagetrendsforcon
ventionalpesticidesvsinsectspecificagentsfor
mosquitocontrolinCaliforniaisclearnotwith
standingtheimpossibilityofmakingdirectquanti
tativecomparisonsItissteadilydownwardforthe
formersteadilyupwardforthelatterFig9

Pressuresagainstcontinueduseofcon
ventionalchemicals

SomuchforthepastandpresentWhereare
wetodayandwhatdoesthefutureholdIspoke
earlieraboutradarsignalswarningoftheiceberg
offurtherrestrictionsonpesticideusageLetme
discussbrieflysomeoftheseradarsignalsThese
signalsmainlyfallintotwocategoriesPesticide
regulationsandeconomicsOfcoursethetwoare
interrelatedItisanextremelydifficultjobtosort
outthemanyfederalandstateregulationswhich
haveanimpactonpesticideuseinonewayoran
otherOnbothlevelstherearestatutesandregu
lationswhichaddressquestionsoftoxicmaterialsin
groundwateronfoodandfeedandintheairBill
Hazeltinediscussedsomeoftheseregulationsata
talkhegaveatthemeetingoftheSocietyofVector
EcologistsinAsilomarinNovemberof1987Iwill
restrictmycommentstojustafewofthesepieces
oflegislationThependingfederalamendmentof
theFederalInsecticideFungicideandRodenticide
ActFIFRAtheFederalEndangeredSpeciesAct
ESAasamendedbyPL97304andtheSafe
DrinkingWaterandEnforcementActof1986

FIFRATherewasintroducedintothefirst
sessionofthe100thCongressHR2463toamend
theFederalInsecticideFungicideandRodenticide
ActThebillsponsoredbyRepresentativedeLa
GarzaofTexaswouldbethefirstamendmentto
FIFRAsince1972andisstillpendingOther
sponsorsincludeRepresentativesMadiganand
BrownofCaliforniaTheprincipalchangeswhich
thisbillwouldbringaboutare1aspeedupofthe
reregistrationprocesspaidfornotoutofthegen
eralTreasurybutthroughfeespaidbypesticide
manufacturers2freerpublicaccesstopesticide
registrationdata3newEPAauthoritytoprotect
groundwater4regulationofinertingredients
5strongerrequirementsfortrainingandcertifi
cationofpesticideapplicatorsand6greater
protectionoffarmworkersDavis1987

AnearlierFIFRAbillHR2482anda
companionSenatebillS2792cameclosetopas
sageinthe99thCongressbutdidnotsurvive
ConferenceCommitteeactionNowbothenvi
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ronmentalgroupsandthechemicalindustryarein
sistingonchangestothebillandthefutureofa
FIERAamendmentisuncertainDavis1987a
Neverthelesseventualpassageofsomekindof
amendmentseemsinevitableandifmostofthe
changesIreferredtoaboveremainIbelievethere
aresignificantimplicationsforpesticideusefor
mosquitocontrolThemostdirecteffectwould
seemtobetheprovisionsforaspeedupofthere
registrationprocessPresumablylargepesticide
manufacturerswouldhavelittleproblemwiththe
paymentoffeestosupportreregistrationofpesti
cidesusedformajoragriculturalcropsandal
lowancesaremadeforsmallbusinessregistrants
andforpesticidesnotusedonmajorfoodorfeed
InthecaseofminorusesofapesticidetheAd
ministratorofEPAwouldbeabletoreduceor

waivethefeeSuchfeeswouldbeminorhowever
incomparisonwithcostsofdevelopingefficacyand
safetydataForexampletheinclusioninthebill
ofarequirementfordataonmovementofacandi
datepesticideingroundwaterwillincreaseboth
theamountofdataneededandthecostofobtain

ingit
ThedirecteffectsofanewFIFRAarediffi

culttopredictAreasonableconclusionhowever
isthatsomepesticidesusedformosquitocontrolin
aquaticenvironmentswillbeinjeopardyDevel
opmentcostsanddatarequirementsforregistra
tionunderthecurrentlawhasalreadyreducednew
materialsformosquitocontroldowntoatrickle
Sincemostcurrentlyusedpesticidesarepending
reregistrationatboththestateandthefederal
levelmoreoveritisuncertainifpesticidemanu
facturersandformulatorswillbewillingandableto
standtheexpenseofprovidingtheexpandeddata
setsrequiredforsitespecificlabelsforwhatare
veryminorusesIreferyouagaintothefiguresI
quotedearlierformalathion

Anothercomplicatingfactorispesticidere
sistanceIntheabsenceofnewreplacementmate
rialsresistancebecomesanevenmoreserious

problemItisinterestingthatHR2463callsfor
EPAtoestablishapesticideresistancemanage
mentprogramincludingresearchonpesticidere
sistancemanagementtechniquesandtheirdemon
strationIapplaudthisdevelopmentIshould
mentionfurtherthatpesticideresistanceisapoliti
calandwillnotwaitforlegislativeaction

EndangeredSpeciesAct
Aneventwhichcausedanenormousstirin

themosquitoabatementcommunitylastyearwas
EPAsannouncementofitstimetableforimple
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mentationofPL97304the1982amendmentof
theESAundertheprovisionsofFIFRAAfter
extensivediscussionsbetweenEPAandaffected

agenciesEPAannouncedthatthetimetablehad
beensetbackatleastayearifnotlongerEPAs
originalplanwouldhaverestrictedoreliminated
theuseofmostmosquitolarvicidesinuseinCali
forniaatsitesdeterminedtobewithintherangeof
certainendangeredspeciesThedelayinimple
mentationwillprovidetimetogathermoreaccu
ratedataonrangesofendangeredspeciespesti
cideusepatternsandtoxicologicaleffectsofpesti
cidesUnfortunatelyfewresourcesarepresently
availabletoconducttheneededstudiesAlthough
Iamconfidentthatapublichealthexemptionpro
cedurewillbeworkedoutIdoubtifindividual
abatementdistrictswillbeabletocontinuetouse

conventionalmosquitolarvicidesinaffectedareas
withoutsignificantchangesintheiroperational
procedures

SafeDrinkingWaterandEnforcementAct
of1986

Theoverwhelmingpassagebyvoterreferen
dumoftheSafeDrinkingWaterandEnforcement
Act1986otherwiseknownasProposition65has
producedagreatamountofuncertaintyatthe
planninglevelinanumberofstateagenciesAl
thoughmorethanayearhaspassedsincetheref
erendumwehaveyettoseeenablinglegislation
althoughmonthbymonththenumberoftoxic
materialsaddedtotheGovernorslistoftoxicsub

stancestobeincludedunderprovisionsoftheact
growsAtthispointhowevernopesticidesused
formosquitocontrolhavebeenplacedonthelist
anditmaybethatnonewillbeAccordingtoJim
SeiberProfessorofEnvironmentalToxicologyat
UCDaviscurrentthinkingisthatthereareplenty
ofotherlawsonthebooksprovidingregulatory
controlofpesticidesinaquaticenvironmentsso
thatthereispresentlynostrongefforttogetthem
addedtotheProposition65listForexample
thereisthePesticideContaminationPrevention

Actof1985whichwasintendedtopreventpollu
tionofgroundwaterbypesticidesCurrentlyhow
evernomosquitolarvicidehasbeenjudgedtohave
numericalvaluesforwatersolubilitysoiladsorp
tioncoefficienthydrolysisorotherfactorsrelated
toleachingwhichexceedtheamountwhichwould
triggerrestrictionundertermsoftheact

Ibelievethatthetakehomemessagefroma
considerationofthepresentlawsregulatingpesti
cideuseaswellasthosependingisthattherewill
beeverincreasingregulatorypressuresonconven



tionalpesticideusewhichwilltendtorestrictand
probablyeventuallyeliminatetheuseofsuchmate
rialsformosquitocontrolThereissomeironyin
thisbecausemuchofthepressureiscomingfrom
publicconcernoverpesticideresiduesonfood a

concernwhichisremotefromtheuseofpesticides
formosquitoabatementArecentsurveybythe
FoodMarketingInstitutereportedthat94of
consumerssurveyedwereconcernedaboutpesti
ridesinfoodmorethanwereworriedabout
cholesterolfatssaltoradditivesofanykind
Davis1987b

Alternativestoconventionalpesticides
ThisleadsmetomyfinaltopicInaneraof

everdecreasinguseofpesticideswheredoweturn
formethodstocontrolvectorsandvectorborne

diseasesIntheshorttermweshouldprobably
looktoinsectspecificandmosquitospecificmate
rialssuchasinsectgrowthregulatorsandbacterial
insecticidesAlthoughsomeofthesemaybeunder
thesamejeopardyasconventionalchemicalsthe
matterofhumantoxicityandfoodresiduesshould
posefewerproblemsIntermsofresearchandde
velopmentIbelievethatamongchemicalap
proachesthisiswhereouremphasisshouldbe
Thereisavastuntappedpotentialforcustomizing
ofpresentinsectspecificmaterialsaswellasthe
possibilityofnewmaterials

InthecaseofbacterialinsecticidesIbelieve
thatthecomingdecadewillseenewstrainsof
mosquitocidalbacterianewformulationsofbacte
rialinsecticidesandnewmaterialsbasedonma
nipulationsofproteintoxinsusingtechniquesof
molecularbiologyThisentireareawillpresent
manyproblemsforscientistsmanagersandregu
latorsThehighdegreeofspecificityofpresent
formulationsofbacterialinsecticidesisprobably
dependentinlargedegreeontheassociationofthe
proteintoxinswithbacterialcrystalsThesecrys
talswhicharedegradedinthegutofthemosquito
atveryhighpHlevelsservetoprotectotheror
ganismsandespeciallymammalsfromtheactual
toxinThisisanoversimplificationhoweverand
forbothBacillusthuringiensisisraelensisand
Bacillussphaericusrecentstudieshaveshownthat
thereareanumberofproteintoxinsassociated
withthecrystalbodyFurtherthebroadspectrum
betatoxinassociatedwithotherstrainsofBtare

notproducedbystrainscurrentlyinuseofeither
BtiorBsObviouslyconsiderableresearchon
bacterialinsecticidesformosquitocontrolremains
tobedone

InthelongerrunIremainconvincedofthe
eventualsuccessofeffortstoachievepracticalap
plicationofbiologicalcontrolagentsbothalone
andinconjunctionwithinsectspecificmaterials
Mosquitofishentomopathogenicmicroorganisms
suchasbacteriaandfungiandinvertebrate
predatormanagementseemthemostpromisingat
thistimeWemaybeclosesttoabreakthrough
hereinthecaseofLagenidiumgiganteumfor
whichanexperimentalusepermithasbeenre
questedfromEPAResearchbyKerwinand
WashinoatUCDavishasshownthatlarvalpopu
lationsofCulextarsalisandAnophelesfreebornican
besuppressedforanentireseasonbyasingleap
plicationofasexualstagesofthisfungusIthas
beentestedinricefieldsroadsideditchesandirri
gatedpastureswithsuccessAtNorthCarolina
StateUniversityDickAxtellhasshownseason
longsuppressionofCulexquinquefasciatusinfoul
waterhabitatsbytreatmentwithasexualstagesof
LagenidiumResearchcontinuesonupscalepro
ductionandreliablegerminationofsexualstages
sporeswhichcanbestoredforlongperiodsof
time

Researchisalsobeingconductedon
mosquitofishandonotherpredatorssuchastad
poleshrimpanddivingbeetlesOthertypesof
fungibelongingtothegenusCoelomomycesare
underinvestigationPerhapsmostimportantofall
seasonlongstudiesarebeingdoneon
combinationsofmethodsintermsofoverall

mosquitopopulationdensitiesbothlarvaland
adultAswemovetonewapproachesfor
mosquitoabatementwewillhavetomovetonew
methodsofevaluatingcontrolsuccessThegoalof
courseistomaintaindensitiesofadultmosquitoes
atlevelswheretheyarenolongerpestsandmore
importantlytolevelswheretheycannotserveas
vectorsofhumandiseasepathogensThepreand
immediateposttreatmentestimatesoflarval
densityaresimplynotsuitablefortestingthe
effectivenessofbiologicalcontrolagents

Summary
Wewillprobablyseeanendtotheuseofcon

ventionalpesticidesformosquitocontrolinour
professionallifetimesThetimetorespondtothis
probabilityisnowThisisaverychallenging
prospectbutIbelievethatinCaliforniawehave
thespiritenergyresourcesandtalentstomeetthe
challengeEvidenceofthisspiritisCalifornias
progressiveactionintheareaoftrainingandcerti
ficationofpublichealthpesticideapplicators
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HavewehittheicebergPerhapsnotyet
ButImputtingawaymymusicalinstrumentand
puttingonmylifepreserver
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PESTICIDEDISPOSALPRACTICEOFTHE60s

HAUNTSVECTORCONTROLDISTRICT

INTHE80s

OnSeptember191986ElDoradoCounty
VectorControlreceivedacleanupandabatement
orderfromtheCaliforniaWaterQualityControl
BoardLahontanRegionforaninsecticidedis
posalpitThispitwasusedbythedistrictbetween
1963and1969fordisposalofunusedoroutdated
pesticidesThefollowingisabriefsummaryof
whatledtothecleanupandabatementorderthe
subsequentinvestigationanditsresultsandinre
trospectsomesuggestionsonhowtohandlea
waterqualityinvestigation

History
In1982webeganaprogramtoeliminate

outdatedequipmentandinsecticidesIn1983we
shippedfivedrumsofoutdatedinsecticidestoa
ClassIdisposalfacility

In1986werelocatedourinsecticidestorage
andtoredowntheoldstorageshedthathadbeen
inusesince1963Becausesomeinsecticideshad

beenspilledintheshedovertheyearswetested
thefloorforpesticideresidueTwoinsecticides
heptachlorandmethylparathionweredetectedat
levelsaboveCaliforniaactionlimitsConsequently
thefloorwassenttoaClassIdisposalfacility

Furtherresearchintothepesticideuseofthe
districtresultedinthediscoveryoftheonsitedis
posalpitThispitandtenotherareasonthedis
trictpropertyweresampledforpesticideresidues
Lowlevelresiduesofthreeinsecticidesthetwo

mentionedaboveandbetaBHCweredetectedin
thepitareaAllothersampleswerenegativeThe
resultsfromthesetestswerethebasisforthe

cleanuporder
Priortoreceivingthecleanuporderthedis

tricthadtestedeightnearbydomesticwater
sourceswithin12mileofthepropertyfor
organochlorineandorganophosphatepesticides
Allofthewatersampleswerenegative

TheInvestigation
TheauthorityandresponsibilitiesoftheRe

gionalWaterQualityControlBoardRWQCB
areoutlinedinthePorterCologneWaterQuality
ControlActTheRWQCBistheagencyresponsi

GlennEBissell

ManagerEntomologist
ElDoradoCountyVectorControl

PostOfficeBox1234SouthLakeTahoeCalifornia95705

bleforprotectingthequalityofboththesurface
andgroundwaterinCaliforniaInourcasethe
RWQCBwasconcernedthatpesticidesfromthe
pitareamayhavemigratedtothegroundwater
belowtheVectorControlproperty

Allhazardoussubstancesitecleanuppro
gramsaresupposedtobeanalyzedbythe
RWQCBsbyapplyingtheguidelinessetforthin
theStateWaterResourcesControlBoardResolu

tion8526Thisresolutionstatesthatallcleanup
decisionsaretobesitespecificiebasedonthe
actualsituationatthesiteofcontaminationThis

requiresanonsiteinspectionbyRWQCBperson
nelacharacterizationoftheknownpollutantsa
determinationoftheprobablefateofthecontami
nantsandananalysisofthebenefitsofacleanup
inrelationtotheamountoffundsthatwillbe

expended
Ourfirstproposalwhichwasdevelopedin

housewastodigupthepitandtestboththema
terialinthepitandthesoilunderneaththepit
ThisproposalwasrejectedbytheRWQCBAl
thoughthepesticidesinthepithadbeenthereover
seventeenyearsandthewellsintheareawerenot
affectedtheyrequestedthatwestartgroundwater
monitoringimmediatelyTheyalsosuggestedthat
wehireaconsultant

Oursecondproposaldesignedbyournewly
hiredconsultantsuggestedaphasedapproachthat
wouldfirstestablishifanygroundwatercontami
nationhadoccurredTheproposalcalledfortwo
30footdeepmonitoringwellsoneadjacenttothe
pitandoneapproximately30feetdowngradient
fromthepitinrelationtotheflowdirectionofthe
groundwaterTwowatersampleswouldbetested
Thisproposalonlyaddressedtestingfor
organochlorineandorganophosphateinsecticides
theknowncontaminantsatoursite

TheRWQCBalsorejectedthisproposal

Theynowwanted
1 Deeperlargerwells
2 Thetestingexpandedtoinclude
hydrocarbonsdegreasersandsolvents
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3 Anentirehydrogeologicsurveyforthe
aquiferbelowthepropertyincludingflow
ratesspecificyieldspermeabilityetc
4 Soilsamplesfrombelowthepit

Forthenextthreemonthswenegotiatedwith
theRWQCBEveryaspectoftheinvestigationwas
questionedthenumberofwellsthedepthand
sizeofthewellsthetestingparametersandthe
numberofsamplesWefinallyagreedthatinthe
firstphaseoftheinvestigationwewould

1 Drillonemonitoringwell30feet
downgradientfromthepitOnewatersample
wouldbetestedfromthiswell
2 Borethroughthepitareatocollectsoil
samplesat5footintervalsfromthebottomof
thepitdowntothesaturatedzoneThe
numberofsampleswouldbedeterminedby
thedepthofthesaturatedzone
3 Testallsamplesfororganochlorines
organophosphateshydrocarbonsvolatile
halocarbonsdegreasersandvolatile
aromaticssolvents

Ifanycontaminantswereidentifiedfromthis
phaseoftheinvestigationwewouldberequiredto
proceedfurther

Results

Theresultsofthesampleswere
1 Allsampleswerenegativeforany
pesticides
2 Lowlevelsofhydrocarbons30mgkgto
70mgkgweredetectedinthreesoilsamples
from6feetto165feetbelowthepitThe
levelswerehighenoughtoreporttothe
RWQCBbutnothighenoughtorequireany
cleanupaction
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Thecostofthisinvestigationwasapproxi
mately180006000fortheconsultant6500
forthedrillingand5500fortesting

Conclusion

Waterqualityinvestigationsshouldbesite
specificEverysituationisdifferentTheState
WaterQualityControlBoardresolution8526
shouldbereviewedpriortoimplementingafield
investigation

Researchisthekeytokeepingcostsdown
Oneneedstoknowthepesticideusehistoryofthe
districtthepotentialoftheknowncontaminantsto
affectwatersourcesandthefateofpesticidesinthe
soil

Nothingissetinconcreteforcleanupand
abatementordersNegotiationswiththeRWQCB
areveryimportantAphasedinvestigationsuchas
theonewenegotiatedisusuallythebestapproach
Eachphaseislesscostlythanacompleteinvestiga
tionEachphaseprovidesimportantinformation
whichwillbeusedtodesignthenextphase

Inourinvestigationonlyafirstphasewas
neededTheresultsfromthefirstphaseinvestiga
tionindicatedthatourpitwasntpollutingthe
groundwaterAfterthisphasewascompletedthe
RWQCBrescindedthecleanupandabatement
order
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MOSQUITOSOURCESCREATEDBYSOILSUBSIDENCEINAPLANNED

UNITDEVELOPMENTTHECASEOFHARBORTOWN

RebeccaFall

Introduction

Mosquitobreedingsourcescreatedbysoil
subsidencearewidespreadinlagoonandbayside
areaswithintheSanMateoCountyMosquito
AbatementDistrictwherethereisdevelopmenton
bayfillandreclaimedmarshDifferentialsoilset
tlementintheseareashascausedfreshwaterand

septiclinestoseparateandwatertoimpoundun
deralargenumberofpilesupportedstructures
theseincludehotelsrestaurantsshoppingcenters
andplannedunitorcommoninterestdevelop
mentsTheHarbortownplannedunitdevelopment
intheCityofSanMateoprovidesanexampleof
theoperationalproblemsandsolutionsgenerated
bythesesources

SoilSubsidenceatHarbortown

Harbortownisa35acrelagoonsidetown
houseandcondominimumdevelopmentwith312
unitsgroupedinto31clustersItwasconstructed
instagesbeginningin1979onreclaimedmarsh
thathadbeenfilledduringthe1960sandearly
70s

Soilsubsidencewasoccurringonthesitebe
foreduringandafterconstructionandiscontinu
ingtosubsideatarateofaboutoneinchperyear
Theweightofthelandfillsitegradingthefilling
ofartificiallagoonsandtheweightofthestructures
allcontributetothissoilsettlement

Twofoundationtypesareemployedatthe
HarbortowndevelopmentslabonpileFig1
alongsideanoriginallagoonandfloatingslab
Fig2aroundaninteriorartificiallagoonPre
constructionsoilsreportsbyCooperClark As

sociatesindicatedthatutilitiesconnectedtopile
supportedstructureswillsettle12to15inchesdif
ferentiallywithrespecttothestructuresinthe
yearsfollowingconstructionItwasexpectedthat
thesoilalongwithutilityconnectionswouldsettle
awayfromtheslabonpilefoundationswhichare
fixedinplaceProvisionsmadetoaccountforthis
differentialsettlementwerenotadequate

Withinafewyearsofconstructionsepticand
freshwaterlineshadseparatedundereverypile
supportedfoundationinthedevelopmentcreating
waterimpoundmentswithlittleornoaccessInad

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

ditionsoilsettlementaroundthefoundation

perimeterallowedrunofffromlandscapewatering
anddownspoutstoimpoundundertheslabs

Utilitiesconnectedtothefloatingslabfoun
dationunitswerenotaffectedbydifferentialsoil
subsidenceThefloatingslabsettleswiththesoil
below

OperationalProblems

Theimpoundedwaterundertheslabonpile
foundationsprovidedayearroundCulexpipiens
breedingsiteInadditiontoourroutinecontrol
programtheDistrictreceived2030requestsfor
serviceeachyearfromtheresidentsofHarbor
townLackofaccessmadethesebreedingsources
difficulttocontrollarvalsamplingwasusuallyim
possibleandtherewasnowaytoknowingiftreat
mentsactuallyreachedthetargetareas

Solutions

Problemswithseparatedwaterlinesand
mosquitobreedingcontinuedoveraneightyear
perioduntilamultimilliondollardevelopment
wideretrofittingprojectwascompletedin1987
Theserepairsweretheresultofalawsuitagainst
thedeveloperbytheHarbortownHomeownersAs
sociationHarbortownwasthefirstinaseriesof
retrofitprojectsinthearea

Extensiveundergroundexcavationwasre
quiredtogainaccesstorepairseparatedlinesun
derneaththepilesupportedfoundationsTunnels
wereinstalledforaccesstolinesandtoserveas
gravitydrainsunderneaththestructuresThetun
nelswerelayeredonefootdeepwithgraveland
perforatedpipesFrenchdrainswereinstalledto
drainwaterofftothestormdrainorlagoonsystem
Plasticsidingwasattachedtothefoundation
perimeterofallunitstoclosethegapcreatedby
soilsettlementThisalsoservedtoexcluderodent

populationsBoxeswereinstallednexttothesiding
foraccesstothewaterservice

Todateearly1988allseparatedlineshave
beenrepairedatHarbortownHoweverlastwin
ter1987runofffromdownspoutsemptiedinto
theaccessboxesandimpoundedwaterbehindthe
foundationsidingcreatingnewbreedingsources
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Fortunatelythesolutioninthiscaseislesscostly
thedownspoutscouldbedirectedawayfromthe
accessboxesTheDistrictiscurrentlyworking
withthemanagementcompanyatHarbortownto
eliminatethisproblem

TrendsinConstruction

ThereisatrendintheCityofSanMateoto
wardstheuseoffloatingslabfoundationsand
awayfrompilesupportedstructuresThisisdueto
thelowercostofthefloatingslabandthefailures
associatedwithslabonpilefoundationsutility
connectionseparationsandunevensettlingand
crackinginentranceareas

Thetrendtowardstheuseofafloatingslab
foundationinnewconstructionisexpectedtore
ducewaterlinebreaksThefloatingslabsettles
withsubsidingsoilandeliminatesthevoidunder
neathThisvoidisafeatureoftheslabonpile
foundationandiswherewaterimpounds

Flexibleutilityconnectionsarenowwidely
usedintheCityofSanMateobutstateoftheart
engineeringiscontinuingtofailovertime

Recommendations

Requestsoilsreportsonareastobedevel
opedonlandfillorreclaimedmarshreportsare
availablefromCityBuildingDepartmentsThey
includeinformationonthequalityoflandfillex
pectedratesofsoilsettlementanditseffecton
utilitiesandrecommendationsconcerningfounda
tiondesigndrainageandrunoff

Makearrangementsforyouragencytoreceive
EnvironmentalImpactReportsfromcitieswithin
yourjurisdictionTakethisopportunitytoaddress
potentialproblemswithproposeddevelopmentsin
advanceofprojectapproval

Assoonasyoubecomeawareofwaterim
poundingunderoraroundfoundationswherethere
issoilsubsidencecontactthepropertyownerand
theCityBuildingDepartment

Beforeretrofitormajorrepairworkis
startedfmdoutwhatkindsofchangesareplanned
Checktoseethatnonewbreedingsourcesarecre
atedasaresultofcorrectivework

References
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DepartmentofRealEstateoftheStateofCali
forniaFinalSubdivisionPublicReportof
HarbortownPhaseThirteenSanMateo
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MonahanMichaelJ1987PersonalCom

municationEngineeringBrianKangas
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MOSQUITOCONTROLINTHETWENTYFIRSTCENTURY

AyearagotheAdHoc21stCenturyCom
mitteewasformedanddirectedbytheCMVCA
presidentCharlesHansentolookatVectorCon
trolNeedsoftheFuturetoseeifdistrictsare
preparingthemselvesforforeseeableneedsThe
membersoftheCommitteewereGilbertL

ChalletOCVCDBruceFEldridgePhDUCD
DonJWomeldorfEMBStevenSBallingPhD
NDVECCandmyselffromCCMAD

Tolookintothefutureisntanythingnew
peoplehavebeendoingitformanyyearsevenin
mosquitocontrolSomenotablepeopleinthe
CMVCAhavemadepredictionsincludingRichard
PetersArtGeibHowardGreenfieldandMel
OldhamTotheircredittheyforesawmanyof
todaysissuesthegrowthofCaliforniaPeters
1962theneedforcertificationandtrainingof
techniciansGeib1969theuseofhighlysophisti
catedcomputersGreenfield1969husbandryof
thesuperfishGambusiaafinisandtheproblems
ofwastewaterPeters1962ArtGeib1969gave
usalistof10questionsthatarejustasapplicable
todayincludingtopicssuchasinservicetraining
andemployeequalificationsMelOldham1969
evenexpectedpastureAedestobegonedueto
subdivisionsandtheescalatingcostsoffarming
HesprobablynottoofaroffSoitstimefor
anotherview

Muchhashappenedsince1970Urbanization
hasspreadthroughoutthestatetechnologyhas
improvedbyleapsandboundsemployeemanage
mentrelationshavegonethroughdifferentphases
andpoliticshashadmanytidalshiftsfromthe
revenuecutsofProposition13tolegislationon
pesticidelabelingforendangeredspeciesNew
diseasessuchasLymediseasehavebeenidentified
andwehaveseenaresurgenceofSLEinareas
whereitwasleastexpectedInanutshellwhatthe
Committeeseesismoreofthesameatagreater
levelofintensityYesFutureShockhasarrived
Everythingishappeningwithagreaterdegreeof
complexityandafasterpacethaninthepastWe
dontseethingsslowingdownInfactlikecom
putertechnologyweexpectthepacetocontinueto
speedupalthoughitmayeventuallyplateau

Thenextcenturyyoumightaskwhythats
lightyearsawayNotsoForanyoneover401970
wasjustafewyearsawayandwewereragingover
theVietnamWarand1984wasstillapieceoffic
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Manager

ContraCostaMosquitoAbatementDistrict
1330ConcordAvenueConcordCalifornia94520

tionandacomputerwassomethingonlyforthe
elite

Mosquitocontrolinthe21stcenturyissucha
broadsubjectthatwebrokeitdowninto5main
categoriesAdministrationOperationsResearch
TrainingandServicesAsIdiscusseachtopicit
willbecomeapparentthatourvisionisforthemost
partrestrictedtothenext1020yearsduetothe
limitedtimewehadtoexplorethesubjectandthe
difficultyofthetaskMostchangeswilloccur
graduallybutwewouldntbesurprisedtoseesome
bigshiftsshouldtheyoccurIwillciteexamples
fromtimetotimegiveyouareportcardonour
levelofpreparationandsummarizewithaglimpse
ofthefuture

Administration

Whenwetalkaboutadministrationweare

talkingaboutadministrationofapublicagency
whichincludesbothmanagementofthedistrictand
thelegislationwhichenablesittofunction

LetmeaskyouHowmanyDistrictsareus
ingcomputersAsyoucanseethereisamixed
responseYetthisisthedayandageofManage
mentInformationSystemslargedatabasesin
smallcomputerswordprocessingphotocopiers
FAXmachinesandofficeprintingthatcanrival
professionalprintersThepublicthepressand
businessseetheseinnovationsasbeingnecessary
foreffectiveuseofpersonnelandproductivity
Thistechnologyisrapidlyimprovingandwillcon
tinuetodosoTheofficeoftodayissimplyadif
ferentplacethanthatofyesterdayandweshould
notlookback

Thereisagrowingconcernthatthepolitical
organizationwenowseemaynotsurvivebeyond
another20yearsOtheragencieshavepickedup
vectorcontrolandutilizedMADlegislationwhile
MADshavenotpickedupothervectorservices
eitherthroughsurveillanceorcontrolUltimately
whatisimportanttothepublicisthatthejobgets
doneThataserviceisprovidedwhichisfelttobe
necessaryIfvectorssuchastheAsiancockroach
continuetobeintroducedtheneedforbroader
servicesthancommonlydonebyMADswillcon
tinueandsomeonewillgettheassignmentThe
publicandtheirelectedofficialswillcontinuetotry
toeliminateduplicateserviceswheneverpossible
Havingbothvectorcontrolandmosquitoabate



mentoperatingwithinthesamepoliticalbound
arieswilleventuallybecomeunacceptable

Operations
Althoughthemainstayofmosquitocontrol

willcontinuetobefieldorientedphysicalworklike
manyotherelementsofoursocietywewillseea
trendtowardgreatersophisticationinsampling
treatingofsourcesdataentryandanalysisandfar
lessrelianceonpesticidesForthoseofyouwho
areskepticallookatagriculturalentomologyItis
notwhatitusedtobeItsmuchmorehightech
withamoresolidbasisinsamplingandselective
treatmentsItisbecomingcommonplacetoincor
poratefielddataontoportabledatapodsorfield
computersYoucanseethetrendwhenyoutogo
conferencesandlookatthechangesinequipment
Portablecomputersarenowavailableforfield
analysisofULVdropletsandaerialsprayaccuracy
oncethedomainofresearchtechnology

Therewillbemuchlessrelianceontheuseof

traditionalpesticidesasalternatematerialscon
tinuetobecomemorerefinedmoreeffectiveand
competitivelypricedEvenifthepriceofbiological
insecticidesdoesntdroppublicpressureandin
creasedregulationswillcontinuetodiminishthe
useoftraditionalmaterialssuchasmanyofthe
organophosphates

Routineactivitiessuchasmappingwillallbe
donewithcomputergraphicsprogramsbystaffor
fieldpersonnelwithaptitudesandtrainingforthis
Mappingasweknowitwillbeathingofthepast
Amonthseffortwillbecompressedintoafew
minutes

Forlargescalesourcessuchasricefields
marshesandmetropolitanareasaerialsurveillance
andlargescaleapplicationswillbecomemuch
moresophisticatedthroughsatellitetechnologyand
remotesensingResearchandlimitedfieldtrials
havealreadybeenconductedtodemonstrateits
feasibilityandseveralpapershavebeengivenon
thesubjectatstateandnationalconferences

Populationmonitoringwillcomeofageand
fieldtreatmentswillbecomebaseduponaction
thresholdsascurrentlydonewithmanyagricultural
pestsTreatmentdecisionswillbemoreconsistent
baseduponlifetableinformationwhichtakesur
vivaltrendsanddispersalhabitsintoaccount
Muchinformationisavailablebutitisnotyetstan
dardizedintooperationalprogramsThesepro
gramswillbecomesophisticatedenoughtocorre
latefarmoreinformationthancurrentlycollected
Analysisofurbanpestlevelswillalsoimprove
dramatically

Therewillbemanyspinoffbenefitsfromre
searchincludingfieldintroductionsofmodified
vectorpopulationswhichwillberesistanttoinfec
tionbydiseasepathogensThiswontchangetheir
pestimpactjustthediseaselevelWewillseeim
provedbiologicalcontrolhusbandryattheopera
tionallevelandfarbetterapplicationequipment
suchasminiaturizedsprayerseitherhandheldor
powerequipmentforeasieruseandportability
Pesticideswillbemuchmorerefinedwithbetter
spreadingemulsifyingorfloatingcharacteristics
andrequirefarlessmaterialtobeappliedperacre
Signsofthisalreadyexistinmaterialssuchas
AerosurfwhereozAreplacesgalsA

Research

Ifyouthinkresearchishightechnowwatch
outforthenext20yearsTheneedforfieldanaly
siswillnotchangebutthemethodsofdoingso
willAswithmanyotherprofessionsequipment
andcapabilitiesaregoingthroughatransforma
tionThebiggestissuewillprobablybeadequate
fundingtosupporttheequipmentandpersonnel
neededtoconductresearchonatechnologicallevel
comparabletootherhardsciencesandtoentice
graduatestudentsintothisbranchofentomology

Therewillbecontinuedresearchonvector

bornediseaseswithamuchbetterunderstandingof
epidemiologyunravellingmanyoftheunanswered
questionsoftodayandopeningupotherPandoras
boxesalongthewayMethodsofdetectionand
identificationofhumanpathogensinmosquitoes
andvertebratehostshavebeenimprovingsoagen
cieswillbealertedmuchfasterthanatpresent

TheinteractionbetweentheUniversityand
MADswillimproveforseveralreasonscomputer
technologywillallowdirectcommunicationtoUC
andexpandDistrictscapabilitiesthroughlibrary
anddatabaseprogramsAsresearchimproves
technicalsurveillancebyDistrictswillprobably
replacethecurrenteffortsbytheStateHealthDe
partment

Muchmoreemphasiswillbeplacedonpopu
lationdynamicsofbothpeopleandvectorsDis
trictswillhavemodelingprogramswithafar
greaterlevelofcredibilityandaccuracyWhen
someoneaskstheageoldquestionofhowthe
mosquitoesarethisyearwelleventuallybeableto
answerthemandmuchmore

Moreemphasiswillbeplacedonasystemfor
themonitoringofmosquitopopulationsbyspecies
sourcehabitatregionandstateeventuallyspin
ningofftoanevenlargerscaleThisisanarearipe
fordevelopmentanditisonlythroughrecentad
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vancementswithcomputersthatwellbeabletodo
thisTheseprogramswilltaketimeandmoneyand
arejustnowgainingmomentumthroughefforts
suchastheAdHocComputerApplicationsCom
mittee

Someresearchersfeelnewclassesofpesti
cideswillalsobedevelopedlargelyduetotherel
ativelynewfieldofgeneticengineeringHowever
thetraditionalproblemsofdevelopingandregis
teringnewcompoundsasrecentlyexperienced
withpublicresistancetoIceMinusinMonterey
Countycoupledwiththelimitedmarketof
mosquitocontrolwillprobablyretardtheir
availability

Training
Theseedsofthisweresownbackinthelate

6OsbypeoplelikeDickPetersandArtGeibbutit
isjustnowcomingofageandthetimeisripeforit
GilChalletperscommhasspokenoftheneed
formanagementtrainingandIcouldntagreemore
withhimTherehavebeenseveralinfluential

bookswritteninthisdecadethatanalyzedthedefi
cienciesinAmericanbusinesstheneedforchange
iftheworkforceistobecomemoreproductiveand
hencemorecompetitiveThepublicsectorisnot
immunetothesesocialissuesandforcesWhatis

goodforbusinessisoftengoodforgovernment
andtheneedfortechnicaltrainingandemployee
understandinghasneverbeengreaterToits
credittheCMVCAinitiatedacontinuingeduca
tionprogramforcertificationwhichhasbeenvery
successfulAsaresultweforeseetheoveralllevel
ofoperationaltrainingincreasingsomewhatand
thenlevelingoffwithin510yearsresultinginbet
tertrainedfieldemployees

