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SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASE

INCALIFORNIADURING1989

RichardWEmmonsDaleVDonderoMarilynMMilby

LuciaTHuiRobertAMurrayJohnTuellerFranklinEnnik

BarbaraAWilsonLenorePitstickJamesLHardSallyBPresser

WilliamCReevesLarryBarrettMichaelSAscher

Thisisareportonarbovirus surveillance

activitiesduring1989Itisthe20threporttothe
CaliforniaMosquitoandVectorControlAssociation
CMVCAsince1969Thearbovirussurveillance
programreflectsextensivecooperativeeffortsand
contributionsbystafffromlocalmosquitocontrol
agenciestheArbovirusResearchProgramatthe
UniversityofCaliforniaatBerkeleycountyand
localhealthdepartmentstheCaliforniaDepartment
ofFoodandAgriculturetheViralandRickettsial
DiseaseLaboratoryVRDLtheInfectiousDisease
BranchandtheEnvironmentalManagementBranch
oftheCaliforniaDepartmentofHealthServices
andphysiciansandveterinariansthroughoutthe
state

AnnouncementsweresentoutinearlyMay
thattheprogramwasinoperationandthen21

weeklyreportsofsurveillance findingswere
disseminated widely from May 27 through
December22Thereisclearlyneedhoweverfor
greatereffortsnextseasontoassurebetterquicker
andevenwiderdistributionoftheinformation

Improvedinterandintraagencysharingand
discussionofthedataalsoareindicatedsincesome

ofthefindingsthisyearcaughtsomegroupsby
surpriseFurthereffortsmustbemadetodevelop
electronicdistributionoftestresultsonmosquito
poolsandchickensera

Asusualclinicalandlaboratorysurveillance
for human and equine encephalitis andor
meningoencephalitis cases was conducted

throughoutthestateThisefforteventuallyyielded
29confirmedorpresumptivepositivecasesofSt
LouisencephalitisSLETheinitialcaseoccurred

ViralandRickettsiaDiseaseLaboratoryDivisionofLaboratoriesCaliforniaStateDepartmentofHealthServices2151Berkeley
WayBerkeleyCalifornia94704

2ArbovirusResearchProgramSchoolofPublicHealthUniversityofCalifornia140WarrenHallBerkeleyCalifornia94720

3EnvironmentalManagementBranchCaliforniaStateDepartmentofHealthServices2151BerkeleyWayBerkeleyCalifornia
94704

4InfectiousDiseaseBranchCaliforniaStateDepartmentofHealthServices2151BerkeleyWayBerkeleyCalifornia94704

5VeterinaryPublicHealthUnitInfectiousDiseaseBranchCaliforniaStateDepartmentofHealthServices2151BerkeleyWay
BerkeleyCalifornia94704
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Table1HumancasesofStLouisencephalitisCalifornia1989
Case Countyofresidence Dateof

Number Age Sex placeofprobablecontraction onset

1 65 M LosAngelesCounty 81189

2 14 F KingsCounty 81789

3 36 M KingsCounty 81889

4 29 F KingsCounty 82189

5 50 M KernCounty 82289

6 85 M KingsCounty 82389

7 32 M KingsCounty 82489

8 7 M KernCounty 82889

9 52 M KernCounty 82889

10 69 M KingsCounty 82989

11 40 M KernCounty 9189

12 16 F KernCounty 9989

13 50 M TulareCounty 91189

14 28 M KingsCounty 91289

15 17 M KernCounty 91289

16 12 F KernCounty 91589

17 9 F TulareCounty 91789

18 61 F KemCounty 91789

19 60 F KernCounty 91789

20 26 F KernCounty 91989

21 7 F KingsCounty 92089

22 57 F KernCounty 92089

23 63 F KernCounty 92089

24 28 M KernCounty 92389

25 61 M TulareCounty 92789

26 52 M KernCounty 92789

27 25 M TulareCounty 10289

28 28 M TulareCounty 10789

29 37 M KernCounty 10889

2



Marin 165 5

Table2Numberofmosquitoesandpoolstestedduring1989
Cxtarsalis

Mosq Pools

Cxpipienscomplex
Mosq Pools

Cxstigmatosoma

Mosq Pools

Aemelanimon

Mosq Pools

Otherspp
Mosq Pools

Total
County

Mosq Pools
Butte 4800 96 1250 25 6050 121

Impr 16361 361 3324 78

Impr 27532 651 2123 57

Inyo 208 6

Kern 13709 299 2046 42
Kem 1136 31 1082 27

Lake 924 19

LosA 6623 181 15355 366 976 39
LosA 331 18 4507 167 68 4

835 17

58 3 2915 75

3

6 2 907 23

160 4

311 7 19996 446

7993 198 37648 906

1043 23

18728 419

3131 83

1084 23

22954 586

1514 41 6420 230

165 5

Merced 871 18 50 1 350 7 1271 26

Orange 3615 88 4850 130 77 4 8542 222
Orange 1555 57 3150 126 436 18 268 18 5409 219

River 40755 884 9892 237 1172 41 51819 1162
River 23164 497 10175 232 429 15 8363 231 42131 975

Sacram 5606 129 568 14 92 2 6266 145

SanD 193 5 5 1 16 1 214 7

SBar 2552 52 19 1 2571 53

SanB 10046 221 1430 35 961 31 12437 287
SanB 11855 259 282 9 2692 67 14829 335

Shasta 379 8 379 8

Sonoma 195 6
195 6

Stariis 219 5 673 14 576 12 1468 31

Sutter 971 20 86 2 1057 22

Ventura 671 18 540 12 20 1 1231 31

Yolo 10312 214 39 2 200 4 10551 220

Yuba 85 2 85 2
Total 119260 2637 38741 932 3330 121 6464 148 311 7 168106 3845
Total 65573 1513 21319 618 939 39 907 23 20830 555 109568 2748

Both

Labs 184833 4150 60060 1550 4269 160 7371 171 21141 562 277674 6593

TestedatUCBerkeleyallotherstestedatVRDL



Table3Viralisolatesfrommosquitoesduring1989
VirusesisolatedMosquito

species County WEE SLE CEVIHP TUR Unid Total

Cxtarsalis Riverside 28 3 1 32

Imperial 13 10 1 4 28

Kern 70 1 71

LosAngeles 1 1

Orange 1 1

Cxpipiens Imperial 1

complex Kern 14

LosAngeles 2

Cxstigmatosoma Kern 1

LosAngeles 1

1

14

2

1

1

Cxerythrothorax Imperial 1 1

Aemelanimon Inyo 1 1

Kern 1 1

Total 15 127 2 4 1 6 155
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Virus Species Date Location
SLE

1
Cxtarsalis

SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE Cxtarsalis
SLE

SLE

SLE

SLE

SLE

SLE

SLE

SLE
SLE

SLE

SLE

SLE

SLE

SLE
SLE

SLE
SLE

SLE
SLE

SLE

SLE

SLE

SLE

SLE

SLE

SLE

SLE

SLE
SLE

continued

0123
0619
0620

0620

0620
0620
0620
0620
0620

0626
0626
0706
0706
0710
0710
0710
0712

0718
0718

0718
0718

0719
0720
0720

0720

0720
0720

0726

Cxquinquefasciatus 0726
Cxtarsalis 0731
Cxtarsalis 0801
Cxtarsalis 0801
Cxtarsalis 0801
Cxtarsalis 0801
Cxtarsalis 0801
Cxtarsalis 0801
Cxtarsalis 0801
Cxtarsalis 0801
Cxtarsalis 0801

Cxstigmatosoma 0801
Cxtarsalis 0814
Cxtarsalis 0814
Cxtarsalis 0814
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0815
Cxtarsalis 0816
Cxtarsalis 0816
Cxtarsalis 0816
Cxtarsalis 0816

Table4Positivemosquitopools1989

RiversideMeccaAdohr
RiversideMeccaAdohr
RiversideMeccaDexOTex
RiversideMeccaDexOTex
RiversideMeccaDuckClub
RiversideMeccaDuckClub
RiversideMeccaDuckClub
RiversideNorthShore
RiversideNorthShore
RiversideMeccaAdohr
RiversideMeccaAdohr
RiversideMeccaAdohr
RiversideMeccaAdohr
ImperialSeeley
ImperialSeeley
RiversideMeccaAdohr
ImperialSeeley
RiversideMeccaDuckClub
RiversideMeccaDuckClub
RiversideMeccaDuckClub
RiversideNorthShore
KernColesLevee
ImperialSeeley
ImperialSeeley
ImperialSeeley
KernColesLevee
KernColesLevee

LACityofIndustry
LACityofIndustry
RiversideMeccaAdohr
KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee
KemRiverBottom
KernRiverBottom
LAWhittier
KernKernRefuge
KernEurekaDuckClub
RiversideThermal
KernBakersfield
KernJohnDale
KernJohnDale
KernJohnDale
KernJohnDale
RiversideMeccaDexOTex
RiversideMeccaDuckClub
RiversideMeccaDuckClub
RiversideMeccaDuckClub
RiversideNorthShore
KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee

5

I Poolno Laboratory
CHLV62 UCB
CHLV638 VRDL
CHLV662 VRDL
CHLV665 VRDL
CHLV668 VRDL
CHLV669 VRDL

CHLV670 VRDL

CHLV680 VRDL
CHLV681 VRDL
CHLV692 VRDL
CHLV693 VRDL
CHLV710 VRDL

CHLV712 VRDL
IMPR729 VRDL
IMPR732 VRDL

CHLV733 VRDL
IMPR747 VRDL

CHLV748 VRDL
CHLV751 VRDL
CHLV754 VRDL

CHLV758 VRDL

KERN179 VRDL

IMPR751 VRDL

IMPR753 VRDL
IMPR754 VRDL

KERN196 VRDL

KERN197 VRDL
LAHD048 VRDL

LAHD049 VRDL

CHLV772 VRDL

KERN212 VRDL

KERN213 VRDL

KERN214 VRDL

KERN216 VRDL

KERN217 VRDL

KERN218 VRDL

KERN219 VRDL

KERN221 VRDL

KERN224 VRDL

LAHD052 VRDL

KERN237 VRDL

KERN250 VRDL
CHLV794 VRDL

KERN253 VRDL

KERN260 vRDL
KERN261 VFDL

KERN262 VRDL
KERN263 VRDL

CHLV822 VRDL

CHLV830 VRDL

CHLV832 VRDL

CHLV833 VRDL

CHLV840 VRDL

KERN264 VRDL

KERN266 VRDL

KERN268 VRDL

KERN269 VRDL



VirusI Species
SLE
SLE
SLE

SLE
SLE
SLE
SLE
SLE

SLE

SLE
SLE

SLE

SLE

SLE

SLE

SLE

SLE

SLE
SLE
SLE
SLE

SLE

SLE

SLE

SLE

SLE

SLE
SLE

SLE

SLE

SLE
SLE
SLE
SLE

SLE

SLE

SLE

SLE
SLE

SLE
SLE

SLE

SLE

SLE
SLE
SLE
SLE

SLE

SLE

SLE

SLE

SLE
SLE
SLE

SLE

SLE

SLE

SLE
SLE

continued

Cx
Cx

Cx
Cx
Cx

Cx
Cx
Cx

Cx

Cx
Cx
Cx
Cx
Cx
Cx

Cx

Cx

Cx
Cx
Cx

Cx
Cx
Cx
Cx
Cx
Cx
Cx

Cx
Cx

Cx
Cx
Cx
Cx

Cx

Cx

Cx
Cx
Cx

Cx

Cx
Cx
Cx
Cx

Cx
Cx
Cx
Cx
Cx

Cx

Cx

Cx
Cx
Cx

Cx
Cx
Cx
Cx
Cx
Cx

tarsalis
tarsalis

tarsalis

tarsalis
tarsalis
tarsalis
tarsalis

tarsalis

tarsalis

tarsalis

tarsalis
tarsalis
tarsalis
tarsalis

tarsalis

tarsalis
tarsalis
tarsalis

tarsalis
tarsalis

tarsalis

tarsalis

tarsalis
tarsalis

quinquefasciatus
quinquefasciatus
quinquefasciatus
quinquefasciatus
tarsalis
tarsalis
tarsalis
tarsalis

tarsalis

tarsalis
tarsalis
tarsalis

quinquefasciatus
quinquefasciatus
quinquefasciatus
quinquefasciatus
quinquefasciatus
stigmatosoma
quinquefasciatus
quinquefasciatus
quinquefasciatus
quinquefasciatus
tarsalis

tarsalis

quinquefasciatus
tarsalis
tarsalis

tarsalis

tarsalis

tarsalis
tarsalis

tarsalis

tarsalis

tarsalis

tarsalis

Table4continued

Date

0816
0816
0816
0816
0816

0816
0816
0816
0816

0816
0816

0816
0816

0821

0821
0822
0822

0823
0828
0828
0828

0828

0828
0828

0828

0828
0829
0829
0829

0830
0830
0830
0830
0830

0830
0830

0830
0830

0830

0830

0830
0830

0830
0830

0830
0830
0830
0830
0906
0909
0912

0912
0912
0912
0912
0912
0912

0912
0913

Location

KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
RiversideThermal
RiversideThermal
ImperialSeeley
ImperialSeeley
ImperialBard
KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee
KernColesLevee
KernJohnDale
KernJohnDale
KernJohnDale
KernBuenaVista
KernBuenaVista
KernEurekaDuckClub
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernBakersfield
KernBakersfield
KernBakersfield
KernBakersfield
KernBakersfield
KernBakersfield
KernBakersfield
ImperialSeeley
KernEurekaDuckClub
KernWildlifeRefuge
KernWildlifeRefuge
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernRiverBottom
KernJohnDale

6

Poolno

KERN270
KERN271

KERN272
KERN273
KERN274

KERN275
KERN276
KERN277

KERN278

KERN279

KERN281

KERN282
KERN283

CHLV841

CHLV842

IMPR777

IMPR779

COLO135
KERN303
KERN305
KERN306
KERN309
KERN311
KERN315
KERN318

KERN319

KERN327

KERN331
KERN339
KERN342

KERN343

KERN344

KERN345
KERN346

KERN348

KERN351

KERN352

KERN356
KERN357

KERN358
KERN360

KERN362

KERN363
KERN368

KERN369

KERN372
KERN373

KERN374
KERN378
IMPR790

KERN385
KERN388
KERN390
KERN399

KERN400
KERN401

KERN403

KERN405
KERN411

Laboratory
VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL
VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL
VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL

VRDL
VRDL



Virus Species IDate Location
SLE

SLE
SLE

SLE

SLE

SLE

SLE

SLE

SLE

SLE

SLE

WEE

WEE

WEE

WEE

WEE
WEE

WEE
WEE

WEE

WEE

WEE

WEE

WEE

WEE

WEE

HP

HP

HP

HP

Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxquinquefasciatus
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis

Cxquinquefasciatus
Cxerythrothorax
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis

CEV Aemelanimon
CEV Aemelanimon

TUR Cxtarsalis

Unid

Unid

Unid

Unid
Unid

Unid

Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis

Table4continued

0913
0913
0913
0917
0926

0926
0926
0926

0928
1010

1010

0627
0627

0627
0707

0707

0710
0710
0712

0712

0712

0712

0720

0723
0801
0909

KernJohnDale
KernJohnDale
KernJohnDale
LongBeachElDoradoPark
KernEurekaDC
KernEurekaDC
KernEurekaDC
KernEurekaDC
KernRiverBottom
KernEurekaDC
RiversideThermal
Total 127

ImperialHoltville
ImperialHoltville
ImperialHoltville
ImperialHoltville
ImperialHoltville
ImperialSeeley
ImperialSeeley
ImperialHoltville
ImperialHoltville
ImperialSeeley
ImperialSeeley
ImperialSeeley
ImperialHoltville
ImperialSeeley
ImperialSeeley
Total 15

0123 ImperialSeeley
0216 RiversideMeccaDuckClub
0220 RiversideMeccaAdohr
0322 RiversideDesertBeach

Total 4

0801 KernKernRefuge
0802 InyoBishop

Total 2

1127 RiversideMeccaAdohr
Total 1

0329 ImperialCalapatria
0329 ImperialCalapatria
0426 ImperialSeeley
0426 ImperialCalapatria
1016 Orange20RanchDuckClub
1024 KernKernRefuge

Total 6

7

I Poolno ILaboratory
KERN413 VRDL

KERN414 VRDL

KERN415 VRDL

SOUE310 UCB
KERN430 UCB

KERN431 UCB
KERN433 UCB
KERN434 UCB
KERN441 UCB
KERN456 UCB
CHLV1060 UCB

IMPR696 UCB

IMPR705 VRDL
IMPR707 VRDL
IMPR717 UCB

IMPR723 VRDL

IMPR731 VRDL

IMPR733 VRDL

IMPR736 VRDL

IMPR737 VRDL

IMPR744 VRDL

IMPR746 VRDL
IMPR749 VRDL

IMPR757 VRDL

IMPR764 VRDL
IMPR792 VRDL

IMPR35 UCB
CHLV123 UCB
CHLV149 UCB
CHLV221 UCB

KERN207 VRDL

INYO005 VRDL

CHLV1298 UCB

IMPR243
IMPR251
IMPR406
IMPR417

ORCO406
KERN485

UCB
UCB

UCB

UCB

UCB

UCB



Table5SLEseropositivechickensnumbertestedpercentpositivenorthernCalifornia1989

Flocklocation

ShastaCottonwood

ShastaPineGroveMAD

TehamaMADoffice

ButteChico

ButteHoncut

ButteGrayLodge

GlennWillows

SYubaPVRanch

SYubaDeans

SYubaBarker

SacYoloMerritt

SacYoloNatomas

SacYoloElkGrove

LakeMADOffice

MarinSonomaWSantaRosa

SolanoDixon

SantaClaraSanMartin

NoCaliftotal

FallonNevada

SanJoaquinThornton

EastsideValleyHome

TurlockVitoria

MercedGustine

MercedVeldhaus

FresnoWsideMendotaRef

ConsolidatedFriantRd

KingsMADOfficeHanford

DeltaKingsburgGC

TulareMADoffice

WestSideBelridge

WestSideMaricopa

DelanoTeviston

bKemWasco
KernFCTracy

KemButtonwillow

KemWildlifeRefuge

KernOildale

KernJohnDale

KemRiverBottom

SanJoaquintotal

020

019

020

020

020

020

018

013

019

020

020

020

020

020

019

020

024

aJun12 Jul10 Aug7 Sep4

Jun16 Jul14 Aug11 Sep8

020

019

020

019

020

019

019

013

019

020

020

020

020

020

019

020

024

NumberSLEpositivenumbertestedpercentpositive

NorthernCalifornia

020

019

020

020

020

020

018

013

019

020

020

020

020

020

019

020

022

8

020

017

020

020

019

019

016

013

019

020

020

020

020

020

019

020

021

0331 0332 0330 0323

SanJoaquinValley
018 020 018 020

020 020 018 018

019 018 018 018

020 020 020 019

019 017 017 017

019 019 019 018

016 016 016 21315

019 020 21911 112055

019 019 019 019

020 020 020 52025

020 62030 141974 171894

020 020 22010 192095

019 018 017 161984

019 019 019 81942

019 019 019 151979

019 018 018 171894

017 017 017 016

020 020 020 82040

020 020 020 102050

020 020 020 122060

Oct2

Oct6

020

014

020

NS

NS

NS

017

013

019

020

020

020

020

020

018

020

020

0261

1195

020

019

018

020

014

019

31619

101283

019

82040

1818100

1313100

1919100

1919100

1919100

1717100

21712

112055

182090

192095

NS notsampled

aAllflocksnegativeMay1519
bKernflocksbledonsamescheduleassouthernCalifflocks2weeksbeforenorthernCalifflocks

Oct30

Nov3

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

019

020

020

NS

NS

NS

NS

059

NS

NS

NS

NS

NS

020

31619

181995

31916

142070

NS

NS

1818100

1919100

1919100

1717100

81747

152075

2020100

192095

Nov27

Nov28

NS

NS

NS

NS

1128

NS

41625

NS

NS

1919100

NS

NS

121771

152075

2020100

192095

0382 63802 183735 14037138 17635949 17324471 9012473



Table6SLEandWEEseropositivechickensnumbertestedpercentpositive southernCalifornia1989

Flocklocation

SLEpositivenumbertestedpercentpositive

May29 Jun26 Jul24 Aug21 Sep18 Oct16 Nov13 Dec11 Jan8
Jun2 Jun30 Jul28 Aug25 Sep22 Oct20 Nov17 Dec15 Jan12

GoletaGraysRanch 019 019 020 020 020 019 NS

VenturaPtMugu 020 020 020 020 020 020 dead

VenturaSimiValley 020 020 020 019 019 018 dead

LosAngelesLaBrea 024 024 024 024 024 022 022 022 022

LosAngelesCalPoly 025 025 024 024 026 026 015 015 015
SoutheastHarborLake 024 024 024 024 024 024 024 024 024
LongBeachElDorado 020 020 019 019 31916 41921 41921 41921
SoutheastSepulveda 022 026 025 025 025 025 025 024 024
SoutheastEncino 024 025 025 1254 1254 1254 1254 1254 1254
SoutheastNorwalk 025 025 025 025 025 025 025 025 025
OrangeFullerton 024 025 024 1254 1254 1254 32515g 32515 32515
OrangeDuckClub 025 025 025 025 025 025 024 024 023
SanBemardino5thStreet 019 018 017 017 016 018 NS

SanBernardinoFloodControl 019 015 015 010 011 NS

WestValleyChinoSmith 019
c

014 018 020 019 NS

NorthwestCorona 020 019 019 012

014

011 011 012 012 012

CoachellaValleyPalmDesert 017 017 014 014 023 020 020 018 015

CoachellaValleyIndio 023 023 022 021 021 021 22110 22110 22110
CoachellaValleyMecca 023 52322 162176 162176 023 020 020 020 020

CoachellaValleyThermal 023 023 023 52322 62326 62227 62227 62227 62227
ImperialFinneyRamer 023 021 0119 dead 018 1176 1176 21712 21712
ImperialKefferRdHoltville 023 023 023 022 dead 025

ImperialDrewRdSeeley 024 024 92438 192479 1215 32114 52124 52124 72133
ImperialPaloVerde 022 022 020 019 019 019 019 019 019

ImperialBard 023 021 021 020 020 020 018 018 018

SanDiegoSanYsidro 020 018 017 018 016 018 dead

SanDiegoLakeside 019 019 019 019 019 019 dead

SanDiegoVista 020 020 020 019 020 020 dead

ColoradoRiverNeedles 022 016 014 015 014 013 012 013 0I1

ColoradoRiverHavasuRefuge 024 024 020 020 020 020 020 020 020

ColoradoRiverBlythe 022 022 020 020 016 014 014 014 014

SoCaliftotal 0677 56461 256374 426117 126072 165963 224205 234186 214185

Flocklocation
WEEpositivenumbertestedpercentpositive

ImperialFinneyRamer 023 021 1195 dead 018 017 017 017 017

ImperialKefferRdHoltville 023 023 102343 112250 dead 025

ImperialDrewRdSeeley 024 024 122450 222492 021 021 021 021 021

ColoradoRiverNeedles 022 016 1147 1157 1147 1138 1128 1138 1119

SoCaliftotal

5miniflocks

bAllkilledafterMay31bleedingbirdswerereplaced
dChickenskilledreplacedonAug28

fSerumpositiveininterimsampletakenAug7

0677 0646 246374 346116 16071 15961 14201 14181 14181

aAllbirdsnegativeMay15

cBloodsamplesspoiled

eTwoserapositiveininterimsamplestakenSep5

gOneserumpositiveininterimsampletakenOct30

9



intheAntelopeValleyinnorthernLosAngeles
Countyand28caseswereinKernKingsand
TulareCountiesTable1TheAntelopeValley
caseisthefirstevidenceofSLEvirusactivityinthis
localitysincethesurveillanceprogrambegan
Severalnonillfamilyorhouseholdmembers
associatedwithcasesintheSanJoaquinValley
werefoundtohaveantibodylevelsindicativeof
recentinfectionbutwerenotcountedasclinical
casesMostcasescametotheattentionofpublic
healthofficialslongaftertheirillnessoccurred
becauseserumsamplesfordiagnosishadnotbeen
submittedinitiallytopublichealthlaboratoriesAn
intensiveretrospectivesearchforcaseswasmade
Theunusualfeaturesofthisepisodewillbe
presentedindetailatthisconferencebyDrJohn
Tuellerandwillbepublishedseparately