MADsaresmallagenciesbutthatdoesnt
meantheyareexemptfrompersonnelproblems
Todaysemployeeswantmoreoutoftheirjobthan
apaycheckanditisnolongerenoughtohavean
organizationalchartandjobdescriptionsConse
quentlymanagementneedstobetrainedintheart
ofevaluationdelegationnegotiationpublicaffairs
andotherresponsibilitiesinordertostayeffective
Ifweexpecttodaysemployeestobeproductive20
yearsfromnowweneedtostartpreparingour
stafftodealwiththeseproblemsnowThesolution
liesinthefieldofmanagementtrainingasdis
cussedbyGil

Howeverthereisalsoagreatneedforad
ministrativetrainingwhichtodatehasbeenessen
tiallyoverlookedManybusinessesandsomepub
licagenciessendtheirstafftointensivetraining
coursesfromafewdaystoseveralweeksand
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thinknothingofitAlookatthecomparisonofthe
technicalvstheadministrativetrainingwenow
conductshowsthatanoverwhelmingmajorityof
Districtssendtheirstafftotechnicalconferences
butfewsendthemtocoursesonmanagementand
publicadministrationBothareessentialtorunthe
DistrictAspublicagenciesweshouldstayascur
rentinadministrationaswedoinouroperations

ServicesSurveillance

Therearetwomodesofoperationwithinthe
CMVCAmosquitocontrolandvectorcontrol
Mosquitoesareheretostayandnewpestswillun
doubtedlycontinuetoappearConsidertherecent
introductionsoftheAsianCockroachtoFlorida

andthewidespreaddispersalofthesocalledAsian
Tigermosquitoinaveryshortperiodoftimenei
therofwhichcanbeignoredYetthereisano
ticeabledifferencebetweenthetwoMADscon

ductsurveillanceandcontrolofthetigermosquito
andhaveachievedvaryingdegreesofsuccess
throughoutthecountryThereisnosuchprogram
forthecockroachbecausenooneisautomatically
responsibleforcontrollingitEventuallysomeone
willhavetotakechargeThereislittledoubtthere
willbecontinuedneedforsurveillanceofother

vectorssuchasthesewhicharenotcurrentlytar
getsofcontrol

Weallknowthepublicisnotsympatheticto
hearingitssnotinourjurisdictionetcWeknow
thatDistrictscanbeveryresponsivewitheffective
programswhichincludesurveillanceanddocu
mentationofvectordiseaseactivityifnothingelse
Mostofthediseasesweknowtodaywillbestillbe
withusandwecanexpectintroductionsofnew
onestooInfactmanyexpectthedistributionand
numberofcasestoexpandaspeoplecontinueto
migratetothewestbringinghostandvectorcloser
togetherConsequentlytheburdenofdisease
surveillancewillshifttothoseagenciesdirectlyre
sponsibleforcontrolprograms

ReportCardThisisonlyareviewofthe
abovefivegeneralizedcategoriesThisisnota
reportonindividualdistrictsassomewoulddo
withsafetyinspectionsbutareportontheoverall
trendsseenintheAssociationtodate

UnfortunatelymostDistrictshavespentthelast
tenyearsrecoupingfromthefmancialcutsof
Proposition13whichputeveryoneinasurvival
moderatherthanaplanningandgrowthmode
MostDistrictshaveadaptedonewayoranother
andtoeveryonescreditnobodyiscompletely
unpreparedforthefuture



AdministrationDistrictsrangefromwell
equippedofficesflexibleenoughtodealwiththe
challengesoftodaytothosethatareneitherpre
parednorwillingtoadjusttochangesThefacts
areveryapparentatthispointWhereoncea
typewritersufficednowwordprocessingisessen
tialTodaysofficescanbehighlyefficienthubsof
activityThecostarentthathighandtrainingis
availableTheofficeisthefirstlineofcommuni

cationwiththepublicandlocalbusinessesThe
impactofthisshouldnotbeunderestimated

WegetmixedreviewsforourpoliticsOnthe
onehandweseeresurgenceofHealthDepartment
activitywhereonceithadwanedbutontheother
handweseelittleinterestbyMADstowidentheir
activitiesTheCommitteeisntpassingjudgement
oneanyonagencybuttheimplicationsareclear
nooneagencyhasthelegislativerighttomosquito
controlWherethereisaneedforaservicethe
publicwillrespondaccordinglyandeventuallydic
tatenotonlythestructureoftheagencybutthe
servicesofferedTheCMVCArecognizedthe
needforvectorcontrolmanyyearsagobutthereis
stilltremendousresistancetobroadeningandstan
dardizingservices

Operationsgetprettyhighratingsthroughout
thestateThisisoneoftheAssociationsstrengths
anditshowsWearenotonlystayingwiththe
timesbutnewequipmentandtechniquesare
quicklyincorporatedintoprogramsInfact
Districtshavebeenresponsibleformany
innovationsandtechnologicalimprovements
includingpowersprayersfishtransportsystems
andULVsprayersButastechnologychangesand
becomesmoreminiaturizedandsolidstatethis
willbemuchmoredifficultforDistrictsto
continue

Researchinmanywaysforgesaheadwiththe
bestoftrendsandgetsprettygoodreviewsTheir
recordhasbeengoodandweexpectittocontinue
fundingprovidedHowevertheinteractionsbe
tweenUCandMADshashaditsupsanddowns
Therehavebeenshortcomingsonbothsidesre
gardingresearchobjectivesandtheneedsofthe
Association

Traininggetsgoodreviewsforoperationsand
poorreviewsforadministrationRecentactions
stillshowwefocusprimarilyonfieldpersonneland
overlookadministrativeneeds

Servicesalsogetsmixedreviewsbecausethere
islittleconsensusonwhichservicesweshould
offerAlthoughthereareover1600certifiedvector
controltechniciansemployedbyMADsonlyafew
Districtsactuallyconductbroadscalevectorcontrol

MostonlyfocusonmosquitocontrolOurservices
arentbackingupourtrainingprogramssoitseems
wehavethecartbeforethehorse

Summary
Itsdifficulttoforecasteventsasweallknow

Yetifwedontlookaheadfromtimetotimewe
doourselvesadisserviceBesidesitsalotoffun
PictureifyouwilltheMADofthefutureoperat
ingwithremotecontrolminiaturizedfixedwing
aircraftwithopticalscannersthatcanidentifythe
stageofmosquitolarvaeinthewateranddisperse
pesticidesoncommandTheseplaneswouldbe
capableofflyingdowncreeksfloodcontrolchan
nelsandunderpowerlinesandflyinpoorweather
conditionsifneededtocheckleveesandtidegates
etcPicturetinyrobotsscurryingthroughstorm
drainstakingpicturescollectingsamplesand
communicatingbacktotheofficePictureU2air
craftat100000ftdoingbroadscaleorpinpoint
surveillancewithinfraredphotographygathering
andassimilatingdataonhabitatsvectorpopula
tionsandtheirdispersalSomeofthisiscurrently
beingdoneandallisverypossiblewithinthenext
1020yearsWhetheritwillhappenornotdepends
alotontherateofprogresswemakealongthe
wayassummarizedbelow

ItistheconsensusofthisCommitteethatin

thenextdecadeastheyear2000approacheswe
willseebettertrainedpersonnelatalllevelsfrom
operationstomanagementWewillseethedevel
opmentofexpertsystemsforfieldcontrolpro
gramsutilizingbetterequipmentparticularlyfor
surveillanceanddataanalysisWewillseeex
pandedresearchmoretechnologicalthanatcur
rentlevelsandmoreinterrelatedwithDistricts

throughcomputernetworks
Theoverallimpactofthiswillbegreatlyim

provedadministrativeandoperationalcapabilities
Infactweexpecttheemployeesofthefuturetobe
muchmoretechnicalthanatpresentwithgreater
abilitiestodealwithlargescaledataanalysisand
havemuchmoresophisticatedmethodsofsurveil
lanceandcontrolTheirenhancedtrainingand
publiceducationprogramswillundoubtedlyim
provetheiroverallpublicimagewhichisessential
iftheyaretoberememberedshouldrevenues
againbecomescarce

Inthelongrunwebelievethemosteffective
Districtswillbethosethatareflexibleandrespon
sivetocommunityneedsandconstantlyinteract
withthelocalcommunityThosethatdonotwill
seerevenuesandservicessliptootheragencies
perhapsnotasoperationallyorientedasMADs
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perhapswithouttheresearchcapabilitiesofthe
UniversitybutwiththewillingnesstoserveThe
mosteffectiveDistrictswillbethosethatanticipate
changetraintheirstaffaccordinglyandinteract
withtheCommunityataprofessionaltechnical
level

References

GeibAF1969Futuremanpowerneedsfor
mosquitoabatementinCaliforniaProc

108

CalifMosqContrAssoc143144
GreenfieldHR1969Technologicalrequire

mentsforfuturemosquitoandvectorcontrol
programsProcCalifMosqContrAssoc
142143

OldhamML1969TargetorganismsProc
CalifMosqContrAssoc140142

PetersRF1962Theoutlookforfuturevector
researchinCaliforniaProcCalifMosq
ContrAssoc3638



RELATIONSHIPOFTHESTATEDEPARTMENTOFHEALTHSERVICES

TOMOSQUITOABATEMENTDISTRICTS

DonJWomeldorfChief

TherelationshipbetweentheDepartmentof
HealthServicesDHSandmosquitoabatement
districtsisanevolvingoneForthisdiscussion
mosquitoabatementdistrictsoptionallycalled
vectorcontroldistrictsandpestabatementdistricts
willcollectivelybereferredtosimplyasdistricts
Thetermlocalvectorcontrolagencymeansnot
onlydistrictsbutothergovernmentalorganizations
providingservicestothepublicTounderstand
thisdynamicrelationshipwemustidentifythe
DHSandthenlookathowdistrictsfitintothe

broadlocalgovernmentvectorcontroldelivery
systemBecausethisrelationshipischangingwe
willalsowanttoconsiderthepastthepresentand
thefuture

TheDHS

Tothelocalvectorcontrolagencythemost
visiblearmoftheDHSistheunitoriginallycalled
theBureauofVectorControlThisbecamein
turntheBureauofVectorControlandSolid

WasteManagementtheVectorControlSection
theVectorandWasteManagementSectionthe
VectorBiologyandControlSectiontheVector
BiologyandControlBranchtheVectorSurveil
lanceandControlBranchandnowtheEnviron
mentalManagementBranchallthiswithinthe
DepartmentofPublicHealththeDepartmentof
HealthandnowtheDepartmentofHealthSer
vices

Lessvisiblebutvitaltolocalprogramsare
somekeysupportunitswithintheDHSThe
biomedicallaboratoriesnotablytheViraland
RickettsialDiseaseLaboratoryandtheMicrobial
DiseaseLaboratorymaketheanalysesofspeci
mensneededtodemonstrateactivityofdisease
pathogensinnaturewhichguideprogramactions
TheInfectiousDiseaseBranchprovidesepidemio
logicalsupportandanalysisintheeventofadis
easeoutbreakanditsVeterinaryUnitispartnerto
thestatewidemosquitoborneencephalitissurveil
lancesystem

ThereisanindividualwithintheDHSwhois
rarelyseenbydistrictsbutwhosedecisionsand

1PresentedatTrusteesSessionJanuary 301988

DepartmentofHealthServices
EnvironmentalManagementBranch

SacramentoCA95814

opinionscanbeveryimportantThatisthedirec
torThedirectorisempoweredtosetconditions
governingcooperativeagreementswithdistricts
Cooperativeagreementshavebeenusedasfiscal
vehiclesandtoproviderelieffromexcessivepesti
cideregulationsandfromrestrictionsuponland
andwatermanagementformosquitoprevention
Furthermoreunderboththemosquitoabatement
districtandpestabatementdistrictlawsthedirec
torisempoweredtoadjudicatedisputesbetween
thedistrictandstateandlocalagenciesinmosquito
abatementmattersAsthestatestophealthoffi
cialthedecisionofthedirectorisfinalandconclu
siveInpracticethedirectordelegateshisauthor
itytolowermanagement

MosquitoAbatementDistrictsandOtherEntities
ofLocalGovernment

Everycountyisrequiredtoincludeavector
controlelementinitshealthprogramactivitiesIn
thesmallercountiesthisislimitedtoeachsanitar
iansansweringquestionsfromthepublicAlarger
countymayhaveavectorecologistonstaffwhois
chargedwithdoingsurveillanceconductinginvesti
gationsinresponsetocomplaintsandproviding
informationtothepubliconmeansofselfprotec
tionfromvectorattack

Somecommunitieshavechosentofundagen
ciestoprovidefullvectorcontrolservicestothe
publicThereisagreatdealofflexibilityavailable
tocommunitiesinchoosingasystemfordelivering
vectorcontrolservicesAcommunitywhichdesires
toprovideitselfwithprotectionfrommosquitoes
ratsbitinggnatsoranyotherinsectoranimalof
publichealthimportancehastheabilitytochoose
theformofgovernmentitconsiderstobemostap
propriateforthejobInthegreatmajorityof
casesthedistricthasbeenchosenHoweversev
eralotherformsofgovernmenthavebeenselected
Currentlythereareintotal70unitsoflocalgov
ernmentinvolvedindirectinterventionvector

controlOfthetotal4767 aremosquito
abatementdistrictssomebytheiroptioncalling
themselvesvectorcontroldistricts1116 are

countyprogramsusuallywithinthelocalenviron
mentalhealthagency710 arecities23
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arepestabatementdistrictsnowwithalmostex
actlythesamepowersasMADsunderthelaw2
3 arecountyserviceareasandinoneinstance
1 vectorcontrolisprovidedbyawaterdistrict

InsummaryallofCaliforniaiscoveredby
someformofgovernmentalagencyvectorcontrol
buttherearetwodistinctlevelsAtthefirstlevel
vectorcontroltypicallyisreactiveandusuallyis
limitedtoahealthdepartmentsprovidinginfor
mationtoanindividualoraneighborhoodinre
sponsetoacomplaintAtthesecondlevelagov
ernmentalagencydirectlyintervenestopreventthe
publicfromunacceptableexposuretoattackbyor
ganismswhichtransmitdiseasepathogensorare
themselvesinjuriousorannoying

Wenowturntotherelationshipbetweena
districtandalocalhealthentityAdistrictengaged
invectorcontrolalwayscoexistswithacounty
sometimescityhealthorenvironmentalhealth
agencyThecountyprogrammaybeabasicfirst
leveloneoritmayconductanoperationalpro
gramdealingwithvectorsotherthanmosquitoes
Usuallythedistrictandthecountyhaveverylittle
todowithoneanotherGenerallystaffofbothor
ganizationsknowoneanotherOftenthecounty
willaskthedistrictsentomologisttoadviseon
variousvectorproblemsortoidentifyinsectspeci
mensorthedistrictwillredirectinquiriesfromthe
publicthatproperlyshouldgotothecountyDay
todayoperationsthoughusuallydonotrequire
closecoordinationwiththecounty

Thisallchangesintheeventofadiseaseout
breakThenthedistrictandmanyunitswithinthe
countyshealthprogramsuddenlybegintodeal
verycloselywitheachotherThecountysseveral
healthrelateddisciplinesandtheircorresponding
statecounterpartsarebroughtinAuthoritiesand
responsibilitiesofthevariousentitiesbecomecon
fusedToavoidtheseproblemsweurgedistricts
toprepareaplaninadvanceofneedbringingin
countyandstateunitsasappropriatesothatevents
canproceedinanorderlyfashionwhenadisease
outbreakhappensThenthedistrictcangoabout
doingitsjobwithaminimumofhindrance

Thevarietyoflocalvectorcontroldelivery
systemsisreflectedinthevarietyofservicespro
videdbytheDHStolocalprogramsSomeofthe
largestlocalprogramsarebudgetedandstaffed
greaterthantheEnvironmentalManagement
Branchandsotheneedforthestatetoprovide
handsonserviceisminimalInsomeoftheleast

populousofthecountiesanyvectorcontrolemer
gencyisbeyondtheabilityoflocalstafftodeal
withandsotheEnvironmentalManagement
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BranchiscalledupontogivedirectaidAnirony
of1978sProposition13isthatwhileitcutMAD
fundingjustaboutinhalflegislativeactioninthe
followingfewyearsculminatedinpassagein1983
1984and1985ofbillswhichrecodifiedthe
mosquitoabatementdistrictandpestabatement
districtlawsandprovideddistrictswithfundingop
tionsnotreadilyavailabletogovernmentalentities
receivingtheirrevenuessolelyfrompropertytaxes
Districtsmaychooseamongspecialtaxesservice
chargesorbenefitassessmentstoaugmentmoney
receivedfrompropertytaxesThepotentialout
comeisthatdistrictsarelessinneedofdirect

technicalsupportfromthestatethanareother
typesofprogramsalthoughfewareinapositionto
providetheirownlaboratoryandepidemiological
servicesThedifferencesamongagenciescapabil
itiesiscurrentlychangingtheirrelationshipswith
theDHS

ThePastthePresentandtheFuture
ThenewBureauofVectorControlwas

formedJuly11947ItsfirstChiefArveDahl
gaveitshistoryandsetforthitsplansforthefuture
inapaperpublishedintheProceedingsofthisAs
sociationDahl1948TheBVCasitisstillfondly
knownbyoldtimerswasaconsolidationofthe
MosquitoControlSectionestablishedin1946and
staffedbypublichealthengineersandentomolo
giststoadministersubventionfundsof400000
providedbytheLegislaturetohelpgetnew
mosquitocontrolprogramsstartedinresponseto
fearsaboutmosquitobornediseasesbeingintro
ducedbyreturningWorldWarIIveteransandthe
SanitaryInspectionsSectionestablishedin1916to
directtheDepartmentsactivitiesinplagueandro
dentcontrolUnderafundamentalplanofoper
ationtheBVCwastobeguidedbyanadvisory
committeestillinexistencetodayandwasto
carryoutprogramsin3majorareasThesewere
1endemicsurveystocontinuallyevaluatevector
bornediseasesofactualorpotentialdangertothe
peopleoftheState2studiesanddemonstrations
whichweretobringintouseinCaliforniathose
techniquesandprogramsusedelsewhereand3
actionstodealwithcontrolofvectorsattheState

andlocallevelThestaffingwasexpectedtobe40
fulltimepermanentbiologistengineersandoth
ersDuringtheheightofthefieldseasonthere
wereexpectedtobe62personnelInpassingI
shouldnotethatthe400000subventiondeclined
steadilyovertheyearsandfmallywasphasedout
completelyinthe1960sTheLegislaturehasnever
seenfittorestoreongoingstateassistance



SucceedingArveDahlasBVCChiefwas
RichardFPeterswhoheldthepostfornearly30
yearsandwhoshapedtheCaliforniaprograminto
anationalmodelemulatedbythosestatesthat
coulddosoandenviedbythosethatcouldnot
SoonafterbecomingChiefinJuly1951DickPe
ters1952appearedbeforethisAssociationto
emphasizethatThekeynoteofourprogramcen
tersuponthewordserviceinitsbroadestpossible
senseHeofferedthespecializedtechnicalser
vicesofbiologistsandengineersHealsopointed
outthediversityofanddemandsupontheBVC
staffOurdirectrelationshiptolocalhealthde
partmentsandotherlocalagenciesandtheresult
ingnecessityfordevelopingvectorcontrolpro
gramspertainingtofliesgnatsticksandother
arthropodsaswellasdomesticandfieldrodentin
additiontoothermiscellaneousactivitiesallbe
yondmosquitoesaresuchthatwearefrequently
extendedbeyondourstaffsnumericalcapability
Inthatsamepresentationhereportedupona
meetingoftheVectorControlAdvisoryCommit
teewithitsseveralrecommendationsoneofwhich
ledtotheestablishmentofaninvestigationalpro
gramwhichwastheforerunnertothecurrentre
searchactivitiesoftheUniversityofCaliforniaHe
advocatedkeepingandapplyingrecordstoguide
operationaltimingandthedeployingofresources
theuseofsourcereductionandmultiagencyin
volvementandmultidisciplinaryapproachesto
problemsolvingYearslatertheseconceptswould
bediscoveredinagricultureandcalledintegrated
pestmanagement

OveraquartercenturylaterDickPeters
1978alongwithapanelofstaffmembersagain
addressedthisAssociationTheprogramhad
maintaineditsdirectiontowardlocalagencysup
portThestateprogramhasalonghistoryof
emphasizingstatelocalprogramcomplementation
asitsbasicpolicyCertainlythestatehasno
properroleinconductingroutinevectorcontrol
operationsAccordinglyourfunctionsarelargely
qualitativeinvolvingtechnicalandadministrative
serviceswhichseektoenhancelocalvectorcontrol

programsThussurveyssurveillanceinvestiga
tionsdemonstrationstrainingconsultationevalu
ationandemergencyactionsareourprincipal
functionsWearepartofabroadenvironmental
healthprogramwhichrecognizesacloseinterface
betweenhealthsafetyenvironmentalprotection
consumerprotectionhousingagriculturerecre
ationandconservationandtheassortmentoffed

eralstateandlocalagenciesandprivateinterests
whichinterrelateeachseekingtoserveitsmajor

objectiveThetopicsaddressedbystaffwhowere
panelparticipantsrevealthescopeoftheprogram
mosquitoanddiseasesuppressionplaguesurveil
lanceandsuppressionthedomesticratproblem
withinCaliforniameetingthecommunityneedfor
theservicesofavectorcontrolspecialistandthe
healthrelatedaspectsofsolidwastemanagement
Thislattertopicservesasareminderthatthe
statessolidwastemanagementprogramhadits
genesiswithintheBVCinthe1950sandbecame
theCaliforniaWasteManagementBoardin1972
ThehugeprogramofwhatisnowToxicSubstances
Controlwasassignedtousinthatsameyearsoon
outgrowingitsparentandbecomingaseparate
program

DickPetersretiredattheendof1978andin
February1979Itookthehelmofwhatnearly
provedtobetheTitanicOurthenGovernorJerry
Browninresponsetothebudgetcuttingfervor
following1978sProposition13calledforamas
sivereductioninforceintheDepartmentofHealth
ServicesOurprogramwasselectedforextensive
cutsWhenthesmokeclearedandfollowingspe
cificlegislativemandatesgivenuslaterthatsame
yearwewereleftwithaprogramchargedwithac
tionsinfiveareasprovidingconsultationandas
sistancetolocalvectorcontrolagenciessurveil
lanceofvectorsanddiseasesemergencyvector
controllocalagencytechniciantrainingandcerti
ficationandpubliceducationAfewyearslater
wewereassignedauthorityoverimportationinto
Californiaofvectorswhicharenotnativetothe

stateTodothejobwewerecutby21personnel
andleftwith25staffmostofwhomwerebiolo
gistsandtwoofwhomwereengineersThere
werealsoafewclericalandadministrativesupport
positions

Sincethattimeandtothepresentourpro
gramhascontinuedtoprovidetotheextentpossi
bleservicestolocalvectorcontrolagenciesWe
havenotbeenabletoregainstaffingforourvector
surveillanceandcontrolfunctioneventhoughwe
haveincreasedconsiderablyinsizeandscopetoin
cludealloftheresponsibilitiesoutlinedbyArve
DahlandDickPetersbutalsosuchactivitiesas
wastewatermanagementwhichincludessomein
volvementwithmosquitopreventionandanumber
offascinatingbutcompletelynonvectorresponsi
bilitiesinenvironmentalradiationmanagement
nuclearemergencyresponseplanningandlow
levelradioactivewastemanagementItisforthose
reasonsthatwehavechosentocallourselvesbythe
broadtitleofEnvironmentalManagement
Branch
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WhatthenofthefutureAsthecenturys
endapproachesatleastcloseenoughsothatis
reasonabletothinkaboutitistimelytocogitate
upontheforthcomingyearsIn1984Iappointeda
groupofourstafftoaCommitteeoftheFuture
Theywerechargedwithexamininggeneraltrends
andwereaskedtointerviewmanagersofdistricts
anddirectorsofenvironmentalhealthtoseewhat

thelocalagenciesanticipatedThecommitteein
itsfinalreportHansgenetal1988citedmany
megatrendsidentifiedbyNaisbittinhis1984book
bythesamenameSomeofparticularinterestin
cludeoursocietyisshiftingfromindustrialtoin
formationalneedtoknowratherthanneedto
dotherearedemandsforincreasedoutdoor
recreationAmericansaredecentralizinginto
smalltownsandruralareasyetasweknowCal
iforniacontinuestourbanizeascitizensweare
demandinggreaterparticipationingovernmentand
decisionmakingandweareshiftingnationally
fromnorthtosouthwithpopulationgrowthre
sultinginsunnystatesincludingCaliforniaHigh
lightsoftrendsmorespecifictovectorsurveillance
andcontrolincludedthegrowingcomplexityof
decisionmakingasthenumbersofchoicesandthe
amountofinformationincreasethelikelihood
thatincreasedtravelandtradewillcreatemoreop
portunityforintroductionofnewvectorsanddis
easesanticipationthatnewmaterialsandtech
niqueswouldcontinuetobedevelopedbutwitha
verylimitedmarketandsoprobablyunprofitable
forprivateindustryandthecontinuinglimitations
onpesticideuse

Theheadsofcountyandmunicipalagencies
wereaskedwhichvectorsanddiseasewillbemost

importantinthefutureTheyrankedmosquitoes
andmosquitobornediseasefirstdomesticrodents
secondandplaguethirdRegardingchangesin
programstheyseeincreasedemphasisondomestic
fliesandroofratschangesresultingfromurban
andindustrialdevelopmentusingspecialdistricts
asameansofgettingajobdoneandasamecha
nismforfundingmoresurveillanceworklessre
lianceuponpesticidesandmorerelianceonland
usecontrolswhichwillleadtovectorprevention
TheylooktotheStateforassistanceintheseareas
inorderofpriority1consultationsandtechnical
guidance2surveillance3training4public
education5emergencycontroland6en
forcementandlegalassistance

Asexpectedthemanagersofdistrictsfocused
uponmosquitoesInthefuturetheyseethatCulex
tarsalisandencephalitiswillbethenumberone
prioritywithAnophelessppandmalariasecond
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andCxpipienscomplexandStLouisencephalitis
thirdProgramchangeemphaseswillbeinthisor
dermoreworkonAedessierrensisanddog
heartwormtherewillbechangesduetoincreasing
urbanandindustrialdevelopmentgeographical
areasofservicewillincreaseadditionallocal
fundingthroughavailablemechanismswillbe
soughtsurveillancewillincreasechemicalcon
trolwilldependmoreheavilyonbiorationalrather
thanconventionalpesticideslandusecontroland
otherlegalenforcementmechanismsinsupportof
sourcereductionwillberelieduponmoreand
theuseofbiocontrolwillincreaseStateassistance

willberequestedinthispriorityorder1
surveillance2consultationandtechnicalguid
ance3enforcementandlegalassistance4
training5emergencycontroland6publicedu
cation

Twopointsinthecommitteesreportneed
emphasisOneisinformationexchangeWehave
begunusingcomputerstogetsurveillanceand
otherdatatoyouasrapidlyaspossibleusingan
electronicbulletinboardcalledVectorBytesand
expectthatservicetobeexpandedAjointelec
tronicinformationexchangesystemamongyour
AssociationtheUniversityofCaliforniaandthe
DHSisunderdevelopmentTheotheristhewhole
areaoflegalcontrolsYoumayaskustoincrease
ourregulatoryrolenotonlyinsupportofyourac
tivitiesbutdirectlyoveryourprogramsYoumay
choosetohaveusasyourregulatorsincewelike
youareengagedinpublichealthTwentyyears
agoyouaskedustodevelopthecooperative
agreementrelationshipwhichhasallowedyourel
ativefreedomtocarryoutyourchemicalandphysi
calcontrolprogramsFifteenyearsagoyouasked
ustoimposeacertificationrequirementuponyour
employeesandcurrentlyyouareaskingustoen
forcemandatedcontinuingeducationuponyour
certifiedtechnicians

Wewillevaluateindetailthecommitteesre

portanditsrecommendationstomeettheneeds
identifiedbytheagencieswhomweserveandwill
implementprogramchangestoaccommodateas
muchofthedemandasispossiblewithinavailable
resourcesAswedotheevaluationwewillneces
sarilytakeintoaccounttheabilityoflocalagencies
todothingsforthemselves

Whilemuchofourcurrentandplannedwork
isverysimilartowhatwedid40yearsagoitisand
willbebecauseyoustillneedustodoitnotbe
causewevealwaysdoneitthatwayTheVector
ControlAdvisoryCommitteewhichincludesrep
resentationfromyourAssociationwillcontinueto



guideouractionsWithinourlegalpolicyand
fiscallimitswewillremainresponsivetoyouand
totheotherlocalagenciestowhomweprovide
services
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COMMITTEEACTIVITIESOFTHECALIFORNIAMOSQUITOAND

BiologicalControlRobertLCoykendallChair
man

Thisyears1987chargetotheCommittee
wastocontinuetopublishBioBriefsourCom
mitteesnewsletterThreeissuesweredissemi

natedtothemembershipthisyearIncorporated
withthesenewsletterissueswerenumerousBio

Notesouronesheetinformationalhandoutrep
resentingbiologicalcontrolorganismsAtthis
timeworkhasbeencompletedonalloriginally
plannedBioNotes

ThelastchargetotheCommitteewastobe
ginworkontherevisionofFishesinCalifornia
MosquitoControl Aliteraturesearchwasiniti

atedtoobtainasmuchnewinformationaspossi
bleandtothatendwecompletedoursearchand
compiledalistofreferenceswhichincludes349ci
tationsWeareincludingitwiththisreporttothe
membershipandwillbegintoactuallycollectall
thecitedliteraturenextyearandproceedwiththe
actualrewritingofthisguide

ChemicalControlMichaelJWargoChairman
ThisCommitteehasadvisedtheCMVCA

membershipoftheHazardousWasteResponse
PlanrequirementsTheCaliforniaChamberof
Commercehasthreehandbooksavailablewhich

explainvariousaspectsofcomplyingwithhaz
ardousmaterialslegislationrequirementsWe
stronglyrecommendthethreebooksetforeach
district

Wehaveprintedasetofnotebooksdealing
withcalibrationofsprayequipmentpesticidesand
MaterialSafetyDataSheetsformostMADchemi
calsThesenotebooksareaguidetomeetre
quirementsnecessaryofallabatementdistricts

MalcolmAThompsonEnvironmentMan
agementBranchSpecialisthasstartedaresistance
studyutilizinganewadultCxtarsalistestingpro
gramwithMalathionandChlorpyrifosThefirst
yearsresultsaresurprisingEventuallyitwillbe
expandedtoincludeotherinsecticidesand
mosquitospeciesDuring1988larvalmosquito
testingwillcontinueonabyrequestbasisonly

1VicePresidentCaliforniaMosquitoandVectorControlAs
sociationInc
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VECTORCONTROLASSOCIATIONINC
January1987January1988

ClaudeLWatson
EastSideMosquitoAbatementDistrict

2000SantaFeAvenueModestoCalifornia95355

DimilinhasanSLNforcontrolofaquatic
midgesinnoncroplakespondschannelsandper
colationbasinsdevelopedfordecorative
landscapingpurposesWearelookinginto
expandingtheuseofDimilininmosquitocontrol
forawiderrangeofsituationssuchasricedairy
lagoonsandothers

Wewillcontinuetoencouragethedevelop
mentofnewcompoundsandtoexpandtherange
ofuseofpresentcompoundssuchasBtiB
sphaericusDimilinandotherpesticides

FinallythisCommitteewillcontinuetokeep
theCMVCAmembershipadvisedofhownew
lawsregulationswillaffectdistrictcontrolpro
grams

AdHocComputerApplicationsBruceF
EldridgePhDChairman

TheCommitteemetquarterlyduring1987
anddevotednearlyallofitsenergytopreliminary
planningforastatewidecomputerizedinformation
systemformosquitoandvectorabatementactivi
tiesDuringtheyearmeetingswereheldwithrep
resentativesfromthreemajorcomputerequipment
manufacturersAmericanTelephoneandTele
graphCorporationATTDigitalEquipment
CorporationDECandInternationalBusiness
MachinesIncIBMAlsowithfundsprovided
bytheBoardofDirectorsofCMVCAtheCom
mitteehiredDrJohnSkinnertogatherinforma
tiononcomputerizeddatabases

DrSkinnerprovidedtheCommitteewitha
finalreportonDecember9This18pagereport
providescompletedetailsonabout20different
databasesofpotentialusetomosquitocontrolper
sonnelIncludedinthereportaredatabasesdeal
ingwithpendinglegislationtoxicologicaldataen
dangeredspeciesweatherdatapesticidelabelin
formationandliteraturecitationsThereportin
cludesinformationoncostsequipmentneeded
anddescriptionsoftheinformationavailable

AsaresultofmeetingswithATTIBMand
DECtheCommitteehasmadeseveralpreliminary
decisionsastotheconfigurationofapotentialsys
temThesedecisionsincludeutilizingaminicom
puterasahostcomputerandusingUNIXasan
operatingsystemforthehostcomputerBasic
communicationwiththehostwillbebydialup



modemfromremoteterminalsandmicrocomput
ersandcommunicationwithsomedatabasesand

otherlargecomputerswillbebysomeformofhigh
speedlinksuchasX25communication

DuringthecomingyeartheCommitteehopesto
completeplanningandtopresenttotheBoardof
Directorsacompleterecommendationforimple
mentationincludingstartupandoperatingcost
estimatesaswellasrecommendationforfunding
oftheproject

ContinuingEducationBFredBeamsChairman
TheCommitteehascontinuedwiththedevel

opmentandimplementationofastatewidecontin
uingeducationprogramforcertifiedvectorcontrol
techniciansSpecificprojectsaccomplishedareas
follows

1 ApprovalbytheCMVCABoardof
DirectorsofaContinuingEducation
Program
2 Draftingoflegislativelanguagefor
codificationoftheContinuingEducation
ProgramintheCaliforniaStateHealthand
SafetyCodeLanguagesubmittedto
legislativecounselJanuary141988Billwill
beintroducedtomorrowbyAssemblyman
NormWatersNoBill asyet
3 AlignmentwithCaliforniaCommunity
Collegesineachregiontofacilitatepublished
continuingeducationrequirements
4 Approvalofconferenceandseminar
offeringsforcontinuingeducationcredit
submittedbyregions
5 ChairoftheCECommitteewas

appointedtotheAdHocAdvisory
Committee

EntomologyMajorSDhillonPhDChairman
During1987theCommitteewaschargedwith

twomajortasks1Thearbovirusworkshopand2
therevisionofFieldGuidetoCommon
MosquitoesofCalifornia

1 ArbovirusWorkshopThearbovirus
workshopwasheldfromMay1921in
OrangeCountyTheprogramwasput
togetherbyDrJackHazelriggandit
primarilycoveredanindepthdiscussionof
ecologicalandepidemiologicalaspectsofSt
LouisencephalitisandotherarbovirusesThe
workshopwaswellattendedbytechnical
personnelfromvariousdistrictsThe
workshopwasorganizedbyMrFredBeams

BothJackandFreddidanexcellentjobin
organizingtheseminarandIwouldliketo
thankbothofthem
2 RevisionoftheFieldGuideTogetan
inputfromvariousdistrictsforthe

improvementofthequalityofthefieldguide
aquestionnairewasmailedinFebruarytoall
thedistrictsTwentyresponseswerereceived
withcommentsandsuggestionsAsecond
questionnairewasmailedonJanuary131988
totheagencieswhodidnotrespondtothe
firstrequestAsofJanuary281988thereare
still18districtswhohavenotreturnedthe
questionnairewithrequestedinformationA
listofmosquitospeciesrequestedinSection
Bisanimportantpartoftherevisionandis
neededtocompletetheguideForthose
agencieswhohavenotrespondedtothe
secondrequestpleasedosoassoonas
possible

TheCommitteeisintheprocessofrevising
thefieldguideandhopefullywewillcompletethe
revisionwithinayearDrRobertWashinohas
agreedtoloanussomeofthephotographsof
mosquitodrawingsThesephotographswillbein
corporatedintothenewFieldGuide Iwouldlike

toexpressmygratitudetoBob
LastbutnotleastIwouldliketothankall

theCommitteememberswhohaveputtheirdili
genteffortsintherevisionofthefieldguide

Environmental LiaisonFredCRoberts
Chairman

TheactivitiesoftheCommitteein1987were
directedatproblemscreatedbytheEnvironmental
ProtectionAgencysEPAplantoimplementthe
EndangeredSpeciesActESAPresidentHansen
assignedthemattertoourcommitteeshortlyafter
theplanhadbeenunveiledTheCommitteere
viewedtheplandeterminedtheimpactitwould
haveonmosquitocontrolinCalifornialookedat
theoptionsavailabletoresolvetheconflictand
recommendedacourseofactiontotheCalifornia
Mosquito VectorControlAgencyCMVCA