Nocasesofwesternequineencephalomyelitis
WEEweredetectedinhumansorinthe29
equinestestedOneinterestingcaseofnonfatal
encephalitislikeillnesswasfoundinan8yearold
marefromKernCountywithonsetonSeptember
16Thishorsehadhighstationaryantibodytitersto
SLEsuggestingbutnotprovinganetiological
associationSLEantibodyhasbeenfoundin35of
633equinestestedintheVRDLfrom1971through
1988butrisingantibodytitersandserologicalproof
ofanetiologicassociationhavebeenveryrare

Therewere3845mosquitopoolscontaining
168106mosquitoestestedduringtheyearbythe
VRDLTable2Themajority75 ofthepools
werecollectedinandsubmittedfromImperialLos
AngelesRiversideSanBernardinoandKern
CountiesCulextarsalisCoquillettmadeup69of
thepoolsCulexpipiensLcomplex24andCulex
stigmatosomaDyarAedesmelanimonDyarand
miscellaneousotherspeciestheremainderAtotal
of133viralisolatesweremadebytheVRDL
Tables3and4 Theseincluded118SLE13

WEEandtwoCaliforniaCEserogroupviruses
AllisolatesofSLEandWEEwerefromCulex

tarsalisexceptoneWEEand15SLEfromCulex
quinquefasciatusSayandtwoSLEfromCx
stigmatosomaThetwoCEisolatesasusualwere
fromAemelanimon

Anadditional2748mosquitopoolsfrom
southernCaliforniaandKernCountycomprising
109568mosquitoesweretestedbytheUniversityof
CaliforniaatBerkeleyArbovirusLaboratoryTable
2 Manyofthesewereoddspeciesnotusually
acceptedfortestingatVRDLTherewereeight
isolatesofSLEvirusfromCxtarsalisandonefrom

CxquinquefasciatustwoofWEEoneeachfrom
CrtarsalisandCulexerythrothoraxDyarfourof
HartParkHPvirusandoneofTurlockTUR

10

virusfromCxtarsalisandsixfromCxtarsalisthat
arenotyetidentifiedTables3and4Acomplete
listingofallviralisolatesisgiveninTable4

Sentinelchickenflockswerelocatedat68
selectedsitesthroughoutendemicareasofthestate
SerumsamplesweretestedforWEEandSLEviral
antibodymonthlyfromMaythroughOctoberbythe
VRDLandduringthewinterforsomeflocksbythe
ArbovirusLaboratoryTables5and6SLEviral
seroconversions occurredfromJunethrough
Novemberin210chickensfromthesouthernSan

JoaquinValley TheseroconversionsinKern

TulareandKingsCountiesprecededorcoincided
withtheoccurrenceofhumancasesinthese
counties SixflocksinKernCountyandonein
TulareCountywere100seropositiveforSLE
virusbytheendofNovemberInadditionasingle
SLEpositivechickenwasdetectedinaflockfrom
FallonNevadathatwasbledandtestedin
OctoberWEEseroconversionswerefoundin35
chickensinflocksfromtheImperialValleyand
Needles

Itisgratifyingthatthesurveillanceprogram
waseffectiveinthatitdetectedvirusactivityin
mosquitoesorsentinelchickensinninecounties
ImperialSanBernardinoRiversideLosAngeles
OrangeInyoKernKingsandTulareTheonly
humancasethatoccurredoutsideanareacovered
bythesurveillanceprogramwastheinitialSLEcase
inaresidentoftheAntelopeValleyThethree
countieswheresignificantnumbersofSLEcases
occurredhadearlyevidenceofvirusactivityin
mosquitoesorchickensSeroconversionsinsentinel
chickensinthesouthernSanJoaquinValleydefined
theareawherethesearchforcasesshouldbe
focused

TheUniversityofCaliforniaatBerkeley
ArbovirusResearchProgramsstaffisworkingwith
localMADstomaintainsurveillanceforcontinued

SLEactivitythiswinterinKernandTulare
CountiesandtheCoachellaValley Duringthe
1990seasonattemptswillbemadetomaintainor
extendthebroadsurveillancenetworksinceitis

difficulttopredictandfocusonspecificareaswhere
SLEorWEEwillflareupManyareasofthestate
stillhaveaminimalparticipationinthesurveillance
program Ifagenciesintheseareasutilizedthe
testingprogramitwouldmakethesystemmore
sensitiveWecouldsavealotofmoneyifweknew
morespecificallyhowtopredicttheoccurrenceof
casesAmajorchallengecontinuestobeobtaining
sufficientfundstosupportthiseffortandto
demonstratetoourfundingsourcesthatsurveillance
iscosteffectiveindetectingvirusactivitypredicting
caseoccurrenceandhelpinginthepreventionof



epidemicsofmosquitoborneencephalitis
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ANOUTBREAKOFILLNESSDUETOSTLOUISENCEPHALITISVIRUS

INTHESOUTHERNSANJOAQUINVALLEYCALIFORNIA1989

JohnETueller

IntheSummerandFallof1989surveillance
datashowedincreasedStLouisencephalitisSLE
virusactivityinmosquitoesandsentinelchickens
locatedinKernKingsandTulareCountiesinthe
SouthernSanJoaquinValleyinCaliforniaAtthis
timetherewasalsoanunexplainedincreasein
humancasesofviralcentralnervoussystemCNS
diseaseinthesecountiesAfterseveralofthese
caseswerefoundtohaveantibodyevidenceofacute
SLEinfectionall77humancasesofviralCNS
diseasewithonsetsinAugustthroughOctober
1989reportedinKernKingsandTulareCounties
wereretrospectivelysurveyedtodeterminethe
proportionwithanarboviraletiologytoidentifyrisk
factorsandtocompareillnessonsetswithmosquito
andsentinelchickensurveillancedataPreliminary
resultsshowthatofthe65peopleparticipatingin
thestudy2843 hadantibodyevidenceofacute
SLEvirusinfectionthree5 hadantibody
evidenceofpastSLEinfectionand3452 were

negativeforSLEantibody Allofthe65

participantswerenegativeforantibodytowestern
equineencephalomyelitisWEEvirus Initial

humancaseonsetsroughlycoincidedwithcollection
ofinitialSLEseropositivebloodfromsentinel
chickensinthesamelocalesCollectionofSLE

viruspositivemosquitopoolsprecededinitialhuman
caseonsetsbyapproximatelyfourweeksinKern
County

InfectiousDiseaseBranch

CaliforniaDepartmentofHealthServices
2151BerkeleyWay

BerkeleyCalifornia94704

ABSTRACT
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OBSERVATIONSONSTLOUISENCEPHALITISVIRUS

INKERNCOUNTY1989

WilliamKReisenMarilynMMilbyRichardPMeyer

HarmonLClementandRichardWEmmons

Introduction

The present research represents a

collaborativeeffortbytheSchoolofPublicHealth
UCBerkeleytheKernMADandtheViraland
RickettsialDiseaseLaboratoryoftheCalifornia
DepartmentofHealthServicesandwilldescribe
thesurveillanceecologyandcontrolofStLouis
encephalitisSLEvirusinKernCountyduring
1989Earlierpapersatthismeetinghavedescribed
theepidemiologyofthe29laboratoryconfirmed
humanSLEcasesinCaliforniaTueller1990and
listedtheSLEpositivepoolsfrommosquitoesand
chickenseroconversionsEmmonsetal1990
Thespecificobjectiveswillbeto 1describe
seasonalandspatialchangesintheactivityofSLE
virusinKernCountyduring19892attemptto
identifyecologicalfactorswhichmayhaveledto
theinitiationandamplificationofSLEvirusand
3brieflyevaluatespecialcontroleffortsbythe
KernMADinresponsetoelevatedmosquito
countsandSLEviralactivityathousingareasnear
theKernRiver

AlthoughthesouthernSanJoaquinValley
washistorically endemicforSLEvirusReeves
andHammon1962transmissiontosentinel
chickenshasnotbeendetectedduringmostyears
since1965regardlessofwateravailabilityThus
theextraordinaryincreaseinSLEactivityduring
1989asindicatedbytheseroconversionof71of
244sentinelchickens92of181in Kern

Countywastotallyunexpectedandfollowedsix
yearsofunproductivestudybytheArbovirus
ResearchProgramduringwhichSLEviruswas
detectedonlysporadicallybytheisolationofvirus

3KernMosquitoAbatementDistrict4705AllenRoadBakersfieldCalifornia93312

13

frommosquitoes8isolatesin19833in1986and
bytheseroconversionofsentinelchickens3in
19863in1988

MethodsandResults
Surveillance Sentinel chickens were

positionedat10localitiesthroughoutKernCounty
andbledmonthlyfromMaytoOctober1989
FlocksatBelridgeandMaricopaweremaintained
andbledbytheWestSideMosquitoAbatement
DistrictMADandatTevistonbytheDelano
MADChickensatthesethreelocationswerebled
twoweeksaftertheremainingsevenflockswhich
weremaintainedandbledbytheKernMADand
theArbovirusFieldStationSeraweretestedby
indirectenzymeimmunoassayEIAwithpositives
confirmedbyanindirectfluorescentantibodytest
IFA

Mosquitoabundanceandvirusinfectionwas
monitoredbiweeklyatthreetosixpermanentCO2
trapstationsateachoffivelocalitiesUpto10
poolsof50Culexfemalesofeachspeciesfromeach
sitepersampleweretestedforvirusbyaninsitu
EIAusingVerocells

SLEviruswasdetectedinitiallyinKern
Countybytheseroconversionofsixchickensat
BelridgebledduringtheweekofJuly10Bythe
weekofAugust774ofthechickensinthisflock
wereseropositiveandseroconversionsalsowere
detected atMaricopaonthewestsideofthe
valleyTwoweekslaterseroconversionswere
detectedatsixofsevenremainingflocksonly
chickensattheKernNationalWildlifeRefuge
remainednegativeuntilthenextbleedingin

1WeespeciallythankBRHillVMMartinezandMPhairoftheArbovirusFieldStationDDondero andthestaffoftheViral

andRickettsiaDiseaseLaboratoryandthestaffoftheKernMosquitoAbatementDistrictfortechnicalsupportThisresearchwas
fundedinpartbyResearchGrant5R22AI03028fromtheNationalInstituteofAllergyandInfectiousDiseasesandBiomedicalRe
searchSupportGrant8S07RR05441fromtheNationalInstitutesofHealthAcompletepresentationofthisdatawillbesubmittedfor
publicationintheJournalofMedicalEntomology

2ArbovirusResearchProgramSchoolofPublicHealth140WarrenHallUniversity ofCaliforniaBerkeleyCalifornia94720

4ViralandRickettsiaDiseaseLaboratoryCaliforniaDepartmentofHealthServices 2151BerkeleyWayBerkeleyCalifornia
94704



September BythefinalbleedinginOctober
positivechickenswerepresentinallflocksand
overall92ofthe181survivingchickenswere
seropositive

FromJuly22toSeptember30SLEvirus
antigenwasdetectedbyEIAin85poolsfromthree
speciesofCulexViruswasdetectedfirstandmost
frequentlyfromCulextarsalisCoquillet70EIA
positivepools14846femalestestedin329pools
minimuminfectionrateMIR 471000tested
TheMIRwassimilarforCulexquinquefasciatus
Say14positivepools2978femalesin65pools
MIR 47andhigherforCulexstigmatosoma
Dyar159in4poolsMIR 172thanforCx
tarsalishowevermostfemalesofthesetwospecies
werecollectedalongtheKernRiverdrainage
systemaftertheonsetofvirusactivitywhereasCr
tarsaliswascollectedthroughoutKernCounty
duringtheentiresummer

Patternsofvirusactivityandmosquito
abundancevariedtemporallyandspatiallyamong
samplingsites Mosquitoabundanceandvirus
infectiondidnotincreaseuntillateAugustatboth
theKernRefugeandEurekaDuckClubeven
thoughthesesitesweresituatedonthewestsideof
thevalleyandwere relativelynearBelridge
ButtonwillowandTracyRanchwheresentinel
chickenseroconversionsweredetectedinlateJuly

earlyAugust
AtwaterrechargepondsatColesLeveenear

theKernRiver Cxtarsalisabundancepeaked
duringtheweekofJuly22whenSLEviruswas
detectedinitiallyinthreepools AlthoughCr
quinquefasciatusabundanceremainedlowatthis
siteSLEviruswasdetectedtwiceinfemales
collectedattheLakeBuenaVistarecreationarea

onSeptember2 Mosquitoandvirusactivity
peakedconcurrentlyalongatransectoftraps
operatedattheKernRivertotheNEofColes
LeveeCulextarsalisabundanceandvirusinfection

peakedduringJuly22 September16priortoCx
quinquefasciatuswhichpeakedduringSeptember
216 Mosquitoestrappedatthissitewere
producedinadjacentagriculturalbreedingsources
sincetheKernRiverbedhadbeencompletelydry
since1986Inagreementtheabundanceofboth
speciesdecreasedmarkedlybySeptember30in
conjunctionwithcottondefoliationandexpanded
mosquitocontrol

AfterviruswasdetectedatKernRiver
surveillanceactivitieswereinitiatedonAugust12
athousingtractsrecentlyconstructednorthofthe
riverleveeAlthoughtheSLEviruswasdetected
initiallyinCrtarsalisCxquinquefasciatuswas
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moreabundantandmorefrequentlyfoundtobe
infectedwith SLEvirus in this residential

environment

AlthoughCxtarsalisabundanceatJohnDale
RanchincreasedduringJuneandJuly100200
femalestrapnightSLEviruswasnotdetected
untilAugust19 Culexquinquefasciatuswere
abundant from July to September 50100
femalestrapnightbutonlyasinglepoolwasSLE
viruspositiveduringtheweekofSeptember2

Ecologicalfactors ForSLEvirustobe

amplifiedsufficientnumbersofcompetentvector
mosquitoesmustbloodfeedonviremicavianhosts
survivelongenoughunderfavorableweather
conditionstocompletevirusextrinsicincubation
andthenfeedononeormoresusceptiblehostsBy
examiningselectedcomponentsofthistransmission
cycleitmaybepossibletodeterminewhichfactor
orcombination offactors mayhave been

responsible for the increased SLE activity

experiencedduring1989
TheKernMADoperates32NewJerseyLight

TrapsNJLTtwodaysweekfromAprilto
NovembertomonitorCxtarsalisabundanceTrap

countsduring1989increasedunseasonablyearly
butthendecreasedagaininJuneandweresimilar
to1987and 1988duringAugustSeptember
MosquitoabundanceincreasedduringAugust
Septemberparallelingcottonirrigationbutthen
decreasedduringdefoliationanddryinginmid
SeptemberbeforeharvestAlthoughtheseasonal
NJLTindexof18femalestrapnightseasonwas
higherthanin198711or198810weekly
meansremainedlessthanhalfthethresholdof10

femalestrapnightgenerallyconsiderednecessary
forwidespreadvirusactivityOlsonetal1979

MeanmonthlyCrtarsalisabundanceatCO2
trapsprovidesanindexofhostvectorcontact
AbundanceattheKernRefugedidnotpeakuntil
September1989whichwassimilartotheprevious
twoyearsInagreementSLEvirusactivitywasnot
detectedatthissiteineithersentinelchickensor

mosquitopoolsuntilSeptember1989Incontrast
CxtarsalisabundanceatJohnDaleRanchwas

almost50femalespertrapnightgreaterduring
JuneAugust1989thanduringthesameperiodin
1987and1988Howeverearlyvectorabundance
didnotresultinearlyvirusactivitySimilartoJohn
DaleCxtarsalisabundanceattheKernRiver
transectincreasedonemonthearlierduring1989
thanduring1987or1988althoughmaximal
abundanceduringlatesummerwassimilarduring
allthreeyears ThusalthoughCrtarsalis
abundance was elevated during the vernal



amplificationperiodatseveralsitesduring1989
whencomparedtothepreviousyearsofloworno
SLEactivityabundanceduringthelatesummer
transmissionperiodwascomparabletoprevious
years

Temperatureaffectsthedurationofextrinsic
incubationofthevirusinthemosquitomosquito
populationgeneration timeandsurvivorship
AlthoughslightlywarmerduringMarchandApril
temperaturesrecorded atBakersfieldairport
during1989didnotdiffermarkedlyfromthe30
yearnormalsWarmertemperaturesduringearly
springmayhaveenhancedvectorabundanceand
viralamplificationduring1989

Similarlyrainfallapproachedorwaslessthan
the30yearnormalsduringeachmonthexceptMay
andSeptemberSincetheKernRiverhasbeendry
since1986mosquitoproductionwaspresumedto
be relatedsolelyto water mismanagement
especiallycottonirrigationduringlatesummer

Mosquitoabatement AfterelevatedCx

tarsalisabundancewasdetectedathousingtracts
adjacenttotheKernRivertheKernMAD
initiated special control activities aimed at

protectingresidentsofthesehousingareasnorthof
theKernRiverAdultcontrolincluded1cold
foggingwithScourgeonfoureveningsand2late
afternoonaerialapplicationsofBaygonsuspended
inoilInadditionallfieldswereinspectedonfoot
andtreatedwithGoldenBearOilorBtibyground
oraerialequipmentforlarvalcontrol

ColdfoggingwithScourgeaerialapplications
ofBaygoninoilorbothdidnotmarkedlyaffect
Culexabundanceoreliminateinfectedfemales

fromthestudyareaInfactCxquinquefasciatus
abundancepeakedand27of31SLEviruspositive
poolsweredetectedattheKernRiverafterspecial
controleffortswereinitiatedSimilarresultswere

obtainedathousingareassampledalongtheKern
River Concurrentwithcontrolactivitiesthe
abundanceofCxtarsalisdecreasedhoweverCx
quinquefasciatuspopulationsincreasedandinfected
mosquitoeswerecollectedintoSeptember

Conclusions

SLEvirussurveillanceandcontrolactivitiesin

KernCountyduring1989allowedustodraw
severalconclusions Virusactivitybeganonthe
westsideoftheSanJoaquinValleyandthen
spreaduptheKernRiverdrainageandtoother
areasofthecountyLowlevelvirusactivityalso
was detected here during 1988 by the

seroconversionofthreesentinelchickensThus
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surveillanceonthewestsideoftheValleyshould
beenhancedtomoreaccuratelyforecastSLE
activityintheBakersfieldarea

Culex tarsalis was the primary vector

mosquitoCulexquinquefasciatusbecameinvolved
duringlatesummerandmayhavebeenimportant
inresidentialareasneartheKernRiverHowever
itshouldbepointedoutthatnotallinfected
mosquitoesarecapableoftransmissionandthat
CrquinquefasciatusfromKernCountyhistorically
isapoorlaboratoryvectoroflocalstrainsofSLE
virusMeyeretal1983

Culex tarsalis abundance at NJLTs

throughoutKernCountyandattwoofthreevirus
monitoringsiteswasgreaterandpeakedearlier
during1989thaneither1987or1988Perhapsthis
earlysummerincreaseinvector abundance

facilitatedvirusamplification Howeverthe
reasonsforthisincreaseinpopulationabundance
remainedcrypticsincetemperatureswereonly
slightlyabovenormalandrainfallwasmarkedly
lessthanthe30yearnormal

SpecialcontroleffortsnorthoftheKernRiver
bytheKernMADunfortunatelywereinsufficient
tointerruptvirustransmissionCulexabundance
increasedandmostviruspositivepoolswere
recoveredaftercontroleffortswereinitiated

Populationdecreases inlateSeptemberwere
attributedtotheterminationofcottonirrigation
and defoliation and secondarily to special
mosquitocontroleffortsTheseresultsunderscore
theimportanceofimprovingourtechnologyto
controladultmosquitopopulationstointerrupt
virustransmissionThecompoundsandmethods
employedbytheKernMADutilizedmostofthe
arsenalcurrentlyavailable Althoughtheadult
controlproblemsweredescribedforKernCounty
theresultsalsomaybeapplicabletothemajor
valleysofCaliforniawherehousingtractsare
rapidlyencroachingonbothagriculturallandsand
theremainingwildhabitatswhichconsistentlyor
sporadicallysupportarbovirustransmission
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RECENTSTUDIESOFCALIFORNIAANDBUNYAMWERASEROGROUPVIRUSES

INCALIFORNIA

BruceFEldridgeGrantLCampbellJamesLHard

WilliamCReevesGregoryCLanzaroandSallyBPresser

Introduction

MostarbovirusesinCaliforniafallintotwo
largecategories1thevirusesnowclassifiedinthe
familiesAlphaviridaeandFlaviviridaeiewestern
equineencephalomyelitisWEEandStLouis
encephalitisSLErespectivelyand2theviruses
classifiedinthefamilyBunyaviridaeBecauseof
theirknownpublichealthimportancevirusesofthe
formercategoryhavebeenstudiedmuchmorein
California Theecologyandpublichealth
importanceofvirusesinthelattercategoryie
thoseinthefamilyBunyaviridaearepoorly
understoodinCaliforniaThispaperisasummary
ofrecentresultsofstudiesofthisinterestinggroup
ofmosquitoandgnatbornepathogens

ThefamilyBunyaviridae
Classification and relationship to other

arbovirusesTwogroupsofvirusesinthefamily
BunyaviridaeoccurinCaliforniathoseinthe
CaliforniaCALserogroup2virusesandthosein
theBunyamweraBUNserogroup4viruses
Theremaybeothersinthestatebutsixare
presumedtobepresentonthebasisofvirus
isolationsfromarthropodsorevidenceofantibodies
invariousvertebrateanimals Becauseboth

serogroupscontainanumberofcloselyrelated
virusesinNorthAmericaitisnotalwayspossibleto
identifyantibodiesfromanimalserawithabsolute
certaintyEvenwitharelativelysensitivetestsuch
as the serum dilution plaque reduction

neutralizationtestSDNusingabatteryofknown
antigensthedegreeofcrossreactivityamong
closelyrelatedvirusesmakesinterpretationofthese
testsdifficult Thesameproblemappliesto
identificationofviralisolatesfromarthropodsor
vertebratesinnatureHereidentificationrelieson
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theavailabilityofknownspecificantibodies
producedinlaboratoryanimals Againcross
reactionsarecommon

PublichealthimportanceOnememberofthe

CALserogroupLaCrosseLACvirusisknownto
bethecauseofconsiderablehumandiseaseinthe

midwesternUnitedStatesDuringthe1980sthere
weremorehumancasesofcentralnervoussystem
diseasecausedbyLACvirusreportedintheUnited
StatesthanforanyotherarbovirusexceptSLE
Anonymous198619871988Otherviruseswhich
havebeenassociatedwithhumandiseaseelsewhere

inNorthAmericaincludeJamestownCanyonJC
snowshoehareandTrivittatusvirusCampbell
1990

HistoricalbackgroundThefirstCALserogroup
virusstrainswereisolatedinCaliforniain1943and
1944byHammon andReeves fromAedes

melanimonDyarandKnabmosquitoescollectedin
KernCountyHammonetal1952Threehuman
casesofencephalitisfromKernCountywerelater
associatedwiththesenewlydiscoveredvirusesand
thenameCaliforniaencephalitisCEviruswas
appliedtothemHammonandReeves1952No
humancasesofdiseasehavebeenassociatedwith
thisvirussincethattimebutnumerousisolatesof
CEvirushave beenobtained fromAedes

melanimonmosquitoesintheCentralValleyof
Californiaandjackrabbitshavebeenincriminated
asanimportantvertebratehostbasedonserological
evidenceHardyetal1977

In12thefirstBUNserogroupvirusLokern
LOKwasisolatedfromCulextarsalisand
CulicoidesvariipennisCoquillettcollectedinKern
CountyCaliforniaKarabatsos1985InJanuary
1963asecondCALserogroupvirusJerrySlough
JSwasisolatedfromCulisetainornataWilliston

ResearchreportedherewassupportedbyNationalInstituteofAllergyandInfectiousDiseasesgrantnumberAI26154Wethank
DianePortnoyRobertChilesandLeoOcegueraoftheUniversityofCaliforniaBerkeleyandCathyDonahueAnnDonatelliandCarlos
SotooftheUniversityofCaliforniaDavisfortechnicalassistanceWealsothankentomologistsofmosquitoabatementdistrictsprimarily
intheCoastalRegionofCMVCAforhelpwithmosquitocollections
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collectedinKernCountyCaliforniaKarabatsos
1985In1964asecondBUNserogroupvirus
MainDrainMDwasisolatedfromCvariipennis
collectedinKernCountyKarabatsos1985

RecentstudiesCaliforniaserogroupviruses
CaliforniaencephalitisvirusCETherehave

beennorecentstudiesofthisvirusinCalifornia
BasedonisolationsfromAedesmelanimonand

serosurveysinvertebratesitappearstobemost
activeintheCentralValleyandtheOwensValley
Therangeofthisvirusmaycorrespondwiththe
rangeofAedesmelanimoninCaliforniaCampbell
etal1989detectedCEantibodiesinonly1of337
deerseratestedfrombothhighandlowelevation
areasofCalifornia

JamestowncanyonvirusJC JCvirusisa

humanpathogeninotherpartsoftheUnited
Statesandhasbeenincriminatedasthecauseof
CNSdiseaseinabout40casesRecentlyCampbell
etal1989reportedthat23ofdeerserum
samplesfromhighelevationareasinCalifornia
werepositivebyneutralizationtesttoJCbutonly
9ofthosefromlowelevationareasAntibodies
tothisvirusalsohavebeendetectedinhorsesand
mostrecentlyincattlefromModocCountyBased
ontheseserologicalstudiesCampbelletal1989
concludedthatJCvirusandJSvirusweresoclosely
relatedastobesynonymous

Overthepast2yearsmorethan31000
mosquitoeswerecollectedfromhighelevationareas
andtestedforvirusThebulkofthesecollections
wereAedescommunisDeGeerandwerefrom

AlpineCountyintheCarsonPassareaSixvirus
isolateswereobtainedfromthesemosquitoesall
indistinguishablefromtheprototypeJCvirusFour
oftheisolateswerefromAecommunisonewas

fromAedescataphyllaDyarcollectedaslarvaeand
rearedtotheadultstageinthelaboratorythen
pooledfortestingandonewasfromacollectionof
AedeshexodontusDyar

Theseisolationsrepresent
1EvidencethatJCvirusistransovarially

transmittedinAedesmosquitoesin
California

2Thefirstisolatesofanarbovirusfrom
snowpoolmosquitoesinCalifornia

3ThefirstconfirmedisolatesofJCfromAe
hexodontusorAecataphyllaanywhere

BecauseoftheprobableinvolvementofAe
communisinJCvirusecologyinforestedhigh
mountainenvironmentsinCaliforniawebegana
seriesofecologicalstudiesofthismosquitoInthe
summerof1989wemarkedandreleasedthree
seriesoffemalesofthisspeciesintheCarsonPass
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areaBasedonregressionanalysisofrecaptures
wecalculateddailysurvivalratesof091091and
088perday Theseratesareveryhighand
indicativeofarelativelylongadultlifeandthusa
highdegreeofvectorcapacity

Wehavealsobegunvectorcompetencestudies
withthisspeciesandacomprehensivestudyof
geneticvariationinpopulationsfromtheentire
westernUnitedStates

OtherCaliforniaserogroupvirusesDuring1988
and1989wecollectedover16000mosquitoesfrom
lowelevationareasofCaliforniaandOregonand
testedthemforvirus Mostofthesecollections

wereAedessquamigerCoquillettAedesincrepitus
DyarandCsinomata Fivestrainsofa

yetunidentifiedCALserogroupviruswereisolated
fromAesquamigercollectedaslarvaenearMorro
BaySanLuisObispoCountyThevirusappearsto
bemorecloselyrelatedtoCEvirusthantoJC
virusFurthertestingmayshowittobeCEvirus
orapreviouslyunknownvirus

Theseisolationattemptsrepresentthefirst
significanttestsofAesquamigerasanarbovirus
vector andthe isolatesrepresent thefirst

arboviruseseverisolatedfromthespecies The

isolationswerenotentirelyunexpectedsinceAe
squamigeralthoughrestrictedinrangetoCalifornia
coastalhabitatsiscloselyrelatedtothesnowpool
speciesAedesfitchiiFeltandYoungandAe
increpitusAllthreespeciesbelongtotheAedes
stimulansWalkergroupofspeciesIronicallywe
havefailedtoisolateanyvirusesfromAefitchiior
Ae increpitus Becauseofthepotentialpublic
healthsignificanceoftheseisolatesfromcoastalsalt
marshenvironmentsweplanfurtherstudiesofAe
squamiger Tobetterunderstandvirusvector

relationshipsweanalyzedgeneticvariationand
relatednessamongCaliforniamembersoftheAe
stimulansgroupWeconcludedthatAesquamiger
ismostcloselyrelatedtocoastalpopulationsofAe
increpitusmoredistantlytoAefitchii

RecentstudiesBunyamweraserogroupviruses
Recent information about Bunyamwera

serogroupvirusesinCaliforniahascomefromthe
serosurveysofvertebrateanimalsalreadymentioned
andtheretesting ofpartiallyidentified or

unidentifiedvirusisolatesfrommosquitoes
CacheValleyvirusCVThisvirusistheonly

Bunyamweraserogroupviruseverisolatedfrom
OregonfromCsinomata Ithasneverbeen

isolatedfromCaliforniaTheserosurveyofdeerin
CaliforniaCampbelletal1989failedtoprovide
convincingevidenceofCVactivityinhighorlow
elevationareas



LokernvirusLOKSincetheoriginalisolation
ofLOKinKernCountyfromCxtarsalisin1962
mostsubsequentisolationshavebeenfromC
variipennisKarabatsos1985 Ourstudieshave

shednoadditionallightonvectornorvertebrate
hostrelationshipsofthisvirusinCalifornia

MainDrainvirusMDNumerousadditional
isolationsofMDvirushavebeenmadefromC

variipennisandfromjackrabbitssincetheoriginal
isolationin1964Occasionalisolationshavebeen
madefrommosquitoesMDwasisolatedfromthe
brainofahorsewithencephalitisEmmons1968
Inourserologicalsurveylowseroprevalencerates
indeerseraweredetectedratesweresomewhat
higherinlowelevationareasthaninhighelevation
areas

NorthwayvirusNORUntilrecentlyNOR
viruswasknownonlyfromAlaskaandtheadjacent
provincesofCanadaCalisheretal1974There
itwasassociatedwithsnowpoolAedesmosquitoes
andantibodieshadbeendetectedinhumanserum

samplesSurprisinglytheextensiveserosurveyof
deerinCaliforniaprovidedevidenceofextensive
infectionduetothisvirusSeroprevalencerates
wereaboutthesamefromhighelevationsamples
26 asfromlowelevationsamples23 The

retestingofpartiallyidentifiedorunidentifiedvirus
isolatesfrommosquitoescollectedinCaliforniahas
alreadybeenmentioned Fiveisolatesfrom

mosquitoescollectedinButteCountyin1970714
AnophelesfreeborniAitken1Aedessierrensis
Ludlowwerefoundtobeverycloselyrelatedto
theprototypestrainofNORvirusTheisolation
fromAesierrensisisthefirstisolationofan
arbovirusfromthisspecies
ManynewdetailsoftheecologyofCALandBUN
serogroupsviruses in Californiahave been

discoveredandwillbeextendedinfuturestudies

Westillknowlittleaboutthepublichealth
importanceofthesevirusesinCalifornia
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PASSERIFORMANDCOLUMBIFORMARBOVIRUSACTIVITY

INORANGECOUNTYCALIFORNIA1989

JohnAGruwellBeckyLBrownJamesPWebbJrandGilbertLChallet

OrangeCountyVectorControlDistrict
POBox87

SantaAnaCalifornia92702

ABSTRACT

TheOrangeCountyVectorControlDistrictOCVCDhasbeenconductingastudyofthe
wildbirdpopulationinOrangeCountysince1987inordertobetterunderstandtheirrolein
theoverallencephalitiscycleandalsototestthefeasibilityofusingthistypeofactivityasa
surveillancemonitoringsystemforthefutureIn198924155birdswerecapturedand10123
ofthoseweresampledforantibodiestoStLouisencephalitisSLEandwesternequine
encephalomyelitisWEEAtotalof155154 showedpositiveforSLEvirusactivity
Positivetestingbirdshavebeencollectedinthecountyfor30consecutivemonthsthusshowing
thatthevirusispresentyearroundatlowlevels

Introduction

AsstatedinGruwelletal1988theproject
concentratedonthreespeciesofbirdsHouseFinch
CarpodacusmexicanusHouseSparrowPasser
domesticusandRockDoveColumbalivia
WhitecrownedSparrowsZonotrichialeucophrys
werealsotestedduringtheirmigrationsandwinter
residencyinthecounty Thesefourspecies
accountedfor98percentofthesamplesTables1
2and3Thefirstthreearethemostnumerous
mosteasilycapturedandbestavailablevirus
reservoirsfoundintheperidomesticavifaunaofthe
county TheWhitecrownedSparrowswere
negativeforviralantibodiesonfirsttestingand
developedpositivereactiontotestingonlyafter
havingbeenintheareaforsometimeandthen
beingresampled

Materialsandmethods

Passerinebirdswerecollectedinmodified

crowtrapsandcolumbineRockDoveswere
obtainedbyshooting Detaileddescriptionsof
collectingandbleedingtechniqueshavebeen
providedbyGruwelletal1988

Thebloodserasampleswereanalyzedwith
HemagglutinationInhibitionHAItestsconducted
byMsCarrieFogartyattheOrangeCountyPublic
HealthLaboratory Theelapsedtimefrom
submissionofsamplestocompletetestingand
resultsaveragedaboutfivedaysalthoughwhen
necessaryresultswerereceivedwithin48hours

Thirteencrowtrapswereplacedaround
OrangeCountyincludingfiveprivateresidences
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fourparkmaintenanceyardsonesuburbanfire
stationonecommunitycollegehorticulturalstation
oneruralduckclubandoneruralsitejustnorthof
theOrangeCountySanDiegoCountylineon
CampPendletonMarineCorpsBaseFig1Rock
DoveswerecollectedbyshotgunatBonitaCanyon
CoyoteCanyonCountyLandfillinIrvineSite
XIVFig1

Results

SLEpositivesampleswerecollectedallover
thecountyFig1 Themajority787 were

takenfromRockDoveswhichconstitutedonly259
percentofthetotalsamplesTable4Individual
positivesarelistedinTable5Thiswasthefirst
timeRockDoveswerecollectedweeklyyearround
andpositivesshowneverymonthFig2There
wassomeviralactivityalmostcontinuallywith
HouseFinchesFig3andonlyforaboutsix
monthswithHouseSparrowsFig4

Discussion

Withtheendof1989wenowhavethree
consecutiveyearsofdata56310birdscaptured
24179sampledandcanbegintoseesome
patternsproblemsandpossiblesolutions

Firstitisobviousfromtheoverallpositive
rateFig5thatSLEvirusisactiveatvaryinglow
levelsyearroundinthesmallbirdsinthecounty
ThegapinAprilandMayof1987isprobablydue
tosmallsamplesizeandthefactthattheproject
wasjustbeginningandtechniqueswerebeing
honed Indeedthethirtyconsecutivemonthsof
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Table5PositiveBirdSera1989

Catalog
No Species

JAG8933 HouseFinch
44 RockDove
57 RockDove

109 RockDove
124 RockDove
137 RockDove
307 RockDove
440 RockDove
443 RockDove

JAG89719 RockDove Ad
748 RockDove Ad
756 RockDove Ad
835 RockDove Juv
837 RockDove Ad
849 RockDove Juv

992 RockDove Juv
1007 RockDove Juv

JAG891207
1239

1334
1358

1374
1501

1639
1642

1759

1766

1788

1838

JAG891922

2061

2239

2291

CentralPkHuntBch 3Jan 9Jan 120

BonitaCanyon 4Jan 11Jan 120
BonitaCanyon 4Jan 11Jan 140
BonitaCanyon 11Jan 19Jan 140

BonitaCanyon 11Jan 19Jan 120
BonitaCanyon 11Jan 19Jan 140
BonitaCanyon 18Jan 26Jan 120

BonitaCanyon 25Jan 30Jan 140

BonitaCanyon 25Jan 30Jan 180 140

Sex

Age Locality

TotalSamplesJanuary 574TotalPositives 9SLE1WEE
PercentPositive 174

TotalRockDoveSamplesJanuary 190TotalPositiveRockDoves 8SLE1WEE
PercentRockDovePositive 47

RockDove Juv
HouseFinch Ad
RockDove Ad
HouseFinch Ad

BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon

Date Date Titer

CollectedReported SLE WEE

TotalSamplesFebruary 626TotalPositives 7SLE4WEE
PercentPositive 176

TotalRockDoveSamplesFebruary 173TotalPositiveRockDoves 7SLE4WEE
PercentRockDovePositive 637

RockDove Ad BonitaCanyon
RockDove Ad BonitaCanyon
RockDove Ad BonitaCanyon
RockDove Ad BonitaCanyon
RockDove Ad BonitaCanyon
RockDove Ad BonitaCanyon
RockDove Ad BonitaCanyon
RockDove Ad BonitaCanyon
RockDove Juv BonitaCanyon
RockDove Juv BonitaCanyon
RockDove Juv BonitaCanyon
HouseFinch Ad MasonParkIrvine

8Feb 10Feb 140
8Feb 10Feb 120
8Feb 10Feb 120

15Feb 28Feb 120
15Feb 28Feb 120
15Feb 28Feb 120
22Feb 3Mar
22Feb 3Mar 180

1Mar

1Mar

8Mar
8Mar
8Mar

15Mar

22Mar
22Mar
29Mar
29Mar
29Mar
30Mar

10Mar 120

10Mar 120
15Mar 120
15Mar 120
15Mar 120
28Mar 120
4Mar 140
4Mar 120

11Mar 120
11Mar 140
11Mar 120
11Mar 120

TotalSamplesMarch 690TotalPositives 12SLE
PercentPositive 174

TotalRockDoveSamplesMarch 262TotalPositiveRockDoves 11SLE
PercentRockDovePositive 42

BonitaCanyon 5Apr 18Apr
ChalletIrvine 13Apr 20Apr
BonitaCanyon 26Apr 2May
SanMateoPtSClem 27Apr 2May

120

120
140 120
120

TotalSamplesApril 419TotalPositives 4SLE1WEE
PercentPositive 119

TotalRockDoveSamplesApril 120TotalRockDovesPositive 2SLE1WEE
PercentRockDovePositive 25
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120
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Table5PositiveBirdSera1989continued

Catalog
No

JAG892353
2365
2380
2587
2594
2612
2615
2621
2807
2808

2844
2905
2945

JAG893157
3172
3175
3178
3535
3539
3732
3738
3757
3762

3770
3776

3778
4008
4010
4011
4012

4031
4033
4051

4206

4221

4231

JAG894247
4349
4354
4641
4658
4673
4861
5096
5114

Sex

Species Age Locality

RockDove

RockDove

RockDove
RockDove
RockDove

RockDove

RockDove
RockDove
RockDove

RockDove
HouseFinch
HouseFinch

HouseFinch

Ad

Ad

Ad

Juv

Ad

Juv

Juv

Juv

Juv

Juv

Fledg
Fledg
Fledg

TotalSamplesMay 710TotalPositives 13SLE1WEE
PercentPositive 197

TotalRockDoveSamplesMay 224TotalRockDovesPositive 10SLE1WEE
PercentRockDovePositive 491

RockDove
RockDove

RockDove

RockDove
RockDove
RockDove

RockDove

RockDove

RockDove
RockDove

RockDove

RockDove

RockDove

RockDove

RockDove

RockDove
RockDove

RockDove

RockDove
RockDove
HouseFinch

HouseSparrow
HouseSparrow

Juv

Juv

Ad

Juv

Ad

Ad

Juv
Juv

Ad
Ad

Juv

Ad

Juv

Ad

Juv

Juv
Ad

Ad

Ad
Juv

Imm
Imm

Imm

TotalSamplesJune 1215TotalPositives 23SLE

PercentPositive 189

TotalRockDoveSamplesJune 209TotalRockDovesPositive 20SLE

PercentRockDovePositive 957

HouseFinch Imm

RockDove Ad
RockDove Ad

RockDove Ad

RockDove Juv

RockDove Juv

HouseSparrow Imm

RockDove Juv

RockDove Juv

BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
SanMateoPtSClem25May
ColeSanJuanCap 29May
PettHuntingtonBch 30May

BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
CentralPkHuntBch
CentralPkHuntBch
CentralPkHuntBch

ByersSantiagoOaks
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BrownRossmoor
BonitaCanyon
BonitaCanyon

24

Date

Collected

3May
3May
3May

17May
17May
17May
17May
17May
24May
24May

Date Titer

Reported SLE WEE

10May 120

10May 120

10May 140 140

25May 120

30May 140

30May 120

30May 180

25May 120
1June 120
1June 120
1June 140
8June 120

8June 120

7June 13June 120

7June 13June 140

7June 13June 120

7June 13June 120

14June 22June 180
14June 22June 1160
21June 28June 180
21June 28June 120

21June 30June 120

21June 30June 180
21June 30June 180

21June 30June 180

21June 30June 140

28June 6July 180

28June 6July 120

28June 6July 120
28June 6July 140

28June 6July 140

28June 6July 180

28June 6July 120
30June 11July 120

30June 11July 120

30June 11July 120

3July 13July 120

5July 13July 120

5July 13July 140

12July 19July 120

12July 19July 140

12July 19July 120

14July 21July 120

19July 28July 180

19July 28July 120



Table5PositiveBirdSera1989continued

Catalog
No

5124

5270
5360

5458
5487

JAG895878

5887

6009

6210
6220
6244
6253

6263

6377

6602

6772
6780

6824

7105

JAG897202
7334

7546

7632

7639

7647

7649

7669

7676

7681

7761

JAG897787
7824
7839
7962

8173
8196
8200
8310

Sex

Species Age

RockDove

HouseSparrow
HouseSparrow
RockDove
RockDove

RockDove
RockDove

HouseSparrow
RockDove

RockDove
RockDove
RockDove

RockDove

HouseSparrow
HouseFinch
RockDove

RockDove

RockDove
RockDove

Juv

cAd

Imm

Ad

Ad

Juv
Juv

Imm

Juv

Ad

Ad

Ad
Juv

Imm

oAd
Juv

Juv

Ad

Ad

HouseFinch Imm

RockDove Juv

HouseSparrow Imm

RockDove Ad

RockDove Ad
RockDove Ad

RockDove Ad

RockDove Juv
RockDove Ad

RockDove Juv

HouseFinch Ad

HouseFinch Ad

RockDove Juv
RockDove Juv

RockDove Juv

RockDove Ad

RockDove Juv

RockDove Ad

RockDove Ad

Locality

BonitaCanyon
BrownRossmoor
FullertonCollege
BonitaCanyon
BonitaCanyon

PettHuntingtonBch
BonitaCanyon
FullertonCollege
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
CentralPkHuntBch

CarbonCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon

25

Date Date Titer
Collected Reported SLE WEE

19July 28July 140

21July 31July 120

25July 2Aug 120

26July 2Aug 120

26July 2Aug 140

TotalSamplesJuly 1579TotalPositives 14SLE
PercentPositive 089

TotalRockDoveSamplesJuly 198TotalRockDovesPositive 10SLE
PercentRockDovePositive 505

BonitaCanyon 2Aug 15Aug 120
BonitaCanyon 2Aug 15Aug 120

ModjeskaParkAna 4Aug 15Aug 120

BonitaCanyon 9Aug 17Aug 120

BonitaCanyon 9Aug 17Aug 120
BonitaCanyon 9Aug 17Aug 120
BonitaCanyon 9Aug 21Aug 120

BonitaCanyon 9Aug 21Aug 140

ModjeskaParkAna 11Aug 21Aug 120

PettHuntingtonBch 18Aug 28Aug 120

BonitaCanyon 23Aug 30Aug 120

BonitaCanyon 23Aug 30Aug 140

BonitaCanyon 23Aug 30Aug 120

BonitaCanyon 30Aug 8Sept 120

TotalSamplesAugust 1335TotalPositives 14SLE
PercentPositive 105

TotalRockDoveSamplesAugust 236TotalRockDovesPositive 11SLE
PercentRockDovePositive 466

5Sept 12Sept 140

13Sept 26Sept 120

22Sept 4Oct 120

27Sept 4Oct 120

27Sept 10Oct 140

27Sept 10Oct 140

27Sept 4Oct 120

27Sept 4Oct 140

27Sept 10Oct 1160

27Sept 10Oct 120

29Sept 4Oct 120

TotalSamplesSeptember 632TotalPositives 11SLE
PercentPositive 174

TotalRockDoveSamplesSeptember 155TotalRockDovesPositive 8SLE
PercentRockDovePositive 516

3Oct 10Oct 120
4Oct 10Oct 140
4Oct 10Oct 120

11Oct 18Oct 120
18Oct 26Oct 120
18Oct 26Oct 180
18Oct 26Oct 140
25Oct 31Oct 120



Table5PositiveBirdSera1989continued

Catalog
No

8318
8443
8444
8460

JAG898638

8680

8716

8954
8969

9148

JAG899384

9400
9409

9461
9477

9526
9590
9691

9694

1369738

9770

9821

9841

9858

9860

9864

9866
9903

9942

10020

10024

28310042

15210115

Species

RockDove

HouseSparrow
HouseSparrow
HouseFinch

Sex

Age

Ad

Imm

Imm

Ad

RockDove Ad

HouseSparrow Imm

HouseFinch Ad

HouseFinch Ad

RockDove Ad

RockDove Juv

RockDove Ad

RockDove Ad

HouseSparrow Imm

RockDove Ad
RockDove Ad

RockDove Ad

RockDove Ad

RockDove Ad

RockDove Ad

HouseFinch Ad

RockDove Ad
RockDove Ad

RockDove Ad

RockDove Ad

RockDove Ad

RockDove Juv

RockDove Juv

RockDove Ad

RockDove Ad

HouseSparrow Imm

HouseSparrow Imm

HouseFinch Ad

HouseFinch Ad

Locality

BonitaCanyon
PettHuntingtonBch
PettHuntingtonBch
ChalletIrvine

BonitaCanyon
PettHuntingtonBch
ChalletIrvine
PettHuntingtonBch
BonitaCanyon
BonitaCanyon

TotalSamplesOctober 744TotalPositives 12SLE

PercentPositive 163

TotalRockDoveSamplesOctober 202TotalRockDovesPositive 8SLE

PercentRockDovePositive 396

BonitaCanyon
BonitaCanyon
PettHuntingtonBch
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
PettHuntingtonBch
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
BonitaCanyon
ModjeskaParkAna
ModjeskaParkAna
20RanchIrvine
PcttHuntingtonBch

26

Date Date Titer

CollectedReported SLE WEE

25Oct 31Oct 120

27Oct 3Nov 120

27Oct 3Nov 140
30Oct 3Nov 120

8Nov 15Nov 140
10Nov 17Nov 120
13Nov 17Nov 120

21Nov 28Nov 140

22Nov 4Dec 120

29Nov 6Dec 120

TotalSamplesNovember 725TotalPositives 6SLE
PercentPositive 083

TotalRockDoveSamplesNovember 229TotalRockDovesPositive 3SLE
PercentRockDovePositive 131

8Dec 15Dec 120
8Dec 15Dec 120

8Dec 15Dec 120

11Dec 15Dec 140

11Dec 15Dec 140

13Dec 20Dec 140
13Dec 20Dec 120
14Dec 22Dec 140
14Dec 22Dec 140

15Dec 22Dec 120
18Dec 22Dec 140
20Dec 27Dec 120
20Dec 27Dec 140

20Dec 27Dec 120

20Dec 27Dec 140
20Dec 27Dec 140
20Dec 27Dec 140

21Dec 27Dec 120
21Dec 27Dec 120

27Dec 4Jan 120

27Dec 4Jan 120

28Dec 4Jan 120
29Dec 4Jan 120

TotalSamplesDecember 874TotalPositives 23SLE
PercentPositive 274

TotalRockDoveSamplesDecember 425TotalRockDovesPositive 17SLE
PercentRockDovePositive 40
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Figure2PercentpositiveRockDovesColumbaliviapermonth19871989
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Figure3PercentpositiveHouseFinchesCarpodacusmexicanuspermonth19871989
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Figure4PercentpositiveHouseSparrowsPasserdomesticuspermonth19871989
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positivebirdshascarriedoverinto1990Itshould
alsobenotedthatthepercentpositivehasincreased
from06in1987to099in1988to154in1989

suggestinganupsurgeintheavianviruscycle
Secondlookingatindividualspeciesdoes

seemtoshowsomewidepatternsandobservations
RockDoveColumbaliviaFig2Basedon
4450samplesitseemswithonemajor
drawbacktobethebestindicatorofvirus
activityaveragingabout4to5percent
annuallyAllthebirdswerecollectedatthe
samesitewhichisalandfillTheyflyintothe
landfilltoforageandflyoutagaininthe
afternoonThuswhenabirdshowspositive
weknowonlythatthereisvirusinthecounty
astheyareobviouslybeinginfectedattheir
roostingsitesandnotatthelandfillThese
areferalRockDovesieunbandedandnot
partofsomeonesflocksotheyprobablyroost
inoldbuildingsoverpassesbridgesetc
Preliminaryplansfor1990havebeenmadeto
livetrapandradiotracksomeofthesebirdsin
ordertolocatetheirhomesitesandpossible
virusfoci