TheCommitteefoundthattheplanforim
plementationoftheESAcouldseverelyrestrict
larvicidesandendangerthepublichealthofthe
citizensofCaliforniaTheCommitteerecom
mendedacourseofactiontoPresidentHansen
andtheBoardofDirectorsoftheCMVCAwhich
wouldhavetheCMVCAmakeadirectrequestto
theEPAtocorrecttheirplansandtherebyavoid
conflictswithvectorcontrolApositionpaperwas
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developedbytheCommitteedescribingtheprob
lemandrecommendingsolutionsAplantotake
legalandorpoliticalactionwasdevelopedand
heldinabeyanceincasefurtheractionwasconsid
erednecessaryTheBoardadoptedtherecom
mendedcourseofactionauthorizingPresident
HansentowritetheEPAandincludetheposition
paper

TheEPAbecauseofpoliticalpressuresfrom
theagriculturalindustryandperhapsduetocon
cernsexpressedbytheCMVCAhasdelayedim
plementationoftheActandwillallowtheStateof
Californiatodevelopastatespecificplanunderthe
auspicesoftheCaliforniaDepartmentofFoodand
AgricultureThenewplantoimplementtheESA
hasincorporatedproceduresbywhichtheconflicts
withmosquitoandvectorcontrolshouldbere
solvedRepresentativesoftheCommitteeare
workingwiththeCaliforniaDepartmentofFood
andAgricultureontheplan

LegislativeDouglasCWhiteChairman
During1987theCommitteeinconcertwith

ourlegislativeadvocateMrRalphHeimreviewed
andmaderecommendationsonthefollowingbills
whichwereofspecialconcerntotheAssociation
members
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1 AB946SherDealingwiththe
importationoftiresandtheirinspectionThe
billwaschapteredhoweveraFederal
programwillmakeimplementation
redundant

2 AB761WatersAddslanguageto
HealthandSafetyCodeSection2200CIV
asdeterminedbytheboardwithregardsto
detrimentaleffectsresultingforflylarval
development
Billwaschaptered
3 AB1308WrightExemptslocalvector
controlagenciesfromcertainhazardouswaste
fees

Billwaschaptered
4 SB1018FarrMADinMonterey
Californiawhichannexespropertyadjoining
thatcountyisnotamulticountydistrict
Billwaschaptered
5 SB269KoppWouldmakedistricts
subjecttoProposition65Wasamendedto
exemptvectorcontrolactivities
Billdiedbecauseoflackoffinancialsupport
6 SB1491MarksConcernedpesticide
applicationbygovernmentalagencies
Defeatedincommittee

7 SB1630PresleyProvidesfundsfor
DepartmentofFishandGametoenterinto
contractswithlandownerstorestrictlanduse
fortheconservationofwaterfowl

Billwaschaptered
8 ACA27JohnsonFeesandassessments
wouldrequirevoterapproval
Billnotmovedbyauthor

InJanuaryof1988finallanguageforlegisla
tionmandatingacontinuingeducationprogram
wassubmittedtothelegislativecounselforreview
priortobecomingabill

PhysicalControlJohnRStrohChairman
TheCommitteecompiledalistoflegal

abatementproceduresutilizedbymanydistricts
Thisinformationwassolicitedbyaquestionnaire
sentouttoalldistrictsinJune1987TheCom
mitteeisnowpreparedtoorganizethisinformation
andmakeitavailabletodistrictslookingforinfor
mationonlegalabatementalongwithmaking
availablealternativesolutionstovariouslegal
problemsregardingabatementprocedures

VideotapeBFredBeamsChairman
TheCommitteeaccomplisheditschargewith

thecompletionoftheVideotapeGuidelinescon
sistingofthefollowing

1 GuidelinesforAssuringVideotape
Coverage

aVideotapeCoverageResponsibility
bTypeofVideotapeEquipment
cSubjectMaterial
dEvents

eDispositionofCompletedVideotapes
2 VideotapeandEquipment
Recommendations

aVideoCamera

bVideotapeRecorders
cRemotePowerPacks

dVideotapeRecommendations
eVideotapeCareandStorage

3 MasterCopyofVideotapeProduction
Log

The56thAnnualConferencewasvideotaped
andthemastercopieswillbeturnedovertothe
ExecutiveDirector

FutureTrusteesSessionsshouldbe

taped



BACTERIALMOSQUITOLARVICIDESPRESENTSTATUSOF

KNOWLEDGEANDFUTUREDIRECTIONSFORRESEARCH

BruceFEldridgeandBrianAFederici

UniversityofCaliforniaDavisandRiverside

Introduction

Mosquitolarvicidesderivedfromspore
formingbacteriabecameapracticalrealityin1982
withtheregistrationandcommercialavailabilityof
formulationsofBacillusthuringiensisisraelensis
otherwiseknownasBtiorBacillusthuringiensis
serotypeH14Variousformulationsarenow
widelyusedbymosquitoabatementagenciesacross
theUnitedStatesPresentlythereisconsiderable
researchbeingconductedinCaliforniaandelse
whereonBtiaswellasonotherspeciesandstrains
ofbacteriawhicharetoxictomosquitolarvae
Thisresearchrunsthegamutfromtheverybasicto
theveryappliedThepurposeofthispaperisto
1reviewthepresentstatusofknowledgeofthe
bacterialspeciesandstrainstoxictomosquitolar
vae2summarizeUCresearchonmosquitocidal
bacteriaand3relatecurrentresearchdirections
togoalsforbettermosquitolarvicides

Background
Theinitialisolationofamemberofthegroup

nowrecognizedasBacillusthuringiensisBtwas
madein1902fromdiseasedsilkwormsbyIshiwata
Lathyetal1982Thisisolateisknowntodayas
Btsottoorserotype4a4bIn1915Berlineriso
latedabacteriumfromlarvaeoftheMediterranean

flourmothfromamillinwhatisnowtheThuringia
DistrictoftheGermanDemocraticRepublicEast
GermanyBerlinernamedthespeciesBacillus
thuringiensisandthestrainiscurrentlyrecognized
asBtthuringiensisorserotype1Berlinernoted
thepresenceofaparasporalbodyandsuggested
thepotentialofthebacteriumasaninsecticide
pithyetal1982Duringthefollowingdecades
additionalstrainsofBtwereisolatedbutnone
weretoxictoinsectsotherthanlepidopterouslar
vaeOneofthemostpotentofthesewasBt
kurstakiisolatedin1962Luthyetal1982

In1976anewstrainofBtwasisolatedfrom

mosquitolarvaecollectedinasmallpondinNegev
IsraelThisstrainbecameknownasBtiorserotype
14Itwastoxictolarvaeofmosquitoesandblack

Serotypesorserovarsasthey aresometimescalledarebased

onacomparisonofantibodiestoflagellarorHantigensof
thesebacteria

fliesbutharmlesstomostotherorganisms
Followingintenseresearchinvariouspartsofthe
worldmaterialsbasedonthisstrainwerereg
isteredbyEPAforuseintheUnitedStatesagainst
mosquitoesandblackfliesPaduaetal1980
1984reportedtheisolationofmosquitocidal
strainsofBtdarmstadiensisserotype10andB
tmorrisoniserotype8a8bAnisolatePG14
ofthelatterserotypeiscurrentlyusedformosquito
controlinthePhilippinesLaceyandUndeen
1986OhbaandAizawa1979describedanew
subspeciesBtkyushuensisisolatedfromaseri
culturefarminJapanandreportedthatthestrain
waspreferentiallytoxictolarvaeofCulextritae
niorhynchus

ThenameBacillussphaericusBswasap
pliedbyNeidein1904toacommonaerobicbac
teriumthatformedsphericalsporesYousten
1984Thisspeciesisusuallyasaprophytelivingin
manysoilandaquatichabitatsDavidson1982
Manystrainsofthisspecieshavesincebeeniso
latedandstudiedandalthoughanumberofvari
etalnameshavebeenusedinthepastnoneare
nowgenerallyaccepted

ThefirststrainofBsfoundtobetoxicto
mosquitoeswastheKellenKstrainisolatedin
1965inCaliforniafromCulisetaincidensKellenet
al1965Sincethenotherstrainshavingmuch
highertoxicitytomosquitoesbutnottoblackflies
havebeenisolatedInspiteofahighlevelofre
searchactivityintothepossibleuseofthisbacterial
speciesasamosquitolarvicidenostrainsarecur
rentlyregisteredbyEPAforuseandgenerallyre
searchonBtihasovershadoweddevelopmentef
fortsforBsThestrainsofBstoxicformosquitoes
seemquitedifferentfromnontoxicstrainsbut
otherclearcutdifferenceshavenotbeendis

coveredsufficienttojustifyaseparatespecific
nameDavidson1982Yousten1984

Acomplexandsometimesconfusingtermi
nologyhasdevelopedinrelationtothebacterialin
secticideswithsomeofthetermsbeingrendered
obsoleteasthestatusofourknowledgeofthis
groupoforganismsimprovesThebacteriaofin
teresttothisdiscussionareallaerobicspore
formingbacilliclassifiedinthegenusBacillusand
furtherincludedintwospeciesBthuringiensisand
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Figure1Electronmicrographofaparasporalbodyof
BacillusthuringiensissubspeciesisraelensisNotethethree
typesofinclusionsLlowandHelectrondensityand
BthebarshapedinclusionThearrowpointstothefi
brousenvelopethatsurroundstheinclusions60000X

Bsphaericuswiththeformerspeciesbeingsepa
ratedintonumeroussubgroupsSporesfoundin
thesebacteriaaresphericalbodiesproducedduring
aprocessinthelifehistoryofthebacteriacalled
sporulationFig1Theyareresistanttoawide
varietyofadverseenvironmentalconditionsin
cludingrelativelyhightemperaturedesiccation
andsomechemicalagentsAllofthestrainsofBt
andBssofarstudiedwhichhavemosquitocidalac
tivityalsoproduceduringsporulationastructure
variouslycalledthecrystaltheproteinaceouscrys
talthedeltaendotoxinthecrystallineparasporal
bodytheparasporalbodytheparasporalinclusion
orsimplytheparasporeHeimpel1967Yousten
1984Table1Withinthiscrystalresidesapro
teinorproteinsresponsibleforthetoxicactivity
againstmosquitolarvaeInadditiontoseveralmi
nortoxinssomestrainsofBtalsoproduceabeta
exotoxinhavingawiderrangeoftoxicactivitythan
thedeltaendotoxinDulmageandAizawa1982
Thisexotoxinwhichhasalsobeencalledthefly
toxinthethermostabletoxinandthethermostable
flyfactorHeimpel1967isanatypicalnucleotide
Itisquitetoxictomammalsbyinjectionbutnotby
ingestionandstrainsofBtwhichproducethis
toxincannotbeusedasinsecticidesintheUnited

StatesDulmageandAizawa1982
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Structureandmodeofactionofbacterialinsecti
cides

ForbothBtiandBstheproteinstoxicto
mosquitoesarecontainedintheparasporalbodies
Proteinsassociatedwiththeparasporalbodiesin
bothspeciesarecomplexandonlyrecentlyhave
researchersbeenabletoproduceafairlycomplete
pictureofthecharacteristicsoftheproteinsin
volvedintermsofrelativetoxicitiessizeandinter
relationshipsTheproteincompositionhasbeen
studiedbyanumberofinvestigatorstheirworkis
summarizedbyFedericietalinpressForBti
Table2thereareprobablyfourseparatepro
teinsassociatedwiththeparasporalbodydis
tributedamongthreediscretetypesofparasporal
bodyinclusionsThemassesoftheseproteinsin
theintactparasporalbodyofBtiare2765128
and135kDarespectivelyEarlystudiesusinggel
chromatographydetectedonlyasingleproteinof
130kDainthehighdensityinclusionoftheparas
poralbodyofBtibuthigherresolutionmethods
detectedtwoproteinsthosehavingamassof128
and135kDarespectivelyFedericietalinpress

2Thedaltonisaunitofmassequalto165979x10grams
ThusakilodaltonkDais165979x10grams



Table1Generalcharacteristicsofmosquitocidalbacteria

Species Parasporalbody

darnstadiensis 2

israelensis 3

kyushuensis 2

moirisoniPG14 4

sphaericus2362 1

Bar

Highdensity

Tentativeassignments

Highlyelectrondense
hemisphericaltospherical
2025ofPBMaybetwo
separateinclusionsLamellae
oftenpresent

Tentativeassignments

Numberof

inclusions

Moderatelyelectron
denserectangular
intransversesection

78nmlatticespacing
1520ofPB

Table3CharacteristicsofparasporalbodyinclusionsofBacillussphaericus

Shape

spherical

polyhedral

Table2CharacteristicsofparasporalbodyinclusionsofBacillusthuringiensisisraelensis

Inclusion Characteristic Proteins

Large Leastelectrondense 27kDa

roundtopolyhedral
43nmlatticespacing
4050ofPB

65kDa

128kDa

135kDa

Inclusion Characteristic Proteins

Single Polyhedral63 125kDa

nmlatticespacing 110kDa

63kDa

43kDa
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Incontrasttotheintactparasporalbodyad
ditionalproteinsmayappearwhentheparasporal
bodyisdissolvedinanappropriatesolventathigh
pHlevels90Becausethemajorproteinspre
sentintheintactparasporalbodyshowacorre
spondingdecreasewhentheparasporalbodyissol
ubilizeditisthoughtthatthesenewproteinsare
breakdownproductsresultingfromtheactionof
specificenzymeswhichareactiveonlyathighpH
levelsThemostsignificantoftheseproteinsdis
coveredsofarisa25kDaproteinwhichiscleaved
fromthe27kDaproteinItisfurtherbelievedthat
thissolubilizationisequivalenttowhatoccursnatu
rallyinthehighlyalkalinepH810midgutof
mosquitolarvae

TheparasporalbodyofBtiistoxicto
mosquitoesandcertainotherinsectsineitherits
intactformorwhendissolvedinalkalinesolvents
Inthelatterformitisalsotoxictomicewhenin
jectedandtoanumberoftypesofcellswhenin
troducedintovarioustypesofcellcultures
ThomasandEllar1983Cheungetal1985Al
thoughthereisstillconsiderabledisagreementas
tothespecifictoxicityofthevariousproteinsasso
ciatedwithBtimostnowagreethatthe25kDa
proteinthecleavageproductofthe27kDapro
teinisresponsibleforthistoxicityseenformam
maliancellsThereissomedisputeastowhether
thisproteinisalsotoxictomosquitoesCurrent
evidencealsoindicatesthatthe65128and135
kDaproteinsaretoxictomosquitoesandalthough
detailedstudiesarebeginningtoshedlightonthese
proteinstheirspecificroleasmosquitotoxinshas
notbeendeterminedHoweveratthispointit
appearsthatnoneoftheseproteinsaloneisastoxic
perunitweightasthemixtureofthemfoundinthe
parasporalbody

InthecaseofBsthesingleparasporalinclu
sionconsistsofproteinshavingmassesof4363
110and125kDaBaumannetal1985Table3
Sporulatingcellsinitiallyformthe125kDaprotein
whichisfollowedbytheappearanceofproteinsof
11063and43kDaBroadwellandBaumann
1986These3proteinshavebeenpurifiedandit
hasbeenshownthatthe110and43kDaproteins
aretoxictomosquitolarvaewhilethe63kDa
proteinisnotUponingestionoftheparasporal
inclusionsmosquitolarvaerapidlydegradethe110
and63kDaproteinsandslowlyconvertthe43kDa
proteintooneof40kDaBaumannetal1985
BroadwellandBaumann1987Theconversionof
the43kDaproteinto40kDaresultsinan
activationofthetoxinasindicatedbya54fold
decreaseintheLCintissueculturegrowncellsof
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CulexquinquefasciatusSayRecently3distinct
genescodedforpeptidesimmunologicallyrelated
tothetoxinhavebeenclonedintoEschericiacoli

Baumannetal1987One35kilobaseHindIII
fragmenthasbeenrecentlysequencedandwas
showntocodefor2peptidescorrespondingtothe
63andthe43kDaproteinsPaulBaumann
personalcommunicationTheseresultsindicate
thattheprevioussuggestionthatthe43and63kDa
proteinsarederivedfromthe125and110kDa
proteinsisuntenableandthatthe125kDaandits
derivativethe110kDaproteinconstituteadistinct
toxin

Hostrangesandenvironmentalsafety
Therearegeneraldifferencesinthehost

rangesofBtiandBswiththelatterbeingthemore
specificorhavingthenarrowerhostrangeThe
mostnotabledifferencebetweenthetwoisthatBti

istoxictobothmosquitoesandblackflieswhereas
BsistoxictomosquitoesonlyTherearealsodif
ferencesinthesusceptibilityofvariousgroupsof
mosquitoestothetwotypesofmicrobialinsecti
cidesAedesaegyptiisnotsusceptibletoBsal
thoughsomeotherAedesspeciesaresusceptibleto
somedegreebutlesssothanspeciesofAnopheles
whichareinturngenerallylesssusceptiblethan
speciesofCulexYousten1984IngeneralBsis
lesstoxictonontargetorganismssuchasfilter
feedingnematocerousDipterathanisBtiBtiis
toxictoawiderangeoffilterfeedingDipteraofthe
suborderNematoceraincludingmosquitoesblack
fliesandsomemidgesChironomidaePreda
ceousaquaticinsectsaregenerallyinsusceptibleto
BtiandBsCulicinelarvaearegenerallyconsid
eredmoresusceptibletoBtithanareanopheline
larvaebutdifferencesmaybeduetodifferencesin
feedingbehaviorratherthansusceptibilitytothe
toxinsLaceyandUndeen1986

AlthoughsomeproteintoxinsofBtireleased
afterdissolvingoftheparasporalbodyinhighpH
solventsaregenerallytoxictovertebrateandin
vertebratecellsthisisprobablyoflittlepractical
importanceundermostnaturalcircumstancesbe
causeinnaturesolubilizationoftheparasporal
bodyusuallytakesplaceonlyinthehighlyalkaline
gutofcertaininsectsFurthermorenostrainsof
BtinorBsexaminedsofarproducethebroad
spectrumbetaexotoxinTherehavebeenques
tionsconcerningthefateoftoxinsreleasedafter
thedeathofmosquitolarvaeandalthoughat
temptshavebeenmadetodetecttoxinsinsedi
mentsunderlyingaquatichabitatstreatedwithBti
Bsorbothnodefinitiveresultshavesofarbeen



Table4RegisteredusesforBtiinformationfurnishedbyMsBarbaraKozuskoCaliforniaDepartmentof
HealthServices

Product EPAReg Potency
Number Unitsmg

Remarks

BactimosWP 433823 3500 Wettable

powder

BactimosFC 433828 1000 Flowable

concentrate

Bactimos 4338210 400 Normalusage
briquets pluspreflood

Bactimos 4338216 175 Effective
granules whenemergent

vegetationpresent

Bactimos

pellets 4338217 350 Asaboveplus
aircraftdispersal

Teknar 1127330 1500 Aqueous
larvicide concentrate

Teknar 1127338 260 Aswith
granules Bactimosgranules

VectobacWP 27545 2000 Wettable

powder

VectobacAS 27552 600 Aqueous
suspension

Vectobac12AS 27566 1200 Aqueous
suspension

VectobacG 27550 200 Granules

VectobacSG 27560 200 Sandgranules
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obtainedtoindicatethattoxinscanremaininthese

sedimentsinenvironmentallysignificantquantities
KatherineDoneganpersonalcommunication

Useofbacterialinsecticidesformosquitocontrol
TodateonlyformulationsofBtiarecom

merciallyavailableandareregisteredforusein
mosquitocontrolTable4Formulationsinclude
wettablepowdersaqueoussuspensionspellets
granulesofvarioussizesandtypesandslowre
leasebriquetsFormulationscontainingmixtures
ofBtiandotherinsecticidessuchasmethoprene
maybeavailableinthefutureReportsoflarge
scalefieldtrialswithvariousformulationsofboth

BtiandBsarenumerousseeSinger1985fora
summaryoftrialswithBsLacey1985forBti
Mostofthesereportssupporttheideathat
mosquitolarvaecanbekilledbybacterialinsecti
cidesunderrealworldconditionsofmosquito
abatementSuccessratesvarywidelyhowever
withindividualreportsrangingfromcompletefail
uretocompletesuccessThisisnotsurprising
consideringtherelativecomplexityofthismethod
ofcontrolincomparisonwithconventionalchemi
calcontrolFactorsknowntoaffecttheefficacyof
mosquitocontrolwithbacterialinsecticidesin
cludespeciesofmosquitoageofmosquitolarvae
stageofmosquitolarvaewatertemperatureveg
etativecoverdegreeofwaterpollutionespecially
presenceofparticulatepollutantspotencyofin
secticideandamountofsolarradiationLacey
1985WaterchemistryfactorssuchaspHand
concentrationofcationssuchasClhavenotbeen

showntoaffectefficacygreatlywithintherangeof
valuesfoundinmosquitohabitatsLacey1985

Reportsofdetailedevaluationsofmosquito
controlwithbacterialinsecticidesunderopera
tionalconditionsarenotnearlyascommonasre
portsofsmallplotexperimentsEvaluationssuch
asthoseofParman1986andKimballetal1986
howeverhavebeenconsistentwithfindingsfrom
trialsonasmallerscale

Becausebacterialinsecticidesarenotequally
effectiveunderallenvironmentalsituationsseveral
modificationsinformulationandapplicationhave
beendevelopedInsituationswherethewaterin
whichmosquitoesarebreedingispollutedwith
highlevelsofsuspendedorganicmatterdosage
ratesmustbeincreasedoftensubstantiallydouble
ortripletheusualrateGranularandpelletized
formulationsofBtiareavailablewherepenetration
isinhibitedbyemergentvegetationToenhance
theefficacyofBtiagainstsurfacefeedinganophe
linelarvaeformulationscontainingBtiand
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monomolecularfilmsArosurfhavebeenused
successfullyForuseaspreemergenttreatment
slowreleaseformulationsofBtiareavailable

Futureresearch

BiochemistryandtoxicologyConsiderable
researchisbeingconductedinCaliforniaandelse
whereinanattempttoisolatepurifyandcharac
terizetheproteinsassociatedwiththeparasporal
bodiesofmicrobialinsecticidesWorkersatUC

RiversideareemphasizingstrainsofBtthoseat
UCDavisBsAlthoughthisrepresentsalong
termapproachtoeventualimprovementofmicro
bialinsecticidesitisanapproachwhichiswelljus
tifiedAnyfutureattemptstounderstandthemode
ofactionoftheseinsecticidesisdependentupona
thoroughknowledgeofthetoxinortoxinspresent
inthevariousspeciesandstrainsofbacteriaA
practicaloutgrowthofthestudiesmaybethe
eventualproductionofpurifiedtoxinsoffargreater
potencythanexistingformulationsThismayper
mittheuseoftheseagentsinpollutedenviron
mentspresentlyunsuitedfortheuseofbacterialin
secticidesSinceproteinstoxictomosquitolarvae
maybedifferentthanthosehavinggeneralcyto
toxicpropertiesgreatersafetymayalsobereal
ized

Wearejustnowscratchingthesurfaceof
knowledgeofthemodeofactionofthesebacteria
inkillingmosquitolarvaeKnowledgeinthisarea
mayhelpinunderstandingtherelationshipbetween
environmentalfactorsandefficacyhostrangeand
thelikelihoodofphysiologicalresistanceThisin
turnmaypermitestablishmentofeffectivestrate
giesforinsecticideresistancemanagementDr
SargeetGilloftheDepartmentofEntomologyUC
RiversideisstudyingthemodeofactionofBti
proteintoxinsinthemosquitomidgutaswellasin
mosquitocellculturesThesestudiesareempha
sizingtheeffectofthetoxinsonthecellmembrane
andtheidentificationofreceptorsitesonmem
branesforthetoxinsStudiessuchastheseare

criticaltoourunderstandingofhostspecificityand
resistancedevelopment

Oneofthemostexcitingareasofresearchin
volvesattemptstogeneticallyaltermicrobialor
ganismsandthusmodifytoxinproducingmecha
nismsThesestudiesmaypermittheeventual
customizationofbacterialstrainsforspecificcir
cumstancesintermsofsafetybothhumananden
vironmentalhostrangesiteofapplicationand
toxinyieldThenumberofenvironmentalhabitats
wheretheseinsecticidescanbeusedeffectively
mayalsobeincreasedConsiderableprogresshas



alreadybeenachievedinthisareabutmuchmore
remainstobedone

Asnotedabovewenowknowthattheparas
poralbodyofBticontainsfourmajorproteins
thoseof2765128and135kDaAnimmediate
questionthatarisesiswhetherallofthesearees
sentialtotoxicityIfonlyoneisandexistingevi
dencearguesagainstthisthenthesimplestsce
narioistoengineerabacterialstrainthatproduces
onlythisproteinoritsactiveformIfnotthenus
ingthemethodsofgeneticengineeringitshouldbe
possibletoeliminatenonessentialproteins
therebyincreasingthetoxicityoftheparasporal
bodyperunitweightForexamplesupposethat
onlythe27kDaand128kDaproteinsareessential
totoxicityBydeletingthegenesforthe65kDa
and135lcDaproteinsandconstructingabacterial
strainthatonlyproducesthe27and128kDapro
teinswecouldpotentiallyincreasethetoxicityper
unitweighttwofoldTotakethisexamplefurther
weknowthatthe128proteiniscleavedbymidgut
enzymestoanactivetoxinofaround67kDa
Thusbymodifyingthegeneforthisproteinsothat
itonlyproducestheactivetoxinwecouldfurther
improvethetoxicityperunitweightperhapsto
threetofourfoldthatofthenaturallyoccurring
parasporalbodyAndconsideringthesubstantial
evidenceforsynergismorpotentiationbetween
parasporalbodyproteinspresentedbyWuand
Chang1985andIbarraandFederici1986it
maybepossibletoobtainevengreaterincreasesin
toxicityperunitweightbyalteringtheratiosofthe
proteinspackagedintheparasporalbodybythe
bacteriumDemonstrationthatanyofthesetactics
ispracticalcouldleadtoimprovedformulationsof
Bti

Therearesimilarpossibilitiesforimproving
thetoxicityofBsAtpresentonlyasmallamount
10ofthisbacteriumsdryweightistoxin
Thefirstobjectivethereforemightbetoimprove
theleveloftoxinproductionthroughclassicalge
neticmethodsorthroughgeneticengineering
Anotherstrategymadepossiblebytheadvancesin
geneticengineeringwouldbetodevelopabacterial
strainthatproducesthemosttoxicproteinsofBti
andBsinthesamecell

Theaboveexamplesarejustafewofthose
madepossiblebythetechniquesofgeneticengi
neeringWhilesomemayproveimpracticalornot
costeffectivethisnewtechnologyoffersenormous
promiseforthedevelopmentofimprovedmicro
biallarvicides

Fieldstudies

ResearchisgoingonatUCBerkeleyAlbany
andParlierLaboratoriesUCDavisandUC
Riversidetodeterminetheefficacyofbacterialin
secticidesinvariousecologicalsituationsandin
combinationwithothermosquitocontroltactics
Studiesconductedoverthepastfewyearshavere
sultedindetailedrecommendationsforformula

tionsanddosagesofBtiTable5andBsTable6
inavarietyofspecialhabitatsinCaliforniaGarcia
1986hasreviewedsomeofthesedatawithaplea
forcarefulmanagementofBtiusetoavoidearly
developmentofphysiologicalresistanceAlthough
therehasbeennoevidenceofresistancetoBtiin

thefieldtodatethereislittlereasontobelievethat
itwillnoteventuallyoccurIthasbeeninducedin
astoredgrainmothagainstBtkurstackiaftera
fewgenerationsofselectionMcGaughey1985
andinCulexquinquefasciatusagainstBtiafter
numerousgenerationsofselectionGeorghiou
unpublished

Therearestillunansweredquestionsinregard
toefficacysafetyandintegrationofmicrobialin
secticidesintointegratedmosquitoprograms
Badlyneededarestudieswhichdeterminetheef
fectofpesticidesintroducedintoaquaticenviron
mentsintermsofallbiologicalcomponentspre
sentStudiestodeterminethefateoftoxinsin

aquaticenvironmentsarealsoneededArethere
indirecteffectsonotherbiologicalcomponentses
peciallypredatorsIsoverallcontrolmoreeffec
tivewhenolderratherthanyoungermosquitolar
vaearetargetedinspiteofthefactthatyounger
larvaearemoresusceptibleAretherecumulative
mortalityeffectsfromtheuseofformulationscom
biningconventionalandmicrobialinsecticidesand
aresucheffectsifpresentgoodHowcanthe
presenceofinsecticidalparticlesbemaximizedin
thelarvalfeedingzoneforvarioussituations

HumanandEnvironmentalsafety
Asnewformulationsofmicrobialinsecticides

aredevelopedsomehavinggreaterpotencythan
presentformulationsnewquestionsconcerning
humanandenvironmentalsafetywillariseAsin
thecaseofconventionalpesticidestheburdenof
proofwillbeonthedeveloperandmanufacturerof
suchpesticidesbutresearchresultssupporting
claimsofsafetywillbefromusersandusersup
portedgroups

Finallyitisnecessaryformosquitoabatement
practitionersandappliedresearcherstoparticipate
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Table5CustomizedapplicationsofBtiinvarioushabitatsbasedonresultsofresearchconductedinCalifornia

Habitat

Secondarytreated Cxtarsalis Garcia1986

effluentappliedto
pastures

Algalmatsin Anfranciscanus Garcia1986

smallstreams

Waterfowl Aemelanimon Garcia1986

refugeponds

Ricefields Anfreeborni Kimballet

Cxtarsalis al1986

Anfreeborni Kerwin

Cxtarsalis Washino1983

Saltmarshes Aedorsalis Garcia Des

Rochers1980

Aesquamiger Garciaet

al1983

Dairylagoons Cxpeus Mullaetal

1980

Irrigatedpastures Aenigromaculis Mullaetal

Pscolumbiae 1980

Aenigromaculis Mulligan
Schaefer1985

Milofield Cxtarsalis Mulligan
Cxquinquefasciatus Schaefer1985

Alkalineponds Grtarsalis Mullaetal

1980

Wildfowlponds Crtarsalis Mulligan
Schaefer1982

Urbancatchbasins Cxquinquefasciatus Parman1986

Snowpools Aecommunis Eldridge
Aehexodontus etal1986
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Table6CustomizedapplicationsofBacillussphaericusinvarioushabitatsbased onresultsofresearch
conductedinCalifornia

Habitat

Irrigated
pastures

Datefields

Datefield

preflood

Dairylagoon

Catchbasins

Sewerplants

Speciesof
mosquito

nowinstrategicplanningfortheeventualdevelop
mentofnewmicrobialpesticidesOnecannot
expectmolecularbiologiststohavethenecessary
perspectiveanddetailedknowledgeofmosquito
controltounfailinglyfollowthemosteffective
courseofdevelopmentItisnowthatmosquito
abatementpersonnelshouldexamineimportant
questionsaboutfutureproductsincluding

1Inwhatwaywoulditbedesirabletomodify
speciesspectrumofactivityBroaderNar
rowerToincludespeciespresentlyexcluded
Toexcludespeciespresentlyincluded

2Inwhatwayshouldpotencyoftheproduct
bemodifiedForgreateryieldoftoxinper
unitofinsecticideCanproductioncostsbe
loweredthroughthisapproach

3Whatformulationsshouldbedeveloped
Oneswithgreaterpersistence

4Amongenvironmentalsitesnotnowsuit
ablefortreatmentwithbacterialinsecticides

Pscolumbiae

Aenigromaculis
Aemelanimon

Pscolumbiae

Aenigromaculis
Aemelanimon

Pscolumbiae

Cxpeus
Cxquinquefasciatus

Crquinquefasciatus

Qpipiens

Reference

Mulla

Darwazeh1986

Mulla

Darwazeh1986

Mulla

Darwazeh1986

Mulla

Darwazeh1986

Mulligan
Schaefer1980

DesRochers

Garcia1983

egsalinehabitatswhichonesshouldbe
targetedforadaptationofmodifiedbacteria

5Isitpracticalorwisetodevelopmicroor
ganismsthatwillsurviveinmosquitohabitats
andthroughgeneticengineeringproduce
bacterialtoxinsatlevelshighenoughtosup
pressmosquitopopulationseffectively
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Introduction

Approximately300to400casesofmalariaoc
curinCaliforniaeachyearMostoftheseareat
tributedtosourcesotherthanlocalmosquito
transmissionegimportedinducedHowevera
seriesof1986outbreaksinseveralareasofthe

Stateappeartohavebeenintroducedautoch
thonouscasesMMWR3543679681Calif
Morb13April101987Auniqueaspectof
theseoutbreakshasbeenthegeographiclocations
wherethecasesoccurredWiththeexceptionofa
singlecaseinYubaCityintheSacramentoValley
allwereinareaswhereAnophelesfreebomiAitken
thewesternmalariamosquitowaseitherabsentor
didnotoccuringreatabundanceThereismuch
evidencethatanundescribedspecies
closelyrelatedtoAnfreebomimayhavebeenthe
vectorinsouthernCaliforniaBarretal1988and
inadditionWashino1987speculatedthatAn
punctipennisSaymayhavebeeninvolvedinthe
FresnoandpossiblyMerritIslandoutbreaksThis
paperoutlinesaprojectedprogramandprelimi
naryprogressreportonastudyrecentlyinitiatedto
studythebiologyofAnpunctipennisandassoci
atedanophelinesinthecontextofmalariacontrol
intheareasnorthoftheTehachapirange

Theobjectivesofthestudywereto1deter
minetheseasonalhistoryandabundanceofAn
punctipennisandotherassociatedanophelinesin
riverineareasoftheSanJoaquinValleyandsur
roundingfoothillsofCalifornia2collectand
identifybloodmealsamplesfromanophelinesto
helpunderstandhostbloodfeedingpatterns3
studytheparityprofileintheadultpopulationasa
basisforfuturelifetablestudiesfordetermining
longevityandestimatingdailysurvivalrates4
determinethefeasibilityofmarkreleaserecapture
studyforlifetableanddispersalstudiesinfuture
longtermstudies5collectandpreservegenetic
vouchermaterialfromavarietyofgeographiclo
cationsforestablishingmorepreciselythevalidity

1InstituteofBiologyUniversityofNoviSadYugoslavia
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ANOPHELINEBIOLOGYANDMALARIARIVERINEECOLOGYOF

ANOPHELESPUNCTIPENNISSAYINTHECENTRALVALLEYAND

SURROUNDINGFOOTHILLSOFCALIFORNIA

RobertKWashinoHughLothropandBrankaBozicic

DepartmentofEntomology
UniversityofCalifornia

DavisCA95616

ofpresentsystematicstatus6establishlaboratory
coloniesofvariouspopulationsforfuturelabora
torystudiesincludingthoseformalariavector
competenceand7investigatefuturemalariaout
breaksinCaliforniaandimplementavarietyof
methodsegELISAtoassesstheabilityofthe
variousanophelinestobecomeinfectedandto
transmitPlasmodiumvivax

Procedures

1Riverinestudysiteswereestablishedat
FresnoieSkaggsandFriantDamin
FresnoCountyandKingsburgandWoodlake
inTulareCountyTwositeswereintheheart
oftheSanJoaquinValleyjusteastandwest
respectivelyofHwy99andtheothertwoin
theSierraNevadafoothillsAdultmosquito
populationsweresampledfromthesesites
fromJune231987toOctober11987
throughweeklycollectionsfrom6ftred
boxesCDCtrapsbaitedwithCONew
Jerseylighttrapsandhumanbaitielanding
ratecollectionCollectionsatirregularin
tervalswerealsomadefromnaturalshelters

andfrommalaisetraps

2Anpunctipenniscollectedfromtheabove
siteswerebroughtbacktothelaboratoryand
processedtodeterminespeciessexmetabolic
stateandparitystatusofthefemaleBlood
mealsfrombloodengorgedfemaleswerefro
zenforprecipitintestingatalaterdateto
identifyhost

3Attemptsweremadeusingstandard
mosquitoculturetechniquestoestablisha
laboratorycolonyfromprogenyoffemales
collectedfromtheabovefieldsitesinFresno

andTulareCountiesSubsequentattempts
weremadeutilizingforcedmatingtoensure
inseminationoffemaleprogenyofadult
femalescollectedfromthefoothillsofthe

SierraNevadaandInteriorCoastalRange



Table1ParousratesinthebitingpopulationofAnpunctipennisFresnoandTulareCountiesCA1987

Month

June

July
August
September

Total

Friant

324

ResultsandDiscussion

Fromatotalof1113femalescollectedbyall
methodsasampleof771weredissectedtodeter
mineparityprofileofthesummerpopulations
Theprofileofthebitingsegmentofadultpopula
tionsfromallofthesitesaresummarizedinTable
1CollectionsfromtheFriantDamsiteweremost

productiveandyieldedthemostconsistentresults
Theparityratesarenotdissimilartoratesprevi
ouslyobservedinAnfreebomipopulationsinthe
SacramentoValleyfurthernorthMcKennaetal
1973Howeversuchcomparisonwouldnotbe
validsincethelatterstudyinvolvedsamplesfrom
restingpopulationswhilethepresentstudyinvolved
bitingpopulationsAdditionalstudiesareneces
sarytoconfirmordenythespeculationthatAn
punctipennisexhibitsgreaterlongevitythanAn
freebomiinCaliforniaBloodengorgedfemales
wererareorabsentinmostcollectionssothat
materialforbloodmealidentificationwasminimal

Duringthesummermonthslandingratecol
lectionsduringsunsetsunrisehoursconsistently
yieldedmoreAnpunctipennisadultsthanany
othercollectionmethodsCDCtrapsbaitedwith
dryiceandNewJerseylighttrapswerelesspro
ductiveCollectionsfromartificialegredbox
andnaturalsheltersegunderbridgeorfrom
malaisetrapsweretotallyunproductiveDuring
theautumnmonthshowevercollectionsfromnat
uralsheltersegbarnsbridgesetcdidyield
bothactiveanddormantadultfemales

Severalattemptshavebeenmadetoestablish
alaboratorycolonywithlimitedsuccessPastat
temptsinthemid1960sweresuccessfulbutonly
withintensiveeffortInourcurrenttrialslackof
matingwascompensatedforbyforcedmatingbut

Parousrate nofemalesdissected

Skaggs
172

Kingsburg
152

30 00 00 00
34 07 13 67
38 20 28 00
32 25 44 43

35 19 30 29

Woodlake

75

femalesinseminatedinthismannerhadpoorsur
vivalInourmostrecenttrialssurvivalinthe
coastalpopulationhaveimprovedandthereis
someindicationthatthecolonyisbecomingestab
lished

AcollaboratingmicrobiologistfromtheUCD
SchoolofVeterinaryMedicineparticipatedina
workshopatWalterReedInstituteofMedicalRe
searchontheapplicationofELISAtechniqueto
detectandidentifyPlasmodiuminfectionin
mosquitoesAcompletesetofreagentsetcis
nowavailabletoimplementanassayprogramin
theeventofanoutbreaksimilartothatof1986
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Introduction

TheAnophelesmaculipennisgroupwasthe
firstcomplexofmosquitoestobestudiedindepth
Thespeciesaresocloselyrelatedthatitisdifficult
orimpossibletodifferentiatethemmorphologi
callyyettheydiffergreatlyinvectorialcapacityso
theircorrectidentificationisoftheutmostimpor
tanceThecomplexatpresentcomprises13
species9fromtheOldWorldand4fromtheNew
White1978

InCaliforniatherearethreemembersofthis
complexAnophelesfreebomiAitkenandAnophe
lesoccidentalisDyarandKnabarerelativelywell
knownAitken1945Christensen1968butathird
speciesisasyetundescribedHybridizationand
cytogeneticstudiescarriedoutbyFujioka1986
andMenchaca1986respectivelyshowthatthe
undescribedspeciesreferredtoassouthernocci
dentalisintheliteratureLewallen1957isonly
distantlyrelatedtotrueAnoccidentalisbutis
ratherclosetobutspecificallydistinctfromAn
freeborni
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ABSTRACT

Cytologicalandmorphologicalevidenceindicatesthewidespreadpresenceofanewspeciesofthe
AnophelesmaculipenniscomplexinsouthernCaliforniaAnophelesfreeborniwasnotfoundsouthofthe
TehachapiMountainsAnophelesoccidentaliswasnotfoundsouthofSantaBarbaraEvidenceindicatesthat
thenewspeciesmaybeanimportantvectorofmalaria

Figure1WingtipsofAnophelesoccidentalisleft
andsouthernoccidentalis Arrowindicatespale
scaling

Morphologicallythethreespeciesaresimilar
BohartandWashino1978AdultsoftrueAnoc
cidentalishaveprominentpalescalesonthe
wingtipsFig1ThisisincontrasttoAnfree
borniandtheundescribedformwhichhavedark
wingtipsFig1Howeverthepalescalingiseas
ilyremovedbydamageorwearanddenuded
specimenscannotbereliablydistinguishedAlso
reflectionoflightmaycausethewingtipstoappear
whitewheninrealitytheyarenotObviouslycau
tionmustbeusedwhenemployingthischaracter
foridentification

Theonlyknownmethodofidentifyingallin
dividualsofthethreespeciesatpresentisthemor
phologyofthesexchromosomeTheXchromo
someoftheundescribedspeciesisuniqueinthatit
hasalargeterminalpuffbywhichthisspeciescan
beeasilydistinguishedfromtheothertwo
Menchaca1986Morrison1985Anotheruseful
diagnosticfeatureisthefactthattheXchromo
someofthesouthernformaveragesabout40min
lengthwhilethoseoftheothertwospeciesaverage



about50m

TherearenumerousrecordsofAnfreeborni
andAnoccidentalisfromsouthernCalifornia
whichwehavebeenunabletoevaluateAitken
1945Seaman1945Anophelescollectionrecords
CaliforniaDepartmentofHealthServices
Thereforethetwomainobjectivesofthisstudy
were1todeterminethedistributionofsouthern
occidentalisand2todeterminewhethereither
AnfreeborniorAnoccidentalisoccursinSouthern
California

Methods

Incollaborationwithmosquitoabatement
agenciescountyhealthdepartmentsandtheCali
forniaDepartmentofHealthServicesextensive
larvalandrestingadultmosquitocollectionswere
madethroughoutsouthernCaliforniawithempha
sisoncoastalbreedingsitesLimitedcollecting
wasdoneintheSanJoaquinandOwensValleys
Severaladultsfromeachsiteweremountedfor

morphologicalstudyespeciallyforthecharacterof
scalingofthewingtips

Fivetosixdayoldadultsrearedfromfield
collectedimmatureswerebloodfedandthenheld

for29hoursatroomtemperatureEachovarywas
dissectedinmodifiedCarnoyssolutionplacedina
smalldropof45glacialaceticacidonasili
conizedcoverslipfor1minuteandstainedwith
05lactoacetoorceinfor5minutesThena

cleannonsiliconizedmicroscopeslidewasslowly
loweredontothecoverslipInordertodisruptthe
ovariannursecellchromosomesforanalysisthe
preparationwasplacedbetweenseverallayersof
bibulouspaperandtappedorrubbedgentlywith
theindexfingerPreparationswerethenevaluated
withaZeissphasecontrastmicroscopeat160and
400Xmagnifications

Finallyattemptsweremadetoestablisha
colonyfromeachcollectionsite

Results

Atotalof95collectionswasmadeAppendix
1giveslocalitiesbycountyanddatesofcollection
Immaturesonlywerecollectedunlessotherwise
notedSeveralcollectionsdidnotcontainanyof
thespecieslistedinAppendix1

Ourresultsindicatethatsouthernocciden

talisoccursfromtheSanLuisObispoareaSan
LuisObispoCountysouthwardtotheMexico
Californiaborderadistanceofapproximately560
kmFig2Wehavenotlookedforthismosquito
inMexicoEasterlythisspeciesoccursinlandat
leasttoLakeHemetRiversideCountyapproxi

mately80kmfromthecoastAltituderangedfrom
sealeveltoabout1200matLakeHemet

CollectionsoftrueAnoccidentalisFig2
weremadealongthecoastfromGroverCitySan
LuisObispoCountytoGaviotaStateBeach
SantaBarbaraCountyNospecimensoftrueAn
occidentaliswereidentifiedsouthofGaviotaState

BeachTwobreedingsitesGaviotaStateBeach
andHollisterRanchwereidentifiedwhere
southernoccidentalisandAnoccidentaliswere

sympatric
OnecollectionfromFirebaughintheSan

JoaquinValleyfourcollectionsfromBishopand
onecollectionfromLonePinebothintheOwens
ValleywereidentifiedasAnfreeborniFig2
NocollectionsofAnfreeborniwereidentified
southoftheTehachapiMountains

Discussion

JohnBelkinandWilliamMcDonaldmor

phologicallyexaminedlargenumbersoflarvaepu
paeandadultsofAnoccidentalissouthernocci
dentalisandAnfreebomiapparentlyduringthe
1950sandpreparedkeysforthedifferentiationof
larvaeandpupaeofthethreeformswhichwere
neverpublishedTheanalysesoftheseworkers
weremadeavailabletousthroughthecourtesyof
CaptainMichaelFaranoftheUSArmysMedical
EntomologyProjectattheUSNationalMuseum

BelkinscollectionofCaliforniaanopheline
mosquitoesshowsAnoccidentalisonlycoastally
fromSanLuisObispoCountynorthandthe
southernformalsoonlycoastallyfromSantaBar
baraCountysouthtoSanDiegoCountyHisAn
freebornispecimensarefrommanyinlandlocalities
aroundtheStatenorthoftheTehachapiMoun
tainsEastoftheSierraNevadaMountains
BelkinssouthernmostAnfreebomispecimensare
fromthenorthernpartofSanBernardinoCounty
BelkinscollectionsfromsouthernCaliforniaareall

fromcoastallocalitiessoweweresurprisedtofind
breedingpopulationsinDuarteLosAngeles
CountyandLakeHemetwhichareabout50km
and80kminlandrespectivelyOurstudycytologi
callyconfirmstheresultsofBelkinandMcDonald

Wefoundnocytologicalormorphological
evidenceofAnoccidentalissouthofSantaBar

baraalthoughAitken1945recordedthisspecies
fromVenturaFurthersupportforourresultsis
thefactthatwhilewewereabletoeasilycolonize
allofoursouthernoccidentaliscollectionswe
wereunabletocolonizeanyofourtrueAnocci
dentaliscollectionsIndiscussingthesignificance
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Appendix1CollectionrecordsAnophelesSurveyUCLASchoolofPublicHealthAll
collectionsfrom1987unlessnotedIAindicatesimmaturesandadultscollected

Southernoccidentalisonly

LosAngelesCounty CollectionDates

DuarteVanTasselCanyon V13

WhittierNarrowsNatureCenter V19VII29

TriunfoCreekatKananDumeRoadIA V125

TopangaCreekatPacificCoastHighway VI25

MalibuCreekatPacificCoastHighway VIII10

LasVirgenesCreekatMulhollandHighway X7

OrangeCounty

SanJoaquinMarshIrvineIA MaySept1985

SantiagoOaksRegionalPark1A VII17V1131

NewportBackBay VII31

VeehLake IX4

VenturaCounty

MoorparkoffFlitchRoadIA V21VI10

FillmoreFishHatcheryIA VI16VII15VII21VIII7VIII24

FillmorePoleCreek VII6VIII7

FosterCreekVenturaRiver VII6

CampComfortSanAntonioCreekIA V116

SantaPaulaCreekoffRoute150 VIII7

SantaClaraRiveralongRoute126 VIII7VIII24

VenturaCountyFairgroundsVenturaRiver X15

SanDiegoCounty

SanMateoPoint V1II25IX4

DairyMartRoadoffInterstate5 VIII28

SanLuisReyDownsSanLuisRcyRiver VIII28

RanchoCarlsbadMobilePhonePark VIII28

SorrentoValleyCreek VIII28

GuajomeRegionalPark1A VIII28

RiversideCounty

LakeHemetHerkeyCreekIA V1I2

RubidouxCarlsonParkIA VIII5

RubidouxRanchoJurupaPark IX1

SantaBarbaraCounty

GoletaLosCamerosRegionalPark IX7

HollisterRanchSantaAnitaCreek IX7

RefugioStatePark IX19

CuyamaRiverHwy166andTepesquetRoadPk IX20

SanLuisObispoCounty

ArroyoGrandeCreeknearBiddleRegionalPark IX20

Anophelesoccidentalisandsouthernoccidentailscollectedtogether
SantaBarbaraCounty

HollisterRanchSanAugustineCreekand

Lake78milesfromgatehouse IX7

GaviotaStateBeachatsmallbridgejust

beforeofficialparkentrance X15

Anophelesoccidentalisonly
SanLuisObispoCounty

OceanMemorialPark IX8IX19

OsoFlacoLake IX19

Anophelesfreehandonly
FresnoCounty

NearFirebaugholdairportbuildingsnear

AltheaandPrinceRoadsAdultsonly VIII1S

InvoCounty

BishopfloodedpastureacrossHighway395

fromgolfcourse IX16

Bishopeastoftownnearintersection
ofPoletaandVanLoonStreets IX16

BishopMillpondPark IX16

BishopShadyRestTrailerPark IX16

LonePineinfloodedpastureTurnwest

atroadjustpastShellstationand

FrostyStopatsouthedgeoftown IX17



OAnophelesoccidentalis

Anophelesfreeborn

southernoccidentals

Figure2CollectionlocalitiesAnophelesmac
ulipenniscomplexinsouthernCaliforniaUCLA
Anophelessurvey1987

ofasimilarobservationfortwospeciesoftheEu
ropeanAnmaculipenniscomplexBates1949
wroteitprobablyindicatesthatthematinghabits
ofthetwopopulationsinnaturearesodifferent
thatindividualswouldnevercomeinsexualcontact
withoneanother

TheareaofoverlapoftherangeofAnocci
dentalisandthenewspeciesFig2isoftaxo
nomicinterestandvalueIfthecriterionforspe
cificdistinctnessisthefloworlackofflowofge
neticmaterialbetweenpopulationstheproofof
geneticdistinctnesscouldbefoundonlyinanarea
wheretheformsaresympatricSincehybridsare
easilyrecognizedcytologicallyMenchaca1986
thedegreeofhybridizationcouldbeassessedin
suchareas

In1986thelargestoutbreakofintroduced
autochthonousmalariaintheUnitedStatessince

1952occurredinSanDiegoCountyCaliforniaA
totalof28casesoflaboratoryconfirmedPlasmod
iumvivaxwasreportedCentersforDiseaseCon
trol1987Ourresultsindicatethatnoother
AnophelesarepresentintheareaexceptAnfran
ciscanusMcCrackenaspeciesthatrarelyattacks
manandisthereforethoughttobeapoorvectorof
humanmalariaBohartandWashino1978

WehavenottakenAnfranciscanusinnu
merousbitingcollectionsmadeinsouthernCali
forniaalthoughadultsofthenewspeciescom

monlyandabundantlybitemanThereforeitis
highlylikelythattheundescribedspecieswasthe
vectorintheSanDiegoCountymalariaepidemic
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MORPHOMETRICANALYSISOFTHEEGGSOFANUNDESCRIBEDMEMBER

OFTHEANOPHELESMACULIPENNISCOMPLEXINCALIFORNIA

RoyJStoddardStantonECopeandARalphBarr

DivisionofEpidemiology
SchoolofPublicHealth

UniversityofCalifornia
LosAngelesCA90024

ABSTRACT

MorphometricanalysisoftheeggsofanundescribedspeciesoftheCaliforniaAnophelesmaculipennis
complexDipteraCulicidaewasperformedEggswereobtainedfromtherearingoffieldcollectionsmade
throughoutthestateComparisonsaremadewiththeothertwomembersofthecomplexinhabitingCalifornia
AnophelesfreebomiandAnophelesoccidentalisMorphometricparameterswithinanyspeciesdidnotappearto
bedependentonthegeographicoriginofthecollectionAlthoughtheremaybeslightdifferencesbetweenthe
eggsofthesiblingspeciesthevariationsarenotgreatenoughtoidentifyaneggreliablytospeciesbasedonany
singlemorphometricparameter

Introduction

RecentstudiesbyMenchaca1986and
Fujioka1986haveprovidedevidenceofanew
memberoftheAnophelesmaculipenniscomplexin
CaliforniaTwomembersinthiscomplex
AnophelesfreebomiAitkenandAnophelesocci
dentalisDyarandKnabcurrentlyarerecognizedin
CaliforniawithAnfreeborniconsideredtobethe
prominentvectorofmalariainthestateMooreet
al1945WhileAnfreebornihasbeencollected
throughoutthestateAnoccidentalisisbelievedto
berestrictedtocoastalregionsandonlyrarely
takeshumanbloodmealsBohartandWashino
1978CurrentresearchinourlabsuggestthatAn
freeborniislimitedtothecentralandnorthernpor
tionofthestateandthenewspeciesisthedomi
nantmemberofthiscomplexsouthofthe
TehachapiMountainsCopeetal1988Thisun
describedspecieshaspreviouslybeencalled
southernoccidentalisLewallen1957

Adultsofthethreespeciesare
morphologicallysimilarMenchaca1986and
Morrison1985haveshownthattheonlydefinitive
methodofidentifyingspeciesofthiscomplexisby
analysisofthesexchromosomesThismethodis
timeconsumingandnecessitatesproperequipment
andtrainedpersonnel

Mosquitotaxonomistshavelongnotedthat
theeggsofcloselyrelatedspeciesareoften
markedlydifferentfromoneanotherwhilethelar
valandadultstagesmaybeindistinguishable
ChristophersandBarraud1931Hinton1967
Thereforeanalysisofeggsoftenisamorevalid
methodwhenidentifyingsiblingspeciesBatesand
Hackett1939haveshownthattheAnophelesma
culipenniscomplexinsouthernEuropeiscom

prisedofspecieswhoseeggsareconsistentlydistin
guishablefromoneanotherSurveillanceof
malariavectorsbasedonmorphologicalcharacter
isticsofeggsinBrazilCauseyetal1944andIn
diaReubenandSuguna1983hasresultedinthe
descriptionandnamingofmanypreviouslyuniden
tifiedanophelinespecies

Theobjectivesofthisstudywere1tode
scribethemorphometriccharacteristicsoftheeggs
oftheundescribedspeciesand2todetermineifa
systematicmethodofspeciesidentificationcould
bebasedoneggmorphologyfortheAnopheles
maculipenniscomplexoccurringinCalifornia

MaterialsandMethods

Fieldcollectionsweremadeofimmature

stagesthroughoutsouthernCaliforniafromJuneto
October1987Larvaewererearedinthelabo
ratoryatroomtemperatureinpanscontainingtap
waterPupaeweretransferredtoonegallonadult
rearingcagesMatedfemaleswereofferedahu
manbloodmealCollectionswereidentifiedto

speciesbyovariannursecellchromosomesfollow
ingthemethodsofMenchaca1986andMorrison
1985

Soonafteridentificationofstrainsbychromo
somalmorphologyfemaleswereofferedanother
bloodmealFullyengorgedmosquitoeswereran
domlyselectedandaspiratedintoindividualovipo
sitionvialsfilledwithtapwaterandlinedwith
bibulouspaperVialswerekeptatroomtemper
atureuntilovipositionoccurredHydrologicalvari
ationswerestandardizedbyallowingtheeggsto
floatinthewaterforaminimumof24hoursThe

eggswerethentransferredtomoistfilterpaperand
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1 LENGTH

FLOAT LENGTH

examinedunderadissectionmicroscopeat50X
magnification

Teneggswererandomlyselectedfromeach
batchTenfemaleswereselectedfromeachcol

lectionresultinginasamplesizeof100eggsperlo
cationSomefemaleshoweverdidnotproduce
eggsresultinginlowermultiplesoftenforsome
collectionsMorphometricparametersmeasured
includethelengthoftheeggthewidthoftheegg
inclusiveofthebilateralfloatsthelengthofthe
floatsandthenumberofchambersperfloatFig
1Measurementsweretakenblindlyaseach
colonywasassignedanumberbeforeanalysis

Statisticalanalyseswereperformedusinga
randomunbalancednestedonewayanalysisof
varianceforeachparameterofinterestNetteret
al1985Analysisofthenewspeciesrequired
nestingofthefemaleswithineachcollection
locationComparisonsamongthethreespecies
wereanalyzedbythesamenesteddesignwith
additionalsecondarynestingpresentedbythe
multiplecollectionlocationswithineachspecies

Results

Larvalcollectionsidentifiedassouthernocci

dentalisweremadefrom21locationsextending
southtotheMexicoCaliforniaborderinSanDiego
CountynorthtoSanLuisObispoandeasttoLake
HemetRiversideCountyAnfreebornieggs
wereobtainedfromcollectionsmadeintheSan

JoaquinandtheOwensValleysTrueAnocci
dentaliswasfoundonlyincollectionsmadealong

WIDTH

Figure1ParametersmeasuredoftheeggsoftheCaliforniaAnophelesmaculipenniscomplex

thecentralcoastfromGaviotaSantaBarbara
CountytoSanLuisObispo

Theeggsofthenewspeciesaresimilartothe
othersintheAnmaculipenniscomplexinCalifor
niaIndependentofoneanothertheeggsliehori
zontallyonthewatersurfaceandarenormally
foundingroupsThegroupingmaybeinducedby
similarchorionicmembrancesurfacesandthesur

facetensionofthewater

Collectionsweremadefrom21locationsfrom

which1380eggswereobtainedforanalysesThe
morphometriccharacteristicsoftheeggsoftheun
describedspeciesareshowninTable1Thelength
averaged061mmwitharangeof048to074mm
Thewidthwasapproximatelyonethirdofthe
lengthaveraging018mm0005SEinclusive
ofthebilateralfloatsThenumberofchambers

perfloatvariedfrom6to16withameanof107
chambersThefloatlengthtoegglengthratiowas
fairlyconsistentat0230006SEStatistical
analysessuggestthattherewerenodifferences
betweencollectionlocationswithinindividual

speciesThereforeitwaspossibletocollapse
acrosslocationsandcomparethethreespeciesby
eachparameterregardlessofcollectionlocation
p010

Morphometricparametersforthethree
speciesoftheCaliforniaAnmaculipenniscomplex
areshowninTable2Averageegglengthand
widthwereidenticalforsouthernoccidentalisand

AnfreeborniAnfreebomihadaslightlygreater
numberofchambersperfloatinadditiontoa



Table1MorphometriccharacteristicsoftheeggsoftheundescribedspeciesoftheCaliforniaAnopheles
maculipenniscomplex21collectionlocationsn 1380eggs

Mean

SE

MinMax

Egg
Length
mm

61

02

4874

Table2MorphometricparametersoftheeggsoftheCaliforniaAnophelesmaculipenniscomplexStandard
deviationsarelistedinparentheses

Southern

occidentalis

n 1380

Anfreebomi
n 180

Anoccidentalis

n 50

Egg
Length
mm

Egg
Width

mm

18

005

1223

Egg
Width

mm

61 18

03 02

61 18

03 02

65 19

04 01

largerfloatlengthtoegglengthratioAnocci
dentaliseggsappearedtobelargerthaneither
southernoccidentalisorAnfreebomiinevery
variableexceptfloatlengthtoegglengthratiofor
whichAnfreebomihadthegreatestvalueAl
thoughdifferenceswereobservedbetweenthe
sameparameterforeachspeciesstatisticalanalysis
suggeststhatvaluesofanyoneoftheparameters
takenindependentlycannotreliablyidentifyanegg
toitsproperspecies

Discussion

Collectionsofeachspecieswereoriginallyan
alyzedbytheirgeographicoriginduetothevariety
ofecologicfociinhabitedbyeachThesefoci
rangedfromsealeveltoanelevationof1200mat
LakeHemetinadditiontothelatitudevariations
alongthestateDowns1951hassuggestedthat
theseecologicvariationsmayhaveaprofound

Chambers FloatLength
PerFloat EggLength

107

029

616

23

006

1334

Chambers FloatLength
PerFloat EggLength

107 23

17 04

123

15
28

04

132 27

19 05

effectonthemorphologyofanophelineeggsOur
findingssuggestthatalthoughthesevariationsmay
bepresentinthefieldtheyarenegligibleinthe
laboratorywhenovipositionandrearingtechniques
arestandardizedThereforewewereableto
obtainmorphometricvaluesindicativeofeach
speciesratherthaneachlocation

Theeggsofthethreespeciesexaminedap
peartohavesimilarmorphologicalcharacteristics
inCaliforniaasdescribedbyHermsandFrost
1932althoughitisnotclearwhichspeciesofthe
AnmaculipenniscomplextheystudiedOtherre
searchershavesuggestedthatwheneggsofsibling
speciescanbedifferentiatedbymorphometricpa
rametersthegeneralstructuralappearanceofthe
eggsisalsoreadilydistinguishableCauseyetal
1944Hinton1967Otsuruetal1976havesug
gestedthatthesegrossphenotypicdifferencesneed
notbepresenttoindicateseparatespecies
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Althoughdifferencesinthemeanvaluesof
themorphometricparametersforthethreespecies
arenotstatisticallysignificantthereappearstobe
anoteworthytrendinthedataForeachparame
termeasuredAnoccidentalishadconsistently
greatervaluesthandidsouthernoccidentalis The

statisticalinsignificancemaybeduetoanartifactof
thedatacausedbyadisproportionatesamplesize
Differencesamongtheseparameterswouldhaveto
beofgreatmagnitudetobedetectedinthissam
plewhereassubtledifferencesalthoughimportant
maybeoverlookedItshouldbenotedthattheAn
occidentaliseggsweobtainedwereinfertilepos
siblyaccountingfortheirlargersize

Inthisstudytheanalyseswereperformedon
eachmorphometricparameterindependentlyof
theothersItmaybehelpfultoconstructamodel
whichwouldconsiderallthevariablesinasingle
analysisResearchinourlaboratoryiscurrently
investigatingthispossibilityinadditiontoincreas
ingthesizeofthesamplefortheunderrepresented
species
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COMPARATIVEECOLOGYOFAEDESDORSALISCOMPLEX

INTHEHOLARCTIC

BrankaBozicicLothrop

BasicdataofAedesdorsalisMeigenAedes
melanimonDyarandAedescampestrisDyar
Knab

Thetaxonomyofmosquitoesbelongingtothe
dorsalisgrouphaslongbeendiscussedTheances
torofthisgroupprobablyaroseinCentralAsia
andhasextendeditsrangeintoWesternEurope
andNorthAmericaMinar19761978Aedor
salisMeigenAemelanimonDyarandAe
campestrisDyar Knabrepresentagroupof
closelyrelatedspeciesintheUnitedStatesAe
melanimonhaslongbeenconsideredasynonymof
Aedorsalis

AedorsalishasHolarcticdistribution
reachingFormosaandMexicoThisspecieshas
beenreportedin30statesintheUnitedStates
LocustypicusisBerlinWestGermanyKnightand
Stone1977

AemelanimonisdistributedintheWestern

UnitedStatesandCanadaLocustypicusisBak
ersfieldCAItisthesolememberofthegroup
withdistributionintheNearcticonlyKnightand
Stone1977

Aecampestrisisdistributedinthewestern
semiaridplainsofCanadatheUSandMexico
KnightandStone1977Itwasbelievedtobe
strictlyNearcticuntilDanilov1980reportedthe
discoveryofapopulationintheUSSRSchultz
etal1986

Thesethreespeciesoccupymostlyseparate
ecologicalnichesinthesamegeneralenvironment
andusuallydonotcompetedirectlywithonean
other

InCaliforniaAedorsalisisprimarilya
coastalsoutheasternandnortheasternspecies

InstituteofBiologyUniversityofNoviSad
DrIlijeDjuricica621000NoviSad

Yugoslavia

ABSTRACT

InthegroupofsaltmarshmosquitoesAedorsalishasbeenclassifiedninetimessincefirstbeingde
scribedInthePalearctictheprimarycontroversyhasbeenwhetherAedorsalisisadistinctspeciesorisa
subspeciesofAecaspiusIntheNearcticAenelanimonhaslongbeenconsideredasynonymforAedorsalis
DefinitelybothspeciesareclassifiedasafullspeciesWhenmorphologicalcharacteristicsofAedorsalisand
caspiusfromYugoslaviawerecomparedintermediarytypeswerefoundExistenceoftheintermediarytypes
wascorrelatedwithdifferingecologicalconditionsinthelarvalhabitatsespeciallythesalinityofthewater
Variationsingenitaliawhichisgenerallyastablemorphologicalcharactermayreflectmorethanvariations
duetoecologicalconditions

Themarginsoflakesandbayscanalsobelarval
habitatsitesBohart1956Thisspecieshasbeen
knowntotolerateratherhighsalinityThemain
larvalhabitatsarecharacterizedbysalttypeplants
suchasSalicorniaArtiplexandScirpusThelarvae
havebeenfoundinsourceswithasaltcontentof

upto12andapHrangeof70to93Reesand
Nilsen1947fromChapman1960

Itisnotunusualtofindthisspeciesinfresh
watersometimeswithlarvaeofAemelanimon
whichisaninlandvalleyspeciesBohart1956It
occupiesinlandpasturesroadsideditchespot
holessloughsanddrainageditchesThemostim
portantplantsurroundingthebreedingplacesof
AemelanimonisBermudagrassAlthoughAe
melanimonisafreshwaterspeciesitcanbefound
withAedorsalisinwaterwithupto18saltcon
tentBohart1956Chapman1960

InCaliforniaAedescampestrishasbeenre
portedfromLassenandModocCountiesprimarily
inMarchandAprilThebreedingsitesareshal
lowsunlitpoolsthataredefinitelyalkalinewitha
pHof84andrichinorganicmatterGibson1937
Rampel19501953fromWoodetal1979aswell
assubarcticpoolsinbirchandwillowscrubatthe
treelineHockinetal1950fromWoodetal
1979

AedesdorsalisAedesmelanimonandAedes
campestrisreadilyattackmancausingpainfulbites
Theyareaveryimportantpestspeciesinmany
areasduetotheirabundanceMostimportantly
theyhavearelationshiptocertainarthropodborne
diseaseswhichmakeinvestigationsconcerningthe
statusofthespeciesessential

BasicdataaboutAedescaspiusPall
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Figure1MapofYugoslaviawithlocalities
freshwaterpondsorsmalllakes

4CfloodedareanearbytheriverTisa

saltlakesorswamps

Usingthemorphologicalapproachtoeluci
datethetaxonomicrankofAedesdorsalisthisor

ganismhasbeenreclassifiedninetimessincefirst
beingdescribedbyMeigenin1830Thecontro
versyoccurswhenconsideringwhetherAedorsalis
isadistinctspeciesorisasubspeciesofAedes
caspius

AedescaspiushasPalearcticdistribution
mainlycoastalandinlandsalineareasTypelocal
ityistheCaspianSeaKnightandStone1977

InDinarionWesternBalkanYugoslaviathe
distributionofAecaspiusisconnectedwithsaltla
goonsswampsandpoolsneartheseacontraryto
Aedorsaliswhichismoreofaninlandspecies
connectedwithsaltlakesandswamps

Gutsevich1985hasproposedthattherela
tionshipbetweenthesespeciesisinarankofsub
speciesHebasedhisopiniononintermediary
formsThesespecimensarecharacterizedbycon
siderablevariationsofthescutelpatternsAlso
140

somestructuralvariationscanbenoticedinthe
basallobesofthemalegenitalia

LarvaeofAedescaspiusoccurinopenor
shadedtemporaryorpermanentwaterformedby
snowmeltfloodedriversorirrigationsThewater
containssomepercentageofsaltThelarval
habitatischaracterizedbyhavinglittlevegetation
andamuddybottomSeveralgenerationsofAe
caspiusmayoccurthroughtheseasondepending
ontheamountofrainandperiodicfloodingThe
femalesareseriousbitersandoftenbiteduringthe
dayTheymayattimesmigrateupto10km
Butsevichetal1971

MaterialsandMethods

SpeciesofAedorsalisandAecaspiusalong
withtheintermediarytypeswerecollectedfrom
thenortheastareaofYugoslaviaSpecimenshave
beencollectedfrom15localitiessixarefrom
freshwaterpondsorsmalllakesObrovacMokrin



KumaneZrenjaninVrsacandDeliblatska
pescaraoneisfromafloodedareaneartheriver
TisaAdaandeightarefromsaltlakesor
swampsNoviBecejMelenciMaliSigetElemir
SrpskiMileticSvetozarMileticTaraskaDzuglja
andMesicFig1

Thefreshwatercollectionlocalitiesaresitu

atednearsmalltownsorvillagesexceptZrenjanin
CarskabarawhichisabirdrefugeandDeli
blatskapescarawhichisaNationalparkTheyare
mostlysuppliedbywaterseepageorrainfalland
aresurroundedbyoldwillowtreesandreedlike
vegetationUsuallytheyproducetwogenerations
perseasononeinthespringandtheotherafter
heavysummerrainsoranincreaseintheseepage
waterTemperaturesvariedfrom11Cinthe
springto26CinthesummerThewaterdepth
variedfrom10to60cm

Thesaltlakesandswampscontaineddifferent
amountsofsalt1to15 wereunshadedand
hadedgesthatwereovergrownwithspeciessuchas
ScirpusSalicorniaandCarexIncontrasttothe
freshwaterhabitatstheywereusuallyshallowand
consequentlywarmerespeciallyduringthespring
Twotofourgenerationsperseasonwereproduced
dependingontheamountofrainandorseepage
water

Adultsusedformorphologicalcompilation
wererearedfromlarvaeandpupaeAtotalof122
femaleswereexaminedfromscutelvariationand
86malesforscutelandgenitaliavariation

ResultsandDiscussion

Analysisofthefemalescutellarpatterns
showed11specimensweretypicalAecaspius55
weretypicaldorsalisand56specimenswereof
theintermediatetypesTheintermediatesweredi
videdintothreetypestypeABandCdepending
uponthemarkingsonthescutumThirtythreeof
the56specimensweredesignatedastypeAnine
teenastypeBandfourastypeCOurdatashows
that459ofthefemalesexaminedwereofthein
termediarytypesFig2Table1

Twomaleintermediarytypeswereestablished
fromtherelationofthebasallobeshapeand
positionofthetwomainspinesonthegenitaliaOf
the86specimensexamined24hadthetypical
caspiusgenitalia37wereAedorsalis15weredes
ignatedastypeIand10astypeIIFig3Table1

Themostinterestingpartoftheanalysiswas
thecomparisonofthescutellurpatternandgeni
taliaofthemalesFrom24sampleswithatypical
Aecaspiushypopygiumonlyonehadatypical

scutelpatternforthisspeciesThemajorityofthe
samples20weredesignatedasintermediarytype
AoneastypeBandtwoastypeC

Outof37sampleswithatypicalAedorsalis
genitalianinesampleshadthetypicaldorsalis
scutelpatternand28sampleswereoftypeB
Among15sampleswithintermediarytypeIgeni
talia13weretypeAandtwowereAecaspiusin
regardstothescutellarappearanceFiveoften
sampleswithintermediarytypeIIgenitaliahadthe
typeAscutellarpatternfourweretypicaldor
salisandonewastypeBTable2

Accordingtothisanalysisitispossibleto
concludethatthemajorityofthesampleshadthe
typeAscutellarmarkingsOnlyonesamplewas
typicalcaspiusinregardstothegenitalia
structureandscutellarpatternwhile9samples
wereAedorsalis

ThiskindofmorphologicalanalysisofAe
caspiusandAedorsalisshowsanincrediblevari
abilitynotonlyinpatternsandcolorofthethorax
butalsointhestructureofthegenitaliathesup
posedlymoststablemorphologicalcharacter
Whilescutellardifferencesmaybeexplainedby
differentecologicalconditionsinbreedingplaces
egsalinitywatertemperaturethevariationsin
genitaliamayreflectmorethanintraspeciesvaria
tion

Ourhypothesiswasthatscutellarvariations
arecausedbythedifferingamountsofsaltconcen
trationinthewaterComparingspecimensfrom
freshwaterandwaterwithdifferingpercentagesof
saltwecouldnotfmdanycorrelationofvariation
withwaterquality

AccordingtoGutsevichetal1971intermedi
arytypesarerarelyeverfoundinWesternand
CentralEuropeTheregionwherethematerial
wascollectedfrominthenortheastpartofYu
goslaviabelongstothesouthernpartofCentral
EuropeWethereforecouldnotcompletelyagree
withGutsevichsstatementsince459in
termediarytypeswerefoundonthebasisof
scutellarpatternsinthe122femalessampledand
29ofthe86examinedmalesweretypedinter
mediaryonthebasisofgenitaliavariation

WorkingontheBohartcollectionofAedes
dorsaliscomplexcollectedmainlyfromcoastalar
easandnearbysaltlakesorpoolsinCaliforniaan
attemptwasmadetofindacorrelationbetween
scutelappearanceandgenitaliaasrelatedtodif
ferentlarvalhabitatsMaterialwascollectedas
eggslarvaeoraspupaeInthelaboratorythey
wererearedunderconditionsofdifferingtemper
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Table1Variationsinfemalescutellarpatternsandmalegenitaliaobservedinspecimenscollectedfrom
northeasternYugoslavia
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Intermediarytypes