HouseFinchCarpodacusmexicanusFig3
Basedon11264samplesFinchesshow
generalyearroundviralactivityatalowlevel
withadefinitewintercarryoverinfirstand
secondyearadultsThelowestpositivelevels
occurfromMaytoAugustwhenmostofthe
samplesarefledglingsandimmatures In

Augustwebeganusingindividualnumbered
bandsonFinchesinourfourmostproductive
trapsinordertogathermoredetailed
informationonrecaptureratesrelocationand
hopefullydurationofantibodyinindividual
birdsWiththehelpofMsKathyVanderpool
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Figure5PercentpositiveforcombinedRockDovesHouseFinchesandHouseSparrowspermonth 19871989

FullertonStateCollege400birdshavebeen
bandedandresultswillbeavailablesoon

HouseSparrowPasserdomesticusFig4
Basedon5694sampleswefoundthepeak
activityinSparrowsduringthelastsixmonths
oftheyearwithnoapparentwintercarryover
Itseemsthatonlyimmatureandfirstyear
birdsareinvolvedalthoughnotmanyplumage
matureadultsarecaptured

Inconclusionvirusactivityinpresentyear
roundinaboutonepercentofthepasserines
sampledandabout45percentofthecolumbines
Weareatthepointnowwherewecanfinetunethe
samplingandtrackingprocessesinordertolearn
moreabouttheviruscycleinbirdsandcoordinate
thisinformationwithotherapproachessuchas
mosquitopoolsfeedingpreferencessentinelflocks
meteorologicaldataetc
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EVALUATIONOFMOSQUITOANDARBOVIRUSACTIVITY

INORANGECOUNTYCALIFORNIA1989

StephenGBennettJamesPWebbJrZenaidaTSirunoandTinaJSmith

OrangeCountyVectorControlDistrict
POBox87

SantaAnaCalifornia92702

In1989theOrangeCountyVectorControl
DistrictOCVCDcontinueditsmosquitoand
encephalitisvirussurveillance Mosquitoeswere
collectedallyearattwelvepermanentsites
throughoutthecountyFig1 Twentyone
CDCCO2trapswereutilizedaswellaseleven
gravidfemaletrapssixwerediscontinuedinMay
Atotalof14042mosquitoeswascollectedfrom
which442poolsweresubmittedforvirustesting
Thecollectionincluded256poolsofCulex
quinquefasciatusSay146poolsofCulextarsalis
Coquillett23poolsofCulexstigmatosomaDyar10
poolsofCulisetaincidensThompsonand7pools
ofCulisetainomataWillistonNoneofthepools
testedpositiveforStLouisencephalitisSLEor
westernequineencephalomyelitisWEEviruses
InadditiontotheabovemosquitoesCulex
erythrothoraxDyarandCulisetaparticepsAdams
werealsotakenfromrurallocalitiesbutnot
pooledSentinelchickenflocksincludedonelarge
flockof25at20RanchDuckClubinIrvineand
fourminiflocksfivechickenseachlocatedin
FullertonBuenaParkCypressandLosAlamitos
SeroconversionsforSLEantibodiesoccurredin
BuenaParkonAugust21andagainonNovember
1315atBuenaParkandFullerton

WildbirdseracollectedbyDrJohnGruwell
andMsBeckyBrownweretestedforSLEand
WEEantibodiesattheOrangeCountyPublic
HealthLaboratory Over24000birdswere

trappedand10123bloodsamplestakenduring
1989ThesummaryofresultsisgiveninTable1
RockDovesColumbaliviapigeonsfromIrvine
showedthehighestnumberofSLEandWEE
positivesat438and027percentrespectively

HouseFinchesCarpodacusmexicanusand
HouseSparrowsPasserdomesticuscompriseda
smallpercentageofthetotalComparedtolast
yearGruwelletal1988SLEactivitydoubledin
RockDoves21in1988increased25timesin
HouseSparrows03in1988anddecreasedin
HouseFinches05in1988 Westernequine
encephalomyelitisinfectionsdecreasedinallthe
abovespecies11 01 02 respectivelyin
1988 InadditiontotheRockDovessampled
fromBonitaCanyonLandfillinIrvine95samples
werealsoobtainedfromJohnWayneAirportAll

29

ofthesetestednegativeforSLEandWEETrends
inthewildbirdpopulationsasshowninFigures2
and3aresimilarto1987and1988Webbetal
1988positivebirdswerefoundalmostevery
monthoftheyearincludingDecemberand
January

Onceagainwildbirdsappearedtobeavery
effectivesentinelforvirusactivityintheLos
Angeles Basin There were consistent
seroconversions months before the positive
mosquitopoolsorchickenseroconversionsFig2
ThehighestpeakinwildbirdSLEactivityoccurred
inmidJuneahumancaseoccurredinmid
Augustwhilethefirstpositivemosquitoeswereat
theendofJulyorfirstofAugustthefirstchicken
seroconversionswereinAugustjustpriortoand
afterthehumancaseTwomorepeaksoccurredin
September and October before the next

seroconversionsinNovemberTheseresultswere
verysimilartodatafrom1987and1988

Figure3illustratestheseparationofSLE
positiveRockDovesfromFinchesandSparrows
ExceptforJanuaryandFebruarySLEactivityhad
approximatelythesametemporaldistributionin
bothgroupsonlyatalowerlevelinwildHouse
FinchesandSparrows

Mosquitoes were collected from seven

suburbanandfiveruralsitesTheCDCCO2light
trapswereusedatall12sitesand11ofthe12sites
hadgravidfemalemosquitotrapsandAustralian
CrowtrapsinplaceTwoofthesesites20Ranch
DuckClubinIrvineandFullertonCollegealso
hadsentinelchickenflocks TheSanJoaquin
FreshwaterMarshhadonlyCDCCO2traps
Culex quinquefasciatus was the predominant
mosquitospeciesinsuburbansitesandwaspresent
throughthefallandwintermonthswhileCulex
tarsaliswaspredominantinruralareasandinmost
caseswasgonebyOctoberThisisillustratedby
comparingaresidentialbackyardsiteinIrvineFig
4withtworuralsitesinIrvineFigs5and6

Culexquinquefasciatusstartedtoincreaseat
theIrvineresidentialsitebytheendofMarch
whereasatthenearbyruralsite20RanchDuck
ClubCulexquinquefasciatusstartedamonth
earlierBothoftheabovesiteshadpeaksofCulex
quinquefasciatusactivityoccurringinmidApril
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Figure1LocationsofstudysitescontainingcrowtrapsCDCtrapsandgravidfemaletraps crow

trapsonlyosentinelchickenflocks andpigeoncollectionseinOrangeCountyCalifornia

Table1SLEandWEEseroconversionsinsmallbirdserasamplesfromOrangeCountyCalifornia

NoBlood Percent Percent

Species SLE WEE Samples SLE WEE

RockDove 115 7 2623 438 027

HouseSparrow 14 0 1941 072 000

HouseFinch 19 0 4855 039 000

WhitecrownedSparrow 0 0 806 000 000

Others 0 0 198 000 000

Totals 148 7 10123 146 007
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Figure4HostseekingfemalemosquitoactivityatasuburbanresidenceinIrvine1989 CDCCO2trap
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Figure5Hostseekingfemalemosquitoactivityat20RanchDuckClubIrvine1989CDCCO2trap
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Figure6HostseekingfemalemosquitoactivityatSanJoaquinMarshIrvine1989CDCCO2trap
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Figure8Hostseekingfemalemosquitoactivity20RanchDuckClubandSLEpositivepigeonsBonita
CanyonfromIrvine1989CDCCO2trap
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midJunemidAugustandmidtolateSeptember
Numbersrangedfrom120mosquitoespertrap
nightattheruralsites Culexquinquefasciatus
occurredinverylownumbersintheSanJoaquin
Marshduring1989010pertrapnight Culex

tarsalisinthemarshaveraged2040pertrapnight
fromAprilthroughJulyandpeakedinAugust100
pertrapnightBymidOctoberCxtarsaliswas
goneInadjacent20RanchDuckClubCxtarsalis
activityfollowedsimilartrendsComparedto1988
Cxtarsalisnumberswereconsiderablylowerinthe
SanJoaquinMarshAlthoughtheAprilpeakof
activitydidnotoccurin1988themidMaypeak
reached75pertrapnight30pertrapnightfor
1989andtheAugustpeakreachedapproximately
400pertrapnight100pertrapnightfor1989
Culexquinquefasciatusaveraged1020pertrap
nightstartinginJune1988whereasthisspecies
wasalmostcompletelyabsentin1989 Atthe

IrvineresidentialsiteCxtarsalisonlyreached23
pertrapnightbetweenMayandJuly Figure7
illustratesthemosquitoactivityatasuburbansite
inFullerton Culexquinquefasciatusismost
abundantfromJunethroughAugust25pertrap
nightandremainspresentthroughNovember

Aninterestingobservationwasmadeinmid
Novemberwhenasentinelchickenatthissite
seroconvertedforSLEatatimewhenhostseeking
CxquinquefasciatuswerestillpresentbutCx
tarsalishadbeenabsentsincemidJuly Culex

stigmatosomawaspresentinlownumbersuntil
November1pertrapnightThenumberofCx
tarsalisneverexceededtwopertrapnightduring

CulexquinquefasciatusGravidFemales

12345678910511213141516171819202122232425262728293031323334353637383940414243444546474849505152

Week

Figure10GravidfemaleactivityatCentralParkHuntingtonBeach1989ReiterTrap

35

theentireyearAsimilarcorrelationcanbeseen
betweenSLEpositivepigeonsandCxquinquefas
ciatusfromIrvineFig8 AfterOctoberCx

tarsalishaddisappearedwhileCxquinquefasciatus
persistedthroughthewinteralongwithpigeonse
roconversions CulexstigmatosomaandCuliseta
incidenswerealsopresentuntilmidNovember
HoweverfromAprilthroughSeptemberpeaksfor
CxtarsalisCxquinquefasciatusandpigeonsero
conversionscorrespondedrelativelyclosely

GravidfemaleCxquinquefasciatuswere
obtainedfromovipositionaltrapsatbothsuburban
andruralsites Figure9illustratesmosquito
activityfromthe20RanchDuckClubinIrvineand
aresidentialsitePeakactivityperiodsoccurredat
approximatelythesametimeofyearalthougha
fewmosquitoesweretakenafterNovemberatthe
residentialsiteBetweenAprilandJulygreater
numberswerecollectedfromthebackyardsource
3560pertrapnightbutafterSeptembermore
weretakenfromtheruralsite3050pertrap
night Datafromthesetwolocalitiesfor1988

differedconsiderablyFewerCxquinquefasciatus
weretakeninJuneandJuly1988only15per
trapnightandinSeptember2530pertrapnight
at20RanchDuckClub Greaternumbersof

mosquitoeswerepresentfrommidJuly1988140
pertrapnightAugust90pertrapnightand
September80pertrapnightattheresidential
siteThehighestnumbersofgravidfemaleCx
quinquefasciatuswereobtainedfromasuburban
parkinHuntingtonBeachwhere110pertrapnight
werecollectedinMay160pertrapnightinJune



and240pertrapnightinDecemberFig10This
Decemberincreaseseemstocorrespondtoahot
weatherpatternthatwaspresentinmidDecember
althoughnoneoftheotherlocalitiesshowsucha
dramaticchange
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MOSQUITOABUNDANCEANDARBOVIRALACTIVITY

INSANBERNARDINOCOUNTYDURING1989

Introduction

AspartoftheCaliforniaencephalitisvirus
surveillanceEVSsystemSanBernardinoCounty
throughitsVectorControlProgramhasbeen
carryingoutEVSandmosquitocontrolactivitiesin
ordertoprotectthewellbeingofitsresidents
Geographicallythecountyconsistsofthreedistinct
regionsthedesertmountainandvalleyregions
Demographicallythevalleyregionhousesover80
ofthenearly13millioncountypopulationwiththe
remainingscatteredovervariouspartsofthedesert
andmountainregionsHistoricallyhowevercases
ofbothSaintLouisencephalitisSLEandwestern
equineencephalomyelitisWEEhavebeenreport
edinthedesertandvalleyregionsfromtimeto
time

Aftertheencephalitisoutbreakof1984which
resultedin26humancasesofSLEinsouthern

Californiathenexthumancaseofencephalitis
SLEinCaliforniawasreportedfromthecityof
SanBernardinoin1987Emmonsetal1988Of
thetwohumancasesin1988onecasewasreported
fromthesamesiteinSanBernardinoAnonymous
1988 DuringthesameperiodbothSLEand
WEEvirusactivitieswerereportedinthedesert
regionespeciallyNeedlesandadjourningareas
alongtheColoradoRiver Duetotheperiodic
incidenceofencephalitisinthetworegions

LalSMianandRobertGProchaska

SanBernardinoCountyVectorControlProgram
DepartmentofEnvironmentalHealthServices

2355EastFifthStreet

SanBernardinoCalifornia92410

ABSTRACT

Ofthe29513mosquitoescollectedinNewJerseylighttrapsanddryicebaitedtrapsin
SanBernardinoCountyduring1989Aedesvexans497 Culextarsalis306 andCuliseta

inomata195 werethemainspeciescollectedinthedesertregionCulextarsalis350
Culexstigmatosoma292 Culexquinquefasciatus165 andCsinomata122 were

predominantinthevalleyregionIngeneralmosquitoactivitywasthehighest881 inthe

ruralhabitatsofthedesertregionThisalsodirectlycontrastedthemosquitoactivityfoundin
thevalleyregionwheremoremosquitoeswerecollectedintheurbanandsuburbansitesthan
intherurallocationsSeasonallydifferentindividualspeciesofmosquitoesprevailedfrom
AprilthroughNovemberdependingonregionandhabitat

Duringourstudiesonthearboviralactivitynoneofthemosquitosamplesorbloodsera
fromsentinelchickenflockswerefoundpositiveforarbovirusactivity
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mosquitocontrolandEVSactivitieshavebeen
routinelycarriedoutinthedesertandvalleyregions
ofthiscountyThedatageneratedinroutineEVS
activitiesareevaluatedhereinrelationtothe

populationdynamicsofadultmosquitoesand
arboviralactivityinSanBernardinoCountyduring
1989

MaterialandMethods

ThegeneralprocedureforEVSstudiesinSan
BernardinoCountyduring1989consistedofthe
followingthreemaincomponents
AdultMosquitoPopulationDynamicsTheabun
danceofvariousmosquitospecieswasmonitoredon
aweeklybasisbyoperatinganumberofNewJersey
LightTrapsInthevalleyregionthetrapswere
stationedatsixlocationsYucaipaRegionalPark
FifthStreetinSanBernardinoRandallBasinin
SanBernardinoFontanaRegionalParkOntario
andUpland InthedesertNeedlesareathree
trapswereoperatedalongtheColoradoRiver

Adultmosquitoescollectedinthesetrapswere
countedandidentifiedtospeciesandsex The

AdultMosquitoOccurrenceReportwassenttothe
CaliforniaDepartmentofHealthServicesCDHS
ArboviralActivityinFemaleMosquitoes To

monitorarboviralactivityinlocalmosquitopopula
tionsthroughoutboththedesertandvalleyregions



dryicebaitedtrapswereusedovernighttocollect
hostseekingadultfemalemosquitoes Eightor
moretrapswereoperatedonabiweeklyvalley
regionormonthlydesertregionbasis

Femalemosquitoescollectedinovernighttraps
wereanesthetizedusingtriethylamineTheywere
countedidentifiedtospeciessexedandpooledby
specieswith1050adultsperlabelledvialAllpools
vialswerestoredindryiceinthefieldorat
60Finthelaboratorybeforebeingshippedindry
icepackedcontainerstotheStateofCalifornia
DepartmentofHealthServicesViralandRickettsi
alDiseaseLaboratoryVRDLinBerkeleyforviral
determination

ArboviralActivityinSentinelChickenFlocksBoth
wildanddomesticbirdsareknowntoplayasignifi
cantroleintheepidemiologyofmosquitoborne
encephalitidesbyactingasreservoirhostsforthe
encephalitisviruses Thereforetwosentinel
flockseachconsistingof20whiteleghornchickens
weremaintainedinthevalleyregionduring1989
OneflockwasstationedneartheRandallBasinin

thecityofSanBernardinoThissitehadahistory
ofonehumanSLEcaseeachin1987and1988
ThesecondflockwasmaintainedattheSan

BernardinoCountyVectorControlPrograms
headquartersalsointhecityofSanBernardino
BothflocksiteshadNewJerseylighttrapsoperated
nearby Bloodserumsamplesfromallsentinel
chickensweretakenonpredetermineddatesduring
themosquitoseasonandsenttotheVRDLfor
detectionofarboviralactivityNochickenflocks
weremaintainedbyusinthedesertregionNeedles
areaThisregionhadachickenflocklocatednear
agolfcourseinNeedleswhichwasmaintainedby
theUniversityofCaliforniaArbovirusResearch
Group

ResultsandDiscussion

Ofthetotal29513mosquitoescollectedin
NewJerseylighttrapsanddryicebaitedtrapsat
varioussitesinthecountyduring1989themost
abundantculicinespeciesinboththedesertand
valleyregionswasCulextarsalisCoquillettTable
1 InthedesertregionAedesvexansMeigen
constituted497ofthetotalcollectionandwas
followedbyCulertarsalis306 andCuliseta

inomataWilliston195 Otherspeciestotaling
10ofthetotalnumberofmosquitoesincluded

AedesincrepitusDyarAnophelesfranciscanus
McCrackenAnophelesfreebomiAitkenAnopheles
punctipennisSayCulexerythrothoraxDyarandCulex
quinquefasciatusSayEarlierstudiesinthisarea
howeverhaveshownCrtarsalisasthemost
abundantspeciescomprisingasmuchas72 62
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Table1Faunalcompositionofmosquitoescaught
inSanBernardinoCountyduring1989

Species

Aedesvexans

Anophelesfranciscanus

Culexerythrothorax

Culexquinquefasciatus

Culexstigmatosoma

Culextarsalis

Culisetaincidens

Culisetainomata

Culisetaparticeps

composition
Desert Valley

497 01

01 19

01 07

01 165

0 292

306 350

0 41

193 122

0 03

Totalcollected 25272 4241

aOtherspeciesfoundinsmallnumbersincluded
AeincrepitusAnfreebomiorhermsiandAn
punctipennis

and86ofthetotalmosquitoescollectedin1986
1987Reisenetal1988andmorerecently1988
Mianunpublisheddatarespectively

Inthevalleyregionofthecountymosquito
compositionbyspecieswasdominatedbyCx
tarsalis35 CulexstigmatosomaDyar292
Cxquinquefasciatus165 andCsinomata

122 Thesespecieswerefollwedtoalesser
extentbyCulisetaincidensThompson41
franciscanus19 Cxerythrothorax07
CulisetaparticepsAdams03 andAevexans

01 InthewestendofthevalleyChino
areathethreeculicinespeciesinorderoftheir
relativeabundancehavebeenreportedtobeCr
quinquefasciatusCxstigmatosomaandCxtarsalis
Pfuntner1988TheChinoareaiscomposedof
variousagriculturalbiotopesincludingbutnot
limitedtodairyfarmingthesebiotopesprovide
idealhabitatsforthebreedingofmosquitospecies
intheaforementionedorder

BasedontheNewJerseylighttrapdatathe
distributionofmosquitoesbyhabitatinthedesert
regionwaspredominantlyrural881 whereasin

thevalleyregionmosquitoeswerefoundinhigher
numbersinbothsuburban607 andurban

331 habitatsTable2 Thisdistribution

patterncouldbeattributedtotheproximityoftrap
sitestomosquitobreedinghabitatsrangingfrom



Table2DistributionofmosquitoescaughtinNew
Jerseylighttrapsoperatedatvariouslocationsin
SanBernardinoCountyduring1989

TrapLocation

Rural

Suburban

Urban

70

60

50

40

W

c4

30

20

10

0

mosquitoestrapnight
Desert Valley

881

41

78

62

607

331

Totalcollected 21383 2217

residentialswimmingpoolstofloodcontrol
structuresintheurbanandsuburbanhabitatsorto
seepagewaterinpondsgrounddepressionsand
irrigationditchesinagriculturalareasalongthe
ColoradoRiver

Dataontheseasonalabundanceofmosquitoes
showasharpriseinmosquitopopulations
appearinginAprilthroughAugustinalmostall
threehabitatsFig1 Thedropinmosquito
populationinJuneattheurbanandsuburban
habitatswasmostprobablyduetolarvicidal
treatmentswithTeknarcontainingBacillus

thuringiensisvarisraelensisserotypeH14and
adulticidalapplicationsofPyrenoneMAGCa
mixtureofpyrethrinsandpiperonylbutoxide
duringthelaterpartofMay1989Thedropin
mosquitoabundanceattheruralsitecouldbe
largelyattributedtothechangesbroughtaboutin
thedurationandfrequencyoffloodirrigationof
pasturefieldsattheHavasuNationalWildlife
RefugeacrosstheColoradoRiverfromthecityof
NeedlesMosquitofaunalcompositionbyseasonin
thedesertareashowedthatAevexansandCx

tarsaliswerethemostprevalentspeciesduringthe
springandsummermonthswhereasCsinomata
prevailedduringthefallandwintermonthsTable
3 MosquitoabundanceasmeasuredbyCO
baitedtrapsrevealedanalmostsimilarpatternwith
Cxtarsalisasthemostabundantspeciesduring
AprilthroughSeptemberAevexansasthemain
speciesduringAprilandCsinomatadominating
duringNovemberTable4

Inthevalleyregionbothurbanandsuburban
siteshadhighermosquitoactivitythanthatofrural
sitesduringtheperiodofAprilthroughAugustthe
latterhadahighernumberofmosquitoesthan
thoseoftheformersitesduringthecoldermonths
especiallyNovemberandDecemberFig2
MosquitoactivityatthesehabitatsduringApril

JAN FEBMARAPRMAYJUN JULAUGSEP OCTNOVDEC

1111RURAL
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Figure1SeasonalabundanceofmosquitoesbytraplocationinthedesertregionofSanBernardinoCounty
during1989



Table3SeasonalabundanceofmosquitoescollectedinNewJerseylighttrapsfromthedesertregionofSan
BernardinoCountyduring1989Percentagesarebasedonatotalof21383mosquitoescollected

Percentmosquitoestrapnightbyspecies
Month Aevexans Anfranscicanus Cxervthrothorax Cxtarsalis Csinornata Total

January 0 0 0 03 28 31

February 0 0 0 09 138 147

March 01 0 0 05 03 08

April 263 0 0 47 01 311

May 24 01 0 47 01 72

June 145 01 0 16 01 162

July 26 0 0 09 0 35

August 02 0 0 19 0 21

September 01 01 0 04 03 08

October 31 01 01 02 47 81

November 01 01 01 03 105 109

December 0 0 0 01 15 15

Table4SeasonalabundanceofmosquitoescollectedinCObaitedtrapsfromthedesertregionofSan
BernardinoCountyduring1989Percentagesarebasedonatotalof3889mosquitoescollected

Percentmosquitoestrapnightbyspecies
Month Aevexans Anfranscicanus Cxerythrothorax Cxtarsalis Csinornata Total

April 17 0 01 294 0 311

July 01 0 0 220 0 221

August 02 01 0 426 0 429

September 01 0 0 21 0 21

November 01 0 0 01 16 18
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Table5SeasonalabundanceofmosquitoescollectedinNewJerseylighttrapsfromthevalleyregionofSan
BernardinoCountyduring1989Percentagesarebasedonatotalof2217mosquitoescollected

Month

Month

April 0

May 0

June 0

July 01

August 01

September 02

October 01

November 01

December 0

May 0

June 09

July 27

August 0

September 01

October 0

Anfrancis

throughSeptemberwasmainlyduetoCx
quinquefasciatusCxstigmatosomaandCrtarsalis
whereasduringthelaterpartoftheyearLe
NovemberandDecemberCsinomatawasthe
mostprevalentspeciesTable5Similarlydataon
mosquitoescaughtindryicebaitedtrapspresent
thesamepatternofmosquitoabundancewithCx
quinquefasciatusCrstigmatosomaandCrtarsalis
asthepredominantspeciesduringMaythrough
SeptemberTable6

Regardingthe arboviralactivityinSan

Percentmosquitoestrapnightbyspecies
Cxerythro Cxquinque Cxstigmato Cxtarsalis Csincidens

0 04 35

0 07 136

0 09 103

01 19 65

01 24 20

01 17 08

01 10 24

0 03 03

0 0 01

Table6SeasonalabundanceofmosquitoescollectedinCObaitedtrapsfromthevalleyregionofSanBernardino
Countyduring1989Percentagesarebasedonatotalof2024mosquitoescollected

Percentmosquitoestrapnightbyspecies
Aevexans AnfrancisCxerythroCxquinqueCxstipanato Cxtarsalis CsincidensCsinornataCspart Total

0 0 06 41 28 06 0 0 81

01 06 10 27 50 13 02 06 123

0 04 36 28 259 16 01 0 371

0 0 56 39 62 01 0 0 158

0 0 126 56 80 01 0 01 263

0 0 02 01 01 01 01 0 04

41

03

17

31

100

41

14

10

01

0

04

15

11

04

03

02

03

02

0

Csinornata Total

0 46

0 175

0 154

0 190

01 50

06 50

32 81

195 205

07 08

BernardinoCountynoneofthemosquitopools
98sentfromthedesertregionwerefoundpositive
forarboviralactivity Howeverserumsamples
fromthesentinelchickenflocknearNeedleswhich

wasmaintainedbytheUCArbovirusResearch
GroupshowedoneWEEsereconversionduringthe
monthofJulyAnonymous1989 Similarly
mosquitopoolsaswellasserumsamplesfromboth
sentinelchickenflocksmaintainedinthevalleyarea
didnotshowanyarbovirusactivityduringthe1989
season
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Figure2SeasonalabundanceofmosquitoesbytraplocationinthevalleyregionofSanBernardinoCounty
during1989
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WEEPROGRAMINWASHOECOUNTYNEVADA

ENCEPHALITISSURVEYSTUDY 1989

CarolScottandDanAriaz

Thefollowingisareportonthe1989
encephalitissurveystudyconductedbythemosquito
abatementprogramWashoeCountyDistrictHealth
Department

Introduction

WesternequineencephalomyelitisWEEand
StLouisencephalitisSLEarediseasescausedby
arbovirusesarthropodborneviruses These

virusesaremaintainedinwildbirdandrodent
populationswhichserveasreservoirsofinfection
formosquitoes Mosquitoesthentransmitthe
diseasetootherwildanddomesticanimalshorses
andhumansHorsesandhumansareknownas

deadendhostsTheydevelopaclinicaldisease
buttheydonotdevelophighenoughviral
concentrationsintheirbloodforthevirusestobe

passedontouninfectedmosquitoes Birdsand

rodentshoweverdonotdevelopclinicaldisease
buttheydodevelopaviremiawhichallowsinfection
ofmosquitoesandthereforetransmissionofthe
virustootheranimalsandhumans

WEEisprevalentinthewesternUnitedStates
andischieflyvectoredbythemosquitoCulex
tarsalisCoquillett Bothhorsesandhumansare

susceptibletothisdisease Inendemicareas
humaninfectioniscommonbutusuallyonlyonein
1000infectionsactuallyresultsinclinicalillness
Howeverinyounginfantslessthanoneyearof
ageonein25infectionsmaycausesevereillness
and60ofsurvivorsusuallyhavepermanent
neurologicalimpairmentSherris1984Mortality
fromWEEisestimatedat37Smithetal1985

SLEisalsoamajorcauseofencephalitisin
theUnitedStatesIthasageographicdistribution
similartoWEEanditisalsoknowntobevectored
byCulextarsalis SLEusuallyoccursinthelate
summerandfallandWEEusuallyoccursinearly
ormidsummerThisisduetoaslowerrateof

growthoftheSLEvirusinthemosquitovector
Anonymous1988UnlikeWEESLEinfectsbut
doesnotcausediseaseinhorsesanditshighest
attackrateinhumansoccursnotininfantsbutin

adultsovertheageof40yearsofageTheoverall
casefatalityrateforSLEis9Smithetal1985

WashoeCountyDistrictHealthDepartment
1001EastNinthStreet

RenoNevada89520
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Purpose
The1989encephalitisstudywasundertakento

monitorthelevelofWEEandSLEviralactivityin
variouslocationsinWashoeCountyMonitoringin
thisareawasdeemedappropriatebecausethe
necessaryfactorsforWEEandSLEoutbreaksare
presentThesefactorsareasfollows
1WashoeCountyislocatedwithintheknown

geographicaldistributionareasofWEEand
SLEthewesternUnitedStates

2There are large numbers Culextarsalis

mosquitoesinthisarea
3Birdsandrodentsaretheknownreservoirsfor

WEEandSLEandWashoeCountycurrently
sustainslargepopulationsofbothofthese

Procedures

In July sentinel chicken flocks were

establishedinfourlocationsFig1andTable1
Theseflocksconsistedofdomesticchickenswhich

werebornonMay11989andraisedbymosquito
abatementpersonneluntiltheywere8weeksold
Thechickenswerethentaggedwithlegbandsand
theflockswereplacedineachofthefourlocations
oneitherJune28orJune291989 Theflocks

werebledoneweekafterplacementandthese
bloodsamplesweretestedforantibodiestoWEE
andSLEtoestablishthatallchickensusedwere
freeofpreviousexposuretoWEEandSLEBlood
wasthendrawnatmonthlyintervalsinAugust
SeptemberandOctober

Thechickenswerekeptoutsideinpenswhere
theywereprotectedfromweatherandpredatorsbut
werefreelyexposedtomosquitoesThelegbands
wereusedforrepeatedidentificationandthe
chickenswerecheckedandbledaccordingtoa
scheduleA27gaugetuberculinsyringewasused
toobtainaonemilliliter1mlbloodsampleper
chickenThebloodwaswithdrawnfromthewing
veinaftertheskinhadbeendisinfectedwith

alcoholThebloodsampleswerenotdilutedthey
wereallowedtoclotandaserumsamplewasdrawn
offaftercentrifugationTheserumsampleswere
then shipped to California State Health

DepartmentsViralandRickettsialDisease
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Figure1SentinelchickenflocklocationsusedinWashoeCountyduring1989Gerlachnotshown



Table1SewinelchickenflocklocationsusedinWashoeCountyduring1989

Flocklocation

NevadaHerefordRanch

7000PyramidHighway
SparksNevada89431

MrandMrsDonHill

OldMiraLomaRoad

RenoNevada89506

WilliamandDorothySmythe
9415FleetwoodDrive

RenoNevada89506

PfaffsWeldingandFabrication
215WestSunsetBoulevard

GerlachNevada89412

LaboratoryinBerkeleyCaliforniawheretheywere
testedforWEEandSLEantibodiesusingthe
enzymelinkedimmunoassayELIZAtest

AdditionallyNewJerseyLightTrapswere
maintainednearthesentinelflockstomonitor

mosquitoactivity

Results

Atotalof292serumsamplesweretestedfor
antibodiestoWEEandSLEvirusesAllofthe

samplestestedwerenegative
HowevertherewasapositiveSLEantibody

seroconversioninachickenfromtheChurchill

CountyMosquitoAbatementDistrictssentinelflock
documentedJenniferPennerChurchillCounty
MAD

Thereisalsoanunconfirmedreportofa
humancaseofSLEinafarmworkerinYerington
Nevadathatoccurredafewweeksago Dr

DeborahBrusNevadaStateHealthDepartment
hasbeencontactedandischeckingintothecase
Shehasagreedtonotifyusoftheresultsofher
report

Futurerecommendations

Itisrecommendedthattheencephalitistesting
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Tagnumbers Chickens

120 18

2140 20

4160 19

6177 17

programbecontinued Althoughnopositive
sampleswerefoundinWashoeCountythereis
evidenceofSLEactivityinNevadathisyear
ChurchillCountyandpossiblyYeringtonAlso
thenecessaryfactorsforanoutbreakthevector
thereservoirandthehostarepresent

Throughtheuseofsentinelchickenflocksand
bloodtestingtheactivityofWEEandSLEcanbe
estimatedThefmdingofantibodyinsentinelflock
bloodsampleswillprovidewarningofthepossibility
oftransmissiontohumansItwillalsoallowfor

monitoringofthediseasewithrespecttotimeand
locationAsaresultmosquitocontroleffortscould
beintensifiedintargetareastodecreaseorprevent
anyhumancases
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MOSQUITOTRANSMITTEDMALARIAINCALIFORNIA1988 1989

Therewere six episodes ofmosquito
transmittedmalariaintheStatein19883and
19893allduetoPlasmodiumvivaxThesesix
episodesinvolved40casesresidinginfourcounties
AllothercasesofmalariareportedtotheDepart
mentofHealthServicesinthesetwoyears
1988 331 1989 378wereacquiredoutside
theUS

Casehistories

Episode1ElDoradoCountyA16yearold
studentfromthePlacervilleareahadonsetof

illnesson62388butwasnotdiagnosedand
confirmedasPvivaxmalariauntil722Thiswas
thefirstcaseofmalariareportedinthecountyin
threeyearsShehadnohistoryofforeigntravel
bloodtransfusionsorintravenousIVdruguse
Shelivedwithherfamilyinawellscreenedhouse
surroundedbyopenspaceusedforcattlegrazing
Oneandonehalfmonthsafterherillnessonseta

fewAnophelesfreeborniAitkenweretrappednear
alargecattlepondaboutonemilefromherhouse
NomigrantworkersMWsorimmigrantsfrom
malariaendemiccountriescouldbeidentifiedinthe

countybeforeoraftershebecameill Intensive

localpublicityandactivesurveillanceofhealthcare
providersfailedtorevealothercases Heronly
otherknownpossibleexposuretomalariahad
occurredinthespringandfallof1987whenshe
visitedYubaCityinnearbySutterCountySeven
casesofPvivaxmalariawerereportedfromthis
areain1987allintravelersorresidentsfrom
northern India where temperate zone

longincubationstrains ofPvivaxupto12
monthshavebeendocumented

Episode2SanDiegoCountyOn8288aMW
fromMexicowasdiagnosedandtreatedforPvivax
malariaataclinicinnorthwesternSanDiego
County LaterthatdayaSanDiegoHealth
Departmentpublichealthnurseaccompaniedthe
workertowherehewaslivinginanisolatedcanyon
encampmenteastofRanchoSantaFewhereshe
found11moreMWswithmalarialikesymptoms
AllhadPvivaxconfirmedthefollowingday
Subsequentinvestigationsbythehealthdepartment
intwoadjacentmakeshiftencampmentsidentified

RonaldRRoberto

DiseaseControlSectionInfectiousDiseaseBranch
CaliforniaDepartmentofHealthServices

2151BerkeleyWay
BerkeleyCalifornia94704
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30outbreakrelatedsymptomaticPvivaxcaseswith
onsetsbetween724and918Ofthe30twocases
wereinalocalfamilylivinginanewhousing
development next to the involved MW

encampmentsand28wereinMWslivingintwo
encampmentslocatedofftheDelDiosHighway
betweenRanchoSantaFeandLakeHodgesThe
majorityoftheMWswereemployedinlocal
agriculture Allpatientsdeniedrecentblood
transfusionsIVdruguseandpreviousmalaria
Lighttrapsplacednearworkerencampments
sheltersmadeofcardboardandplastictarpsthat
weresituatednearwatersourcesdivertedfroma

canalandanirrigationpondyieldedhighcountsof
AnhennsiBarrandGuptavanijacompetent
malariavector Controlmeasures included

detectionandtreatmentofcaseschloroquine
prophylaxisofMWsandvectorcontrolsmeasures
thatincludedlarvicidinginareaswithstanding
waterandaerialfoggingwithinsecticide

Episode1ButteCountyA48yearoldoffice
workerintheCountysEnvironmentalHealthUnit
hadonsetofmalariasymptomson91188which
wasconfirmedasPvivaxinfectionaweeklater

Shehadnohistoryofforeignorsignificantdomestic
travelbloodtransfusionorIVdruguseHercase
wastheonlyonereportedinthecountyin1988
Shelivesonanalmondandwalnutranch3miles
westofChicoand3mileseastoftheSacramento
River Theareaaroundherhomeisaknown

habitatforAnpunctipennisSay Anopheles
mosquitoeswereabundantinButteCountyduring
thesummerInearlyAugustsherecalledbeing
bittenintheeveningsbymosquitoeswhich
apparentlyenteredviaadefectivewindowscreen
MigrantworkersfromMexicohadworkednearher
homeduringthealmondharvestinAugusthowever
retrospectiveandprospectiveactivesurveillanceby
theButteCountyHealthDepartmentdidnotreveal
anymissedorsuspectcasesofmalariainMWsor
localresidents

Episode4SanDiegoCountyOn72889a52
yearoldbankerwhoresidesinanewdevelopment
inRanchoSantaFehadonsetofmalariasymptoms
confirmedasPvivaxinfectiononeweeklaterHe

hadnohistoryofforeigntravelbloodtransfusions



orIVdruguse Heliveslessthan2miles

southwestofthetwolocalresidentswhohadP

vivaxinfectionsinthe1988outbreakseeabove
On810aMWlivinginanisolatedcanyonnearthe
junctionoftheSanDiegoRiverandLusardiCreek
about1milefromthehomeofthelocalresident
wasdiagnosedwithPvivaxinfectionOn811the
SanDiegoCountyHealthDepartmentconfirmedP
vivaxinthreeof40MWsscreenedwholivedinthe

sameencampmentThefourMWcaseshadonsets
between727and87AlldeniedtransfusionsIV
druguseorpreviousmalariaOnthenightof810
fivelighttrapsplacedattheencampmentyielded27
AnhermsiControlmeasuresincludedlarviciding
adulticiding of mosquitoes and chloroquine
prophylaxisforMWslivinginthearea

Episode5SanDiegoCountyOn82289a32
year old engineer whoresides in Rancho

Penasquitos6milessoutheastofEpisode4above
hadonsetofchillsandfeverPvivaxinfectionwas
confirmedoneweeklaterHehadnohistoryof
foreigntravelbloodtransfusionsorIVdruguse
On83136Anhermsiwerecollectedineightlight
trapswithinaonemileradiusofhishouseEarlier
on77and730twoMWsfromMexicohad
onsetsofmalarialikeillnessandwereconfirmedas

Pvivaxinfectionwhentheycametomedical
attentionon724and81respectively These

MWshadbeenlivinginasmallunprotected
encampmentinPenasquitospriortotheirillness
withagroupthatdispersedinJulyAtthetimeof
hisonsettheMWwhobecameillon730had
beenlivinginaleantowithinonemileofthelocal
residentcaseControlmeasuresincludedlarviciding
andadulticidingAnhermsihabitats

Episode6KingsCountyOn9989a37year
oldteacherfromHanfordhadonsetoffeverchills
andheadachebutwasnotconfirmedasPvivax

infectionuntil914Heronlyforeigntravelinthe
previousfouryearshadbeenaonedayvisitto
TijuanaMexicoShedeniedbloodtransfusionsor
IVdruguseEntomologicalinvestigationsaround
herresidenceschoolandherparentshomein
nearbyReedleyshowednoevidenceofAnopheles
habitatsoractivity

Shewasmostlikelyexposedatafamily
birthdayoutingheldatacountyparkwithinone
mileoftheKingsRiverontheafternoonof819
Sherecallsbeingbittenonherlegsbymosquitoes
beforeleavingthepark Shealsoremembered

seeinglargenumbersofHispanicMWsencamped
neartheparkwhichisflankedbypeachandplum
orchardsandgrapevineyardsNoneoftheother
15personswhoattendedthepartybecameill
LighttrapssetoutintheBurrisParkKingsRiver
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areaon928yielded30AnpunctipennisSayand
oneAnfreeborni Retrospectiveandactive
surveillanceforotherpossiblecasesofmalariain
KingsCountyduring1989didnotdetectanyother
cases

Discussion

Since1950Californiahasexperienced16
episodesofintroducedautochthonousmalaria
malariaacquiredbymosquitotransmissioninan
areawheremalariadoesnotoccurregularly
accountingfor120casesallduetoPvivaxFig1
Tencountieshavebeenthesitesofexposurewith7
intheSacramentoValleyandadjacentSierra
FoothillsButteElDoradoGlennNevada
SacramentoSutterandYolo2intheSanJoaquin
ValleyFresnoandKingsandSanDiegoCounty
alongtheStatessouthernmostcoast Onlytwo
countieshaveexperiencedmorethanoneepisode
Sutter4andSanDiego4Theconfirmedor
presumptivesourcesofintroductionwereanarmy
veteranjustreturnedfromKoreaandagricultural
workersfromIndia4episodesorMexico8
episodesInthreeintroductionsthesourcecases
wereuncertainbutmostlikelyfromIndiaor
Mexico

TransmissionofmalariaoccurredfromMayto
Septemberwiththreeanophelinespeciesbeingthe
likelyvectorsAnfreebomiandAnpunctipennisin
theCentralValleyandAnhermsiinSanDiego
County Thelargestoftheseoutbreakswasin
1952when35casesoccurredinagroupof
CampfireGirlsexposedinNevadaCountyThe
secondandthirdlargestepisodeswerein1986and
1988involving27and30casesrespectivelyinSan
DiegoCounty Theremaining13introductions
resultedin1to5caseseach

Since1986therehavebeenseveralimportant
changesintheepidemiologyofintroducedmalaria
inCaliforniaTheincidenceofintroductionshas

risensharply 956 ofthe16introduced

episodessince1950haveoccurredinthelastfour
yearsBefore1986allepisodes7hadoccurred
fromSacramentoCountynorthwardandin571
thesourcesofintroductionwereassociatedwith
immigrantsrecentlyarrivedfromnorthernIndia
Since1986activityhasshiftedwith6ofthe967
introductionsoccurringsouthofSacramentoCounty
and8of989 beingassociatedwithMWsfrom
Mexico Until 1986 all outbreaks of

mosquitotransmittedmalariahadinvolvedonly
permanentCaliforniaresidents Since1986the
greatmajorityofcases5971haveoccurredin
migrantworkersthoughlocalresidentshavealso
beeninvolvedinalloutbreaks
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72 737475

Parallelingthesetrendsintheepidemiologyof
introducedmalariainCaliforniahasbeenasharp
riseintheincidenceofmalariainMexicoandthe

numberofimportedmalariacasesinpersons
enteringtheStatefromthatcountryMalariacases
reportedinMexicohaverisensteadilyfrom25774
in1980to166271in19886foldincreasewhile
thenumberofCaliforniamalariacasesreportedin
travelersandimmigrantsfromMexicohasrisen
steadilyfrom12in1980to83and81respectivelyin
1988and19896foldincreaseTheepisodesof
localmosquitotransmittedPvivaxmalariasince
1986particularlyinSanDiegoCountyhave
featuresincommonwhichinclude1remotely
locatedencampments2inadequatesheltersfor
MWsresidinginareaswithAnophelesmosquito
vectorscapableoftransmittingmalariaand3the
reluctanceofMWstoseekmedicalcarebecauseof

limitedaccessandconcernsaboutbeingidentified
asundocumentedaliens Onceaparasitemic
individualintroducesmalariainsuchsettingsthese
factorsmayallowsubstantialtransmissionof
malariatoevolvebeforeoutbreakfocicanbe

identifiedandcontrolmeasuresinstituted

III

76 777879

Year
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TotalCases

ElLocallyacquired
Outbreaksand

CasesinEach

bf

1

80

27 30 5

2 1 2

1 2 2 1 1
1 1 1 1 1 1 1 1

81 8283 84 858687 8889

Figure1AnnualreportedmalariacasestotalandlocallyacquiredinCalifornia19641989

Prevention of mosquitoborne malaria

transmissioninthesesettingswouldbeextremely
difficult because ofvirtually insurmountable

sociologicalecologicalenvironmentalandlogistical
factors Howevereffectivecontroltolimit
transmissioncanbeachievedthrough1education
ofemployersandimmigrantworkersatrisk2alert
ofhealthcareproviderstoconsiderthediagnosisof
malariainfebrilepatientswholiveinmalaria
receptiveareas3prompttreatmentandreporting
ofcasestopublichealthauthoritiesand4
coordinated actions between local health

departmentsandmosquitoabatementagenciesin
theinvestigationandcontrolofsuspectedfociof
malariatransmission
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Malariaisoneoftheprincipalpublichealth
problemsinLatinAmericawhereoveronemillion
casesoccureveryyearTenpercentofthesecases
arereportedinMexicoDevelopmentalprojectsin
malariousareashumanmigrationsinsearchof
workorproductivelandsimprovisedsettlements
withprecarioushouseholdconditionstheoveruseof
insecticidesthatledtovectorresistanceseveral
fmancialandadministrativeinadequaciesand
insufficientknowledgeoftheepidemiologyand
dynamicsofthediseasetransmissionareonlysome
ofthecomponentsthatmakemalariacontrolinthe
continentdifficult

Theepidemiologicalsituationofmalariain
Mexicohasshownseveralchangessince1942Until
themiddleofthecenturymalariaconstitutedthe
fifthleadingcauseofdeathinthecountrythena
significantdecreaseinmalariaincidenceoccurred
anditsplacewastakenbychronicdiseases A

countertransitionwasmarkedbyanabruptincrease
inmalariacasessince1960 Itispossibleto
distinguishthreephasesalongthisperiodoneprior
tothemalariaeradicationcampaignanotherduring
theeradicationactivitiesandfmallyonepost
eradicationwhichischaracterizedbymultiple
epidemics

Inthefirstphaseevenbeforetheinstitutionof
the MalariaEradication Campaignin 1955
mortalityandmorbidityduetomalariawere
decreasing Thisprobablyresultedfroma
combination of factors like socioeconomic

developmentofthecountryandtheavailabilityof
newmethodsagainstparasitesandvectorsDuring
theyearsoftheeradicationcampaign19561960
whichconsistedmainlyofinsecticidesprayingall
housesinthemalariousareathelowestnumberof
caseswasregistered In1959theeradication

programachieveditsmaximumeffect The

reductioninthenumberofcaseswastheresultof

goodcontrolinlocalitieswheretheconditionsfor
parasitetransmissionwereprecariousandinother
localities with favorable but not optimal
environmentfortransmission Howeveronlya
moderatecontrolwasobtainedinthoseareaswhere

theecologicconditionswerefavorableforthe
vectorsTheselocationsbecamefinallypermanent
residualmalariafoci

Since1960thenumberofmalariacaseshas

MALARIAINMEXICO

MarioHRodriguezandEnriqueGLoyola

CenterforMalariaResearch

TapachulaChiapasMexico
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beguntoincreaseIn1970morethan57000cases
wererecordedandinthefollowing15years
malariamorbidityreachedepidemicproportions
Duringthisperiodthenumberofcasesincreased
5to6foldwithamaximumof133698casesin
1985Thisfigurerepresentsthehighestnumberof
casesrecordedsincetheinitiationofantimalarial

activitiesInspiteoftheincreaseinthenumberof
casesthelastdeathcausedbymalariaaninfection
withPlasmodiumfalciparumwasseenin1981

Ithasbeenarguedthatthedeclineinspraying
operationswasthecauseofmalariaresurgence
ThesprayingindexIRCornumberofspraysper
1000peoplewasreducedfrom9149in1972to
354in1985Theslopeofthisreductionthrough
timeisverysteephoweverthenumberofcases
begantoincreaseconsiderablyin1981whenthe
IRCreached1603 Itisprobablethatinmany
areascontrolmeasureshadbeensuccessfulin
interruptingmalariatransmissionwithoutcompletely
eliminatingthevectorandthereintroductionof
peoplewithmalariaintheseareaswassufficientto
initiatetheepidemic