N Aecaspius Aedorsalis A B C

Females 122 119 5545 3327 19156 433

I II

Males 86 2428 3743 15174 10116

N numberofspecimensexamined

Figure2Femalescuteltypes



Table2Variationsinmalescutellarpatternsvsgenitaliatypesobservedinspecimenscollectedfrom
northeasternYugoslavia

Intermediarytypes

Hypopygium N Aecaspius Aedorsalis A B C

Aecaspius 24 142 20833 142 283

Aedorsalis 37 9243 28757

TypeI 15 2133 13867

TypeII 10 440 550 110

Nnumberofspecimensexamined

AD

A

Figure3Malescutelandgenitaliatypes
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aturesalinityandphotoperiodVariationsinthe
scutelappearanceofspecimenscollectedfromthe
differentsiteswasnoted

PupaecollectedfromWinterschilledfor68
daysat3840FshowedfemaleswithtypicalAe
caspiusandintermediarytypeBscutellarpatterns
Femaleadultsfromfourthinstarlarvaecollectedat

GrizzlyIslandandrearedinwaterwith75NaC1
showedintermediarytypepatternsAandCMate
rialfromSearsPointRoadwascollectedasfirst

instarlarvaerearedintapwateratroomtempera
tureandshowedatypicalAedesdorsalisscutum
SamplesfromBolinashadthesameappearance
whenfirstinstarlarvaewerecollectedfromwater

with5NaC1andwererearedintapwaterat
80FTherewasnodifferenceinthemalegenitalia
amongspecimenscollectedfromthevarious
localitiesandrearedundertheaforementioned

conditions

Theseresultsoffersufficientevidencetocon

tinueresearchoftheAedesdorsaliscomplexOne
ofthemostacceptablewaystoresolvethisproblem
istocombinemorphologicalandmoleculartaxo
nomicmethodstodistinguishdifferentpopulations

IntheHolarcticregionthemosquitofaunais
smallcomparedwiththatofthetropicsParticu
larlycharacteristictothisregionisalargenumber
ofspeciesofthegenusAedessubgenusOchlero
tatussomeofwhichhaveawidezonaldistribu
tionAedesOchlerotatusdorsalisiswidelydis
tributedoriginatingfromCentralAsiaandreach
ingNorthAmericaonthewestandChinaand
NorthRussiaontheeastThistypicalwidezonal
distributionconfirmstheecologicaltoleranceof
AedesdorsalisThemeansofpenetrationofAedes
dorsalisinNearcticregionscannotbeexplainedby
therecentwidedistributionofthespeciesThe
immigrationapparentlyoriginatedfromtheWest
andEastThereasonforthissuppositionisthe
presenceofthespeciesinhighnumbersinthetidal
marshesalongthePacificcoastaswellasonthe
easterncoastTheinlandareasarealsocolonized

withAedesdorsalisbuttherelativeabundanceis
usuallylowwiththeexceptionofsaltpoolsThe
distributionofAedesdorsalisintheUnitedStates

canbeexplainedbythenorthsouthorientationof
highmountainsandfewsaltpoolsintheinland
areaswhichlimittheinwardspreadfromthe
coastalmarginsofthecontinent

Conclusion

TheHolarcticsaltmarshspeciesAedesdor
salishastheabilitytosuccessfullybreedineither
saltorfreshwaterThehypothesishasbeenthat
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salinityconcentrationsalongwithotherecological
featurescauseddifferentscutellarpatternsand
genitaliashapesinAedesdorsalisandAedes
caspiusComparingthescutellarpatternsof122
femalesandthescutumandgenitaliaof86males
nocorrelationcouldbefoundamongthevariations
observedandthedifferingsalinityofthelarval
habitatsTheintermediarytypeofscutellar
patternsfoundinthisstudyconsistedof459of
thefemalesexaminedExaminationofthemale

genitaliashowedthat29ofthespecimenswere
oftheintermediarytypesDuetothenumberof
intermediarytypesthatwerecollectedfrom
northeastYugoslaviathesetypesmaynotbeas
rareinCentralEuropeasreportedbyGutsevich
1985

InanalyzingtheBohartcollectionofAedes
dorsaliscompfromCaliforniaagreatvariabilityis
noticedinthescutellarpatternandcolorwithout
anycorrelationtoconditionsofthelarvalhabitat
Therewerenodifferencesinthestructuralmor

phologyofthemalegenitaliainspecimenscol
lectedfromvariouslocationsandrearedunder

differentconditions

ComparingthedistributionofAedesdorsalis
inthePalearcticandNearcticitisobviousthat
speciespreferredinlandsalineareasinthe
Palearcticregionandcoastalsalineareasinthe
NearcticItalsocolonizedfreshwaterlocalitiesin

bothhemispheresThespeciespopulationin
freshwaterlocalitiesthePalearcticcoastalareas
andtheNearcticinlandareasisnotasabundantas
itspreferredhabitat

Moreinvestigationonthebasicbiologyand
ecologyoftheAedesdorsaliscomplexintheHol
arcticisnecessarytoresolvetheproblemofrela
tionshipbetweenthesespeciesandthetaxonomic
statusoftheintermediarytypesThistypeofinves
tigationshouldbecombinedwithmorphological
andmolecularmethodsofresearch
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Introduction

Microsporidiansareamongthemostcom
monlyobservedparasitesofmosquitoesEvery
speciesofmosquitomayhaveatleastoneparasitic
microsporidianSomeofthesehavebeenstudied
fromthestandpointoftheireffectonmosquito
populationsespeciallythosethatareeasilytrans
mittedfromonemosquitohosttoanothersuchas
NosemaorVavraiaKellyetal1981Nugud
White1985Manymicrosporidianshowever
havecomplexlifecyclesandarenoteasilytrans
mittedfrommosquitotomosquitothegenusAm
blyosporaisonesuchgroupofparasites

Amblyosporawasseparatedfromthegenus
ThelohaniabyHazardandOldacre1975and
placedinthefamilyAmblyosporidaebyWeiser
1977duetoitscomplexlifecycleandunique
transmissionrouteParasiticalmembersofthis

genushavebeendescribedfromatleast67species
ofmosquitohostsSprague1977althoughonly16
specieshavebeendescribedbecauseofthediffi
cultyinmorphologicallyseparatingtheformsfound
indifferinghostspeciesSpeciesofAmblyospora
havebeenrecordedfrom28of47speciesof
mosquitoesthatoccurinCaliforniaHazard
Chapman1977Castillo1980Notwithstanding
thewidespreadoccurrenceoftheseparasiteslittle
isknownoftheirbiologyorhostrelationships
Theireffectsontheirhostsrangefromtrivialto
fatalAtonetimeallwerebelievedtobetrans
mittedonlyverticallybythetransovarianroute
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DEVELOPMENTOFTHEMOSQUITOMICROSPORIDIANPARASITE

AMBLYOSPORACALIFORNICAINANALTERNATECOPEPODHOST

ACANTHOCYCLOPSVERNALIS

WeiJuneChenandARalphBarr

DivisionofEpidemiology
SchoolofPublicHealth

UniversityofCalifornia
LosAngelesCA90024

ABSTRACT

ThemicrosporidianparasiteAmblyosporacalifornicafromCulextarsaliswasabletoinfectanalternate
copepodhostAcanthocyclopsvemalisAftermerogonymerontsdevelopedintoanumberofsporontswhich
eventuallybecamepansporoblastscontaining8sporoblastsThepansporoblastmembranewasnotseeninthis
studyMaturesporesconfinedinasporophorousvacuolewereelongateandexistedindividuallyinthehost
tissueElectronmicroscopyshowedthatsporescontainedamultichamberlikepolaroplastintheanteriorpart
andaposteriorvacuoleinwhichtangledmicrotubuleswereseenThepolarfilamentincludedananterior
straightportionandaposteriorportionthatwasisofilarandconsistedof1214coilsAparabodyresembling
abundleoffoldedtubuleswasclosetoonesideofthepolarfilamentPresumablyitwasassociatedwiththe
formationofthepolarfilament

sincethesporesfrominfectedmalelarvaearenot
transmissiblebymouthtouninfectedlarvaeLord

Hall1983Horizontaltransmissionwasun
knownuntilthediscoveryin1985thatcopepods
couldactasalternatehostSweeneyetal1985
Andreadis1985

AlloftheknownspeciesofAmblyosporahave
twodevelopmentalcyclesKellenetal1966a
Hazard Brookbank1984Andreadis1985In
fectioninmalelarvaespreadsfromtheoenocytes
tothefatbodyanduninucleatesporesarepro
ducedAndreadis Hall1979Theinfectionin
femalesisabenignschizogonicinfection
Andreadis Hall1979Theparasitesarere
strictedtooenocytesuntilthefemalefeedson
bloodthehormonesofthehostmosquitoseemto
haveaneffectonthesporulationofthemi
crosporidianduringtransovarialtransmission
Andreadis Hall1979Lord Hall1983Hall
Washino1986

Amblyosporacalifornicaisaspecificmi
crosporidianparasiteofCulextarsalisKellenetal
1966abwhichisavectorofStLouisandWest
ernequineencephalitisvirusesinCaliforniaIn
thisstudythepossibilitythatAcalifornicaisable
todevelopinanalternatecopepodhostAcantho
cyclopsvemaliswasinvestigated

MaterialsandMethods

InfectedmosquitocolonyAninfectedcolony
ofCulextarsalisSaywasestablishedfromHarbor



LakeinLongBeachbutsubsequentlydiedoutA
secondinfectedcolonywasestablishedfromthe
TuleIndianReservationTulareCountyandis
presentlybeingmaintainedinthelaboratoryMost
oftheinfectedmalelarvaediedbeforetheypu
patedUninfectedmalesfromahealthycolony
wereintroducedintotheinfectedcolonywhenthe
femalespupatedLarvaefromeggraftslaidby
bloodfedfemaleswererearedinenameledpans
30x20x5cmineachgeneration

CopepodcolonyCopepodsAcanthocyclops
vemalisusedinthisstudywerecollectedfroma
breedingsiteofCulextarsalisinHarborLake
LongBeachandwererearedinenameledpansA
solutionofcookedeggyolkinwaterwasaddedto
thepansonceaweekforfoodEggsacsproduced
byfertilizedfemalecopepodswerereleasedby
killingthegravidfemalesApproximately10re
leasedeggsacswereplacedinapanforrearing
Theeggtoeggcycleofcopepodsrequiredabout
twoweeksatapproximately25C

InfectionofcopepodsColonizedcopepods
wereexposedtomicrosporidiansporesthatdevel
opedininfectedmalelarvaeIndividualcopepods
weresquashedandstainedwithGiemsafrom7to
21daysafterexposuretothesporesThespeci
menswereexaminedbyphasecontrastmicroscopy
Otherexposedcopepodswerecollectedforstudy
byelectronmicroscopy

ElectronmicroscopyWholecopepodswere
fixedin2glutaraldehydein02Mcacodylate
bufferpH74at4CovernightThespecimens
werepostfixedin10sOfor2hwashedina
11mixtureofbufferanddistilledwaterandde
hydratedinanethanolseriesAfterinfiltration
withpropylenethespecimenswereembeddedin
MedcaseEpon812Onemicronthicksections
werestainedwithpolychromestaincontaining
toluidineblueandfuchsinat60Candexamined
bylightmicroscopyThinsectionswerecutonan
LKBultramicrotomestainedwithuranylacetate
andleadcitrateandwereexaminedwithaZeiss
EM109

Results

Nineteenofsixty35 exposedcopepods
wereinfectedwithAcalifornicawhilenoneofthe
copepodsinacontrolgroupwasinfectedInfected
copepodsappearedopaquewhitewhenobserved
underadissectingmicroscopeMostofthecope
podsthatwerefullofimmatureormaturespores
hadnotdiedoftheinfectionbythetimetheywere
examined

Theearliestdevelopmentalstagesobservedin
thecopepodsweremerontswhichunderwentre
peatednucleardivisiontoformanumberof
sporontsFig1Eachsporontdividedtobecome
abinucleatesporontFig1thenaquadrinucleate
sporontFig2andeventuallyapansporoblast
containing8sporoblastsFig3Thepansporob
lastmembrancewasnotseeninthisstudyThe
earliestsporoblastsweresomewhatovalapproxi
mately11pminlengthand4pminwidthFig3
TheythenformedadropshapedstageFig3
Theyelongatedfurtherformingalatersporoblast
stageFig4ThematuresporesMSapproxi
mately18pminlengthand6pminwidthwere
elongateandsometimesslightlycurvedFig5
SomepossessedalongsharpanteriorpartIn
semithinsectionsapolarcapPCwasvisibleat
theanteriorendofthesporeFig6

Electronmicroscopyshowedthatthemature
sporehadasinglenucleusNwhichwasovalor
roundFigs79Themultichamberlike
polaroplastPPoccupiedatleasthalfofthe
anteriorportionofthesporoplasmFig8The
posteriorvacuolePVislocatedintheposterior
partofthesporoplasmTangledtubulesTwere
seeninsomesectionsintheposteriorvacuole
Fig7Thereusuallyweresomeelectrondense
largegranulesGaroundtheposteriorvacuole
Fig7

ThepolarfilamentPFincludedananterior
straightportionandaposteriorportionthatwas
isofilarandconsistedof1214coilseachapproxi
mately220nmindiameterTheywereposteriorof
thepolaroplastFig7Thefilamentcapswere
foundanteriorlyadjacenttothesporewallinthe
sporoblastsandthematuresporesFigs611
Thepolarfilamentwasahollowtubulecontaining
anelectrondensecoreFigs7912Several
minisizedcoilsMCappearednexttoonesideof
theposteriorpartofthepolarfilamentcoilsFig
7Theirstructurewassimilartothatofthe
regularcoils

AparabodyBwhichresembledabundle
offoldedtubuleswasclosetoonesideofthepolar
filamentinmanysectionsFigs910itsposition
wasvariableThesporewallabout34nmthick
consistedofthinelectrondenseouterOL4nm
andinnerIL4nmlayersThethickerelectron
translucentmiddlelayerMLM26nmwasfur
therdividedintothreesublayersbyaslightlyelec
trondensesublayerinthemiddleFig12A
plasmalemmaadjacenttotheinnerlayerofthe
sporewallconfinedthesporoplasmandtheor
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Figures15DevelopmentalstagesofAmblyosporacalifomicainAcanthocyclops vernalis2000X

Fig1UninucleateandbinucleatesporontsFig2UninucleateandquadrinucleatesporontsFig 3

PansporoblastcontainingeightyoungsporoblastsFig4ElongatedsporoblastsFig 5MaturesporesMS

andapansporoblastPS
Figure6SemithinsectionofmaturesporesshowingpolarcapsPCstraightportion ofpolarfilamentsPF

andposteriorvacuolesPV1200X



Figure8Electronmicrographoftheanteriorpartofamaturesporeshowingthemultichamberlike
polaroplastPP16100X

ganellesAsporophorousvacuoleSVwhich
consistedofaspacebetweenthevacuoleandthe
sporewallwasvisibleinmostsporoblastsand
sporesFigs781012

Discussion

Transovarialtransmissionisimportantbut
seemsnottoguaranteetheperpetuationofAm
blyosporaInsomespeciessuchasthatinAedes
taeniorhynchustransovarialtransmissionisre
strictedtoasinglegenerationLordetal1981
Evenforspeciesexhibitingefficienttransovarial
transmissionca90 itwasinsufficientforcon

Figure7ElectronmicrographofamaturesporeshowingsinglenucleusNvesiclesporoplasmVSpartof
polaroplastPPpolarfilamentPFminisizedcoilsMCposteriorvacuolePVwithtangled
microtubulesTlargeelectrondensegranulesGandsporophorousvacuoleSV16800X

tinuationofthespeciesAndreadisandHall1979
Thusanothertypeoftransmissionisnecessaryto
perpetuatetheseparasitesSweeneyetal1985

Ithasbeenreportedthatcopepodsmayserve
asalternateorintermediatehostsofAmblyospora
AmblyosporaspfromAedescantatorandAm
blyosporaspfromCxannulirostrisareabletode
velopinthecopepodsAcanthocyclopsvernalisand
MesocyclopsalbicansrespectivelyAndreadis1985
Sweeneyetal1985DevelopmentofAcalifor
nicaalsohasbeenreportedinMesocyclops
leuckartiinLouisianaSweeneyetal1985The

149



presentstudyreportsthatAcalifornicaalsoisable
todevelopinthecopepodAvemaliswhichwas
colonizedfromabreedingsiteofinfectedCr
tarsalisItissignificantthatcopepodsmayplaya
roleinthiscomplexlifecycleandtransmission
routeThusfarhoweverwehavebeenunableto
infectmosquitolarvaebyexposingthemtospores
thatdevelopedincopepodsWhetherornotA
vemalisservesasanintermediatehostofAcali

fornicaremainsunclear
Apparentlyinthisspeciesthreedifferent

typesofmaturesporescoulddevelopintheirre
spectivehostsThisdegreeofpolymorphismmay
beoneofthespeciescharacteristicsofAm
blyosporaAndreadis1985Theabsenceof
karyogamyandmeiosiswhichhavebeenobserved
inmalelarvaeofAmblyosporainfectedCulex
mosquitoesHazard Brookbank1984Chen
1988indicatethatasexualphaseisnotinvolved
thesporesproducedincopepodsmaybehaploidas
arethoseproducedinmalelarvaeThereforethe
ploidyrestorationofAmblyosporaspfromCran
nulirostrisinthecopepodphasepostulatedby
Sweeneyetal1985maynotoccurinthisgroup
Thesporesseemtobeformedbymerogonyand
subsequentsporogonyundergoingrepeatednu
cleardivisions

Pansporoblastscontaining8youngsporoblasts
wereseenininfectedcopepodsHoweverthere
wasnotevidenceoftheexistenceofapansporob
lastmembranceInsteadmostsporoblastsand
sporeslayindividuallywithinaparasitophorous
sporophorousvacuolesimilartothatappearing
aroundthemerozoitesofPlasmodiumwithinery
throcytesAikawaetal1978Presumablythein
dividualyoungsporoblastreleasedfromapans
poroblastinvadedhostcellsbyforminga
sporophorousvacuoleasPlasmodiumdoeson
erythrocytesThemechanismhoweverremainsto
bestudied

Inspiteofdifferencesinsporeconfiguration
thesporesfromcopepodsweresimilarinstructure
tothosefrommalemosquitolarvaeThemulti
chamberlikepolaroplastoccupiesapproximately
halfofthesporeandmayassisttheeversionofthe
polarfilamentTherearenolamellaeinthepo
laroplastsotheprominetpolarcapisnotformed
byfusionoflamellaewiththebasalportionofthe
polarfilamentasdescribedbyJensenandWellings
1972Presumablyitisthetransformationofthe
basalportionofthepolarfilamentTheminisized
coilsareassumedtobethetaperingoftheposte
riorendofthepolarfilamentAnothercharacter
isticstructuretheparabodyhasnotbeenshown
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inanyotherstageoranyotherspeciesofmi
crosporidiansporesTheauthorsbelievethatthis
structuremaybeassociatedwiththeformationof
thepolarfilamentsinceitwasusuallyclosetoone
sideofthefilamentcoilsAnunderstandingofits
specificarchitectureandassemblymechanism
wouldbevaluableinelucidatingitsfunctioninthe
sporesThemicrotubulesinallorpartofthe
posteriorvacuolesexhibitedinsomesectionsa
connectionwiththeparabody Possiblytheyare
anextensionoftheparabodyandtheymayhavea
cytoskeletalfunctionashasbeenfoundinother
speciesofprotozoaTucker1977

Acknowledgment
WethankDrRalphRobinsonUCLA

MolecularBiologyInstituteforhishelpandvalu
ablesuggestionsinelectronmicroscopyThiswork
wassupportedbyagrantfromtheUniversityof
CaliforniaMosquitoResearchProgram

References

AikawaMLHMillerJJohnsonandJ
Rabbege1978Erythrocyteentrybymalaria
parasitesamovingjunctionbetween
erythrocyteandparasiteJCellBiol7772
82

AndreadisTGandDWHall1979
Significanceoftransovarialinfectionsof
AmblyosporaspMicrospora
Thelohaniidaeinrelationtoparasite
maintenanceinthemosquitoCulexsalinarius
JInverPathol34152157

AndreadisTG1985Experimentaltransmission
ofamicrosporidianpathogenfrom
mosquitoestoanalternatecopepodhost
ProcNatlAcadSci8255745577

CastilloJM1980Microsporidianpathogensof
CulicidaeMosquitoesInBibliographyon
pathogensofmedicallyimportantarthropods
1980 DWRobertsandJMCastillo
edsBullWHOSuppl583346

ChenWJ1988Developmentandfinestructure
ofAmblyosporacalifomicaMicrospora
AmblyosporidaeinthemosquitoCulex
tarsalisandanalternatecopepodhost
AcanthocyclopsvernalisPhDdissertation
SchoolofPublicHealthUCLA

HallDWandRKWashino1986Sporulation
ofAmblyosporacalifornicaMicrospora
AmblyosporidaeinautogenousfemaleCulex
tarsalisJInvertPathol41250255

HazardEIandJEBrookbank1984
KaryogamyandmeiosisinanAmblyosporasp



Figure9ElectronmicrographofamaturesporeshowingparabodyBadjacenttoonesideofthecoiled
polarfilament24300X

Figure10Amagnificationoftheparabodyshowingitsconfigurationofabundleoffoldedtubules
SporophorousvacuolecavitySVCwasseenbetweensporophorousvacuoleandsporewallW51000X

Figure11Electronmicrographofamaturesporeshowingthepolarcapanteriorly25600X

Figure12ElectronmicrographofamaturesporeshowingthetriplelayeredsporewallItincludestheouter
layerOLtheinnerlayerILandthemiddlelayerwhichwasdividedintothreesublayersbyanelectron
densesublayerinthemiddleMLM67000X

151



MicrosporainthemosquitoCulexsalinarius
JInvertPathol44311

HazardEIandHCChapman1977
MicrosporidianpathogensofCulicidae
MosquitoesInPathogensofmedically
importantarthropods DWRobertsand
MAStrandedsBullWHOsuppl55
63107

HazardEIandSWOldacre1975Revisionof
microsporidiaProtozoaclosetoThelohania
withdescriptionsofonenewfamilyeight
generaandthirteenspeciesUSDATech
Bull15301105

JensenHMandSRWellings1972
Developmentofthepolarfilament
polaroplastcomplexinamicrosporidian
parasiteJProtozool19297305

KellenWRHCChapmanTBClarkandJ
ELindegren1966aTransovarian
transmissionofsomeThelohania

NosematideMicrosporidaeinmosquitoes
ofCaliforniaandLouisianaJInvertPathol
8355359

KellenWRTBClarkJELindegrenandR
DSanders1966bDevelopmentof
Thelohaniacalifornicaintwohybrid
mosquitoesExpParasitol18251254

KellyJFDWAnthonyandCRDillard
1981Alaboratoryevaluationofthe
microsporidianVavraiaculicisasanagentfor

152

mosquitocontrolJInvertPathol37117
122

LordJCandDWHall1983Sporulationof
AmblyosporaMicrosporainfemaleCulex
salinariusinductionby20hydroxyecdysone
Parasitol87377383

LordJCDWHallandEAEllis1981Life
cycleofanewspeciesofAmblyospora
MicrosporaAmblyosporidaeinthe
mosquitoAedestaeniorhynchusJInvert
Pathol376672

NugudADandGBWhite1985Nosema
algeraeNosematidaelaboratoryinfection
ofAnopheleslarvaeandprospectsforfield
applicationJTropMedHyg88179182

SpragueV1977Systematicsofthe
microsporidaInComparativePathology
Vol2LABullaJrandTCCheng
edsPlenumPressNewYork510pp

SweeneyAWEIHazardandMFGraham
1985IntermediatehostforanAmblyospora
spMicrosporainfectingthemosquitoCulex
annulirostrisJInvertPathol4698102

TuckerJB1977Shapeandpattern
specificationduringmicrotubulebundle
assemblyNature2662226

WeiserJ1977Contributiontotheclassification
ofmicrosporidiaVestCsSpolZool41
308320



WATERFOWLMANAGEMENTANDMOSQUITOPRODUCTIONINDIKEDSALT

MARSHESPRELIMINARYCONSIDERATIONSANDMESOCOSMDESIGN

DaroldPBatzerandVincentHResh

Introduction

ThemarshessurroundingSanFranciscoBay
supportadiversevertebrateandinvertebrate
faunaManyofthemarshesaretidalinnature
Howeverevenagreateramountofmarshland
habitathasbeenremovedfromtidalactionbythe
creationofdikesJosselyn1983Thesediked
marshesretainwateronlyduringtherainyseason
usuallyNovemberAprilalthoughtheyareoften
artificiallyfloodedearlierinautumnbygovernment
wildlifeagenciesorprivateduckclubstoprovide
habitatforwaterfowlThesemarshlandsparticu
larlySuisunMarshinSolanoCountyareconsid
eredamajoroverwinteringresourceforwaterfowl
ofthePacificflywayJosselyn1983Dikedsalt
marshesareconsideredtobeamuchhigherqual
itywaterfowlhabitatthantidalmarshesandin
somecoastalareasbrackishmarshescanbemore
importanttowaterfowlthanfreshwatermarshes
Chabrecketal1974

Unfortunatelytheseasonalfloodingofdiked
saltmarshesalsocreatesseveremosquitopest
problemsThesemarshesarehabitatsforthesalt
marshmosquitoAedesdorsalisMeigenandare
alsothemajorsourcesofCulextarsalisCoquillett
AedessquamigerCoquillettandCulisetainornata
WillistonintheCaliforniacoastalregionThis
latterspeciesisoftenconsideredtobezoophagous
inmostofitsrangebutwhenitdevelopsinbrack
ishwaterhabitatsitbecomesanaggressivehuman
biterBohartandWashino1978Moststudiesof
habitatmanagementformosquitocontrolin
coastalCaliforniahaveconcentratedoncontrolof

AedorsalisintidalmarshesReshandBalling
1983a1983bHoweverintheSanFranciscoBay
Areadikedsaltmarshesaremoreextensivethan

DepartmentofEntomologicalSciences
UniversityofCalifornia

BerkeleyCA94720

ABSTRACT

DikedsaltmarshesintheSanFranciscoBayAreaareimportanthabitatsforwaterfowlHowever
thesehabitatsarealsoamajorsourceofpestmosquitoesThisstudyhasbeendesignedtodevelopmanage
mentstrategiesthatwillreducemosquitopopulationsindikedsaltmarshesandconcurrentlyenhancewildlife
habitatForthisresearchtwelve0024hectareexperimentalpondshaverecentlybeenconstructedatGrizzly
IslandWildlifeAreabypersonneloftheCaliforniaDepartmentofFishandGameDifferentfloodingregimes
willbeusedinthesemesocosmstodeterminewhichregimesmaximizetheproductionofinvertebratesthatare
importantinthedietsofwaterfowlminimizemosquitopopulationsandenhancepickleweedSalicomiavir
ginicaLproductivity

tidalmarshesandtheycontainawiderrangeof
mosquitoproblems

Theecologicalimportanceofthedikedsalt
marshhabitathasresultedinnumerousrestrictions

onmosquitocontrolpracticesTheincreasing
awarenessoftheimportanceofinvertebratespar
ticularlypesticidesensitivechironomidmidgesin
waterfowldietsMurkinandBatt1987mayresult
instateandfederalwaterfowlagenciesandduck
huntingorganizationsobjectingtotheuseofeven
selectivepesticides

Dikedsaltmarshesarehighlymanipulated
ecosystemswiththelevelofmanagementreaching
apeakinmarshesmanagedforwaterfowlproduc
tionUnfortunatelywaterfowlmanagementtech
niquesrarelyincludemosquitocontrolasagoal
Waterlevelmanipulationsaretheprimarytool
usedtomanagewaterfowlhabitatsInmanydiked
saltmarshesthesophisticatedwaterlevelman
agementschemesthatareavailablecouldalsopro
videmosquitocontrolNeedlesstosayanyman
agementplanthatisdevisedtolimitmosquitopro
ductionmustalsobebeneficialtowildlifespecies
forthedirectorsofthesehabitatstobeencouraged
toaltertheircurrentprograms

Recentresearchhasshownthatinvertebrates

maybeimportantinwaterfowldietsMurkinand
Batt1987Hencetheenhancementofcertainin
vertebratepopulationsmaybebeneficialtowater
fowlManyinsectsthatarereportedtobeimpor
tantinwaterfowldietssuchaschironomidlarvae
OrderDipterahydrophilidlarvaeOrder
ColeopteraandcorixidlarvaeandadultsOrder
Hemipteraaremajorcomponentsoftheinverte
bratefaunaofdikedsaltmarshesOtherstudies

haveshownthatmosquitoesarelessabundant
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FigureATheseriesof12pondsconstructedatGrizzlyIslandWildlifeArea

inhabitatsthatcontainhighnumbersofother
macroinvertebratesForexampleinManitoba
marshesMurkinetal1982havedocumented
thatmarshmanagementpracticesthatincreasein
vertebrateproductionforwaterfowlalsoresultedin
decreasedmosquitodensities

Anappropriatehabitattoexaminehow
mosquitoandwildlifemanagementcanbeprac
ticedconcurrentlyisthepickleweedcommunityof
dikedsaltmarshesDikedmarshesintheSan

FranciscoBayregioncontainseveralfloralcom
munitiesbutthemajorplantcoverispickleweed
SalicorniavirginicaLAlthoughpickleweedis
notanimportantplantfoodforwaterfowlMall
1969ducksareoftenfoundinfloodedpickleweed
areaspossiblyfeedingontheinvertebratefauna
thatoccursthereHoweverwhendikedpickle
weedmarshesarefloodedtheybecomeprimary
breedingsitesformosquitoesAsaresultthe
dikedpickleweedmarshisanimportanthabitatin
termsofthemandatesofbothwildlifeand

mosquitocontrolagencies
Thewaterfowlbenefitsandthemosquito

problemsindikedmarshesarerelatedtoseasonal
floodingregimesThereforethisstudyhasbeen
designedtoexaminetheeffectofvariousflooding
strategiesoninvertebrateandwildlifespeciesin
dikedpickleweedmarshesoftheSanFrancisco
BayThegoalofthisresearchistodevelopaman
agementstrategythatwillbebasedonanswersto
thefollowingquestions

1Whatfloodingregimewillmaximize
invertebratepopulationsthatarebeneficial
towaterfowl

2Whatfloodingregimewillminimize
mosquitoproduction

3Whatfloodingregimewillmaintainplant
vigorandhencegeneralmarshquality

MesocosmDesign
Theeffectsoffloodingregimesoninverte

bratepopulationsandpickleweedproductivitywill
beevaluatedinaseriesofsmallplotexperiments
InAugust1987twelveexperimentalpondsor
mesocosmseachapproximately11mby22m
wereconstructedforourusebytheCaliforniaDe
partmentofFishandGamepersonnelattheGriz
zlyIslandWildlifeAreainSuisunMarshSolano
CountyThesepondswerebuiltwithina30mby
350mareathatisrepresentativeofthehabitatof
dikedpickleweedmarshesThesitewasdivided
intoasinglerowoftwelveconsecutivepondsthat
areisolatedfromeachotherbydikes075to10m
highand50to60mwideFigAThisarrange
mentwasselectedtoallowwatertobepumped
mechanicallyfromaparallelcanalintoeachpond
Theenclosedstandsofpickleweedcanbeflooded
todepthsrangingupto60cmthemaximumdepth
currentlyusedtomanagedikedmarshlandsfor
waterfowl



FigureBApondfloodedtoa20cmwaterdepth

FigureCApondfloodedto40cmwaterdepth

Pilotstudiesduringautumn1987andwinter
1988havedemonstratedthatfloodingofthese
pondsyieldsasuccessionofmosquitopopulations
Aedesdorsaliswaspresentaftertheinitialflooding
inSeptemberthiswasfollowedbyCxtarsalisin
OctoberandfinallyCsinornatainDecember
throughFebruaryThedominantinvertebratetaxa
presentwerespeciesofCorixidaeChironomidae

HydrophilidaeandEphydridaeThesestudiesalso
demonstratedthatinvertebratesandmosquitoes
canbesampledeffectivelyintheseexperimental
habitatsusingstandardizedsweepsofanaquatic
netmosquitodipsamplersartificialsubstrates
sedimentcorersandemergencecages

Howeverthesestudiesalsoindicatedthat
largenumbersofwaterfowlwerenotattractedto
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FigureDApondfloodedto60cmwaterdepth

thesmallplotsThereforetheresponsesofwa
terfowlwillhavetobeaddressedthroughindepen
dentstudiesForexampletheinvertebratesthat
areimportanttowaterfowlcanbedeterminedfrom
gutanalysisofhunterkilledmallardsandnorthern
pintailsThisinformationcanbeusedtochoose
whichinvertebratepopulationsshouldbestudiedin
detailintheexperimentalplots

Mostinvertebratesthathavebeenreportedin
waterfowldietsarebenthicorepiphyticDifferent
floodregimeswillaffectthembecauseofchanges
insubstratumtypeanddissolvedoxygenlevelsIn
contrastmosquitolarvaeoccupythewatersurface
theywillprobablyresponddifferentlytoflooding
depththanmacrobenthosbecauseofthechangesin
vegetativecoverthatdifferentwaterdepthswill
produceInpilotstudiespondswerefloodedover
arangeofdepthsthatarecurrentlyusedinwater
fowlmanagement2040and60cmThe20cm
depthhasresultedin25openwaterFigB
the40cmdepthhasresultedinapproximately50
openwatertraditionallyconsideredtobethemost
desirablecoverforwaterfowlFigCandthe60
cmdepthhasentirelycoveredmuchofthepickle
weedresultingin75openwaterFigDThe
seriesofmesocosmswillprovidethetemplateby
whichtheeffectsofdifferentwaterdepthsanddif
ferentamountsofplantcoveronmosquitoesand
invertebratesmaybeevaluatedexperimentally

Inadditiontoinvertebrateresponsesthe

pickleweedvigorineachpondwhichcanindicate
generalmarshvitalitymayalsobeaffectedbythe
differentfloodingregimesPickleweedquadrate
samples02mn36werecollectedinallponds
inAugust1987toprovidebaselinedatapriorto
anyfloodingSimilarsampleswillbecollected
eachAugustwhichisneartheendofthegrowing
seasontodeterminepickleweedproductivity
usingthetechniquesofBallingandResh1983
Thesedatawillthenbeanalyzedtodetermineif
floodingregimescausesignificantchangesinplant
productivity
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PROGRESSREPORTONTHEUSEOFREMOTESENSINGDATATOSURVEY

MOSQUITOLARVALABUNDANCEINCALIFORNIARICEFIELDS

MichaelJPitcairnEliikaRejmankova

ByronLWoodandRobertKWashino

Duringthe1987growingseasonastudyof
therelationshipbetweenvariousenvironmental
factorsandtheabundanceofAnophelesfreeborni
larvaeinricefieldswascarriedoutintwoareasof

SutterCountyCaliforniaSamplingsitesap
proximately2000squaremetersinareawerees
tablishedin104ricefieldspriortoorimmediately
afterfloodinginlateAprilandearlyMayWater
depthwasrecordedweeklyfromMay18through
September31987Weeklymaximumandmini
mumwatertemperatureswererecordedbeginning
May18in29ricefields24inSouthSutterand5in
theSutterBasinConductivityandpHweremea
suredfromJune29throughAugust28Water
qualityparameterssuchasCaMgBNaandC1
weremeasuredfromwatersamplestakenfrom
eachof104fieldsonAugust1721Ricecanopy
developmentaquaticweeddiversityphytoplankton
abundanceandricemanagementpracticeswere
monitoredfromMay18throughSeptember3
1987themethodsusedtomeasurethesefactors
aredescribedinRejmankovaetal1988

TheabundanceofAnophelesfreeborni
mosquitolarvaewasestimatedfromJune29
throughSeptember31987Ninetydipsusinga
standardonepintdippingcupwereremoved
weeklyfromeachfieldApproximately2030addi
tionaldipsweretakeneverytwoweeksfromJuly
13throughSeptember3toassessthenatural
predatordiversityandabundanceineachfield

Remotelysenseddataiereflectedvisible
andinfraredemittedinfraredandthermalwave
lengthswereacquiredwithaDaedalusThematic
MapperSimulatorTMSmountedonNASAs
ER2aircrafttheLandsatThematicMapperand
theSpotMultispectralScanneron10flightdates
fromApril24throughAugust61987

Theresultsshowthatthelarvalabundanceof

Anfreeborniwaslowinmostofthe104fieldsites
monitoredonly46fieldsexceededa10weekav

1NASAAmesResearchCenterMS2424MoffettFieldCA
94035

2DepartmentofBotanyUniversityofCaliforniaDavisCA
95616

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

erageof01larvaperdipThetotalnumberof
adultsemergingfromeachfieldthroughoutthe
seasonadultproductionwasestimatedfromthe
cumulativetotalnumberoffourthinstarsover10
weeksEstimatedabundanceoffourthinstarlar
vaewasusedasamaximumlikelihoodestimateof

emergingadultnumbersThefollowingassump
tionsweremade1aconstantefficiencyratefor
dipperstocollectmosquitolarvaefromagiven
area2thenumbersestimatedineachsample
areawererepresentativeforthewholefield

Theresultsshowthatadultproductionwas
variableamongfieldswithvaluesrangingfrom0to
20millionmosquitoesperfieldmean 239

millionadultsover10weeksHoweverthe
expectednumberofadultsemergingfrommost
fieldswaslowasmanyas67fieldswereestimated
toproducelessthan2millionmosquitoesperfield
overthewholeseasonTotaladultproductionwas
dominatedbyasmallsubsetoffields16fieldsre
sultedin50ofthetotalAnfreeborniadultspro
ducedand33fieldsresultedin75ofthetotal
numberofadults

Identificationoffieldcharacteristicsthatare

associatedwithhighmosquitoproductionmayal
lowmosquitocontroleffortstobemoreefficient
andeffectivePreliminaryanalysisoftherelation
shipbetweenremotesensingdataandmosquito
productionsuggeststhatvegetationcharacteristics
identifiedandtrackedwithaircraftorsatellite

bornesensorsduringearlyseasonricedevelop
mentmaybeusedtoforecastlarvalmosquitopro
ductioninlatesummer

Estimatesofplantdevelopmentovertime
usingaratioofinfraredtoredreflectanceshowed
thatthosefieldswithlownumbersofmosquitolar
vaetendedtodevelopslowerthanthosefieldsthat
hadhighlarvalabundanceThegreatestdifference
intheamountofemergedplantcanopyasdetected
usingremotesensingdatawasinJuneEventually
inmidJulyasthedensityofthetotalvegetation
coverapproached100 thedifferenceamong
fieldsdisappeared

Acanonicaldiscriminantmodelwhichuses
thefullspectralrangeoftheremotesensingdata



wasdevelopedtopredictmosquitoabundanceAll
104fieldsiteswererankedaccordingtoaverage
larvalabundancethendividedinhalfthelower52

siteswereidentifiedasthelowgroupandthe
higher52siteswereidentifiedasthehighgroup
UsingremotesensingdataacquiredonJune19the
discriminantfunctioncorrectlyidentified42outof
52sitestohavehighmosquitoabundanceand38
outof52sitestohavelowmosquitoabundance
Giventheseresultswefeelencouragedthat
remotesensingmayprovideforaregional
predictivesurveytoolforthedetectionofoptimal
mosquitohabitatamongcommercialricefieldsin
northernCaliforniaStudiesofotherenvironmen

talparameterssuchaswaterchemistryandcrop
managementpracticesarecontinuing
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AQUATICVEGETATIONINRICEFIELDSASAHABITATFORCULEXTARSALIS

ANDANOPHELESFREEBORNI

EliskaRejmankovaMarcelRejmanek

MichaelJPitcairnandRobertKWashino

BackgroundandObjectives
Ricefieldsrepresentacomplicatedsystemof

interactionsinvolvinghigheraquaticplantsandal
gaemosquitoesandtheirnaturalpredatorsboth
invertebratesandvertebratesTheecologyof
mosquitoesassociatedwithCaliforniaricefields
CulextarsalisCoquillettandAnophelesfreebomi
Aitkenhasbeenthesubjectofintensiveresearch
overthepast25yearsWashino1980A1985
jointstudyofinvestigatorsfromtheUniversityof
CaliforniaatDavisUCDandtheNationalAero
nauticandSpaceAdministrationNASAusing
availableinformationonmosquitopopulationrice
cultivationandremotesensingofwetlandssug
gestedthatvegetationcharacteristicsidentifiedand
trackedwithaircraftsensorsduringearlyseason
ricedevelopmentcouldbeusedtopredictlarval
mosquitopopulationslaterintheseasonPitcairn
etal1987Morethoroughinvestigationofthe
vegetationonagroundlevelwasneeded

Themainobjectiveofourresearchwasto
monitorchangesintheabundanceanddiversityof
aquaticvegetationoccurringinricefieldsfromthe
beginningoffloodinginMayuntilharvestin
SeptemberThevegetationanalysistogetherwith
otherdatacharacterizingtheindividualfieldswas
usedtoidentifyandpredictfavorablemosquito
habitats

Methods

TwostudyareaswerechosenSouthSutter
nearthetownofEastNicolausandtheSutter
BasinnearthetownofRobbinsBothareasare
locatedinSutterCountyinthelowerSacramento
ValleyofCaliforniaPermissionforentrywasac
quiredfrom19farmersfor69commercialrice
fieldsinSouthSutterandfrom10farmersfor35

commercialricefieldsintheSutterBasinQuan

titativemonitoringbeganMay18andcontinued
throughSeptember31987

Theabundanceofaquaticplantswasesti
matedweeklyinthree25squaremeterplotsin

1DepartmentofBotanyUniversityofCaliforniaDavisCA
95616

160

DepartmentofEntomology
UniversityofCalifornia

DavisCA95616

eachfieldfromMay18throughJuly91987and
everytwoweeksthereafterThreevegetationlay
ersweredistinguishedemersedfloatingandsub
mersedTotalpercentcoverofeachlayerwases
timatedandthecontributionofeachspeciesto
eachlayerwasassignedavalueonthesevende
greeBraunBlanquetscaleMuellerDomboisand
Ellenberg1974Higheraquaticplantswereiden
tifiedtospecieslevelmacroscopicalgaetogenera
Phytoplanktonabundancewasassessedweeklyby
fluorometricmeasurementofchlorophyllacon
centrationfromJune29throughAugust281987

Riceheightandphenologicalstagewere
monitoredweeklyfromMay18throughSeptember
31987AttheendofAugustthetimeofexpected
maximumbiomassriceplantsweresampledin
five01squaremeterringstakenfromeachfield
Thenumberoftillersleafareaandbiomasswere
recordedIn30fieldswithhighaquaticweed
abundanceindividualspeciesweresampledatthe
timeoftheirmaximumbiomassusuallythebegin
ningofAugust

TheabundanceofCulextarsalisand

Anophelesfreebomilarvaewereestimatedfrom
June29throughSeptember31987themethods
usedaredescribedinPitcairnetal1988

Informationonmanagementpracticesie
ricevarietyherbicidecombinationsandtiming
fertilizerapplicationwatersourcewasacquired
foreachfield

Severalmethodsofnumericalclassification

andordinationwereemployedfordataevaluation
SinglelinkageandsumofsquaresclusteringWard
1963wereappliedonEuclideanandchordaldis
tancematricesPielou1984Reciprocalaveraging
wasusedforordinationofindividualfieldsand

speciesANOVAwasusedforfordingsignificant
relationshipsbetweenparticulargroupsoffields
delineatedbytheabovementionedmethodsindi
vidualherbicidecombinationsandmosquitolarvae
densityNomenclatureofvascularplantsfollows
Mason1957
ResultsandDiscussion

Twentyvascularaquaticplantspeciesandfive
generagroupsofmacroscopicalgaewerecom
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Figure1SumofsquaresWardclusteringofriceweedcommunitiesafterchordaltransformationNumbers
correspondtothefieldnumberslettersindicateeightdistinctclusterscharacterizedbydifferentspeciescompo
sitionsandproportionsFieldsbelongingtoclusterHdominatedbyCyperusdiffonnishadasignificantly
higherdensityofCulextarsalislarvae

commongeneraoffilamentousgreenalgae
Typicallyherbicideswereappliedtwice

occasionallythreetimesthefirstapplicationwas
aboutaweekafterseedingthesecondonewas
about35daysafterseedingThefollowingcombi
nationofherbicideswerethemostcommonlyap
plied1BoleroandBasagran28fields2
BoleroandMCPA20fieldsand3Ordramand
Basagran21fields

Themultivariatemethodsgroupedthefields
togetheraccordingtoweedspeciesabundanceand
proportionsFigure1wasconstructedbysumof
squaresWard1963clusteringmethodappliedon
chordaldistancesbetweenplantcommunitiesof
examinedfieldsusingthedatafromtheendofJuly
TheANOVArevealedasignificantlyhigherdensity
ofCulextarsalislarvaep 001intheclusterof
fieldsHcharacterizedbyhighdominanceof
CyperusdiffonnisANOVAalsoshowedthatmost
ofthefieldsinthisclusterweretreatedbytheOr
dramBasagranherbicidecombination

Foreachofthetwomosquitospeciesone
fieldwithextremelyhighlarvaldensityFig2was
excludedfromthefollowingcorrelationanalysis
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usingGrubbs1969testfordetectingoutliersIn
theremaining103fieldsAnophelesfreeborniwas
significantlypositivelycorrelatedwithricecoverin
thesecondhalfofthegrowingseasonandCulex
tarsaliswassignificantlynegativelycorrelatedwith
thericecoverinthefirsthalfofthegrowingseason
Fig3

OurpreliminaryconclusionisasfollowsThe
mainfactordeterminingthemosquitolarvae
abundanceinricefieldsisthedevelopmentofrice
plantsFromthepointofviewofthericefield
plantcommunityriceistheprevailingspeciesand
doesnotallowtheotherspeciestoexerttheir
effectTheexceptionmaybefieldswithstrong
dominationtheotherdominantbeingatleast
equallyabundantasriceitselfofotheremergent
weedsegCyperus
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THERELATIONSHIPBETWEENTHEABSOLUTEPOPULATIONDENSITYAND

SWEEPNETSAMPLESOFNOTONECTIDSINCALIFORNIARICEFIELDS

TMiuraandRMTakahashi

Accurateestimationsofthetotalnumbersof

mosquitolarvaeanditsmajorpredatorsinagiven
fieldareessentialstepsforthedevelopmentofin
tegratedmosquitomanagementprogramsHow
eversinceitisusuallyimpossibletocountallthe
larvaeandpredatorsinthefielditisnecessaryto
estimatetheabsolutepopulationdensityfromrela
tivesamplingdataStewartandSchaefer1983
estimatedabsolutedensityofCulextarsalisCo
quillettlarvaeinricefieldsbycalculatingdatafrom
dippersamplingMiuraetal1982andStewart
andMiura1985estimatedpopulationdensityand
growthrateofmosquitofishGambusiaaffinis
BairdandGirardfromdatausingacapturere
capturemethodPopulationsofdamselflynymphs
inricefieldswereestimatedbyMiuraandTaka
hashiunpublishedmanuscriptusingdippersam
plingdata

Theobjectiveofthisstudywastoestimateab
solutepopulationdensityofnotonectidsinrice
fieldsandtodefinetherelationshipbetweenno
tonectidpopulationdensityandgrowthofrice
plants

MaterialsandMethods

Aseriesof8to11hectarecommercialrice

fieldsinwesternFresnoCountywereusedforthis
studyThefieldsarefloodedeachyearinearly
Maywithcanalwaterandusuallydrainedin
September

SweepNetEfficiencyAluminumsheetenclo
suresmeasuring1mx30cmhighStewartand
Schaefer1983wereusedinthisstudyTenenclo
sureswereplacedatrandominaricepaddyand5
sweepnetsamples1mlengthweretakenat3to
5minuteintervalsfromdifferentareasofeachen

closurewithasweepnet25cmdiamringwith1

164
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ABSTRACT

EstimatesofrelativeandabsolutedensityofnotonectidspredominantlyNotonectaunifasciatawitha
fewBuenoascimitrainricefieldswerecomparedusingregressionmethodsAnequationX Y 032

0276allowsestimationofabsolutedensityfromrelativedensitydatasweepnetcountsNunifasciataspent
onlyonegenerationinFresnoricefieldsandemigratedfromricefieldsaroundJune20but Bscifnitratended

toremaininthefields

mmmeshnetEachsweepnetsamplewas
countedfornotonectidsinshallowwhitepansand
returnedtothecollectionsiteAfterallsweepnet
countsweremadefromtheenclosuresabsolute
densitieswithintheenclosureswereestimatedby
eithercountingallnotonectidsorbyaremoval
methodSouthwood1966Wada1962Miura
1980Thesweepnetefficiencystudywasrepeated
fourtimesduringMayJuneandJuly

Toevaluatetherelationshipbetweensweep

netcountsYandabsolutepopulationdensity
fromeachenclosureXthedataobtainedwere
examinedbythecorrelationmethodandlinearre
gressionOstle1954

FieldPopulationSurveyThreericefieldsin
thestudyareawereusedtostudyseasonalpopula
tionchangesofnotonectidsTwentysweepnet
samples1mlengthweretakenalongeachof2
transectswhichroughlydividedeachfieldinto3
equalpartsthusatotalof40samplesweretaken
fromeachfieldoneachsamplingdayThepopu
lationcensuswastakenweeklystartingJune6and
terminatedonAugust171983

EmigrationCensusArectangularbox
shapedscreentrapmeasuring30x40x100cmwas
usedtocensusdailyemigrationofnotonectidsfrom
ricefieldsThetrapwasplacedintheexitweir
boxesof2ofourstudyfieldsnos4and5inthe
morningandretrievedthenextmorningAllcon
tentswereplacedinagallonjarcontaining75
ethanolandcountedatthelaboratoryThisstudy
startedonJune5andterminatedonJuly191983

ResultsandDiscussion

Notonectidscollectedbysweepnetinthe
earlyseasonwerepredominantlyca90 No

tonectaunifasciataGuerinwithveryfewBuenoa



Table1Relationshipbetweenaveragesweepnetcollectionofnotonectidsandabsolutepopulationdensityin1
menclosuresabsolutedensitywasestimatedbyaremovalmethod

Enclosure

no

1

2

3

4

5

6

7

8

9

10

Avgper
sweep

180

50

53

193

40

170

187

143

133

143

Number

removed

77

20

23

71

21

55

81

34

45

40

scimitraBareAstheseasonprogressedmoreB
scimitrawerecollected

SweepNetEfficiencyTable1showstherela
tionshipbetweenmeansweepnetcollectionand
absolutepopulationdensitywithin1menclosures
asdeterminedbytheremovalmethodFig1
showstherelationshipbetweenthenumbersof
notonectidspersweepontheYaxisandtheac
cumulatednumberofcatchontheXaxisThe
regressionlinecanbedrawnvisuallyandthetotal
populationofnotonectidscanbeestimatedbythe
interceptoftheregressionlineontheXaxisasin
dicatedbythearrowTheestimatednumbercan
bedoublecheckedwiththeestimateusingZippins
chartsSouthwood1966Theremovalmethodisa
relativelysimpleandfairlyaccurateestimateof
animalpopulationsizeinhabitingsmallconfined
areasWada1962Miura1980andMogietal
1984usedthismethodtoestimatemosquitopop
ulationdensitiesbreedinginsmallconfinedareas
suchasfertilizerpitsstormdrainscatchbasins
andcrabholes

Fig2showstheaveragemeannumberof
notonectidscollectedbysweepnetfromtheenclo
suresandthecorrespondingabsolutepopulation
estimatesThecorrelationcoefficientrwas
09713highlysignificantatthe1criticallevel
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therewasacorrespondingincreaseinnumbers
sampledwithincreasingabsolutepopulationden
sity

Fig3illustratestherelationshipamongno
tonectidpopulationdensitynumberofemigrating
notonectidsfromricefieldsandriceplantgrowth
phasesTherewasonlyonenotonectidpopulation
peakappearinginearlyJunewhenriceplants
werestillinthetilleringstageSubsequentlythe
notonectiddensityfelltoalmostzerobythemiddle
ofJulywhenriceplantswereinthelatejointing
stage65to75daysafterplantingDuringthis
timetilleringslowsdowntheinternodesbeginto
enlargethustheplantsgrowtallerrapidlyandthe
notonectidpopulationalmostdisappearsThis
suddenpopulationdeclineisprimarilyduetothe
massemigrationofnotonectidsfromthericefields
Fig3theeffluenttrapsetatfieldno4onJune
20yieldedca15000thirdthroughfifthNunifasci
atanymphsinasingledayNoBscimitrawere
foundinthetrapThecauseofthismassexodusis
duetotheeliminationofthenotonectidspreferred
habitatsieopenunimpededwatersurfacesby
therapidlygrowingriceplantsWehavenotedthis
phenomenonbeforewithnotonectidsMiuraetal
1984whichappearstooccurannuallyinlateJune
personalcommunicationDAReedManager
FresnoWestsideMosquitoAbatementDistrict
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Conclusion

Thenumberofnotonectidscapturedbysweep
netweresignificantlycorrelatedwiththeabsolute
populationdensityr 09713Thereforethe
regressionequationY 02755X032isuseful
toestimatetheabsolutedensityofnotonectidsin
ricefields

Nunifasciataspentonlyonegenerationin
thesericefieldsandalmostallofthememigrated
fromthefieldsduringthericeplantsrapidgrowth
phasejointingstageabout70daysafterplanting
Bscitnitraontheotherhandtendtoremainin
thefieldsandcongregateinsparseandopenpock
etswhenthericeplantsbegintheirrapidgrowth
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DEVELOPMENTANDSURVIVALRATESOFIMMATURESTAGES

OFCULEXTARSALISDIPTERACULICIDAEIN

CENTRALCALIFORNIARICEFIELDS

TakeshiMiuraandRichardMTakahashi

Laboratoryandfieldstudiesextendingovera5yearperiodonthedevelopmentandsurvivalofimma
turestagesofCulextarsalisCoquillettintheSanJoaquinValleyricefieldsissummarizedThemediantime
requiredfromeclosiontopupationvariedinverselywithwatertemperatureTherateofdevelopmentseemsto
bedeterminedbymeantemperatureswhetherornottemperatureswereconstantorfluctuatingThemean
emergenceratewas21ingeneralareasand136inareasofconcentratedmosquitopopulationThemost
importantmortalityfactorwaspredationbypolyphagouspredatorssuchasGambusiaaffinisOdonataNo
tonectidaeandColeopteraDytiscidaeHydrophilidaeTherateofpredationwas60to75

Thedevelopmentofanintegratedriceland
mosquitomanagementprogramrequiresanaccu
rateunderstandingofthenatureinwhichvarious
controlagentswillactontheecosystemaswellas
athoroughunderstandingofthebiologyecology
andpopulationdynamicsofthetargetmosquito
species

Theobjectivesofthisstudyweretoestimate
patternsofimmaturegrowthratesofCulextarsalis
Coquillettatvarioustemperaturesunderlabora
toryconditionsandinricefieldsandtoestimate
thesurvivalratesofimmaturestagesunderactual
ricefieldconditions

MethodsandMaterials

EstimationofdevelopmentalratesImmature
Cetarsalisdevelopmentalrateswereexamined
underconstanttemperaturesinthelaboratoryand
underfluctuatingtemperaturesinsmallriceplots

Mosquitoesusedinthisstudywereobtained
fromourlaboratorycolonywhichhadbeencolo
nizedfromwildcaughtCrtarsalisinBakersfield
California

ConstanttemperaturestudiesExperimental
temperaturesof515202530and35Cwere
usedtoobtainestimatesofdevelopmentalratesin
thelaboratoryAllexperimentswereconducted
underaphotoperiodregimeof13L11DinPerci
va1E30BenvironmentalcabinetsTeneggrafts
1holdwereheldinacustardcupwith100ml
oftemperatureadjustedtapwaterApproximately
150to200newlyhatchedlarvaewererandomly
pipettedintoawhiteenamelpan30x18x5cm
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ABSTRACT

with1literoftapwaterconditionedtorearing
temperaturesLarvaewerefed2mleachof10
bakersyeast5liverpowdersuspensionand
finelygroundrodentchowdailyTheamountof
rodentchowgivenwasdeterminedbythestages
andnumberoflarvaeinthepanThepupaewere
transferredtoaglassstoragejar100mmdiamX
80mmwith250mloftemperatureadjustedtap
watertheemergedadultsweresexedandcounted

Observationsweremade3timesaday8h
intervalsGrowthratecalculationswerebasedon
midpointhourbetweeneachobservationtime
Naturalmortalitywhichoccurredateachstage
andtemperaturewerealsorecordedThisstudy
wasreplicatedtwice

FluctuatingtemperaturestudyApreliminary
studywasconductedinFresnoCAin1984
Twentyormoreageknowneggrafts1hold
wereplacedinafloatingplasticcagewithafine
nylonscreenbottom200meshinasmallriceplot
1mUponhatchingthelarvaewerepouredin
thericeplotTendipsofwatersamplescontaining
immaturestageswerecollecteddailyusingawhite
enameleddipper450mlwithalonghandleAll
collectionswerepreservedin70alcoholforlater
examinationInthelaboratoryalllarvaewereex
aminedunderdissectingmicroscopestodetermine
theirstagesGrowthrateestimationwasbasedon
midpointhourbetweeneachcollectiontimeAll
moltsintoagivenstagewereplottedasacumula
tivefrequencyvstimeandthemedianmoltswere
estimatedgraphicallyWatertemperatureswere
monitoredbyarecordingthermographwiththe



sensingprobefloatingjustbeneaththewatersur
face

Duringthe1985ricegrowingseasonanother
studywasconductedtodeterminethegrowthrate
andnaturalmortalityoftheimmaturestagesofCx
tarsalisundervaryingtemperaturesExperimental
riceplotsattheUniversityofCaliforniaKearney
AgriculturalCenterKACParlierCAwereused
Tenormoreageknown1holdeggraftswere
placedinthefloatingplasticcagesinthericeplot
Uponhatching102025or50larvaewere
randomlypipettedintoseparatefloatingpredator
exclusioncagesplasticcylindricalcagesmeasuring
15cmdeepx12cmdiamwithtwo84cm
underwaterwindowscoveredwith200meshnylon
screenandalsoscreenedontopThewaterdepth
inthecageswas10cmandtheinternalwater
surfacewasca100cmSixcageswereusedon3
separateoccasionsduringthestudyperiodOnthe
1strun1020and50larvaewereplacedineach
cagewith2replicatesInsubsequenttests25
larvaewereusedineachcagewith6replicates
Thecageswereinspecteddailyformoltingand
mortalityattheplothoweverearlystagesie1st
and2ndstagesrequiredexaminationwith
dissectingmicroscopesinordertoidentifyexuviae
Thecontentsofeachcagewerecondensedinfine
nylonmeshscreensandbroughtintothe
laboratoryCagedlarvaewerefedca50mgof
finelygroundTetraminfishfooddailyGrowth
rateestimationwasbasedonmidpointhour
betweenobservationsAfrequencydistributionof
moltingwasmadefromdataanddurationwas
calculated

Estimationofsurvivalofnaturalpopulations
Immaturestagesofmosquitoesweresampledwith
dippers450mlfrom3differentricefieldsinthe
SanJoaquinValleyin1981amediumsizedfield
16hawassampledinKernCountyin1982a
largefield90hainKingsCountyandin1983a
smallfield8hainFresnoCountyAllfieldswere
sampledyearlyfromJunetoSeptemberGener
allysampleswereexaminedandcountedinthe
fieldbutsetsamplesof20or60dipsweretaken
fromareaswherepresamplinghadindicateda
heavyconcentrationofimmaturestageshot
spotsAllhotspotsampleswereconcentrated
Husbands1969andtakentothelaboratoryfor
speciesandstageidentificationunderdissecting
microscopes

Thecollectiondatawerethenanalyzedfor
timespecificsurvivorshipusingthemethodsde
scribedbyService1976andbyReisenandSid
diqui1979Survivalratesateachstagewerees

timatedfromthesurvivorshipcurvesbyusingthe
formulainitialnoofstage1totalnoof1ststage

ResultsandDiscussion

Estimationofgrowthrates
ConstanttemperaturesThedurationforeach

immaturestageandthetotaltimefromhatchingto
adultemergencearegiveninTable1Withinthe
temperaturerangeof20to30Cthedurationof
4thstagelarvaewaslongerthantheotherstages
andthe2ndstagewastheshortestEggraftskept
at5Cdidnothatchduringthe54dayobservation
periodsome1ststagelarvaethathatchedfromthe
15Cregimeweretransferredtothe5Ccabinet
butalldiedwithin16days

Therehavebeenseveralreportspertainingto
thedurationofimmaturestagesofCxtarsalisun
dercontrolledconditionsTheperiodfromhatch
topupationhasbeenreportedfor36493daysat
12835CrespectivelyBaileyandGieke1968
229105daysat1924CrespectivelyRosay1971
or2010daysat1834CrespectivelyReisenetal
1984Ourdatagenerallyagreedwiththese
reportsTable1

Miuraetal1978withcalculationsbasedon
thedataofBaileyandGieke1968indicatedthat
immaturestagesofCxtarsalishadadevelopmen
talzeropointof667C44Fanddegreedaysof
2177Reisenetal1984reporteditat53Cand
2688Inourpresentstudydevelopmentalzero
pointwas9Canddegreedayswas19025The
maximumtemperatureatwhichaquaticstagespro
ceedupperthresholdpointwasnotdetermined
experimentallybutestimatedempiricallyas35C
Eggraftskeptinthe35Ccabinetwerehatched
anddevelopedto3rdstagelarvaebutnolarvae
proceededtothe4thstageinourexperiment
BaileyandGieke1968rearedlarvaesuccessfully
at95F35Cbutwithahighrateofmortality
937 Reisenetal1984rearedlarvaeat
34Cafewlarvaepupatedbutnoneemerged

Agrowthratecurvephenologicalcurveof
Podolsky1984wasconstructedfromthegrowth
ratestudywithconstanttemperaturesFiglaIn
generalthelarvaedevelopeddisproportionately
sloweratthelowertemperaturesthanatthehigh
temperaturesiethelarvaetook3ormoretimes
longertocompletetheaquaticstageat15Cthan
at30C

FluctuatingtemperaturesTables2 3show

theresultsofgrowthratestudiesunderfluctuating
temperaturesThedurationofeachstageissimilar
tothatunderconstanttemperaturesthe4thstage
wasthelongestandthe2ndstagewastheshortest
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Table1MediandurationdaysfordevelopmentofimmaturestagesofCulextarsalisatconstanttemperatures
inthelaboratoryeachtestwasduplicatedtwice

Stage

5

TemperatureC

15 20 25 30 35

Eggs 540 530 280 200 140 130

1ststagelarvae 16 415 287 174 193 121

2ndstagelarvae
c

439 248 130 138 89

3rdstagelarvae 685 338 200 162 125

4thstagelarvae 897 509 348 285 5c
Pupae 985 322 220 161

Hatchtopupation 3421 1704 1072 937

a
Eggraftskeptat5Cnothatched

b1ststagelarvaehatchedat15C weretransferredto5Cbutalldied

c testswereterminatedbecausealllarvaedied
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Figure1GrowthcurvesfortheimmaturestagesofCxtarsalisAUnderconstant
temperaturesBUnderfluctuatingtemperaturesPointsdenotemeantemperatures



Table2MediandurationdaysfordevelopmentofeggslarvaeandpupaeofCxtarsalisinvarying
temperaturesinasmallriceplotattheFresnoAirport1984

Stage

Stage

TemperatureC

13 192 255 263 27b 323

818 1628 185335 18535 2331 175355

Eggs 45 25 11 11 14

1ststagelarvae 44 27 20 20 17 14

2ndstagelarvae 58 48 42 30 10 16

3rdstagelarvae 52 25 20 20 15 13

4thstagelarvae 101 27 18 20 33 23
Pupae 25 13 14 23 23 23

Hatchtopupation 280 140 114 113 98 89

aNumbersinparentheses areminimumandmaximumtemperaturesduringthegrowingperiod

bThis temperaturerangewasconductedinthelaboratory

Table3Mediandurationdaysfordevelopmentoflarvaeand pupaeofCxtarsalisinvaryingtemperaturesin
asmallriceplotattheKearneyAgriculturalCenter1985

TemperatureC

196 258 288

179212 228287 229346

1ststagelarvae 24 15 18
2ndstagelarvae 12 13 12
3rdstagelarvae 20 21 15
4thstagelarvae 36 38 34
Pupae 22 21 20
Hatchtopupation 114 108 102

aNumbersinparentheses areminimumandmaximumtemperaturesduringthegrowingperiod
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Howeverinoutdoorconditionsthetemperature
andhencelarvalgrowthwasinfluencedbymany
weatherfactorssuchasrainwindandcloudcover
ageOnAugust13and141984therewasanab
normallycoldrainThelate1standearly2ndstage
larvaeexposedtothecoldwentthroughapro
longed2ndstageFig2

Agrowthratecurvefromthefluctuatingtem
peraturestudiesattheFresnoAirportandthe
KearneyAgriculturalCenterisshowninFig1b
Surprisinglythetwogrowthratecurvesonebased
onconstantFiglaandtheotheronfluctuating
FiglbtemperaturesarealmostidenticalIt
seemsthatthemeanofdailyfluctuatingtempera
turesmightbeconsideredequivalenttoconstant
temperaturesThegrowthrateisapproximately
thesamewhentheconstanttemperatureisequalto
themeanofthefluctuatingtemperaturesThe
samewasreportedbyMilbyandMyer1986when
theyrearedCxtarsalisinadeepshadedpond
constanttemperatureasopposedtoashallowun

Figure2Cumulativefrequencydistributionofdevelopmenttimefortheimmaturestages of

Crtarsalisshowingdailyfluctuatingtemperaturesandmedianpointforeachstage

shadedpondfluctuatingtemperatureTheycon
cludedthatthegrowthratesweredeterminedby
meantemperatureregardlessoftemperature
fluctuation

Estimationofsurvivalrates

ConstanttemperatureMortalityinourcon
stanttemperaturestudyTable4wasconsiderably
highHoweveritisreasonabletoassumethatthis
degreeofhighmortalitywouldoccurwhenlarvae
aresubjectedtounnaturalconditionssuchas
constanttemperaturescombinedwithartificial
lightsandhighlarvaldensitiesDespitethelow
survivalratesthedurationrequiredtocomplete
theaquaticlifecycleagreedcloselywiththose
publishedbyBaileyandGieke1968Hagstrum
andWorkman1971Rosay1972andReisenet
al1984

Fluctuatingtemperaturesinpredatorexclu
sioncagesThestagespecificagedistributionand
survivorshipcurveofCattarsalisrearedunder



fluctuatingtemperaturesinpredatorexclusion
cageswasconstructedusingthedataobtainedfrom
theKACriceplotstudyFig3Stagedurations
weredeterminedbyusingourdataandotherpub
lisheddataBaileyandGieke1968Hagstrumand
Workman1971Rosay1972Reisenetal1984to
be24daysfor1st16for2nd23for3rd37for
4thstagelarvaeand19forthepupalstageThe
survivorshipcurveconstructedwasnearlyastraight
lineindicatingaconstantrateofmortalityduring
theimmaturestagesienogreaterprobabilityof
dyingatonestagegroupthanatanotherWhen
rearedunderoptimaltemperatureswithsufficient
foodsupplyandinpredatorfreerearingcages
immaturesurvivalratewas747 Mogietal
1984reportedthatemergenceratesofCulex
vishuniTheoboldinPhilippinericefieldsranged
from95to40 averagingca70

Temp
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NaturalpopulationsFourspeciesofmosquito
larvaebelongingtotwogenerawerecollectedfrom
ricefieldsintheSanJoaquinValleyTheywere
CxtarsalisCxquinquefasciatusSayAnopheles
freeborniAitkenandAnfranciscanusMcCracken
Cxtarsaliswasthemostabundantineachfield

90ormorerelativelyfewAnfreebomiand
Anfranciscanuswerecollectedinthelatterpart
ofricegrowingseasonandonly2specimensof
CxquinquefasciatuswerecollectedKernCounty
ricefields

Althoughthesampledricefieldsproduced
relativelyfewmosquitolarvaelarvaldensitiesoften
variedgreatlyfromoneareatoanotheramongst
fieldsandevenwithinafieldAreaswhichpro
ducedhigherthannormaldensitiesasamatterof
convenienceweretermedhotspotsTable5Fig
4Eachcollectioncontainedlarvaeofallstages

Table4Mortality duringdevelopmentoflarvaeandpupaeofCxtarsalisatconstantlaboratoryand
fluctuatingriceplotstemperatures

IV

37

113

140

147

120

10

43

37

140

150 30

90 30

113 80

P Total Used

1000

997

836

521

810

1000

310

170

281

NoLarvae

375

514

710

976

799

150

150

150

160
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generallyindecreasingnumberswithadvanced
stagesAfewpupaewerecollectedintermittently
thusindicatingrelativelystableagestructuresAge
distributionandsurvivorshipcurveswerecon
structedtodetermineagedistributionandsurvival
rateofnaturalpopulationsinthericefieldsTable
5Fig4Inaroutinelarvalsurveyallcollected
specimensweretabulatedseparatelybystagein
thefieldHowevertoconstructagedistribution
andsurvivorshipcurves1stand2ndstagelarvae
wereanalyzedseparatelyonlyfromcollectionsex
aminedundermicroscopesinthelaboratory
Mortalitywasthemostintenseintheearlystages
intheFresnoandKernCountyricefieldsInthe
KingsCountyricefieldshighestmortalityoccurred
duringthe3rdlarvalstageOncelarvaereached
the4thstagesurvivaltoadultswashighThiswas
especiallytrueinhotsportareasFig4Occur
rencesofmosquitoproducinghotspotareasin
ricefieldsarewellknownandmanyspeculations
havebeenproposedtoexplainthisphenomenon
ovipositionalpreferenceoffemalemosquitoes
Kato1955highcontentofnitrogenouscom
poundsattractfemalestoovipositSchaeferetal
1982andabundantlarvalfoodmaterialinthe
fieldsNakamuraetal1971Miuraetal1983
contendedthatexposureofsubmergentvegetation
NajasspCharasptoairbyloweringthewater
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Figure3AgedistributionandsurvivorshipcurvefortheimmaturestagesofCxtarsalisreared
inpredatorexclusioncagesinricefieldsPointsdenotenumberofimmaturesatthetemporal
midpointofeachagegroup

levelinFresnoCountyricefieldshadcreated
habitatsconclusiveforlarvalabundanceiethe
habitatsthuscreatedexcludedmostofthenormally
effectivepredatorsImpropercultivationprac
ticessuchasinadequatelypreparedsoilcanresult
inhotspots InKingsCountywesampledmany
isolatedsmallshallowpoolscreatedfromuneven
landpreparationwhichbredlarvaeathighdensi
tiesKernCountyricefieldswhichwereirrigated
withamixtureofsewageandwellwaterresultedin
anabnormallyfastgrowthofriceplantsthese
plantslodgedinseverallargeareasThefallen
plantscreatedahabitatwhichwasnutrientrichand
excludedpredatorsandwesampledmanylarvaein
thesehabitats

ThemeanemergenceratesofCxtarsalisin
theSanJoaquinValleyricefieldswere15in
generalareasand143inhotspots Conversely
985and857 respectivelyof1ststagelarvae
hatchedinthoseareasdiedduringtheaquatic
stagesThemaincauseofthisreductionwasprob
ablyduetopredationMortalityduetonaturalen
emiesthedifferencebetweentheemergencerates
ofthepredatorfreecagesandthoseofthenatural
populationwasestimatedtobe60to75 Natu

ralenemiesthereforearethemostimportant
factorsinricefieldmosquitocontrolinthisarea
Mogietal1984reportedthatthemeanadult
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Table5SurvivalratesofCulextarsalisimmaturestagesintheSanJoaquinValleyricefields