Goingbackto1970whentheriseofcaseswas
evidentfollowingtherecommendationsofWHO
themalariaproblemwasapproachedonaregional
basisaccordingtoepidemiologicaloperativeand
administrativecriteria Asaresultcontrol
measureswereintensifiedintheGulfofMexicoand

theYucatanPeninsulabuttheactivitiesinthe
NorthwesternandSoutheasternPacificOcean

regionswerenotmodified
Theworldwidemalariasituationwasatthat

timealsoclearlydeteriorating Thespectacular
resultoferadicatingmalariain37countrieswas
achievedwiththeapplicationoftremendous
amountsofinsecticidesandthemassivedistribution

ofantimalarialdrugsThishadsomepricesthe
appearanceofresistanceofthevectorstothe
formerandoftheparasitestothelatterTechnical
problemsappearedconspicuouslyandthenumber
ofcaseswithoutconsideringtheAfricansrose
fromslightlymorethan3millionin1972tomore
than107millionin1977LatinAmericawithits

increasinglydemandingeconomicproblemswasnot
theexception

Since1985inspiteofthecountryseconomic
crisistheoperationalbudgetwasincreasedfrom



24806millionpesosprovidedin1985to266746
millionpesosin1988representingmorethanaten
foldincrease Thenumberofhousessprayed
increasedalmosttwofoldduringthesameperiod
Inadditioncoveragelevelsthatwerearound40
during1984and1985haverecoveredtolevelsof
over85

Thenumberofrecordedcasesindicatesthat

theepidemicwascontrolledsince1986Asaresult
ofthecontrolmeasuresmalariatransmissionhas
beenfocusedagaininareaswithdifferentecological
conditionsTodatealmost70ofallrecorded
malariacasesarelimitedtoaterritorialextension

equivalenttolessthan20oftheCountryinvolving
13statesInthesestatesmalariaistransmittedin
nearly150municipalitieslessthan10ofall
municipalitiesinthecountryTherearearound
40000localitiesinthesemunicipalitiesanda
populationatriskofaround15millionpeopleBut
itshouldbenotedthatfromthetotalnumberof

localitiesatriskonlyonefourthlessthan10000
hadmalariacasesin1987Theaverageparasite
incidenceinthisgroupofmunicipalitiesis
approximatelyfivetimeshigherthantheincidence
intherestofthecountryOntheotherhandthe
numberoflocalitiesinformingofcasesanindicator
ofmalariadispersionisincreasingindicatingthe
needtoextendthecontrolmeasuresevenmore

Malariavectorcontrolwithindoorapplication
ofresidualinsecticidesistheprincipalmeasure
DDTsprayingtheinsecticidemostwidelyusedhas
increasedoverthelastfouryearsreachinga
coverageofmorethan1millionhouses The

consumption ofother insecticides has also

increasedalthoughinsmallerproportionsthan
DDT among these insecticides bendiocarb
malathionandfenitrothionarethemostimportant
Resistance of anopheline vectors to DDT
organophosphates and carbamates has been

documentedinafewplacesinthePacificOcean
coast

Somestatecontrolprogramshadstartedto
diversifycontrolmeasuresincorporatinglarvacide
applicationsmassandselectivedrugadministration
someformsofspatialsprayandenvironmental
managementwithcommunityparticipationto
reducevectorbreedingsitesLarvacidescurrently
inuseareorganophosphatecompoundstemephos
andfenthionLarvicidaltreatmentsareparticularly
usedinlargepopulationsettlementswitheconomic
oftouristimportancewherebreedingplacesare
clearlyidentifiedbutnotamenabletoelimination
Massdrugadministrationaspartofothercontrol
measuresisprovidedtolocalitiesorgroupsof
localitieswhoseannualincidenceishigherthan5
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Inspiteofthemultiplecontrolalternativestodate
allintentsofintegratedcontrolhavebeenisolated
effortsandaresofarnotsignificant

Theeffectivenessofcontrolmeasurescanbe

assessedbythereductionintheobservednumberof
caseswithrespecttothenumberexpectedifthe
trends were maintained Thus using a

mathematicalmodelitcanbeestimatedthatthe
applicationofextraordinarymeasuressince1985
producedanoverall45reductioninthenumber
ofexpectedcasesfor1988Regionallythelevelsof
reductionwerevariable80intheGulfofMexico
andYucatanPeninsulaand35inthePacific

Coast IntheCentralandNorthernareasthe

numberofobservedcaseswaspracticallythatwhich
wasexpected Thecomparisonoftheincidence
between1987and1988inindividualstatesindicates
thattherewasareductioninallthestatesalongthe
GulfofMexicoinMorelosandHidalgointhe
CentralareaandinChiapasandSinaloaonthe
PacificCoastInalltheseareasexceptingSinaloa
andMorelosAnophelesalbimanusWiedemannis
themainvector

Sixofthestatesinvolvedintheepidemic
ChiapasOaxacaSinaloaMichoacanGuerrero
andNayarithaverecordedmostofthecasessince
1972Therewasalsoanevidentincreaseinanother
four states Campeche Veracruz Tabasco
QuintanaRooin1982whicheventuallyreached
almost40000casesin198530ofthetotalThe
epidemicbeganinChiapastwoyearsbeforeit
reachedtherestoftheCountry Itcanbe

suggestedthatpopulationmovementstothecoastal
areaofChiapasfromothermalariousareasin
CentralAmericacouldhavebeenresponsiblefor
theintroductionofsignificantnumberofcases

Twentyfiveanophelinespecieshavebeen
identifiedinthemalariousareasofMexicoAmong
theseAnophelespseudopunctipennisTheobaldand
Analbimanushavebeeninvolvedasthemain

malariavectorsAnpseudopunctipennisisthemost
widelydistributedspeciesandhasbeenfoundfrom
sealevelupto2000metersinaltitudeItisfound
inthreequartersofthewholemalariousareaand
withtheexceptionofthecoastalareaofChiapas
thisspeciesisthemostimportantvectoralongthe
coastofthePacificOceanAnalbimanusisfound

fromsealevelupto600metersinaltitudeItis
widelydistributedinthecoastalplainsoftheGulf
ofMexicoandtheYucatanPeninsulaandtherain

forestandcoastalplainsofChiapas Although
thesetwospecieshavetraditionallybeenconsidered
uniformpopulationstheirextensivegeographical
distributionandthediverseecologicalsystems
wheretheyarefoundhaveconditionedthe



appearanceofregionalvariationswithregardto
theirbehaviorsurvivalandvectorialcapacity
RecentlyAnophelesvestitipennisDyarandKnabhas
been incriminated as the main vector of

Plasmodiumvivaxduringtherainyseasoninthe
LacandonRainForestofChiapas

Threedifferenthumanplasmodiaspeciesare
foundinMexicoPvivaxPfalciparumandP
malariaePvivaxhasbeenbyfartheprincipal
causeofmalariainthecountrywithmorethan
95oftherecordedcasesThegreatmajorityof
thecasesduetoPmalariaeontheaverageless
than20casesperyearhavebeendiagnosedinthe
hospitalsamongblooddonorsorinpeoplewitha
historyofbloodtransfusion

ThetransmissionofPfalciparumislimitedto
thesoutheasternstatesinorderofimportance
ChiapasTabascoCampecheVeracruzandOaxaca
Infectionsduetothisparasitehavealways
representedlessthan5ofthetotalnumberof
casesSince1978nearly90ofthesecaseshave
beenregisteredinChiapasMalariaincidencedue
tothisspecieshasfollowedsimilarepidemictrends
asPvivaxbutwithmoredrasticchanges
Increasesinthenumberofcaseswasregisteredin
197019781983followedbyimmediatereductions
whencontrolmeasureswereintensifiedBetween

1976and1977onlyonecaseofPfalciparum
malariawasdiagnosedintheCountryhoweverin
themiddleof1978thisparasitewasreintroduced
inthecoastofChiapaswith200recordedcases
Theprobleminthecoastwasreducedgraduallyand
thelastcaseintheareawasseenin1987Between

1982and1983anewactivationreaching1554
caseswastheresultofamassivearrivalofrefugees
fromCentralAmericatotheLacandonRainForest

Refugeecampswereresettledinotherareasbut
transmissionalthoughreducedpersistsinthiszone
TodatetheclinicalresponseofPfalciparum
infectedcasestochloriquinetreatmenthasnot
shownevidenceofresistancetothisdrug

Someserologicalstudiesindifferentareaswith
persistenttransmissionindicatethatinspiteoftheir
proximityonlysomelocalitieshaveevidenceof
transmission Additionallypopulationantibody
patternssuggestthattransmissionfollowsepidemic
cycleswhichproduceageindependentorage
dependentpatternsaccordingtothedurationof
epidemicsandtheintervalsbetweenthemDuring
theseepidemicsallagegroupsareaffected
suggestingthatallgroupsareexposedtothesame
riskinagiventimeandplace

Itisimportanttomentionthatthepresenceof
vectorswhichseldomfeedonmanlikeAn
pseudopunctipennisAnvestitipennis andAn

51

albimanus the existence ofrelativelyhigh
anophelinedensitiesanophelismwithoutmalaria
drastic seasonal changes malaria incidence

fluctuationsandavariableimmunityasresultof
changesinendemicconditionsaresomefactors
whichprovideanunstablepatterntomalaria
transmissioninMexico

Thegeographicaldistributionofmalaria
includespracticallyallecologicalregionscoastal
plainsrainforestsrivervalleysandmountain
ranges Severalepidemiologicalpatternscanbe
identifiedintheseregions Forinstanceone
epidemiological pattern where malaria is

transmittedbyAnalbimanusisrepresentedbythe
regionofthePacificcoastalplainsinthestateof
ChiapasPacificCoastAsecondonewhereAn
pseudopunctipennisisthevectorisrepresentedby
thefoothillareasoftheWesternSierraMadre

MountainrangeinthestatesofSinaloaandChiapas
Foothills Andfmallytherainforestareas
representedbythenortheasternpartofthestateof
ChiapasLacandonForestwhereAnvestitipennis
isthemainvectorTheseepidemiologicalregions
areconsideredthemostimportantintermsof
malariaincidence

ThePacificCoastinthestateofChiapasisa
largelymodifiedareadevotedtoagricultureand
cattleraisingIthasahotsubhumidclimatewith
anaveragerainfallof2152mmTheagricultural
landisusedfortheproductionofbananassoy
beanssesameandfruits Potentialsourcesfor

anophelinebreedingarevariedandincludelarge
marshesfreshwaterlagoonsandanextensivecanal
systemusedtoirrigatebananaplantationsThe
excessirrigationwateralongwithfreshwater
lagoonsprovideidealsitesformosquitobreeding
duringthedryseasonandalthoughtherainyseason
onlyextendsfrommidMaytoOctobersignificant
mosquitobreeding occursyearround An

pseudopunctipennis An vestitipennis An

punctimaculaDyarandKnabandAnalbimanus
havebeenfoundintheareabutthelatterisbyfar
themostabundantPvivaxisactivelytransmitted
inthisareayearroundhoweveritsincidencepeaks
duringtherainyseason

TheFoothillsofChiapasarealsoamodified
areadevotedmainlytoagriculture Theyare
locatedataltitudesbetween50and350meters

Theyhaveahotandhumidclimatewithanaverage
rainfallof3800mmCoffeeplantationsconform
thecharacteristiclandscapetherelativenumbers
ofmosquitoesincreaseduringthedryseason
NovembertoMayPvivaxistheonlyparasite
transmittedinthisareaandAnpseudopunctipennis
appearsasthemostimportantvectorAlthoughthe



PacificCoastandtheSoconuscoarecontiguous
regionstheyhavedistinctmalariahistorieswith
longtermpersistenceintheformerandonlya
recentoutbreakinthelatter Inadditionthe
incidenceofmalariainthePacificCoasttendsto

increasewithrainfallwhilecasesareconcentrated
inthedryseasoninSoconusco

The Lacandon Forest is located in

northeasternChiapasatameanaltitudeof500m
inanareaofrollinghillsontheeasternslopesof
theSierraLacandonmountainrangeItisavery
humidrainforestwithameanannualtemperature
and relative humidity of26C and85

respectivelyandameanrainfallof3000mmthe
rainyseasonoccursfrommidMaytoearly
Novemberwhenanophelinedensitylevelsarealso
highestAvastareainthisregionisexperiencing
considerable environmental changes due to

agriculturalexpansionextensivecattleraisingand
forestryThemajorityoftheinhabitantsaresettlers
fromdifferentendemicandnonendemicareasof
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Mexicothatbeganinhabitingtheareaduringthe
last15yearsinsmallandscatteredvillages
particularlyalongriver courses Malaria

epidemicshavebeenreportedtocoincidewiththe
arrivalofbothnewsettlersandrefugeesfrom
CentralAmericaBothPvivaxandPfalciparum
areactivelytransmittedinthisareainspiteofthe
useoftraditionalcontrolmeasuresindoorspraying
with DDT and mass drug administration
Preliminaryreportsfromentomologicalstudieshave
confirmedthepresenceofAnalbimanusAn
darlingi Root An pseudopunctipennis An

punctimaculaandAnvestitipennisAsmentioned
beforeAnvestitipennishasbeenincriminatedas
themainvectorofPvivaxduringtherainyseason
whichisalsotheperiodofhighermalariaincidence
Thisinformationhasjustrecentlybeenincorporated
intomosquitocontrolmeasuresinordertofurther
theeffortsoftheMalariaControlProgramin
Mexico



IXODESPACIFICUSANDLYMEDISEASEINORANGECOUNTYCALIFORNIA1989

JamesPWebbJrStephenGBennettJaniceICurryCarrieLFogartyandMinooBMadon

TheOrangeCountyVectorControlDistrict
OCVCDbeganstudiestodeterminethepresence
anddistributionofectoparasitesincludingIxodes
pacificusCooleyandKohlsinOrangeCountyinthe
wintermonthsof19831984Gecketal1984only
Ixodes spinipalpis Hadwen andNuttall was

recoveredInalaterstudythreenymphalandone
larvalIpacificusremovedfromanalligatorlizard
GerrhonotusmulticarinatusBlainvilletakenalong
LagunaCanyonRoadLagunaBeachwere
examined for spirochetes under darkfield

microscopyandwerefoundtobenegativeWebb
andBennett1984unpubldata

In1986Sergentconductedasurveyofticksin
OrangeCountyandtested201ofthemforBorrelia
burgdorferiJohnsonSchmidtHydeSteigerwaltand
BrennerusingdarkfieldmicroscopymethodsAll
were negative for spirochetes Dermacentor

occidentalis Marx 101 males 83 females
DermacentorvariabilisSay4males1female
Ixodespacificus4males2femalesandArgas
cooleyiKohlsandHoogstraal6nymphs

In1987MedinaandWebbunpubldata
processed161Ipacificus42males119females
collectedinJanuaryFebruaryandMarchfrom
threeOrangeCountylocalitiesAllspecimenswere
negativeforspirochetes Clover1987unpubl
dataalsoobtainednegativespirochetedatafrom79
1pacificusspecimensfromthreeseparatesites

In1988Ryan1989tested100ixodidticksfor
Bburgdorferiusingdarkfieldmicroscopyinocula
tionoftickmidgutsintoBSKmediumandindirect
fluorescentantibodyIFAtestNoneincluding11
1pacificuswerepositiveforspirochetes

Table1summarizesthetickspeciestestedfor
BburgdorferispirochetesbytheOCVCDlaboratory
from1984through1989 Table2outlinesthe

resultsofIFAanalysisofseraobtainedfrommule
deertakeninOrangeandSanDiegoCounties
Sevenofninedeerseraindicatedsignificantpositive
Bburgdorferiseroconverisons Althoughthese

OrangeCountyVectorControlDistrict
POBox87

SantaAnaCalifornia92702

OrangeCountyPublicHealthLaboratorySantaAnaCalifornia92702

2CaliforniaDepartmentofHealthServicesEnvironmentalManagementBranch2151EastDStreetSuite218BOntario
California91764
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resultsmayrepresentacrossreactionwithrelated
Borreliaspeciesfurtherinvestigativefieldstudies
areneededtodeterminethepresenceorabsenceof
BburgdorferiinSouthernCalifornia

Duringthecourseofthetickandsmall
mammalcollectionitbecameclearthatthemost
efficientsystemforsurveillanceinOrangeCounty
istotrapsmallmammalsandtesttheirseraforB
burgdorferiantibodiesTrappingbleedingandsera
analysistakessignificantlylesstimethanflagging
andlabanalyzingtheticksTable3outlinesthe
protocolforasurveillancesystemforBburgdorferi
inOrangeCounty
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Table1OrangeCountytickspeciescollectedandtestedforBorelliabuigdorferi19841989DFDarkfield
microscopyDFADirectfluorescentantibodytest

Species

Ixodespacificus
Denmacentoroccidentalis

Dennacentorvariabilis

Dennacentoralbipictus

Dalbipictisnigrolineatus

Argascooleyi
Totals

Adultssexesnotdetermined

Table2ResultsofIFAseroanalysisofmuledeer
OdocoileushemionusinOrangeandSanDiego
CountiesCalifornia1989

LocalityDate

OrangeCounty
CrowCanyon 1071989

1

2

FoxCanyon9101989
1

2

Larvae Nymphs Adults Total Bburgdorferiresults
Males Females DF DFA

CollectionNumber IFAtiter

5 7 47 49 108 0 0

28 0 100 130 258 0 0

0 0 4 3 7 0 0

0 0 19 19 0 0

0 0 3 0 3 0 0

0 6 0 0 6 0 0

33 13 154 19182 401 0 0

1128

1128

1128

1256

SanDiegoCounty
CampPendleton 9101989

116 1128

117 1256

118 164

123 1512

CampPendleton9171989
141 1512
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Table3DetectionsystemforBorreliaburgdorferi
inOrangeCountyCalifornia

I PreliminarytickIxodespacificuscollection

II IfareapositiveforIpacificusthensmall
mammalsPeromyscusspparetrapped

III SmallmammalseraIFAtested

IV Ifmammalspositivelyseroconvertthen
ticksareextensivelycollected
ARemovedfrommammalhosts

BFlaggedfromvegetation
CCOtrapped

V Testticksforspirochetes
ADirectfluorescentantibodytest
BDarkfieldmicroscopy
CBSKmediuminoculation



DISTRIBUTIONOFHEARTWORMINCALIFORNIADOGSASRELATEDTO

MANAGEMENTELEVATIONGEOGRAPHYANDVECTORDISTRIBUTION

JeroldHTheisRobertSchwabFrederickStevensandCharlesFranti

Introduction

SinceitsintroductionintotheGulfCoast

regionofNorthAmericathefilarialnematode
DirofilariaimmitisLeidyhasspreadacrossthe
continentuntilitnowcanbefoundthroughoutall
fiftystatesandCanada Thisnematodefirst

migratedupalongtheAtlanticseaboardslowly
expandingitsrangewestwardintotheCentral
PlainsandRockyMountainStatesandoninto
CanadaTheparasitehasmorerecentlyappeared
inCaliforniaandHawaiiandhasbecomeendemic

throughouttheWestCoast
Withinthelast20yearsthecoastalfoothill

andvalleyregionsofnorthernCaliforniahave
become enzootic for D immitis and its

accompanying disease canine cardiovascular

dirofilariasisdogheartwormFilariasiswasfirst
isolatedinnativeCaliforniadogsin1946Roberts
andRoberts1946butfewactualcaseswereseen
untilthe1970sWeinmannandGarcia1980were
abletoshowthatthenativecoyotepopulationin
northernCaliforniawasharboringtheparasiteand
wasprobablyactingasareservoirofinfectionfor
domesticdogs SoonthereafterWaltersand
Lavoipierre1982isolatedadvancedstagesofthe
filariallarvaefromvectormosquitoesinnorthern
Californiaandthusestablishedthatthediseasehad
becomeenzootic

DogfilariasisinCaliforniaisduetotwo
wormsDipetalonemareconditumandDirofilaria
immitisTheformerspeciesisafleatransmitted
pathogenwhichisgenerallynotconsideredvery
pathogenic HoweveritisquitesimilartoD
immitisinappearanceandcarefulmicroscopic
identificationwiththeproperdiagnostictechniques
isnecessarytodifferentiatebetweenthetwo

ThesecondspeciesDirofilariaimmitisisa
mosquitotransmittedpathogenwhichoccursindogs

DepartmentofMedicalMicrobiology
SchoolofMedicine

UniversityofCalifornia
DavisCalifornia95616

1DepartmentofWildlifeandFisheriesBiologyUniversityofCalifornia111Surge4DavisCalifornia95616

2DepartmentofEpidemiologyandPreventiveMedicineSchoolofVeterinaryMedicineUniversityofCalifornia66BBriggs
HallDavisCalifornia95616
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andothercanidsoccasionallyincatsandrarelyin
humansAdultwormsmeasuring1220cminthe
maleand2531cminthefemalearefoundin
tangledstringlikemassesintherightventricleof
theheartandinthepulmonaryarteryTheyrestrict
thecirculationleadingtolossofexercisetolerance
chroniccardiacinsufficiencyandheartfailure
Infecteddogsoftenbecomemoresluggishasthe
diseaseprogressesandmanydogsdieofasphyxia
embolismordilationoftheheart Theadult

wormsreleasetinywormscalledmicrofilariaeinto
thecirculatingbloodofthehostdog These
unsheathed microfilariae show a nocturnal

periodicityinthecirculatingbloodwiththemajor
numberoflarvaeincirculationbetween1000pm
and200am

Whenthemicrofilaria areingested by
mosquitoestheyescapefromthemidgutintothe
haemocoeleanddevelopintheMalpighiantubules
Thisisincontrasttothehumanfilarialworms
WuchereriabancroftiandBrugiamalayiwhich
developinthemosquitos thoracicmuscles

Developmentiscompletedinatemperature
dependent816daysatwhichtimetheinfective
larvaemigrateintotheheadandenterthelabium
fromwhichtheyescapewhenthemosquitois
feedingPassageoftheinfectivelarvaeisthrough
contaminativetransmissionwherebytheinfective
larvaearedepositedonthesurfaceofthevertebrate
hostsskininapoolofhemolymphandlaterenter
throughrubbingorscratchingactionsofthehostor
throughtheirownmigratoryabilities Mature

wormsreachtheheartinthreetofourmonthsand

microfilariaeareproducedinsixtoeightmonths
WhileearlierstudiesAcevedoandTheis1980

Waltersetal1981WaltersandLavoipierre1984
WrightandBoyce1989havefocusedonthe
incidenceprevalenceanddistributionofcanine



heartworminlimitedgeographicareasofCalifornia
thepresentanalysisrepresentsthreeyears1984
19851986ofanongoingstudydesignedto
examinethegeographicspatialandtemporal
distributionofcanine heartwormthroughout
California

Methods

Collectionofdataconcerningtheprevalenceof
dog heartworm in California was routinely
performedbythePetPreventaCareMobile
VaccinationandDiagnosticClinicheadquarteredin
SantaRosaCaliforniaThesurveyconsideredall
dogstreatedatthemobileclinicandwascomposed
oftwopartsThefirstpartconsistedofastandard
acidphosphatasediagnostictestwhichwascoupled
withanucleporefilterThistestwasusedbecause
itgaveconcentrationsensitivityandspecificity
ThestainingreactionforDimmitisandD
reconditumwasverydistinctandeasilyallowed
differentiationbetweenthetwo

Thesecondpartofthesurveyconsistedofa
standardquestionnaireforthedogownersto
complete Inadditiontoquestionsonthe
geographiclocationoftheownersresidencethe
questionnairesoughtadditionalinformationonthe
agesexandbreedofthedogwhetherithadever

40

35

30

25

20

15

10

05

00

beenadministeredantifilarialpreventativemedicine
ornotwhetherthedoghadanyrecenttravel
historyoutofthecountystateornationand
whetherthedogtypicallyspentallitstimeindoors
outdoorsorwasallowedoutsideduringthedayor
nightonly

ResultsandDiscussion

Asmentionedbeforethisstudyiscontinuous
andongoingthedataanalyzedhererepresentsa
threeyearsegment19841986ofthestudyperiod
Duringthisperiodatotalof18759dogswere
examinedbythemobileclinicforfilariasisandare
thusthebasisforthisanalysis

DiagnosticseparationofDimmitisandD
recondituminfectionsshowsarelativedifferencein

infectionratebasedonageofthedogFig1
FilarialinfectionswithDipetalonemareconditumare
morelikelytooccurearlierinthedogslifethan
infectionswithDirofilariaimmitisbutafteroneyear
ofagetheprevalenceofDrecondituminfections
arelowerthanthatofDimmitisthroughoutthe
dogslifetimeInsomecasesthismaybedueto
theinfectionofthenewbornpuppiesfromthe
mothersinfectedfleaswhilestillrelativelyconfined
inthesafetyofthenestingareaItisnotuntilthe
puppiesareoldenoughtoroamaboutparticularly