Ricefield Stage TotalNo MedianAgeNo InitialNob SurvivalRate

General

Hotspot

General

Hotspot

General

Hotspot

aTotalnostageduration
bEstimatedbylinearinterpolation

116

FresnoCounty

I II 164 410 56 0500
III 48 209 28 0286

IV 44 119 16 0143

P 12 63 8 0054

A 3

I II 174 435 506 0751

III 81 352 388 0593

IV 79 214 30 0296

P 20 105 15 0099

A 5

KingsCounty

I II 284 71 81 0778

III 133 578 63 0518

IV 73 197 42 0148

P 5 26 12 0000

A 0

I 380 1583 1675 0896

II 230 1438 150 0716

III 179 778 120 0463

IV 266 719 775 0269

P 44 232 45 0075

A 125

KernCounty

I 202 842 1065 0577

II 67 429 615 0310

III 41 178 33 0141

IV 30 81 15 0056

P 5 26 6 0009

A 1

I 360 150 170 0765
II 195 1218 130 0647

III 212 922 110 0471

IV 233 63 80 0318
P 86 453 54 0235
A 40



Table6ListofpredatorscollectedfromricefieldsintheSanJoaquinValleyCalifornia

Collection

Location

Method Taxon FresnoCounty KernCounty KingsCounty

Dippernodip 100dips 200dips
Eucopepoda

Cyclopidae2gen2spp 20110 68325

Odonata

Zygoptera2gen2spp 641 265

Anisoptera2gen2spp 030 150

Hemiptera
Notonectidae2gen2spp 060 010

Coleoptera
Dytisciade5gen7spp 110 055

Hydrophilidae2gen3spp 090 195

Minnowtrapnotrap 183traps 120traps
Odonata

Zygoptera2gen3spp 2565 150

Anisoptera2gen2spp 808 13750

Hemiptera
Belostomatidae1gen1spp 423 552

Notonectidae2gen2spp 8704 969

Coleoptera
DytiscidaeA5gen7spp 3119 5818

HydrophilidaeA2gen3spp 3081 40531

Cyprinodontiformes
Peociliidae

Gambusiaaffinis 13165 52146

alloscheduledsamplewastakenrelativeabundanceofpredatorsareindicatedbythesigns sparse

few moderate many
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emergencerateofCulexspinPhilippinericefields
was09andthatreductionbynaturalenemies
was50to90

Ricefieldscreateauniqueaquaticenviron
mentTheyaremanmadeshallowtemporary
bodiesofwaterwhichsupportonlythosespecies
whichcanannuallyimmigratethroughcanalsys
temsorbyflightDespitethisrestrictionmany
aquaticorganismsestablishthemselvesanddevelop
inenormousnumbersinarelativelyshorttime
OurpreviousstudiesMiuraetal1981showthat
62speciesorspeciesgroupscanbecollectedregu
larlyandanother23taxacollectedoccasionally
fromFresnoCountyricefields

Manyoftheseorganismsarepredatorsof
mosquitolarvaeandhencereducethemosquitoes
chancesforsurvivalTable6showsalistof

predatorscollectedfromricefieldsintheSan
JoaquinValleyCyclopsvernalisCrustaceathe
mostcommonlyfoundpredatorindippercollec
tionshavebeenshowntopreyonearlystagesof
mosquito4arvaeMiuraetal1984Aboutone
thirdofallaquaticinsectswesampledinricefields
arepredacioustomosquitolarvaeAlthoughthe
relativeabundanceofthesepredatorsvariedfrom
fieldtofieldcertainpredatorsalwaysseemedtobe
verywellrepresentedForexamplemembersof
thesuborderZygopteradamselflywhilemoder
atelyrepresentedindipperandtrapsamplingwere
morenoticeableinareasamplingof1menclo
suresinwhicharangeof400to800nymphswere
consistentlycapturedInKernandKingsCounties
oursamplingyieldedmoreAnisopteradragonfly
InmanyfieldsNotonectidaewerethemostabun
dantintheearlyricegrowingseasonbutasrice
standsroseabovethewatersurfacemostemi
gratedviairrigationwaterandweobservedno
othergenerationsAlsoabundantinthesefields
wereaquaticColeopteraDytiscidaeandHy
drophilidaewhichhavebeenreportedtobevery
importantmosquitopredatorsWashino1969
Hazelrigg1974

Perhapsthemosteffectiveofallmosquito
predatorsisthemosquitofishGambusiaaffinis
whichwasintroducedintoCaliforniain1922andis
plantedannuallybymanymosquitoabatementdis
trictsaspartoftheirregularmosquitocontrolpro
gramTheeffectivenessofmosquitofishasa
predatoriswelldocumentedWashinoand
Hokama1967Bay1969HoyandReed1970Hoy
etal1972Miuraetal1984Stewartetal1985
ManyoftheKernandKingsricefieldssupporteda
largenumberofmosquitofishandveryfew
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mosquitoadultssuccessfullyemergedfromthose
fieldsTable5Fig4

AmicrosporidianinfectionAmblyosporacal
ifornicaKennenandLipa1960wasreported
fromthisareaButofallmosquitocollectionsex
aminednoinfectedlarvawasfoundindicatingthat
thisinfectionhasaminorroleinregulatingCr
tarsalispopulationsintheSanJoaquinValleyrice
fields

Indeterminingtheeffectofpredationon
mosquitolarvaeinricefieldstheweakestaspect
hasbeenaquantitativeassessmentofpredation
Furtherdetailedstudiesarenecessarytoelucidate
theroleofthesepredatorsinmosquitolarvalpop
ulationregulation
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FISHPREDATIONONMOSQUITOESINWASTEWATEREFFECTSOF

THERMALSTRESSANDINCREASEDFISHCOMMUNITYCOMPLEXITY

DanielTCastleberryandJosephJCechJr

Weinvestigatedtheinteractionsoftwofish
speciesandtheirmosquitopreyandtheeffectsof
thermalstressontheseinteractionsAmargosa
pupfishCyprinodonnevadensisandmosquitofish
Gambusiaaffiniswereplacedin32210Ltanks
resultinginfourreplicatesofeighttreatments
cooltemperaturerange1831Ctankswithno
fishpupfishmosquitofishandbothfishescom
binedandhot2336Ctankswiththesamefour
treatmentsThetankshadthickgrowthsofSago
pondweedPotamogetonpectinatustosimulate
wastewatermarshesMosquitoCulexpipiensegg
raftswereplantedineachtankatratesapproxi
matingfoureggraftsperdayEmergencerates
weremonitoredfortwomonthsPupfishand
mosquitofishreducedmosquitoemergencetolow
levelscomparedtonofishtreatmentsThermal
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ABSTRACT

stressreducedemergenceintheabsenceoffishin
creasedemergenceinthepresenceofasinglefish
speciesandhadnoeffectinthepresenceofboth
fishspeciesOurresultsshowthatthermalstress
canacttoincreaseemergenceinthepresenceof
eithermosquitofishorpupfishsuggestingthat
thermalstressinhibitstheabilityoffishtoreduce
mosquitoemergenceNoincreasedemergencein
thepresenceofbothfishtogetherinthehightem
peratureenvironmentsuggeststhatthesefishes
complementeachothersmosquitocontrolefficacy
inthermallystressfulenvironmentsTheseresults
suggestacomplexinteractionbetweenfishand
mosquitoesmediatedbyenvironmentalconditions
theoutcomeofwhichdependsonfishcommunity
complexity



PHOTOPERIODICEFFECTSONREPRODUCTIONINCALIFORNIA

MOSQUITOFISHGAMBUSIAAFFINIS

DavidRTaylorJosephJCechJrandRobertGSchwab

Weexaminedtheeffectsofshortphotoperi
odsindispellingreproductiverefractorinessinthe
mosquitofishGambusiaaffinisaffinisSixteen
maturefemalesandfivemaleswererandomlydis
tributedintoeachof1638literaquariaheldat
25CShortdaytreatmentswereappliedforperi
odsof4812and16weeksfixedshortdaypho
toperiodswere3L21D3hourslight21hours
darkness6L18D9L15Danddecreasingdaily
photoperiodsduplicatedambientautumnphoto
periodsAtfourweekintervalsoneaquarium
fromeachtreatmentwaschangedtophotoperiods
duplicatingthenaturaldailyincreasesbeginning
withthatofthewintersolsticeDec21to
stimulatereproductionGravidfemaleswere
movedtobroodingcupssuspendedineachaquar
iumandallowedtogivebirthEachreproductive
eventandthenumberofresultingfrywasrecorded

Fisheskeptonthe9L15Dshortdaypre

DepartmentofWildlifeandFisheriesBiology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

treatmentfor12weeksshowedarapidandmarked
reproductiveresponseaftertransfertolengthening
daysWhile84ofthefemalesgavebirthpriorto
theseventhweekofincreasingdaytreatmenta
cumulativetotalof94wasachievedafter11

weeksatafinaldaylengthof116hoursIncom
parisonfisheskeptonthenaturalphotoperiodpre
treatnentfor12weeksshowedamuchslowerre
productiveresponsewhichdidnotbeginuntilafter
5weeksonincreasingdaysAcumulativetotalof
44ofthefemalesinthistreatmentreproduced
after11weeksoflengtheningdaysWeconcluded
thatthe9L15Dpretreatmentphotoperiodwas
moreeffectivethanambientphotoperiodsatdis
pellingreproductiverefractorinessConverselythe
3L21Dand6L18Dphotoperiodswerenomore
effectivethannaturalphotoperiodsatdispellingre
productiverefractoriness
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ISOLATIONOFANEWSTRAINOFLAGENIDIUMGIGANTEUMAND

IMPLICATIONSFORCONTROLOFFLOODWATERANDOTHERRAPIDLY

DEVELOPINGMOSQUITOSPECIES

JamesLKerwinandRobertKWashino

TheoomycetousfungusLagenidiumgigan
teumhasbeenevaluatedinthefieldagainsta
numberofmultivoltinemosquitospeciesprimarily
inCaliforniaandNorthCarolinaThesetrialshave

documentedtheabilityofthefungustorecyclefor
weeksormonthsfollowingasingleapplicationin
larvalhabitatssupportingculicineandanopheline
speciesContinuousovipositionorsporadicinun
dationofbreedingsiteswithspeciesoccurringin
successionbetweenearlyspringandlatefallisof
tensufficienttosupportappreciablelevelsoffungal
activity

OccasionalfieldevaluationsagainstAedes
sppbreedinginpasturesandotherareassubjectto
periodicfloodinghaveresultedinsporadicresults
probablydueprimarilytoinsufficientzoosporere
leaseinorganicallyrichenvironmentsInduction
ofzoosporogenesiswhichisnecessaryforlarval
infectionisusuallythelimitingfactorintheinitia
tionofepizooticsinfieldtrialswithLgiganteum
Notallfloodwaterspeciesbreedinwatercharac
terizedbyhighorganiccontentTheseshouldbe
amenabletocontrolbytheasexualstageofthe
funguswhichreleaseszoosporesin6to24hours
followingdilutioninasuitablewatersourceIthas
beenassumedhoweverthatmultiseasoncontrol
ofrapidlydevelopingfloodwaterandunivoltine
specieswasnotfeasiblesincethesexualoospore
stageofthefunguswhichisresponsibleforper
sistenceoftheparasiteintheabsenceofsuitable
hostsandwhenbreedingsitesseasonallydryout
couldnotgerminateonatimescalematchingthat
ofmosquitoegghatchandlarvaldevelopment

InlateMay1987aroutinecollectionof
AedesmelanimonwasmadeintheButteSinkarea

northofColusaCaliforniaOver5000lateinstar
larvaeandpupaewerecollectedandreturnedto
thelaboratoryforphysiologicalstudiesrelatedtoin
vivooosporogenesisandtoattempttocolonizethis
speciesUponreturntothelaboratoryanumber
ofmoribundlarvaewhichhadbeensetapartfrom
theremainingimmaturesuponcollectionwereex
aminedAfungusmorphologicallyindistinguish

DepartmentofEntomology
UniversityofCaliforniaDavis

DavisCalifornia95616

ABSTRACT

ablefromLgiganteumwasreadilyidentifiedinthe
deadindividualsandwithin48hoursover85of
thecollectedmelanimonhaddiedfrominfec

tionbythisfungus
Fieldstudieshavebeencarriedoutinthe

ColusaareausingonestrainofLgiganteumdes
ignatedtheCaliforniaCAstrainsincetheearly
1970sAlthoughtheepizooticoccurredover20
kilometersfromthenearestsiteofapplicationitis
possiblethatthenewisolateofthefungusdesig
natedtheButteSinkBSisolatewasderivedfrom
theformerstrainandfortuitouslyintroducedinto
theareabynaturaloraccidentaltransferFollow
ingisolationoftheBSstraininaxenicculturea
numberofphysiologicaltestsinvolvinglipid
biosyntheticandmetaboliccapabilitiesclearlydif
ferentiatedthisisolatefromtheCAstrain

Whetherthesebasicmatabolicpathwaysareim
mutableorsubjecttochangebyprolongedinvitro
maintenanceorinvivocyclinginegaedinevs
culicinehostsisnotknownInvestigationonthe
relationofthesetwoisolatestoothersfromthe

southernUnitedStatesincludingoneNorthCar
olinaisolatefromwhichtheCAstrainwaspresum
ablyderivediscontinuingThesecomparative
studieswillprovideinformationonthefactorsreg
ulatinginvivoreproductionandbeardirectlyon
therecyclingcapabilitiesoftheLgiganteuminthe
field

Isolationofanapparentlynewstrainofthis
mosquitoparasitefromapopulationoffloodwater
Aedesgreatlyexpandsthepotentialoperational
rangeofLgiganteumOnemainadvantageofus
ingabiologicalcontrolagentisitspotentialfor
prolongedefficacyagainstitstargethostfollowing
asingleapplicationDocumentationofthisnatural
epizooticsuggeststhatunderproperphysical
andorchemicalconditionsthedormantoospore
stagecangerminateonatimescalecomparableto
rapidlyhatchinganddevelopingfloodwaterand
univoltinespeciesMultiseasoncontrolofthese
mosquitoesmustnowbeconsideredapossi



bilityalbeitalittleunderstoodphenomenonThe
physiologyofoosporesoftheBSisolateisbeingin
vestigatedforpossiblecluestomorepredictable

andrapidgerminationofthesedormantandlong
livedpropagules
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ACTIVITYOFSLOWRELEASEFORMULATIONSOFTHEIGRSFENOXYCARB

ANDALTOSIDAGAINSTMOSQUITOESANDNONTARGETAQUATIC

ORGANISMS

Introduction

AnumberofIGRshavebeenreportedto
possessahighlevelofactivityagainstseveral
speciesofstagnantandfloodwatermosquitoes
Howeverthesematerialsingeneralhavefailedto
providelonglastingcontrolduetotheirrapid
degradationonexposuretosunlightandotheren
vironmentalfactorsinfieldsituationsMullaand
Darwazeh1975SchaeferandDupras1973In
ordertoincreasethelongevityofmethoprene
Altosidabriquettetypeformulationwasdevel
opedandtestedagainstseveralmosquitospeciesin
awiderangeofhabitatsAttherateof1bri
quette100ftexcellentcontrolofAedestae
niorhynchusWiedemannwasobtainedfor28and
31dayswhenappliedaspreandposthatchtreat
mentsrespectivelyRathburnandBoike1977In
otherstudiesthesebriquetteswereequallyeffec
tiveinclearandpollutedwatersandexcellent
controlofCulexquinquefasciatusSayandCulex
peusSpeiserwasobtainedfor4460daysincatch
basinsseptictanksdairywashlagoonsandirriga
tionditchesDunnandStrong1973Stewart1977

RecentlytheIGRfenoxycarbR0135223a
carbamatetypecompoundproducedexcellent
controlofAedesmelanimonDyarPsorophora
columbiaeDyarandKnabandCulextarsalisCo
quillettattheratesof0010025and025lb
AIacrerespectivelyMullaetal1985Field
evaluationofgranularformulationsoffenoxycarb

1Thesestudies weresupportedbytheStateofCaliforniaSpe
cialFundsforMosquitoResearch

MSMullaHADarwazehandHAxelrod

DepartmentofEntomology
UniversityofCalifornia

RiversideCA92521

ABSTRACT

Slowreleasebriquetteformulationsoftwoinsectgrowthregulatorsfenoxycarbandmethoprene
AltosidwereevaluatedagainstlarvaeofCulextarsalisCoquillettin30mfieldpondsFenoxycarbbriquettes
werepreparedfromaplasticbasematerialandthoseofmethoprenewerepreparedfromcharcoalThree
formulationseachoffenoxycarbbriquettesandofmethoprenewereevaluatedTwoofthefenoxycarb
formulationswereeffectiveformorethantwoweeksatthehighrateof011bAIacreThemethoprenechar
coalbriquettesalsoyieldedsimilarresultsatthehighrateof12lbsoftheformulationsacre051bAIacre
Noneoftheformulationstesteddisplayedmarkedimpactonmacroinvertebratesprevailingintestplotsthrough
thedurationoftheexperiment

producedexcellentcontrolofAedesnigromaculis
Ludlowandmelanimonatthelowrateof0005

lbAIacreAgainstCxtarsalistheseIGRsasex
pectedwere510foldlessactivethanagainst
floodwatermosquitoesHowevertheyyielded
satisfactorycontrolofCttarsalisattherateof
0025011bAIacrewithnoapparentilleffects
onnontargetorganismsprevailingattimeoftreat
mentMullaetal19851986

Inordertoextendthedurationofefficacyof
thesehighlyactiveIGRsslowreleaseformulations
inbriquetteformweredevelopedandprovidedby
themanufacturersforevaluationThepresent
studieswereconductedtoevaluatetheinitialactiv

ityandlongevityoffenoxycarbandmethoprene
briquetteformulationsagainstmosquitoesinex
perimentalpondstodeterminetheoptimumrate
ofapplicationforeachformulationandtoassess
theirimpactonselectednontargetorganismspre
vailinginthepondsattimeoftreatment

MethodsandMaterials

Severaltypesofbriquettesweretestedatthe
AquaticandVectorControlResearchFacilityof
theUniversityofCaliforniaRiversidelocatedin
theCoachellaValleyofsouthernCaliforniaThis
facilitydescribedelsewhereMullaetal1982
consistsof64pondsconstructedineightrowseach
pondmeasuring18x18ft30mandwithvege
tationcoverofbermudanutandcrabgrasses
ranginginlengthsfrom815cmWaterpH94
toeachpondwassuppliedfromanartesianwell



throughundergroundpipelineandwaterdepth
wasmaintainedconstant30cmbyfloatvalves

Threetypesofbriquettesofsimilarsize75g
eachoffenoxycarbwereprovidedbyMaagAgro
chemicalsVeroBeachFLandeachbriquette
contained500mgAl66 offenoxycarbThese
briquettesweretestedanddesignatedaccordingto
theircolorgoldwhiteandblackThreeformula
tionsofmethoprenebriquettesofvariousweights
074g748gand212gwereprovidedbyZoecon
IndustriesDallasTXeachcontainingthesame
concentration4 oftheactiveingredient

Thefenoxycarbbriquetteswereappliedatthe
manufacturersrecommendedhighratesof1and2
briquettes100ft0445and0891bAlacrefor
thepurposeofachievingextendedcontrolThree
andsixbriquettesofeachformulationweredis
tributedevenlyineachpondtoensuregoodcover
ageutilizingtworeplicatesforeachrateofappli
cationMethoprenebriquetteswerealsoappliedto
duplicatepondsattheratesof20and40gofeach
typeperpond025and051bAlacre1and2
briquettespondof212g3and6briquettesof
748gand30and60briquettesof074gAlong
witheachtest2pondswereleftuntreatedas
checksAllaquaticstagesofCxtarsaliswerepre
sentingoodnumbers1520dipinallpondsat
timeoftreatment

Proceduresutilizedinassessingtheinitialac
tivityandsubsequentlongevityofbriquettesagainst
mosquitolarvaeandnontargetorganismswerere
portedearlierMullaetal1985Inbrief5dips
perpondweretakenpriortotreatment2and7
daysaftertreatmentandeveryweekthereafter
untiltheendoftheexperimentThe5dipswere
concentratedintoonesamplepreservedin65
ethylalcoholandorganismspresentwerecounted
andidentifiedunderadissectingmicroscopeinthe
laboratory

Fordeterminationofinhibitionofadultemer

gence404thinstarlarvaeofCxtarsaliswerecol
lectedfromeachcheckandtreatedpondand20
larvaewereplacedineachof2sentinelcages
Cagesutilizedinthesestudiesweredescribedby
Mullaetal1974andwerefloatedfreelyinthe
pondsLarvaewerecollectedandplacedinthe
floatingunits2daysaftertreatmentandonceev
eryweekthereafteruntiltheendoftheexperiment
Isolatedorganismsinthecageswereinspected
twiceweeklyanddeadlarvaepupaeandadults
werecountedandremovedWhennolivingor
ganismsremainedinthecagespercentinhibition
ofadultemergenceEIwasdeterminedMean
EIcalculationwasbasedontheaveragenum

berofadultssurvivingfromthe4thinstarlarval
isolatesinthecheckandtreatedpondsDueto
mortalityinthechecksEIvalueswerecor
rectedaccordingtoAbbottsformulaAbbott
1925 activity x100wherexismean
survivalinthecheckandyismean survivalin

thetreated

Throughoutthedurationofthesestudies
watertemperaturewasmonitoredwithamini
mummaximumrecordingthermometerandmean
minimummeanmaximumreadingsareshownin
theTables

ResultsandDiscussion

OvipositionofCxtarsalisinthepondswas
continuousandthelarvalpopulationinboth
treatedandcheckpondspersistedatahighlevel
averaging104thinstarlarvaedipduringthedura
tionofthesestudiesdataomittedHowever
deadpupaewereobservedinthetreatedponds2
daysaftertreatmentandbeyondSincebothIGRs
donotinducemortalityuntilprepupalandpupal
stagesMullaandDarwazeh1979Mullaetal
19851986larvalassessmentbydippinginastag
nantwaterhabitatwhereovipositioniscontinuous
doesnotprovideanaccuratemethodofevaluation
Thereforetreatedlarvaeshouldbeisolatedtode
terminedelayedactioninpostlarvalstages

Intheisolationunitsthegoldbriquettesof
fenoxycarbfailedtoproduceadequateinitialor
extendedcontrolofCrtarsalisattheratesof1and

2briquettes100ft044089lbAIacreHow
everthewhitebriquettescausedcompleteinhibi
tionofadultemergenceatthelowerrate1bri
quette100ftforoneweekwhilethehighrate2
briquettes100ftremainedactiveformorethan2
weeksTheblackbriquettesproducedsimilar
resultsatbothratesapplied1and2bri
quettes100ftcausingcompleteinhibitionof
adultemergencefor2weeksTable1

Thewhitebriquettesappeartobethemost
effectiveofthethreebriquetteformulationsof
fenoxycarbproducingadequatecontrolofC
tarsalisfor5weeksatthehighrateof2bri
quettes100ft0891bAlacredataomitted
Beyond2weeksposttreatmentduetocontamina
tionmortalityinthecheckswasgreaterthannor
mallyobserved4050 Thereforedata
obtained34and5weeksaftertreatmentwere
excludedfromtheTables

Thesmallestbriquettesofmethoprene074
gproducedexcellentcontrolofCxtarsalisforone
weekatbothratesof20and40grams324ftpond
025and05lbAIacreTable2Bothrates
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Table1EvaluationoffenoxycarbPictylbriquettesagainstCulextarsalisinexperimentalponds
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Cumulativemortalityand EIinlarvalisolates
Posttreatment 1briquette100ft 2briquettes100ft Check

days LarvaePupae EI LarvaePupae EI LarvaePupaeEI

Goldbriquettes

7 21 9 18 44 9 48 15 0 15
14 16 8 13 19 5 14 10 3 13

Whitebriquettes

7 5 95 100 10 90 100 15 0 15
14 5 63 75 5 93 100 10 3 13

Blackbriquettes

7 29 68 100 13 87 100 10 5 15
14 9 86 100 8 92 100 10 3 13

aWatertemperature meanmin177meanmax27

bNoadultmortalityinthe checkwasnotedhowevermortalityinemergingadultsinthetreated was010



Table2EvaluationofAltosidbriquettesagainstCulextarsalisinexperimentalponds

CThirtyand60briquettespond

dThreeand 6briquettespond

eOneand2briquettespond

Cumulativemortalityand EIinlarvalisolates
Posttreatment 20gpond 40gpond Check

days LarvaePupae EI LarvaePupae EI LarvaePupaeEI

074gbriquettes

2 21 63 86 4 81 84 1 11 12
7 10 90 100 25 61 93 9 0 9
14 21 36 42 18 51 67 26 8 34

74gbriquettes
2 21 48 76 5 80 89 1 11 12
7 10 73 88 24 73 98 9 0 9

14 39 28 52 41 48 89 26 8 34

211gbriquettes

2 5 46 51 24 55 85 1 11 12
7 25 40 76 34 58 98 9 0 9

14 43 38 83 18 64 94 26 8 34

aWatertemperaturemeanmin17 meanmax266C

bNoadultmortalityin thecheckwasnotedhowevermortalityinemergingadultsinthetreated was014
EIwascorrectedaccordingtoAbbottsformula
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howeverproducedmediocrecontrolbeyond2
weeksaftertreatmentThemediumsizedbri

quettes74gproduced88inhibitionofadult
emergenceforoneweekatthelowrate20g
pondwhilethehighrate40gpondwaseffec
tivefor2weeksandlevelofcontroldeclined
markedlythereafterThelargersizedbriquettes
212gweresomewhatmoreeffectiveyielding
goodinhibitionofadultemergenceformorethan2
weeksatthehighrateof40gpondAtthelow
rateof20gpondunsatisfactoryresultswereob
tained2daysposttreatmentbutyielded76and
83inhibitionofadultemergence7and14days
aftertreatment

Studiesonnontargetmacroinvertebrates
showedthatmayflynaiadsCallibaetispacificus
SeemandivingbeetleadultsDytiscideandHy
drophildaeandOstracodsCypridopsisspand
Cyprinotusspwerepresentinallthepondsprior
totreatmentandtheirnumbersfollowedsimilar
trendsinboththetreatedandcheckpondsduring
theentiredurationofthesestudiesTable3
Divingbeetlelarvaewereabsentfromalltheponds
priortotreatmentbutbegantoappearinsome
whatequalnumbersintreatedandcheckponds2
weeksaftertreatmentsandpersistedinallthe
pondsuntiltheterminationoftheexperiments
Table4

Fromthedatapresenteditappearsthat
fenoxycarbandmethopreneAltosidbriquettes
hadnonoticeableadverseimpactonmayflynaiads
divingbeetlelarvaeandOstracodsatallratesap
pliedDragonflynaiadslibellulidTametrumcor
ruptomHagonandtheaeshnidAnaxjunius
Drurywereabsentattimeoftreatmentbutbe
gantoappearinlownumbersinthecheckponds
andinthepondstreatedwiththegoldtypebri
quettesoffenoxycarb2and3weeksaftertreat
mentNodragonflynaiadswereobservedinthe
samplesobtainedfromtreatedpondswiththe
whiteandblackbriquettesTable3Duetotheir
lownumbersinthechecksnodefiniteconclusion
canbedrawnregardingtheimpactofthesefor
mulationsoffenoxycarbonthedevelopmentof
dragonflynaiads

Inearlierstudiesfenoxycarbdidnotexhibit
adverseeffectsondragonflynaiadsatthemosquito
larvicidalrateof01lbAIacreMullaetal1985
1986Furtherstudieshoweverarewarrantedto
studytheimpactofslowreleaseformulationsat
highinitialratesondragonflynaiadsandotheror
ganismswhichcohabitinthebreedingsitesofstag
nantwatermosquitoes
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Noapparentharmfuleffectsondragonflyna
iadswereobservedinthepondstreatedwithAl
tosidbriquettesTheseorganismswerefoundin
equalnumbersinthetreatedandthecheckponds
34weeksaftertreatmentTable4

Insummaryitcanbestatedthatthewhite
andblackbriquetteformulationsoffenoxycarb
wereactiveformorethan2weeksattherateof2

briquettes100ft0891bAIacreInrecent
studiesMullaetal1986a02sandcoregran
ularformulationoffenoxycarbrenderedgoodcon
trolofCxtarsalisinitiallybutlostitsactivitywithin
7daysaftertreatmentattheratesof005and011b
AIacreForextendedcontrolusingslowrelease
formulationstheratesofapplicationhastobein
creasedInconclusionthewhitebriquettes
seemedtobeslightlymoreeffectiveandcouldef
fectivelycontrolstagnantwatermosquitoesfor35
weeksattherateof2briquettes100ftItshould
bepointedoutthattheextendedcontrolmaybe
duetothehighrateofapplicationratherthana
slowreleasefromtheformulationStudiesonsuch

highratesusinggranularformulationsarewar
ranted

ThelargersizedbriquettesofAltosid212g
showedhigherefficacythantheother2formula
tionstestedinhibitingadultemergenceformore
than2weeksattherateof40gpond050lb
AIacreHereasinthecaseoffenoxycarbthe
residualactivitycouldbetheresultofhighdosages
ratherthantheformulationsComparativestudies
onlongevityofbriquettesandSR10formulationsof
Altosidareessential
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Table3ImpactoffenoxycarbPictylbriquettesonnontargetorganismsinexperimentalponds

Meannoofnontargetorganisms5dipspreandposttreatmentdays
Nontarget 1briquette100ft 2briquettes100ft Check

organisms
Pre 7 21 28 Pre 7 21 28 Pre 7 21 28

Goldbriquettes

Mayflynaiads 26 22 25 14 25 26 27 19 61136 34 18

Divingbeetleadults 11 12 3 10 8 7 5 8 3 4 1 5

Divingbeetlelarvae 0 0 2 1 0 2 2 3 0 1 2 1

Dragonflynaiads 0 0 1 2 0 0 3 6 0 0 5 4

Ostracods 27 88179102 0 56 56 39 70 81 35147

Mayflynaiads 38 5 1 12 56 41 26 1 61136 34 18

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

Divingbeetlelarvae 0 0 1 2 0 0 1 2 0 1 2 1

Dragonflynaiads 0 0 0 0 0 0 0 0 0 0 5 4

Ostracods 20 28189347 0 0140105 70 81 35147

aWatertempasinTable1

bDatafor14day posttreatmentareexcluded

Whitebriquettes

Blackbriquettes

Mayflynaiads 59 9 9 6 114 84 12 3 61136 34 18

Divingbeetleadults 11 3 2 4 7 1 0 8 3 4 1 5

Divingbeetlelarvae 0 1 1 2 0 0 1 2 0 1 2 1

Dragonflynaiads 0 0 0 0 0 0 0 0 0 0 5 4

Ostracods 0 21350245 0 14252 56 70 81 35147
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Table4ImpactofAltosidbriquettesonnontargetorganismsinexperimentalponds

Nontarget
organisms

Meannoofnontargetorganisms5dipspreandposttreatmentdays

20gpond 40gpond Check

Pre 7 21 28 Pre 7 21 28 Pre 7 21 28

074gbriquettes

Mayflynaiads 153 17 17 21 136 47 26 21 229 34 41 81

Divingbeetleadults 21 10 3 2 22 5 3 6 12 5 2 2

Divingbeetlelarvae 0 1 1 1 0 2 2 1 0 0 2 4

Dragonflynaiads 0 0 8 14 0 0 9 18 0 0 1 14

Ostracods 28193 39 81 14 42 63121 25116 32175

aWatertempasinTable2

bDataforthe14day posttreatmentomitted

74gbriquettes

Mayflynaiads 209 86 56 31 106 19 25 28 229 34 41 81

Divingbeetleadults 34 9 1 1 15 3 1 3 12 5 2 2

Divingbeetlelarvae 0 1 2 3 0 1 4 3 0 0 2 4

Dragonflynaiads 0 0 10 15 0 0 10 3 0 0 1 14

Ostracods 18 60 28105 14187140315 25116 32175

212gbriquettes

Mayflynaiads 97 36 29 32 83 17 29 33 229 34 41 81

Divingbeetleadults 13 3 3 5 19 4 5 5 12 5 2 2

Divingbeetlelarvae 0 3 1 2 0 1 2 4 0 0 2 4

Dragonflynaiads 0 0 10 12 0 0 7 19 0 0 1 14

Ostracods 3 56 25105 39 49 32236 25116 32175
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PREDICTIONOFSPRAYDEPOSITPATTERNSANDDISPERSION

CHARACTERISTICSFROMAERIALAPPLICATIONSOFBTI

WEYatesWSteinkeMSidAhmedandEEKauffman

BackgroundandObjectives
Theuniformityoftheaerialspraydistribution

patternandtheassociatedswathspacingusedby
theaerialapplicatorarekeyfactorsthatarerelated
tothesuccessorfailureintheuseofBacillus

thuringiensisvarisraelensisBtiforcontrolof
mosquitolarvaeinirrigatedpasturesandrice
fieldsThereisamultitudeofcomplexvariables
thatcancriticallyaffectthespraydistributionpat
ternTheobjectiveofthisprojectwastoevaluate
theuseoftheAGDISPmodeltooptimizethese
lectionofimportantapplicationvariablesthatcan
becontrolledbytheaerialapplicatorTheresults
couldpotentiallyenhanceefficacyreducequantity
requiredandorensuremoreconsistentcontrolof
mosquitolarvae

Procedures

Theresearchwascoordinatedwitha

MosquitoAbatementDistrictSutterYubaCounty
MADthathadsuccessfullyutilizedaerialapplica
tionsofBtiduring1986andplannedtoexpandits
usein1987Thefirstphasewastogainsomecon
fidenceintheuseoftheAGDISPmodeltopredict
spraydistributionpatternsforthistypeofapplica
tionFieldtrialswereconductedtomeasurethe

swathdistributionpatternsundertypicalfieldcon
ditionsandoperationalvariablesselectedbythe
aerialapplicatorAfluorescentdyeRhodamine
BwasaddedtotheundilutedBtiformulation
SandozTeknarTheapplicationwasmadewith
aCessnaAgwagonequippedwithtwoMicronair
AU5000rotaryatomizersEachAU5000wasad
justedtoabladeangleof65andaflowrateof26
Lmin07gpmThesystemprovidedanapplica
tionof03Lha4ozAwithaswathspacingof
55m180ftandanairspeedof190kmhr115
mphThedropsizedistributionwasmeasured
withourparticlesizemeasurementsystemPMS
inourwindtunnelSpraydepositswerecollected
onMylarplasticsheets697cmDepositswere
extractedandmeasuredwithafluorometer

TurnerNexttheAGDISPprogramwasusedto

1ManagerSutterYubaMosquitoAbatementDistrictP0
Box726YubaCityCA95992
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AgriculturalEngineeringDepartment
UniversityofCalifornia
DavisCalifornia95616

predictthedistributionpatternbasedontheappli
cationparametersandresultscomparedwiththe
measureddepositsThesecondphasewastocal
culatethespraypatternforawiderangeofappli
cationvariablesFromthecomputersimulations
weselectedconditionsthatsubstantiallyimproved
thetheoreticalspraydistributionpattern

ResultsandDiscussion

Figures1and2illustratetheexperimental
spraydistributionpatternandAGDISPsimulation
forasinglespraypassoveranirrigatedpasturein
SutterCountyrespectivelyThepasswasmade
northtosouthwithawindvelocityof21msfrom
150whichproducedaverylowcrosswindcompo
nentof10msThiswasatypicalcriticalcondi
tionwheremanyfieldsarelongerintheNSdirec
tionandwindsfrequentlyinansoutherlyor
northerlydirectionThelowcrosswindwouldlikely
producenarrowpatternswithagreaterchancefor
gapsorstreaksinthetreatmentThedepositpat
ternonbothgraphsrepresentthecrosswindfrom
lefttorightThecompositegrounddeposition
showninFigure2wasbasedonthedropsizedis
tributionmeasuredinourwindtunnelwithaPMS

laserinstrumentThedropsizeusedinthesimu
lationisshowninthedepositionlegendofFigure2
Acomparisonofthepredictedandmeasuredpat
ternswasveryencouragingForexamplethemea
suredpatternshowedtwopeaksat75and 125

mfromtheaircraftcenterline0andanoverall
swathwidthofapproximately27mThepredicted
resultsshowedpeaksat75and12mandanover
allswathwidthofabout25mTheresultsgener
allyindicatethatundertheaboveconditionsa
largegapexistsdirectlyinthecenterofthepattern
andwithaflightspacingof55m180ftthere
wouldalsobeareasofverylowdepositsbetween
eachpass

Aseriesofsimulationswerecompletedto
evaluatetheeffectofdropsizenozzlelocation
crosswindturbulencelevellengthscalevortex
decayandinitialsprayvariance

Figure3illustratesaseriesofdroptrajectory
calculationsdesignedtodeterminethemaximum



Figure1MeasuredspraydepositionpatternforAgwagon
applicationwithtwoMicronairnozzlesanda10mscrosswind
fromlefttoright
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outboardlocationofnozzlessuchthat170pm
dropswouldnotbeentrainedinthevorticesThe
releasepointswere4648and5mfromthe
centerlineThe48mlocationwouldproduce
maximumswathwidthwithoutentrainmentinthe

wingtipvortices
Figure4illustratestheeffectofdropsize

138170and236pmonthetrajectoriesofparti
clesreleasedatfivelocations024and48m
fromtheaircraftcenterline