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AGEyears

Figure1ComparisonofDimmitisandDrecondituminfectionsinCaliforniadogs19841986
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atnightthattheystandagreaterchanceof
encounterswithvectormosquitoesandthusareat
riskofinfectionwithDimmitisTheprevalenceof
Drecondituminfectionsmaydropoffduringthe
firstyearbecauseofthedispersalofthesenewborn
puppiestodifferentenvironmentseitherwithoutthe
necessaryinfectedfleasorwithgreatersanitation
measuresiefleacontrolSinceinfectionswith
Dreconditumaregenerallynotconsideredvery
pathogenicwefocustheremainderofouranalysis
tofilarialinfectionswithDimmitis

Ofthetotalof18759dogsexaminedfor
filariasisoverthethreeyearperiodtherewasan
overallprevalencerateof18Fig2 This

overallratedroppedfromahighin1984of21to
alowin1986of14 Whilenotstatistically
differentfromeachothertheoverallprevalence
ratesin1984and1985werestatisticallygreaterthan
thatobservedin1986P001Thiswasprobably
notsomuchanindicationthatfilariasiswasonthe
declineasmuchasitwasanindicationthatthe

droughtexperiencedinCaliforniawashavingan
effectontheproductionandavailabilityofvector
mosquitoes Indeedmanymosquitoabatement
districtsacrossthestatereportedareductionin
mosquitoactivitystartingin1986Theunderlying
causewaspresumedtobethedroughtsituation
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Figure2PrevalenceofDimmitisinCaliforniadogsbasedonexposuretomosquitoes19841986

Thesedatadonotsupporttheopinionatthe
timeexpressedinthenewsmediathatdog
heartwormwasontheincreaseinCaliforniaIt

maybethatwiththediminishedvectorpopulations
morepublicityandhencerecognitionwasdevoted
tothesecondarypublichealthconcerns

Inexaminationoftheeffectsofvariousfactors

indeterminingtheinfectionrisktoanyparticular
dogtherewasnosignificantdifferencebetween
maleandfemaledogssotheywerecombinedinthe
statisticalanalysesThisissomewhatdifferentthan
thefindingsofWrightandBoyce1989whofound
aslightlygreaterinfectionrateinmaledogsand
attributedittoincreasednocturnalroamingin
defenseofterritorialareas

Duringthethreeyearperiodonly126of
alldogsweregivenpreventativemedicinebytheir
ownersTheprevalencerateindogsstatedbytheir
ownerstobeonpreventativemedicinewasabout
08duringthethreeyearsTheprevalenceratein
dogsnotonpreventativemedicinewasabout20
duringthesameperiod

Thefactthatasmallpercentageofdogswhose
ownershadstatedwereonpreventativemedicine
stillbecameinfectedisprobablynotasmuchan
indicationofthefailureoftheprophylacticdrug
therapyasmuchasitsareflectionoftheowners

OUTDOORSDAYS OUTDOORSNIGHTS

EXPOSURETOMOSQUITOES
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negligenceinstrictadministrationofthedrugsAt
thetimeofthestudyDECwastheonlyanti
filarialdrugavailableIvermectinHeartGardwas
notonthemarketuntilMay1987DECwhile
effectiverequiresadailydosageandasfewastwo
orthreedaysofmissedtherapycouldresultin
infection

Ofallthefactorsexaminedtheonewiththe
greatestinfluenceoninfectionprevalenceappearsto
havebeenwhetherthedogwasallowedoutdoors
forextendedperiodsoftimeparticularlyatnight
Fig2Ofthosedogskeptindoorsallthetime
theinfectionratewasonly07n 5708while
thosedogskeptoutdoorsbothdayandnight
experiencedthehighestinfectionrateof33n
4670Thedogskeptoutdoorsduringthedaybut
allowed indoors at night experienced an

intermediateinfectionrateof17n 3671
Thisoveralltrendofgreateratriskstatusforthose
dogskeptoutdoorsbothdayandnightwasalso
seenbyWrightandBoyce1989

Therealsoappearstobeadifferentialrisk
factortodogsbasedupontheelevationoftheir
residencewiththehighestprevalenceratesat
elevationsthatencompassthefoothillsofthe
CoastalandSierraNevadaMountainRanges400
899meters Valleyfloorandcoastalelevations
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showmuchlowerprevalenceratesHighelevations
above1000metersalsoshowmuchlower
prevalencerates

Therewasamarkedlydistinctdifferenceinthe
geographicdistributionofinfectionsthroughoutthe
stateFig3Thefoothillcommunitiesinnorthern
Californiahadamuchhigherprevalenceratethan
thevalleyurbancoastalandsoutherncommunities
Theseprevalenceratesrangedfrom84inButte
Countyto0inLosAngelesCounty One

hypothesisisthatthegreaterinfectionprevalence
ratesseeninthefoothillcommunitiescanbe

attributedtothegreateroverallabundanceofvector
mosquitoesTable1Withthesingleexceptionof
MarinSonomaCountiesthistrendheldforallthe
areasexamined Thelackofadequatetrapping
methodsforAedessierrensisLudlowtheprinciple
filarialvectorinmuchofCaliforniamayexplain
whyMarinSonomaCountiesdonotfitthe
expectations Infactmosquitocollectionsin
CaliforniaingeneralarenotaimedatDimmitis
vectorpopulations

Ofthemorethan200mosquitospeciesknown
tosupportDimmitisdevelopment12arefoundin
CaliforniaOfthoseonlysixorsevenspeciesare
likelytocomprisemajorvectorsofDimmitis
ThesespeciesareAedessierrensisAedesvexans

0

0477 0559
0767

1195 1222

8439

1 1 1MRNSON
SCLARA SACYOLO

COUNTYDISTRICT

Figure3PrevalenceofDimmitisinCaliforniadogsbasedongeographicregion19841986
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Table1RelationshipbetweendogheartwormD
immitisprevalenceandvectormosquitoabundance
forsevengeographicalareasofCalifornia

Mosquitoes Prevalence

Countys trapnight

Butte 434

SacramentoYolo 47

SantaClara 45

Kern 25

ContraCosta 21

LosAngeles 07

MarinSonoma 03

84

12

08

06

05

0

12

MeigenAnophelesfreeborniAitkenAnopheles
punctipennisSayCulexpipienspipiensLCulex
pipiensquinquefasciatusSayandCulextarsalis
Coquillett

TherelationshipbetweenDimmitisandits
mosquitovectorsiscomplex Themicrofilariae

havenotonlyanocturnalperiodicitywhich
coincideswiththefeedinghabitofmanyofits
vectorsbutinnortherntemperateregionsitalso
hasaseasonalcyclewithafivetotenfoldincrease
inmicrofilariaeinthecirculatingbloodinAugust
andSeptemberwhensomemosquitospeciesare
mostabundant

Itishopedthatthroughacompletestatewide
surveyoffilariasissuchasthisthecomplex
relationshipbetweenDirofilariaimmitishostdogs
andthevectormosquitoeswillbecomealittle
clearer
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THEAEDESALBOPICTUSPROBLEMINTHEUNITEDSTATES

MYTHORREALITY

DuaneJGubler

Aedesalbopictuswasintroducedintothe
UnitedStatessometimeintheearly1980sBythe
timetheinfestationwasdiscoveredin1985the
specieshadalreadybecomewidespreadinthe
country TheCentersforDiseaseControl

respondedbyimplementingprogramstoprevent
furtherimportationofmosquitoesinusedtiresto
reducethespreadofAealbopictusviainterstate
commercetoimprovesurveillancetoincrease
researchonthepublichealthimpactofAe
albopictusintheUnitedStatesandtoworkwith
thePanAmericanHealthOrganizationPAHOto
preventtheexportofAealbopictustoother
countriesintheregion Afieldlaboratorywas
establishedinNewOrleanstocarryoutresearchon
behaviorbiologyandcontrolofAealbopictus

ItisclearnowthatAealbopictusiswell
establishedandwillnotbeeradicatedfromthe

countryinthenearfutureHoweverthepublic
healthriskofAealbopictusmaynotbeasgreatas
predictedbysomeDengueisthemostfrequently

CentersforDiseaseControl
CenterforInfectiousDiseases

DivisionofVectorBorneInfectiousDiseases

POBox2087

FortCoffinsColorado80522

ABSTRACT
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mentioneddiseasethreat Nearlyallmajorepi
demicsofthisdiseaseintheworldhoweverhave
beentransmittedbyAedesaegyptiwhichhasbeen
presentintheUnitedStatesforover200yearsIn
areaswhereintroducedAealbopictushasreplaced
AeaegyptisuchasHawaiiandGuamtherehave
beennorecentdengueepidemics Intermsof

epidemicdenguetransmissionthereforethe
collectivedatasuggestthatweareatlowerriskwith
AealbopictusthanwithAeaegypti

Ontheotherhandthepresenceofthis
speciesinLaCrossevirusendemicareascould
increasetheriskofhumaninfectionwiththatvirus

ThereisnodoubtthatthepresenceofAe
albopictusintheUnitedStatesposesapotential
publichealthproblemTheCentersforDisease
Controlrecognizethatpotentialandareworkingto
decreasetherisk Howevershrinkingresources
mustbebalancedwithotherhealthprioritiessuch
asLymedisease



MOSQUITOESOFNEVADA PASTANDPRESENT

HaroldCChapmanandRichardCHicks

PAST

IwasattachedtotheUniversityofNevadain
RenoasaUSDAARSmedicalentomologistfrom
195861DuringthosethreeyearsIhadaposition
thatmanyyoungentomologistsdreamaboutThe
bossGainesEddywasfarawayinOregonIcould
doanykindofmosquitoresearchIwantedtoand
IhadtoonlypleaseonetechnicianIwriggledinto
manyabandonedminesoftenclimbedtheSierra
NevadaMountainsinthewestandtheRuby
MountainsintheeastandvisitedtheAmargosa
DesertinthesouthThemeanelevationinthe

principalvalleyofNevadaaverages40005000feet
withotherelevationsrangingfrom1000feetinthe
southtoabout13000feetinthemountainsExcept
inthesouthmostprecipitationoccursassnowin
thewinter

DuringmythreeyearsinRenoIcovered
manyaspectsofmosquitoresearchincludingtheir
distributionecologybiologyandtaxonomywhich
ultimatelyresultedin13publicationsandone
bulletin

Twentythreemosquitoeswererecordedfrom
NevadapriortomyarrivalAnothereightspecies
wereaddedduringmytenurewhichwereAedes
communisAehexodontusAenevadensisAe
pullatusAeschizopinazCulexapicalisCxterritans
andPsorophoraconfinnisThus31specieswere
listedinmybulletinentitledTheMosquitoesof
Nevadathatwaspublishedin1966Threeother
mosquitoeshavesincebeenreportedfromNevada
and include Culex quinquefasciatus Culiseta

alaskaensisandPsorophorasignipennis
Probablythemostinterestingobservationsto

meduringthesethreeyearsweretheoverwintering
oflargelarvalpopulationsofCulexerythrothorax
andthepresenceofautogenyinpopulationsof10
speciesofmosquitoesAedes7Culiseta1and
Culex2

PRESENT

Thedistributionofmosquitospecieswithinthe
stateisstillpoorlyknownThecountiespossessing
themostspeciesClarkDouglasLyonOrmsby
andWashoearethosenearesttomyformer

2ChiefofVectorControlClarkCountyVectorControlLasVegasNevada89122
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headquartersinRenoandtoRichardHicks
headquarters Moredistantcountiessuchas
EsmeraldaandWhitePinehaveonlyfourandfive
speciesreportedrespectivelyOnlyCulextarsalis
andCulisetainornatahavebeencollectedfromall
17counties

Thehabitatsthatproducedthemostspeciesof
mosquitoesinthelate1950sindescendingorder
weresnowmeltinthemountainsirrigation
permanentpondsandstreamsandfreshwater
springsOftenthenumberofspeciesisrelatively
unimportantandNevadaisnoexceptionsince
manyofthespeciesmayberareornonbitersof
manandanimals Themostpestiferousbiting
mosquitoesinNevadathenandprobablynoware
AedesdorsalisAenigromaculisAemelanimonand
Aevexansallmultivoltinewhichresultfrom
irrigationinthevalleysAcreageunderirrigation
hasonlyincreasedby44000acresfrom735000in
1960tothepresenttotalof779000acres

Hikersandcampersmightdisputethe
importanceofthesefourmultivoltineAedesspecies
sincesevenunivoltineAedesspeciescataphylla
communisfitchiihexodontusincrepitusnevadensis
andpullatusareoftenseverebitersintheSierra
NevadaorRubyMountains

Ahabitatnotabundantinthe1950sbut
whichhasbecomemuchmorecommoninthepast
20yearsaccordingtoRichardHicksispolluted
watersaroundurbanareasThisapparentlyhas
causedalargeincreaseinthenumbersofCx
quinquefasciatusandCxstigmatosomaanda
correspondingdecreaseinpopulationsofCx
tarsalis Thischangeinspeciesabundancehas
resulted in much fewer human complaints
presumablyduetotheirlesserbitinghabits
especiallybyCxstigmatosoma

RichardHickshasalsonotedthatPs

toltecumwhichIfirstcollectedinClarkCountyin
1959asPsconfinnisisstillararespeciesandhas
notbecomeaseriousbitingpestPerhapsNevada
needstoplantandirrigatedategroveslike
Californiatoenhancepopulationsofthisspecies

Itisobviousthatanumberofother

mosquitoesshouldoccurinNevadaCulexpipiens
isreportedfromallnorthernandcentralstates

lExecutiveDirectorEmeritusAmericanMosquitoControlAssociationPOBox5416LakeCharlesLouisiana70606



exceptNevadaandsurelymustexistinurbanareas
inthenorthandcentralpartofthestateBoth
AedessticticusandCoquillettidiapenurbansare
knownfromallofthecontinentalstatesexcept
ArizonaandNevada Culexrestuansisreported
from all five states that border Nevada

OrthopodomyiasigniferaandAedesflavescensoccur
inalloftheborderingstatesexceptIdahoand
ArizonarespectivelyAedesventrovittisiscommon
intheSierraNevadaMountainsofCaliforniaand
shouldoccurinthosesamemountainrangesin
Nevada

Numerous name changes of Nevada

mosquitoeshaveoccurredsincethe1960sand
1970sthankstobusytaxonomistsandareas
follows AedesnevadensisforAecommunis

nevadensis Anopheles franciscanus for An

pseudopunctipennisfranciscanusCulexquinque
fasciatusforCxpipiensquinquefasciatusCrpeus
forCrthriambusCxstigmatosomaforwhatwas
calledCxpeusandprobablyPstoltecumforPs
confinnis

ThereareprobablysixcountiesClark
ChurchillDouglasLyonHumboldtandWashoe
withatleastsmallmosquitocontroldistricts
whereasonlyoneexistedintheearly1960s
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Mysinglebiggestdisappointmentafterthe
factduringmythreeyearsinNevadawasthatI
wasnotawareofandlackedtheabilitytodetect
larvaepatentlyinfectedwithpathogensand
parasitesIn1961IwasassignedbytheUSDAto
the CaliforniaState Department ofHealth

LaboratoryinFresnowhichwasdirectedbyRalph
BarrandlaterbyBillKellenIntheearly1960s
thelaboratorystaffofBillKellenTrumanClark
andBillWillspioneeredstudiesonpathogensand
parasitesparticularlymicrosporidiaProtozoathat
infectedmosquitoesAfterIlearnedwhatinfected
larvaelookedlikeImadeseveralquicktripsback
intoNevadaandcollectedsixspeciesinfectedwith
microsporidiathencalledThelohaniabutnow
referredtoasAmblyosporaandonespeciesinfected
withaniridovirusMIVIcertainlymissedouton
agreatopportunitytodeterminetheabundanceand
distributionofsuchdiseasesinthemosquitofauna
ofNevada



RECENTADDITIONSTOTHEMOSQUITOFAUNAOF

SOUTHEASTERNCALIFORNIA

RichardPMeyer

KernMosquitoandVectorControlDistrict
POBox9428

BakersfieldCalifornia93389

Mosquitoandarbovirussurveillancealongthe
lowerColoradoRiverinrecentyearshasresulted
inthediscoveryofisolatedpopulationsofAedes
Kompia purpureipes Aitken and Aedes

OchlerotatusthelcterDyarthatareapparently
uniquetothatregionofsouthernCalifornia
Capturesofadultfemalescollectedbyvarious
CO2baitedtrapshavebeenreportedbyJakobet
al1985andMeyeretal1987forAe
purpureipesandbyMeyeretal1988forAe
thelcter Thediscoveryofthesetwospecieshas
increasedthenumberofcurrentlyrecognized
speciesindigenoustothestateofCaliforniatofifty
one Thispapersummarizesthedistributionof
thesespeciesinNorthAmericaidentification
habitatassociationsseasonalitylarvalbreeding
requirementsandassociatedmosquitospecies

TheoccurrenceofAepurpureipesandAe
thelcteralongthelowerColoradoRiverhas
resultedinawestwardrangeextensionofAe
purpureipesbyca300kmMeyeretal1987and
Aethelcterbyca750kmMeyeretal1988
CollectionrecordsforAepurpureipesinCalifornia
arefromtheHavasuNationalWildlifeRefuge
opposite Needles San Bernardino County
Additionalspecimenshavebeencollectedfrom
scatteredlocalitiesinLaPazParkerandYuma
Counties Yuma ProvingGroundsArizona
Jakobetal1985 RecordsforAethelcterin

CaliforniaincludetheBardValleyHaughtelin
LakeandWinterhavenImperialCountyand
BlytheSLDursoperscommRiversideCounty
JustrecentlyMaloneyandReid1990have
reportedthecaptureofthreefemaleAethelcterin
CDCtrapsbaitedwithdryiceinthecantonment
areaoftheYumaProvingGrounds20kmNNE
BardLaPazCoArizonaPreviouswesternmost
recordsforAepurpureipeshavebeenfromthe
BaboquivariMountainsincentralPimaCounty
ArizonaAedesthelcterhasbeentakenasfarwest

astheTransPecosregionofwestTexasand
extremesoutheasternNewMexicoDarsieand
Ward1981

SporadicsearchesacrosstheChihuahuan
DesertinNewMexicoandArizonaAethelcter
andalongtheGilaRiverinArizonaAe
purpureipesindicatethatexistingenvironmental
conditionsmaynotsupportcolonizationbyeither
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speciesMilleretal1964McDonaldetal1973
Thereforethedistributionbetweenpopulations
alongthelowerColoradoRiverandeastern
populationsmustbeconsidereddisjunctuntil
populationsarediscoveredthatlinkdemesfrom
bothgeographicareas

Thenumberofadultfemalescollectedtodate

indicatesthatpopulationsofbothspeciesare
relativelysmallThisfactormayhavecontributed
topreviousoversightorinthemisidentificationof
AethelcterasAedesvexansMeigenAtaglance
thefemaleofAethelctercanbeoverlookedamong
anumberoffemaleAevexansHoweverupon
closerexaminationgrossdifferencesbecome
apparent ThelegsofAethelcterarecounter
shadedwithdarkscalesdorsallyandlightscales
beneaththefemurandthetarsilackthepale
narrowapicalbandsthatarecharacteristicofAe
vexansDorsalabdominalmarkingsalsoarequite
differentTheabdominalbandsofAevexansare

emarginateindentedwhilethoseofAethelcter
arebroadlytriangularandabdominaltergaVIand
VIIaremarkeddorsallywithanhourglasspatch
ofpalescalesThefemaleofAethelcteriskeyed
inDarsieandWard1981atcouplet64p64
using the above abdominal characteristics

Compared toAe thelcter females ofAe

purpureipesarestrikingandcannotbeconfused
withanyotherAedesindigenoustoCaliforniaThe
integumentofthethoraxisbrightorangepleural
scalepatchesaresilverandthelegsarejetblack
withiridescentreflectionsCarpenterandLaCasse
1955ThefemaleofAepurpureipesiskeyedat
couplet38p49DarsieandWard1981onthe
basisoftheabsenceofpostspiracularsetae

Theoccurrenceofeitherofthesespeciesin
Californiaissomewhatunexpectedconsidering
theirecologicalassociationwithmoremesic
environmentsfoundinsoutheasternArizonaAe
purpureipesandsouthernTexasAethelcter
ThroughoutitsrangeinsoutheasternArizonaAe
purpureipesbreedsinwaterthatcollectsintree
holesandrotcavitiesthatforminavarietyof
differenttreespeciesiehackberryCeltis
sycamorePlatanusoakQuercusAlthoughlarvae
ofAepurpureipeshaveyettobecollectedfrom
treeholesourcesnearadultcapturesitesalongthe
ColoradoRiverMeyeretal1987speculatedthat



larvaewouldmostlikelybefoundintreeholes
associatedwithwillowsSalixgrowingnearthe
rivermarginFig1AWillowsarephreatophytic
iecapableofmaintainingarelativelystable
waterlevelwithinrotholesandcavitiesandplants
growingneartherivermayreceiveamplewater
fromthegroundtabletosustainthewaterlevel
withineithertreeorrotholes Otherpossible
sourceswouldbetreeholeorrotcavitiesthatform

lessfrequentlyinmesquiteProsopussaltcedar
TamarixandpaloverdeCercidium

AlongthePecosRiverinsoutheasternNew
MexicoAethelcterbreedsinalkalineoverflow

poolsinsaltcedarmarshesMostcapturesofAe
thelcterfromtheBardValleywereatsiteslocated
nexttothefloodplaneoftheColoradoRiverFig
1BSoilsofthefloodplanearehighlyalkalineand
supportasalttolerantflorathatincludesin
additiontosaltcedardensethicketsofarrowweed
PulcheaandsaltbushAtriplex LikeAe

purpureipeslarvaeofAethelcterhavenotbeen
collected from suspected breeding sources

Breedingundoubtedlyoccursinthealkaline
groundpoolswithinthefloodplanehoweverthe
vegetationformsimpenetrablethicketsthataretoo
densetoaccommodateathoroughsearchfor
larvae

AllcapturesoffemaleAepurpureipesandAe
thelcterhavebeenduringthemonthsofAugustand
Septembercoincidentalwiththeperiodofthe
summermonsoonFig2Theregionalongthe
lower Colorado Riverreceivesthegreatest
incrementalincreaseinseasonalrainfallduringthis
period from isolated heavy thundershowers

Mallery1936Thustheobservedseasonalityof
AepurpureipesandAethelcterisrestrictedtolate
summerasaconsequenceoftherainfallpattern
andfortuitousfloodingofalkalinegroundpools
and tree holes Elevated late summer

temperaturesalsoareessentialtoassurethatlarval
developmentis completed before floodwater

sourcesdrybetweenthunderstorms Treehole

breedingrequirementsofAepurpureipesperhaps
lessentheneedformorefrequentrainfallin
comparisontothevulnerabilityexperiencebyAe
thelcteriffloodwatersourcesdrybeforebeing
rechargedbyrunoff

FemalesofAepurpureipesandAethelcter
havebeencollectedinassociationwithAnopheles
franciscanusMcCrackenAedesdorsalisMeigen
AedestaeniorhynchusWeidemannAedesvexans
MeigenCulexerythrothoraxDyarCulexquin
quefasciatus Say Culex tarsalis Coquillett
Psorophora signipennis Coquillett and
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PsorophoratoltecumDyarandKnab confinnis
LynchArribalzagaJacobetal1985Meyeret
al19871988Meyerunpublisheddata Based

uponadultassociationsitcanbepresumedthat
larvaeofAethelctercoexistwithotherfloodwater

speciesfollowingheavythunderstormsinAugust
andSeptember Alkalinegroundpoolsthatare
floodedatthattimeareknowntobecolonizedby
allthreeAedesspeciesandbybothspeciesof
PsorophoraBohartandWashino1978Thelar
vaeofAethelctercanbeseparatedfromtheother
Aedesbythefollowingcharactersheadhairs5C
and6CsingleinAethelcterwithmultiplebranches
inAevexansanddistalpectins13onsiphonde
tachedinAethelcterandattacheduninterrupted
rowinAedorsalisandAetaeniorhynchusDarsie
andWard1981