Figure5showsthetheoreticalcomposite
grounddepositionforthedropspectraproducedby
theMicronairnozzle65 Thenozzlelocations

arethesamefivepositionsasdiscussedaboveThe
simulationwasfor0crosswindTheresultsindi

catesomehighpeaksmayoccurbutnorealwide
gapsareevidentThemaximumswathwidthisap
proximately30m100ft

Figure6showsthecompositegrounddeposit
forthesameaircrafttreatmentasinFigure5ex
ceptwithacrosswindof18msAsshownthe
overallswathwidthremainsaboutthesame30m
butmostofthegapsinthepatternarefilledinand
theentirepatternwasdisplacedabout12mdown
wind

Ingeneraltheresultsareveryencouraging
andindicatethattheAGDISPprogramcanpro
videexcellentguidelinestoimprovetheuniformity
ofspraydepositpatternsItappearsthatsubstan
tialreductionsinapplicationratesmaybepossible

MEANPARTICLETRAJECTORIES

875b170micrometers

150 100 50 00 50

YDISTANCEM

100 150 200

Figure3Trajectoriesof170pmdropsreleasedat
4648and50mfromcenterlineofAgwagon
aircraftwithzerocrosswind

ifthedistributionpatterncanbeimprovedWe
plantosimulatetheuseof8to9smallflatfannoz
zlesinanefforttoimprovethecriticaldistribution
patternforazeroorverylowcrosswindFurther
workisneededtoevaluatemosquitolarvaecontrol
withtheproposedsystems
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ACOMPARISONOFMOSQUITOPOPULATIONDENSITYDEVELOPMENTAL

RATEANDOVIPOSITIONALPREFERENCEINWILDVERSUS

WHITERICEFIELDSINTHECENTRALVALLEY

VickiLKramerandRichardGarcia

DivisionofBiologicalControl
UniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

ThepopulationdensityofimmaturemosquitoesthedevelopmentalrateofCulextarsalislarvaeandthe
ovipositionalpreferenceofCxtarsalisadultswerecomparedinwildversuswhitericefieldsintheCentral
ValleyofCaliforniaThemosquitopopulationwassignificantlygreaterinthewildthaninwhitericefields
duringthelastfewweeksofthewildricegrowingseasonCulextarsalislarvaepupated4daysearlierinwild
thaninwhitericeThefasterdevelopmentalratewasapparentlyduetogreaternutrientavailabilityinthewild
ricesystemaswatertemperaturesweresimilarinthewildandwhitericefieldsCulextarsalisadultsdidnot
exhibitanovipositionalpreferenceforaparticulartypeofricefieldwater
Introduction

WildriceisnativetoMinnesotaandsouthern

CanadaandhasbeencultivatedbyIndiansfor
centuriesIthasbeengrowncommerciallysince
themid1960sandwasintroducedintotheCentral

ValleyofCaliforniain1977WinchellandDahl
1984WhitericehasbeengrowninCaliforniafor
morethan75yearsandthevastacreageofstand
ingwatercreatesbreedinghabitatforCulextarsalis
Coquilletttheencephalitismosquitoand
AnophelesfreeborniAitkenthewesternmalaria
mosquitofromAprilthroughOctoberSome
areasofwhitericecultivationintheCentralValley
havebeenconvertedtowildriceandalthoughcul
tivatedinasimilarmannertheplantshaveseveral
differencesWildricehasashortergrowingseason
100vs150daysgrowsmuchtaller25vs1m
andhasafullercanopythanwhitericeFewer
pesticidesareappliedtothewildricecropThe
differencesbetweentheplantscouldaffect
mosquitopopulationsinthetworicesystems

Preliminaryinvestigationsin1986Kramer
andGarcia1987indicatedthatmosquitolarvae
weremoreabundantanddevelopedmorerapidly
inwildthaninwhitericefieldsimplyingalarger
emergingadultpopulationSuchresultshaveim
portantimplicationsformosquitocontrolinCen
tralValleyricefieldsThepurposeofthisstudy
wastofurtherevaluateandsubstantiatethe1986

findingsandtoprovideadditionalinformationon
immaturemosquitopopulationdensitiesthede
velopmentrateofCxtarsalislarvaeandtheovipo
sitionalpreferenceofCxtarsalisadultsinwildver
suswhitericefields

MaterialsandMethods

Twosites2kmapartconsistingofadjacent
wildriceandwhitericefieldswereselectedfor

studynearNicolausSutterCountyintheCentral
ValleyThreecheckseach1to2haofeachrice
typeweremonitoredateachsiteAllfieldswere
seededinearlyMayatsite1thewildricechecks
wereseeded4dayspriortothewhiteandatsite2
thewhitewasseeded2weeksbeforethewildThe

wildricewasharvestedinmidAugustandthe
whitericeinOctoberWaterwassuppliedtoall
fieldsfromtheSacramentoRiver

Themosquitopopulationwasmonitoredona
weeklybasisbeginninginmidJunebytaking150
dips400mleacharoundthreesidesofeachrice
check450dipsperricetypeateachsiteDip
sampleswereconcentratedandthelarvaecounted
andidentifiedateachsitePopulationdensitydif
ferenceswereanalyzedforeachsamplingdateus
ingStudentsttestP005

Thewhitericefieldatsite1wasborderedto

thenorthbyawildricefieldplanted2monthsear
lierthanthefieldsunderstudythewildricefield
monitoredatthissiteborderedthewhitericetothe

eastTwentydipsweretakenamong4checksof
theearlierplantedwildricefieldonJune22to
checkmosquitoactivityintheareaTheremaining
fieldsatbothsiteswereborderedbywhitericeor
fallowfields

In1986Cxtarsalislarvaeinuncoveredfine
meshfloatingcagesdevelopedmorerapidlyinwild
thaninwhitericealthoughwatertemperatures
weresimilarKramerandGarcia1987These
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cagesdidnotexcludefallingplantmaterialssuch
asgrainchaffpollenandotherdebrisInaddition
thefinemeshscreenmayhaveexcludednutrient
inflowToassesstheeffectofthesefactorsonlar

valdevelopmentCxtarsalislarvaewereplacedin
floatingcagessimilartothoseusedin1986mesh
03mmaperture1300mlcapacityanddivided
intofourtreatmentgroupscageswithoutcovers
cageswithcoversafinemeshscreenandfield
wateraddedcageswithcoversandfoodadded
andcageswithcoversnothingaddedThusthe
uncoveredcagesallowedplantdebristofallinto
thecagesfieldwaterwasaddedtoreplenishnutri
entspotentiallyexcludedbythemeshfoodwas
addedtoassesstheroleofsupplementalnutrients
onlarvaldevelopmentaltimeandthecovered
cagesservedascontrols

Fourcagesoneofeachtreatmentwereran
domlyplaced1mapartand2mfromeachlevee
Thustherewere6replicates2percheckofeach
treatmentineachricetypeateachsiteFivenewly
hatchedCxtarsalislarvaeobtainedfromarecently
establishedSutterYubaMosquitoAbatement
DistrictMADcolonywereplacedineachcage
onJuly24Thelarvaeweremonitoredevery13
daysandtheinstarandnumbersurvivingrecorded
Oneachmonitoringdate5dipfulsca2000mlof
fieldwaterwereslowlypouredintotheappropriate
cagesFoodamixtureofgroundrabbitpellets
andliverpowderwasaddedtothedesignated
cagesca1gcagewhenthelarvaewerereleased
intothecagesandonceperweekthereafter

Watertemperaturewascontinuouslymoni
toredwithanonsiteweatherloggerOWL87
Thisdevicedigitallyrecordsdatafromuptoeight
temperatureprobesontoabatterypowered
portablecomputerOneweatherloggerwasplaced
ateachsiteandatemperatureprobeplacedineach
checknexttothefloatingcagesWatertempera
tureswererecordedhourlyonthecomputer
Watertemperaturesinsideandoutsidethecages
weremeasuredonJuly31todeterminewhether
temperaturesrecordedbytheprobeswere
representativeoftemperaturesinsidethecages

ThedevelopmentalrateofCxtarsalislarvae
wasalsomonitoredattheSutterYubaMADto
comparelabandfielddevelopmentalratesLarvae
wererearedintapwatergivenamplefoodandob
serveddailyAirtemperatureintherearingroom
wasarelativelyconstant27C80Fwitha
lightdarkphotoperiodof168hours

1ElectronicallymonitoredEcosystems2018 ParkerStreet

BerkeleyCA94704USA
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TheovipositionalpreferenceofCxtarsalis
adultswasevaluatedbyplacingwaterofeachrice
typeandtapwaterinthreelabcolonycagesca
250adultscage50femaleandcountingthe
numberofsubsequenteggraftsdailyfor3weeks
Thewaterwasrenewedevery3to4dayswithwa
terbroughtdirectlyfromthericefieldsTheCr
tarsaliscolonywasestablishedjustpriortothe
study

Plantheightandwaterdepthweremeasured
weeklyAwatersamplefromeachricecheckwas
collectedonAugust3andanalyzedwithin24hours
fornitrateandphosphatecontenthardnessalka
linityconductivityturbidityandpH

ResultsandDiscussion

Themosquitodensityatsite1wassignifi
cantlygreaterinthewhitericefrommidJuneto
midJulyandinthewildriceinearlyAugust
Fig1Therelativelyhighpopulationinthewhite
ricemayhavebeenduetotheextensiveCxtarsalis
breeding033larvaedipinlateJuneintheear
lierplantedwildricefieldtothenorthAdults
emergingfromthisfieldmayhaveovipositedinthe
adjacentwhitericefieldThedecreaseinlarval
abundanceinthewhitericefieldwiththedrainage
ofthewildricefieldonJuly1supportsthishypoth
esisThewhitericemosquitopopulationinJune
was86Cxtarsalisand14AnfreebomiInJuly
andAugustthelarvalpopulationinbothricesys
temswasalmostentirelyAnfreebomiThe
mosquitopopulationinthewildricefieldbeganto
increasewhentheplantswereneartheirmaximum
heightof25m

Atsite2therewaslittlebreedinguntilmid
Julywhenthemosquitopopulationrapidlyin
creasedinthewildricechecksFig2Wildand
whiteplantheightsatthistimewere25and09m
respectivelyThelarvalmosquitoesweresignifi
cantlymoreabundantinthewildriceinlateJuly
andearlyAugustthaninthewhitericeSeventy
fivepercentofthepopulationwasCxtarsalis
Lodgingfallingofsomeofthewildriceplantsin
lateJulymayhavecontributedtothesuddenin
creaseinmosquitoesbyprovidingrefugiafor
mosquitoovipositionanddevelopmentCasualob
servationsinLakeCountywildricefieldssupport
thiscontentionThewaterwasapparentlycon
taminatedwithanunknownsubstanceonAugust4
asindicatedbythesuddenmortalityofsentinel
larvaeandthusmonitoringwasdiscontinued

Maximummosquitopopulationdensityinthe
wildricefieldatsite1was037larvaedipandat
site2104dipThemosquitopopulationinthe
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wildricefieldsthereforeexceededtheSutter
YubaMADwhitericetreatmentthresholdof008

larvaedipfromlateJulythroughearlyAugust
Thisperiodcoincidedwithgreatestplantheight
floweringandpollinationThusdifferencesinthe
structureofthewildandwhitericeplantswereat
theirmaximumWhentheplantswererelatively
similarduringtheearlystagesofgrowththewild
ricelarvalpopulationwaslessthanorapproxi
matelyequaltothewhitericelarvalpopulation

Inthewildriceatsite1theCrtarsalislarvae
incoveredanduncoveredcagesandthosewith
fieldwateraddeddevelopedatapproximatelythe
samerateFig3Larvaegivensupplementalfood
pupated2to3daysearlierthantheothercage
typesInthewhitericelarvaegivenfoodpupated
4daysearlierthantheothertreatmentgroups
whichdevelopedataboutthesamerateFig4
Thelackofdifferenceamongthenonsupplemen
talfoodtreatmentsindicatesthatnewplantmatter
fallingintothecageandthemeshscreeningofthe
cagedonotsubstantiallyaffectthedevelopmental
rateofthelarvae

Sincethecovereduncoveredandfieldwater
addedtreatmentsineachricesystematsite1de
velopedataboutthesameratethesegroupswere
combinedforeachricetypetocomparethedevel
opmentalrateofCrtarsalisinwildversuswhite
ricefieldsMostofthelarvaeinthewildricesys
tempupuated13daysposthatchingandinthe
whiterice17daysposthatchingFig5The
developmentalratewastherefore4daysfasterin
thewildricechecksthaninthewhiteMostofthe

Cxtarsalislarvaegivensupplementalfoodpupated
11daysposthatchinginthewildriceand13days
posthatchinginthewhitericeFigs34Overall
mortalityrateinthewildricewas37 andinthe

white43 Mortalitywasespeciallyhighamong
firstinstars

Atsite2thedevelopmentalratestudywas
terminated7daysposthatchingduetowatercon
taminationandhighlarvalmortalityAtthistime
42ofthelarvaewithoutsupplementalfoodinthe
wildricewerethirdinstarsand58werefourth

instarsInthewhitericealmost100ofthelar
vaewerethirdinstarsLarvaegivensupplemental
foodwereallfourthinstarsinthewildricewhilein

thewhiterice84werethirdand16were
fourthinstarsAlthoughthelarvaedidnotreach
pupationthedevelopmentaltrendissimilartothat
ofsite1Crtarsalislarvaedevelopedmorerapidly
inthewildsystemthaninthewhite

Larvaedevelopedmorerapidlyinthelabora
torythaninthericefieldsrequiring7to10days
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fromfirstinstartopupationOtherlaboratory
studiesBaileyandGieke1968foundCrtarsalis
torequireanaverageof91daysforlarvaldevel
opmentat27C80FTheyfoundthetempera
turethresholdforcompletelarvaldevelopmentto
be10C50FAtthistemperaturethelarvae
grewtofourthinstarbutdidnotpupateCalculat
ingdegreedaysbasedonthisthresholdthelarvae
neededaminimumof210degreedaystopupatein
therearingroomwherethewatertemperaturewas
27C

Thewatertemperatureatsite1averaged
214C706Frange186to239Cand210C
698F175to244Coverthecourseofthe
studyinthewildandwhitericerespectivelyThe
wildricewaterwasthereforeanaverageof04C
warmerthanthewhitericewaterInthelabora

toryCxtarsalislarvaerequiredanaverageof132
daysfordevelopmentat211CIbidThisis
comparablewiththewildricedevelopmentaltime
13daysDegreedaysaccumulatedfromfirstin
startopupationwereca267inthewildriceand
33617daysinthewhitericeAtsite2thewild
ricewater218Crange194to238Cwasan
averageof07Ccoolerthanthewhitericewater
225C196to260CTemperaturedifferences
insideandoutsidethecageswereminimal1C
demonstratingthattemperaturesrecordedbythe
probesadjacenttothecageswererepresentativeof
temperaturesinsidethecagesThusdifferencesin
watertemperaturebetweenthericesystemswere
smallandapparentlynotthemajorfactorcausing
thedifferentialdevelopmentalrateinwildversus
whiterice

Sincewildandwhitericewatertemperatures
weresimilarandtherewerenomajordifferences
amongthenonsupplementalfoodtreatmentsthe
fasterdevelopmentalrateofCrtarsalislarvaein
thewildricewasapparentlyduetodifferencesin
thenutrientcontentofthewaterApproximately
1020ofthewatersurfaceintheuncoveredwild

ricefieldcageswascoveredwithplantdebriscom
paredwith1inthewhitericecagesThuswild
riceplantsshedmoredebristhanwhitericeplants
Thisplantmaterialoncebrokendownintherice
fieldwaterispotentiallyaveryimportantsourceof
nutritionforthedevelopinglarvaeandmayexplain
thefasterrateofdevelopmentinwildriceThe
lackofdifferenceindevelopmentaltimebetween
larvaeinuncoveredcagesandthosewithcovers
andwithoutsupplementalfoodmaybeduetothe
decayprocessrequiredbeforethenutrientsare
availabletothelarvae

TheearlierpupationinthewildriceofCr
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tarsalislarvaegivensupplementalfoodoverthose
inthewhitericesuggeststhatsomenutrientnot
suppliedbythesupplementalfoodwassufficiently
availableinthewildricesystemandnotinthe
whiteTheshorterdevelopmentaltimeamonglar
vaegivensupplementalfoodcomparedwiththe
othertreatmentgroupsindicatesthatneitherrice
systemhadoptimalnutrientsandfurtherempha
sizestheimportanceofnutritiononCxtarsalisde
velopment

Watersampleswereanalyzedtodetectdiffer
encesinnitrateandphosphatecontentalkalinity
conductivityturbidityandpHbetweenthetworice
systemsTable1Atsite1thephosphatecon
centrationinthewildricewaterwasgreaterthanin
thewhite045and020mg1respectivelyOther
componentsmeasuredweresimilarAtsite2ni
trateandphosphatecontentswerehigherinthe
wildricewaterthaninthewhite093vs035mg1
and164vs056mg1respectivelyHoweveritis
notevidentfromthisstudywhetherthesediffer
enceshadanyeffectontherateoflarvaldevelop
mentinthetworicesystems

LaboratorycolonizedCxtarsalisfemales
oviposited42eggraftsoverathreeweekperiod
1216and14eggraftswerelaidinthewildrice
whitericeandtapwaterrespectivelyApparently
thefemalesdidnothaveanovipositionalpre
ferenceasalmostequalnumbersofeggraftswere

13 15 17

WIIdRice

WhiteRice

Figure5PercentageofsurvivingCxtarsalislarvaeatdifferentstagesof
developmentinwildversuswhitericefieldssite1SutterCounty1987

laidineachwatertypeTheovipositionalratewas
howeververylowIn198679eggraftswerelaid
withinaweek71oftheminthewildricewater
KramerandGarcia1987Thispreliminarydata
wasnotsubstantiatedin1987

Inconclusionthereweresignificantlymore
mosquitolarvaeinthewildthaninwhitericefields
duringthelastfewweeksofthewildricegrowing
seasonFurthermoreCxtarsalisdevelopedmore
rapidlyinthewildricepupatingca4daysearlier
thaninthewhitericeThefasterdevelopmental
ratewasprobablyduetogreaternutrientavailabil
ityinthewildricesystemCulextarsalisfemales
didnotseemtopreferaparticulartypeofricewa
terforoviposition

Thesedifferencesbetweenthericesystems
mayhavebroadmanagementimplicationsForin
stancesincewildriceisoftenplantedearlierthan
whitericehasashortergrowingseasonandarel
ativelyhighmosquitopopulationduringthelast
fewweeksofitsgrowingseasonitispotentially
generatingalargeradultmosquitopopulationthan
wouldbepresentifjustwhitericeweregrown
particularlyduringtheearlypartofthewhiterice
growingseasonwhenthewildriceplantsare
reachingmaturityThusplantingwhitericeadja
centtowildricemayincreasemosquitopopula
tionsbreedinginwhitericefieldsDatacollected



Table1WaterqualityanalysisforwildandwhitericefieldsSutterCounty1987

Site1

Nitrate

PPm

Wild 032 045
White 034 020

Site2

Wild 093 164

White 035 056

Phosphate
PPm

fromthewhitericefieldatsite1inJunesupport
thishypothesis

Inadditionthedifferenceinlarvaldevelop
mentratebetweenthericesystemsmayinfluence
predationrateandconsequentlymosquitoabun
danceThelongerdevelopmentaltimeforlarvae
inwhitericewouldincreasetheirexposuretoco
inhabitingpredatorsandthusresultinagreater
naturalmortalityTheslowerdevelopmentalrate
coupledwiththeextensivepredatorcomplex
Miuraetal1981inwhitericefieldsmayexplain
inparttherelativelylowmosquitodensitiesfound
inwhitericesystemsTheaquaticpredatorpopu
lationsinwhiteandwildricearereportedtobe
similarKramerandGarcia1987Thepotential
increaseinnutrientstowildricewaterwhenthe
plantssheddebrisduringthefinalstagesofgrowth
mayacceleratelarvaldevelopmenttherebyreduc
ingexposuretopredationandresultinginahigher
mosquitopopulationItthereforeappearsthatthe
last3to4weeksofthewildricegrowingseasonare
themostcriticalformosquitocontrolMosquito
controlmeasuressuchastheapplicationofBacil
lusthuringiensisvarisraelensisH14wouldbe
mosteffectiveifappliedduringthisperiod
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PRELIMINARYGENETICSTUDIESOFESTERASEACTIVITYVARIATION

ASSOCIATEDWITHOPRESISTANCEINCULEXQUINQUEFASCIATUS

JamesAFerrariandGeorgePGeorghiou

Introduction

Insecticideresistanceisamajorobstaclein
theefforttocontrolinsectvectorsofdiseaseRe
sistancehaslongbeenrecognizedasanevolution
aryphenomenonyetweknowverylittleaboutthe
geneticandpopulationprocessesthatinfluence
howresistancedevelops

Oneofthemostthoroughlyexaminedcasesof
resistancefromageneticstandpointisresistance
tocertainorganophosphateOPinsecticidescon
ferredbyesterasesinCulexquinquefasciatusSay
GeorghiouandPasteurfirstdemonstratedan
associationbetweenOPresistanceandahighly
activeesteraseallozymewhichtheydesignated
EsteraseB1GeorghiouandPasteur1980
GeorghiouPasteurandHawley1980

Recentworkhasestablishedthatthemolecu

larbasisofhighesteraseactivityinsomepopula
tionsisamplificationofthegenecodingforEstB1
Mouchesetal1987Individualsfromahighly
resistantlaboratorystraincarryabout250timesas
manycopiesoftheEstB1geneassusceptibleindi
vidualsThisresultsinfarhigheresteraseenzyme
titersinresistantvssusceptibleindividuals
Mouchesetal1987Ifesterasetiteriscorre
latedwiththenumberofcopiesoftheEstB1gene
thatanindividualcarriesanewtechniqueforesti
matingesteraseactivityinindividualinsectsDary
andGeorghiouinpreparationmayproveusefulin
studyingthequantitativegeneticvariationin
esteraseactivityassociatedwithorganophosphate
resistance

Thepresentstudyisapreliminaryevaluation
oftheutilityofthistechniqueingeneticstudiesIf
thistechniqueprovesusefulinidentifyinggenetic
variantsforesteraseactivityitcouldbeapowerful
toolinstudyingthedynamicsofesterasegenesin
populationsandhowtheycontributetotheevolu
tionofresistance

MaterialsandMethods

Asusceptiblelaboratorystrainwithouthighly
activeesteraseSlabandastrainhighlyresistant
toOPsandpossessingthehighlyactiveB1esterase
TemRwereusedinthisstudy

DivisionofToxicologyandPhysiology
DepartmentofEntomology

UniversityofCalifornia
RiversideCalifornia92521

Fourinitialcrosseswerecarriedouttoestab
lishesteraseactivitylevelsintheSlabandTemR
strainsandintheirreciprocalF1s1TemR
TemRfemalesXTemRmales2SlabSlab
femalesXSlabmales3F1TRTemRfemales
XSlabmales4F1SLSlabfemalesXTemR
males

Thesegregationalpropertiesofthemultiple
copiesoftheEstB1geneweredeterminedina
backcrossofF1SLfemalesXSlabmales

Larvaefromallcrosseswererearedinun
crowdedconditionsonstandarddietsAdultswere
collecteddailyagedforthreedaysandfrozenin
liquidnitrogenforesteraseactivitymeasurements
andproteincontentdeterminations

Esteraseactivityandproteincontentwere
measuredforindividualsofthecrosseslisted
aboveAssayswerecarriedoutinindividualwells
ofmicrotiterplatesaccordingtothemethodsof
DaryandGeorghiouinpreparation

Priortocarryingoutthestudyoutlinedabove
ananalysisoftheinfluenceofvariouspotential
sourcesoferrorinthemicrotiterplateesteraseand
proteinassayswasdesignedasanestedanalysisof
varianceTwentyfourTemRfemaleswereho
mogenizedindividuallyEachhomogenatewasdi
videdintotwopartslabelledday1andday2and
frozenat70degreesCOnesetofhomogenates
day1orday2wasassayedforesteraseactivity
andproteincontentonsuccessivedaysOneach
dayeachhomogenatewasusedintwoindividual
wellsofeachoftwomicrotiterplatesThispro
ducedfourdifferentestimatesofesteraseactivity
andproteincontentforeachhomogenateoneach
dayThisdesignprovidedestimatesofthepropor
tionofthevarianceinthereadingsofesteraseac
tivityandproteincontentattributabletowellto
welldifferenceswithinmicrotiterplatesplateto
platevariationonagivendaydaytodayvariation
andvariationamongindividualsThesedatawere
analyzedbythePRONESTEDprocedureofthe
SASstatisticalanalysissystemSASInstitute
1985
Results

ErroranalysisTheerroranalysisofthees
terasemicrotiterplateassayTable1showedthat



Table1Nestedanalysisofvariancedesignshowingthepercentageofthevariance
attributabletodifferentsourcesintheesteraseandproteinmicrotiterplateassays

EsteraseAssay
Source df ofVariance

Female

Day
Plate

Well

N

TemR 45

Slab 47

F1SL 48

F1TR 47

23

24

48

96

Males

Mean SE

1115

077

364

460

32

001

19

13

about90ofthetotalvariationamongesterase
activityreadingswasattributabletodifferences
amongfemaleswithlessthan10attributableto
potentialsourcesoferrorErroranalysisofthe
proteincontentassayTable1indicatedthat60
ofthevariationwasattributabletodifferences

amongfemales
PurestrainsandreciprocalFisEsteraseac

tivityofTemRfemaleswasabout100XthatofS
labfemalesTable2ReciprocalF1femalesex
hibitedabouthalftheesteraseactivityofTemR
femalesanddidnotdiffersignificantlyfromone
anotherTemRmaleshadabout140Xtheactivity
ofSlabmalesReciprocalF1maleshadlessthan
halftheactivityofTemRmalesandANOVA
indicatedthatF1TRmaleshadsignificantly
higheractivitythanF1SLmales

Thedistributionofesteraseactivityamong
TemRprogenyFigure1wasstronglyskewed
towardhigheresteraseactivityvaluesThedistri
butionofesteraseactivityamongSlabprogenywas
moreuniformThereciprocalF1shaddistribu
tionswhichexhibitedthesameskewnessseenin
theTemRindividualsThedistributionofthe

TemRandreciprocalFlindividualsshowedvery
littleoverlap

BackcrossIfamplifiedesterasegenesareor
ganizedasablockonasinglechromosomeorare

903

45

29

23

ProteinAssay
ofVariance

600

307

00

96

Table2Meanesteraseactivitynmolesalphanaphtholpgproteinandstandard
errorsSEinthepurestrainsandreciprocalFrs

Females

N Mean SE

44

47

48

48

896

093

448

411

19

001

13

10

closelylinkedthenbackcrossingFlfemalestoS
labmalesshouldresultinonehalfoftheprogeny
exhibitingesteraseactivityintheSlabrangeand
onehalfexhibitingesteraseactivityintheF1range
Alternativelyahighfrequencyofprogenyshowing
intermediateesteraseactivitywouldsuggestinde
pendentassortmentofesterasegeneslocatedin
differentregionsofthegenome

Among519backcrossprogenyexamined263
507 exhibitedesteraseactivityintheF1range
while255491 exhibitedactivityintheSlab
rangeOnebackcrossindividualshowedanactivity
readingintermediatetotheSlabandF1ranges
Thiswasmostlikelytheresultofararerecombi
nationeventinanFlfemale

Discussion

Theerroranalysisindicatedthattheesterase
microtiterassaydiscriminatedverywellamong
TemRfemalesTheproteinassayalsohaddis
criminatingpowerhoweverasubstantialportionof
thevariationcouldbeattributedtodaytodaydif
ferencesinestimatesoftheproteincontentofindi
vidualsThiscouldbecauseforconcernhowever
examinationoftheoverallvariationinprotein
contentestimatesindicatedthattherewasverylit
tlevariationpresentTheTemRfemalesusedin
theanalysiswererearedtogetherinuncrowded
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64 80 96 112 128

EsteraseActivity

conditionsandgivenadequatefoodresultingina
groupofindividualsthatwereverysimilarinsize
Thecoefficientofvariationcvinproteincontent
estimateswasonly4 Incontrastthecvofes
teraseactivityestimateswas19 Inspiteofthe
smallvariationinproteincontenttheproteinassay
stillindicatedthatasubstantialportionofthevari
ationwasattributabletodifferencesamongfe
malesFormostpurposestheproteinestimate
shouldbeanadequatecorrectionforesteraseac
tivitymeasurementshoweverdaytodayvariation
inmeasuresofproteincontentandesteraseactivity
shouldbetakenintoaccountinexperimentalde
signCorrectionofesteraseactivitybyprotein
contentisnecessarytodiscriminatebetweendiffer
encesinactivityduetodifferencesinthesizeofin
dividualsfromdifferencesinactivitythataredueto
geneticdifferencesamongindividuals

IfesteraseactivityisanadditivetraitF1indi
vidualsshouldexhibitabouthalftheactivityof
TemRindividualssincetheypossesshalfthe
numberofcopiesoftheesteraseB1geneF1fe
malesfollowedthispatternfairlywellhoweverre
ciprocalF1maleshadsubstantiallylessthanhalf
theactivityofTemRmalesanddifferedsubstan
tiallyfromanotherThiswasinitiallyinterpreted
assuggestingamaternaleffectonesteraseactivity
inmalesSubsequentstudiestobepublished
elsewhereweredoneusinganexperimentaldesign
inwhichsamplingvariationanddaytodayvaria
tionintheassaysweretakenintoaccountThis
workindicatedthatmaternaleffectsarenotanim

portantinfluenceonesteraseactivityThevalues

144 160

Figure1Distributionofesteraseactivitynmolesalpha
naphtholugproteinamongTemRprogeny

obtainedinthepresentstudyonlygivearoughes
timateoftherelationshipamongthestrains

Thedistributionofesteraseactivityinthe
TemRstrainislikelyduetothetemephosselec
tionimposedonthisstraineachgenerationLow
esteraseactivityvariantsareprobablyeliminated
duringthisprocessresultinginadistribution
skewedtowardhighervalues

TheesteraseactivitydistributionsoftheTem
RindividualsandthereciprocalF1individuals
overlappedverylittleTheassayisthuscapableof
discriminatingthethreegenotypicclassesexamined
inthisstudyhomozygoussusceptiblehomozygous
resistantandheterozygousThebackcrossanalysis
showedthattheamplifiedesterasegenessegregate
almostexclusivelyasablockinFlindividualsand
thatrecombinationinFlfemalesisverylow
Howeverthisresultprovidesnoinformationabout
thefrequencyofrecombinationbetweenhomolo
gouschromosomeswhichbothcarryamplified
blocksofesterasegenes

Thesepreliminaryresultsareencouraging
Furtherworkisunderwaytodetermineifthees
teraseassayiscapableofidentifyinggeneticvari
antsforesterasegenecopynumberwithinthe
TemRstrainIfthisispossiblethisassaywill
permitustoexaminethegeneticsofresistancein
detailneverbeforepossible
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THEPOPULATIONBIOLOGYOFAEDESMELANIMONINTHESACRAMENTO

VALLEYOFCALIFORNIA

TrulsJensenandRobertKWashino

In1987aprojectonthepopulationbiologyof
AedesmelanimonwasinitiatedintheSacramento

ValleyofCaliforniainordertodeterminethe
possibleroleofthismosquitointheepidemiology
ofarbovirusesStudiesconductedorbegunin1987
include1atrapevaluationtodeterminewhich
typeoftrapwouldbemoreeffectiveinmonitoring
changesinAemelanimonpopulations2astudy
ofthedailyhostfeedingrhythmusingasequential
samplingtrap3amarkreleaserecapturestudyto
estimatedailysurvivorshipdispersalabsolute
abundanceandthelengthofthegonotrophiccycle
4alarvalsurvivorshipanddevelopmentstudyto
monitorsurvivorshipanddevelopmentaltimein
thefieldand5bloodengorgedfemaleswere
collectedfordeterminingthehostfeedingpattern
usingbloodmealanalysistechniquesAllstudies
wereconductedontheColusaNationalWildlife

RefugeinColusaCounty
ConventionalCDCtrapsbaitedwithCO

weretestedagainstinvertedCDClardcanand
malaisetrapsfortheireffectivenessincapturing
AemelanimonfemalesTrappingwasdoneonce
perweekfor5weeksIntotal530of680females
78 werecaughtintheconventionalCDCtrap
while15022 werecaughtintheinvertedCDC
trapNofemaleswerecaughtinthelardcanor
malaisetrapsWeconcludedthattheconventional
CDCtrapwasthemosteffectiveofthetraps
tested

Sequentialsamplingtrapstudiesconductedon
9387and91887indicatethathostseeking
activityinAemelanimonisnocturnalatthattime
ofyearwithpeakactivitynotedbetween2300and
0100hours

Approximately5500femaleand5900maleAe
melanimoncollectedfromthefieldaslarvaewere
markedwithafluorescentdustandreleasedon9

1787ConventionalCDCtrapsandsweepnet
collectionswereusedtocollectmosquitoesfrom
thestudysitefrom91987to10487atwhich
timenomarkedmosquitoeshadbeenrecaptured
for3consecutivedaysIntotal58females104
and6males01 wererecapturedMarked
femaleswerecaughtinCDCtrapseverynightbut
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ABSTRACT

onefrom91987to10187Nomarked
mosquitoeswererecapturedinsweepnet
collectionsBasedonadecreaseinthenumberof

recapturesovertimethedailysurvivorshiprateof
thefemaleswasestimatedat92perdayusinglin
earregressionMarkedmaleswererecapturedup
to13daysafterreleaseindicatingthatthemales
survivelongerinthefieldthanpreviouslythought

Absoluteabundanceofthefemaleswasesti

matedusingthemodifiedLincolnIndexDailyes
timatesofabundancerangedfrom8333million
Aemelanimonfemalesina2hectareareaduring

thestudyperiod
Thelengthofthegonotrophiccyclewasesti

matedinthemarkedfemalesfrompeaksinthere
coveryratiowhichoccurredat5dayintervalsThe
recoveryratioistheratioofthenumberofrecap
turedfemalesoverthetotalnumberofAe

melanimonfemalescaughtintheCDCtrapsper
dayWeinterpretedthesepeakstoindicatethat
thelengthofthegonotrophiccycleinthemarked
mosquitoeswasapproximately5days

Over600bloodengorgedfemaleswerecol
lectedinsweepnetcollectionsduringthemarkre
leaserecapturestudyandthesewillbeusedtode
terminethehostfeedingpatternusingbloodmeal
analysis

Larvalsurvivorshipanddevelopmentalrates
weremonitoredin5floodedfieldsontheColusa

refugefrom81287to91787Dailydippingof
transectsineachfieldwasusedtomonitorchanges
intheabundanceandagecompositionofthelar
vaeSentinelbucketscontainingfieldcollectedlar
vaeweresetupateachofthestudysitesonthe
firstdayafterthetransectwasflooded

Atsite1larvalcountswentfrom2982to129
larvaefromthefirsttotheeightdaypostflooding
Approximately5ofthelarvaeinitiallysampledat
thesitesurvivedtopupationAssumingconstant
mortalitythedailysurvivorshipratewasestimated
at64Inthefourothersiteslarvaedisappeared
fromthestudysitepriortopupationandnoesti
matesofsurvivorshipcouldbeobtained

Developmenttimeinsentinelbucketsateach
ofthestudysiteswasapproximately8daysfrom



thetimeoffloodingtopupationTherewasno
differenceindevelopmentaltimesormortality
betweenthecagedpopulationsinsentinelbuckets
atdifferentstudysitesTimefrompupationto
adultemergencewasestimatedatapproximately2
days

Thepreliminaryfmdingsfromthe1987field
seasonsupportthehypothesisthatAemetanimon
mayplayamoreimportantroleintheepidemiol
ogyofarbovirusesthanpreviouslythoughtThe
highdailysurvivorshiphighlocalabundanceand
relativelyshortgonotrophiccyclelengthseeninthe
markedpopulationattheColusaRefugearechar
acteristicswhichareconsistentwithbeinganeffi
cienthorizontalvectorDeterminationofthehost

feedingpatternwillbeimportantindetermining
thefrequencyoffeedingsonvertebratehostsfor
arbovirusesandwillfurtherextendourunder

standingoftheroleofAemelanimoninarbovirus
transmission

Thepreliminaryfmdingsfromthelarvalsur
vivorshipstudiesindicatethatsurvivorshipvaries
substantiallybetweenfieldsbutthatinsomecases
larvalsurvivorshipofAemelanimoniscomparable
tothatofCulextarsalisandAnophelesfreebomi
larvaeinSacramentoValleyricefieldsIdentifica
tionofthosefactorswhichenhancemortalitymay
beimportantindevelopingfuturecontrolstrategies
againstAemelanimonlarvae
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