Diversification of tree hole breeding
mosquitoesinthecontinentalUnitedStates
reachesamaximumofninespeciesinthe
mountainsofsoutheasternArizonaCochiseand
SantaCruzCounties Zavortink1972has
reportedthat larvae ofAepurpureipes in

southeastern Arizona are most commonly
associatedwithAedesburgeriZavortinkAedes
monticolaBelkinandMcDonaldandAedes
muelleriDyarAssociationswithothertreehole
breedingspeciesalongthelowerColoradoRiver
areunknownsincelarvaeofAepurpureipeshave
yettobecollectedDuringJanuaryof1987RP
MeyerandWKReisenattemptedtolocate
possiblesourcesofAepurpureipesbysamplingtree
holesatthebaseofwillowsgrowingwithin200m
oftheColoradoRiveratNeedlesHavasuNational
WildlifeRefuge Previouslylarvaehavebeen
collectedduringthewintermonthsinsoutheastern
ArizonaZavortink1972Oursearchesfailedto
detectthepresenceofAepurpureipeshowever
larvaeofOrthopodomyiasigniferaCoquillettwere
collectedfromseveraltreeholesinwillowsgrowing
neartheriverIfAepurpureipesandOrsignifera
areeventuallycollectedfromthesametreehole
sourcethelarvaecanbeseparatedeasilybyoverall
shapeandbyexaminingthecuticle Thelarval

cuticlevestitureofAepurpureipesisuniquein
thattheentiresurfaceisclothedwithmicrotrichia

aculeate that give the larva avelveteen

appearanceDarsieandWard1981
Continuedmosquitosurveillancealongthe

lowerColoradoRivershouldresultinfurther

additionstothemosquitofaunaoftheregionand
state Increasedhumanactivityandhabitat
modificationcouldresultinprovidingconditions
favorabletocolonizationbysomeotherAedes



Figure1ARiparianhabitatalongtheColoradoRiveratNeedlesCaliforniawhereAedespurpureipes
femaleswerecollectedbyCOtrapsduringSeptember1986BFloodplainoftheColoradoRivernear
HaughtelinLakewhereAedesthelcterfemaleswerecollectedbyCOtrapsduringSeptember1987
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Figure2RelationshipbetweencumulativerainfallandtheseasonaloccurrenceofAedespurpureipes
andAedesthelcteralongthelowerColoradoRiverinCaliforniaCumulativerainfallrepresentedbythe
30yearmeanforNeedlesandBlytheCaliforniaandYumaArizona

speciesieAedessollicitansWalkerandAedes
trivittatusCoquillettfoundfurthereastincentral
andsoutheasternArizona
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STUDENTSOFTHE1990sBLENDINGPRACTICALITYWITHIDEALISM

BywayofintroductionIholdthepositionof
AffirmativeActionOfficerfortheCollegeof
AgriculturalandEnvironmentalSciencesatUC
Daviswheremydealingsareprimarilywithfaculty
andstaffWhileIdoworkintenselywithstudents
inthesummerwhenourspecialsummerprograms
areinsessionIdontworkwiththemonadaily
basis throughout the year Itwould be

inappropriateformetocomeheretodayandgive
youtheimpressionthatIknoweverythingaboutour
students

IhavebeenworkingatUCDfor25yearsso
IdohavesomeideasandperceptionsAndto
makesuretheywerentbasedsolelyonmyown
experiencesIspokewithmycolleaguesthestaff
membersandfacultywhohaveconstantcontact
withstudentsIdliketosharewhatIfoundout

withyouwhichIhopewillmakeclearwhyIchose
thisparticularthemeformytalk
Iveseenquiteaprogressioninmy25yearsof

workingfortheUniversityThe1960sand1970s
broughtawholenewbreedofyoungpeopleto
collegecampusesoursincluded Whereitmay
havebeentruethatthegreatestconcernforthe
collegestudentofthe1950swasgettingadatefor
theprominthe1960sstudentsworriedwhether
thedraftlotterywouldtakethemortheirfriendsto
thewarinVietnamWehadourdemonstrations
oursitinsourralliesandnearriots Students

includingsciencestudentswantedtochangethe
worldmakeitabetterplaceThiswasawhole
newbreedofyoungpeopleunafraidtochallenge
thestatusquosometimesforbetterandsometimes
forworse

Itwasinthe1960sandearly1970sthat
youngpeoplejoinedthePeaceCorpsindrovesIn
collegetheymajoredinsocialworkphilosophyart
andsociologyBut1970wouldmarkthebeginning
oftheenvironmentaldecadeandenrollmentinthe

sciencesinourCollegeandelsewherewouldfall
intoseriousdeclineWherefewhadevenheardthe

wordecologybeforeconcernfortheenvironment
wasanaturalconclusionforagenerationdedicated
tobecomingonewithitsworld Sciencewas

equatedwiththeEstablishmentandtechnology
withwarandpollutionItjustdidntjibewiththeir
concerns

BarbaraJNichols

CollegeofAgriculturalandEnvironmentalSciences
UniversityofCalifornia
DavisCalifornia95616
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Thenalongcamethelate1970sandearly
1980sAlotofthehappygoluckyyouthofthe
1950swerenowthefinanciallystrugglingparentsof
collegestudentsDontthinkourkidsdidntsee
thisInthe1980sstudentsstoppedworryingabout
savingtheworldandturnedtodomesticconcerns
totheirownfmancialfuturesMajornationalpolls
showedthatatthebeginningoftheReaganyears
whenpeoplewereaskedwhattheirbiggestconcerns
weretheydidntsaywarTheysaidinflation

Studentsbackedawayfromartdrama
philosophyandpsychology Theywentinto
computersciencebusinesseconomicsandprelaw
orpremedicineprogramsAndwhenaskedwhat
wastheirmostimportantgoalinlifetheywerent
theleastbitembarrassedtoanswerMaking
moneyMakenomistakeaboutthisEvenifthey
saidGettingagoodjobtheirdefmitionofagood
jobdidnotincludepersonalsatisfactionor
opportunitiestohelpmankindorpersonalgrowth
Tothemagoodjobwasdefinedbythesizeofthe
accompanyingpaycheck Andsincescienceis

viewedperseasahighmoneyoccupationthey
returnedtothescienceswithinterestinthe
biologicalsciencesbutonlyinsofarasitwasagood
leadintomedicalschoolandalucrativecareer

Traditionallyhostingatleastsomeliberal
factionstudentbodiesbecamemoreandmore
conservativepoliticallyandsociallyMembershipin
YoungRepublicanclubsincreasedasdidcollege
agedsupportofpoliticalfiguressuchasRonald
Reagansomethingwhichwouldhavebeenunheard
ofinthe1960sWeteasedtheyoungradicalsof
the1960sand1970saboutgivinguptheiridealism
tohavenicecarshomesclothesandbelongings
AndwelostthePeaceandLoveGenerationtothe

MeDecade

Whichbringsustothesciencestudentsof
todaythestudentsofthe1990sItseemsthatthe
pendulumisswingingonceagainThemediareport
ageneraldissatisfactionwithlivesbasedsolelyon
moneyandmaterialpossessionsPeoplearegiving
upfasttrackurbancareersinexchangeforlesser
payingslowerpacedcountrylivingItseemsthat
theselfcenterednessoftheMeDecademaybe
givingwaytoareturntotheidealismwesaw20
yearsago



Ithinkourcollegestudentstodayarean
interestingreflectionofthesechangesTheyarea
blendingofstylesablendingofpracticalitywith
idealismLikethestudentsof20yearsagothey
wanttosavetheworldTheywanttohelppeople
TheywanttomakeadifferenceButtheyarealso
realisticandpragmaticTheyareplannersthinking
thingsoutplanningaheadandworkingthroughto
thefuture

InoneofourCollegebrochureswesayto
studentsYoucanmakeagoodlivingAndmore
YoucanmakeadifferenceWethoughtthiswould
communicatetothestudentsthatfinancialsecurity
doesnotnecessarilyconflictwithlivingonesideals
Theyarerealisticenoughtoknowthattheymust
financiallysupportthemselves Butfinancial

securitycanalsomeanfinancialindependencethe
meanstogooutandachieveotherpersonalgoals
goalsthatmaymakeadifferenceintheirworldour
world

Takeanindividualwho20yearsagomay
havejoinedthePeaceCorps Thispersonmay
todaysignupforourprograminInternational
AgriculturalDevelopmentandbecomeahighly
trainedexpertinengineeringsocialworkadvances
inlanduseandagribusinessThisindividualwill
arriveinaThirdWorldnationequippedto
supervise and share uptodate agricultural
techniqueswiththelocalpopulationwithaneyefor
maximizingthatcommunitysagriculturalpotential
withtheskillstoappreciateandrespectthose
peopleandtheircultureOurstudentsrecognize
thatadesiretohelpisnotenoughTheymust
knowhowtohelpAndtheyknowthatcollegean
educationinthesciencesisonewaytodojustthat

Thekindofstudentyouwillseegraduating
andenteringthejobmarketforyouisandmustbe
different

Wehaveonesurveywhichshowswhystudents
didntwanttocometoanagricultureschoolinthe
1980sForexampletheimageofagriculturehad
toomuchtodowiththeforeclosureofsomany
familyfarmsWestillstrugglewithourenrollment
inthisarea Wearehoweverseeinggainsin
studentinterestintheenvironmentalsciencesas
interestintheenvironmentcomesonceagaininto
worldfocuswithissuesliketheimpactsofacidrain
thedepletionoftheozonelayerandthedestruction
oftherainforest ButtakeourLandAirand
WaterResourcesDepartmentItsoundslikean
environmentaldepartmentbutisalsoknownasone
ofourmostpowerfulagriculturedepartments
Someofourmostrespectedscientistsarethereand
theyaredealingwithlandairandwaterasitaffects
agriculture Thisisimportant Thisiswhat
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sustainableagricultureisallaboutfarmingprac
ticescompatiblewiththeenvironmentStudents
gaininsightintotheplaceofthisinteractionof
agriculturalscienceandenvironmentalsciencein
lifeinthe1990sSowemayseeanincreaseof
studentsindepartmentslikethisonewhothink
theyreonlyinterestedinconservationandecology
whocometolearntheyareconcernedwiththe
agriculturalsciencesaswell Wehavestudents

comingintotheCollegewhoneverdreamedthey
wouldbeinanagschoolInfactinsomeyears
asmuchas40percentofourrecruitmentturnsout
tobestudentswhoswitchfromLettersandScience

toAgriculturalandEnvironmentalSciences
The old battle cry to students was

SpecializeSpecializationisnolongerthewatch
wordIntodaysworldtechnologyandscientific
informationchangestoorapidlySpecialtistswith
toonarrowafocustoonarrowabackgroundwill
findthemselvesobsoleteunlesstheirbackgroundin
thebasicsisbothsolidandbroadRecentlyabout
ahundredofourcampusresearchersgatheredto
discussthefutureofbiotechnologyonourcampus
Outsidespeakersrepresentingfederalgovernment
stategovernmentandindustryattendedthis
workshopandoneofthemhadthistosayInthe
rapidlychangingfieldofbiotechnologyeducation
andtrainingmustbeinthefundamentalsphysics
chemistryandbiology

Inarecentcampusinterviewabouttrendsin
career opportunities for our students the

coordinatorofourCareerandInternshipOffice
indicated

Wearebeginningtoseeatrendtowardmore
emphasisbeingplacedonthebreadthof
capabilitiesinastudentEmployerslookatthe
wholeindividualratherthanatspecific
technicalskillsIsthisindividualquickbright
andadaptableWillthisstudentbeableto
leamthespecificsIdecidetogivehimorher

Hewentontosay
Thistrendtowardhiringthegeneralistmeans

employersplayamoreactiveroleinthespecific
trainingoftheirnewemployeesStasulatsays
thattherewillcontinuetobetechnicalentry
doorsforcertainspecificdisciplinesbutthere
willbemoregeneralistsunderthelarger
umbrellaofscientist

Finallyhesaidthis
Fifteenyearsago1sawmoreseparation

betweensoilscientistplantscientistandfood
scientistTodayanemployercomestoCampus
lookingforamicrobiologistandfindsthat
individualinanynumberofdepartmentsIn
thepastduringinterviewdaysyouwouldsee



morestudentsstandinginlinebymajorToday
theyreallmixedintogether
Itsclearthatintheopinionofindustry

governmentandotherforwardthinkersanexcellent
educationisabroadbasededucation Wewill

stressthatinourteachingprogramsinthehopeof
deliveringatrulywellpreparedindividualtothe
world

FortwoyearsnowtheCollegeofAgricultural
andEnvironmentalSciencesatUCDhasbeen

workingundertheauspicesofalongrangestrategic
planknownasProject2000Amissionofthisplan
isasfollowsThevisionforundergraduateteaching
intheCollegeistograduateindividualspossessing
thehighestlevelofcompetenceinthescientific
disciplinesaswellasthequalitiesofcharacter
necessarytopursuescientificinquiryinstillingin
thesestudentsboththeabilityandthedesiretobe
valuablecontributorstothepublicgood
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Asaveteranofseveraldecadesinthe

evolutionofsocietyandtheevolutionoftheAg
SchoolIammovedtohavewitnessedthischange
Thespectrumofaffectofblendingpracticalitywith
idealismisbroadandcontinuestopropelthe
facultystaffandstudentsinthisdirection

Thankyou



ANEVOLVINGCOMPUTERSIMULATIONECOSIMOFMOSQUITOES

TOSUPPORTALARVALCONTROLPROGRAMIN

ALAMEDACOUNTYCALIFORNIA

FredCRobertsGlennEConnerandPatrickSTurney

AlamedaCountyMosquitoAbatementDistrict
23187ConnecticutStreet

HaywardCalifornia94545

Introduction

TheAlamedaCountyMosquitoAbatement
DistrictACMADconductsacomprehensive
mosquitocontrolprogramofphysicalbiological
andchemicalcontrolAcomputersimulationpro
gramhasbeendevelopedtosupportdecisions
madeinthelarvaltreatmentcomponentofthat
programThereasonthisareaoftheprogramwas
selectedwasbecausethegreatestnumberofdeci
sionsandperhapsthemostcomplexdecisionsare
beingmadeinthelarvaltreatmentprogramA
simulationtosupportlarvaltreatmentdecisions
thereforeappearstoofferthegreatestpotential
forincreasingefficiencyandcosteffectiveness

Theproblemofestablishinganefficientlarval
treatmentprogramiscomplicatedbyanumberof
factorsTheDistricthasapproximately1400major
mosquitosourcesin815squaremilesSeventech
niciansareassignedtheresponsibilityofinspecting
andtreatinganaverageofabout200majorsources
inzonesofabout100squaremileseachDuring
thespringandsummermonthsasmanyassix
speciesofmosquitoesmaybedesignatedforlarval
treatment ThesizeoftheDistrictnumberof
mosquitosourcesandnumberofpestandvector
mosquitospeciescombinetocreateanenormous
schedulingproblem

Inrecentyearsenvironmentalsafetyandcost
considerationshavefurthercomplicatedthetask
fortechniciansbyincreasingrequirementsforin
formationAdecisionwhethertotreatamosquito
sourcenowentailsthefollowinginformation

1Locationofthelarvalsource

2Presenceorabsenceofmosquitolarvae
3Speciesoflarvaepresent
4Numberdipofeachdevelopmentalstageof

larvaetocomparetoanestablishedtreat
mentthreshold

5Presenceofbeneficialpredators
6Presenceofwildlifeegendangeredspecies

Ironicallyatthesametimethatpressures
wereincreasingtoprocessmoreinformationabout
mosquitosourcesfinancialconstraintsimposedby
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ataxreductionmeasureinthelate1970scaused

theDistricttocutbackthenumberofmosquito
controltechnicians

ACMADdatasystems

TheDistrictdesigneddevelopedandimple
mentedanautomateddataprocessingsystem
ACMADDataSystemsasoneofanumberof
measuresaimedatincreasingefficiencytocompen
sateforthelossofstaffRoberts1984Thesys
temsanalysisandconstructionofcomputerpro
gramswasaccomplishedbyateamofDistrictem
ployeesRusmiseletal1983AllDistrictpro
gramshavebeenwritteninBASICprogramming
languageofTandycomputersOurcurrenthost
computerisaTandy4000operatingonSCOXenix
softwareandcurrentlysupportingsixterminalsat
variousworkstationsintheDistrictofficesThe

centerpieceoftheDistrictscomputersystemisa
databasedescribingthephysicalandbiological
characteristicsofallmajormosquitosourcesinthe
District

Anumberofcomputerprogramsoperatingin
ACMADDataSystemsdirectlysupportthelarval
treatmentprogramFig1 Anenvironmental

simulationprogram ESP determineswhich

speciesofmosquitoesintheDistrictwouldbeac
tiveinthelarvalstageatanygiventimeEachday
ESPcomparesinputinformationdatetiderain
fallmaximumandminimumtemperaturesto
conditionscodedintheprogramwhichpredictthe
beginningorendoflarvalactivityofeachimpor
tantmosquitospeciesintheDistrict Whena

speciesofmosquitobecomesactiveinthelarval
stagethedatabaseofallmosquitosourcesis
searchedbyESPtocreateahotfileofallsources
wherelarvaeofthespecieshavebeenfoundThe
hotfilesareupdatedeachdaywithinspectionand
treatmentdatarecordedbythetechniciansonthe
previousday AschedulingprogramZING
searchesallhotfilesonaweeklybasisorupon
requesttocreatezoneinspectionandtreatment
informationaboutthelocationofthemosquito
sourcesandtheresultsofthemostrecentinspec
tionsortreatments



TheDistrictscomputersystemattheabove
stageofdevelopmentprovidedvaluableassistance
tomosquitocontroltechniciansESPprovidedthe
answertowhatspeciesofmosquitoeswereactive
andwhen ZINGlistedthespecificlarvalsources
wherethelarvaecouldbeexpectedtobefoundIt
wasfelthoweverthatstillanotherincrementof
efficiencycouldbeaddedbyassistingtechniciansin
decidingmorepreciselywhenaparticularsource
inahotfileshouldbeinspectedIdeallythebest
timetoinspectasourcewouldbewhenlarvaewere
presentattheestablishedtreatmentthreshold

levelIfhighqualityinformationwereprovidedto
thetechnicianspredictingwhenthresholdwouldbe
reachedineachsourceinspectionscouldbemore
efficientlyscheduledandsavingscouldbeaccrued
byavoidingunnecessaryinspections

EvolvingComputerSimulationofmosquitoes
TheDistrictbeganconstructionofacomputer

programin1986withtheexpresspurposeofpro
vidingadatewhenthresholdisreachedateachac
tivelarvalsourceSincethemajorfactordeter
miningthetimeofthresholdistherateoflarval
growththecomputerprogramtookthebasicform
ofasimulationoflarvalgrowth Othercompo
nentshavebeenaddedtothesimulationasneces

sarytorefinetheoutputTheprogramisbestde
scribedasanevolvingcomputersimulationof
mosquitoesdesignatedbytheacronymECOSIMIt
hasbeenconstructedbyateamofDistrictemploy
eesTheemployeesgainedmuchofthetechnical
expertisenecessarytoconstructthesimulationby
assistinginthedevelopmentofthecomputersim
ulation ofCoyote Hills Freshwater Marsh

Schooleyetal1982

Descriptionofthesimulation
ECOSIMiscalledupdailybyacontrolpro

graminACMADDataSystemstosimulatelarval
growthinallhotsourcesFig1Thesimulation
occursfollowinginputofthepreviousdaysopera
tionalandweatherdatatoinsurethatthemostre
centinputdataisavailabletothesimulationFor
mosquitosourcesthathavealreadybeeninspected
andfoundtohaveearlyinstarlarvaepresent
ECOSIMsimulatesthedevelopmentoftheinstars
andpupaeandpredictsadatewhentreatment
thresholdisreachedWhensourcesaretreated
foundwithoutlarvaeorhavenotyetbeenin
spectedovipositionissimulatedThesimulation
proceedsthroughhatchingandlarvalgrowthuntil
simulatedthresholdisreachedThreecompanion
paperswilldescribethetemperaturesubroutine
theovipositionsubroutineandtheuseofthesimu
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lationintheDistrictConnerandRoberts1990
Meadetal1990RusmiselandKing1990

Behaviorofthesimulation

Theinitialinputtoalarvalgrowthcomponent
ofthesimulationmaybeprovidedbyafieldin
spectionofthesourceorbysimulatedoviposition
Standardinspectionproceduresduringfieldin
spectionsestablishthenumberoflarvaeandpu
paeperpintdipperineachinstarAlloftheindi
vidualsineachinstarareconsideredadistinctco

horttobeginthesimulationSimulatedoviposition
mayaddeggstothesourceeachdayresultingin
additionalcohortsasthesimulationprogresses

Thecomputerbeginsthesimulationonday
onewhichisthedateofthelastinspectionthedate
ofthelasttreatmentofthesourceorifneitherof
theprecedingthedatewhenthehotfilewascre
atedAnincrementofgrowthisaddedtoeachco
hortforthatdaybaseduponthetemperatureofthe
sourceThegrowthratesandtherelativeduration
ofeachlarvalstageusedinthesimulationhave
beendeterminedlocallyforeachspeciesbeing
simulatedMeadandConner1987Thegrowth
iscalculatedbyuseofaratesummationtechnique
andaddedtoeachcohortasafractionoftotal

growthfromeggstopupaeWagneretal1985
Fig2Thegrowncohortsarethentransformed
backtonumberperdiptodetermineifthreshold
hasbeenreached Ifthresholdhasnotbeen

reachedanotherdayisincrementedandtheco
hortsareprocessedthroughthegrowthloopagain
Fig3

Ifthesimulationreachesthresholdthenum
berofdaysofgrowthareaddedtotheinitialdate
ofinspectionandapredicteddateofthresholdis
createdThisdateisthenmadeavailabletoeach

technicianbyplacingitnexttotheappropriate
sourceinthezoneinspectionguidelines

Figure3describestheessentialsofthesimu
lation

Methodofconstruction

ECOSIMhasbeendevelopedbyabottomup
approachThisapproachwasgivenasubstantial
boostbyAlanBerrymanduringdiscussionsata
computermodelingworkshopatthe1987confer
enceoftheAmericanMosquitoControlAssocia
tionheldinSeattleWashingtonHesaidthatsim
ulationsareaccomplishedtolearnaboutthedy
namicsofthesystembeingsimulatedortoobtain
someverypracticalinformationHesuggestedthat
ifthesimulationweretobeaimedatapractical
applicationthemodelshouldbeassimpleaspos
sibleaddingcomplexityonlyasnecessaryOther
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II
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allhotfiles
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Figure1FlowchartoftheoperationsofACMADDATASYSTEMSemphasizingsupportprovidedto
thelarvalcontrolprogram
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1
statisticaltests

ofassumptions

Figure4AflowchartofthevalidationproceduresforECOSIM

wisehefeltwemightwasteresourcesdealingwith
anunnecessarylevelofcomplexity

Asignificantadvantageofdevelopingthesim
ulationfromthebottomwasthatitbecameuseful

almostimmediatelyThebasiccomponentofthe
modelwasthesimulationoflarvalgrowthOnceit
hadbeenbuiltandwascalibrateditwasproviding
usefulinformationThesimulationthereforewas
placedintooperationinlate1986inarelatively
primitivestateofdevelopmentThesimulationhas
continuedtoevolveintoamorecomplexprogram
ascomplexitywasaddedtofurtherrefinetheout
putTable1

ValidationofECOSIM

AccordingtheShannon1975confidencein
anysimulationisestablishedbyrepeatedcyclesof

constructionofECOSIM

usingavailable
knowledgeintuitionand

observations

V

CALIBRATION

byusinglaboratoryinput
andoutputvalues

ECOSIMplacedintooperation
inACMADDataSystemsand
providesoutputtable1

validatebytesting
resultsofsimulations

withrealworld

modificationsofECOSIM

torefineoutput

operationaldatafrom
routineinspections
specialvalidationdata
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constructionfollowedbyverificationHesuggests
thatverificationshouldincludestatisticaltestingof
assumptionsofthemodelaswellascomparingin
putoutputtransformationsofthemodeltothoseof
therealworldOurapproachtovalidationhasin
cludedaninitialcalibrationtestingoftheoutput
withtherealworldandstatisticalanalysisofas
sumptions AcompanionpaperbyMeadetal
1990willconductstatisticalanalysisofthetem
peraturesubroutine

Themodelwasinitiallytestedbycomparing
simulatedgrowthofthelarvaewithgrowthoflar
vaeincontrolledlaboratoryconditionsThelabo
ratorydatausedinthetestwasthesamedataused
tocalculatethegrowthratesusedinthesimulation
Usingthisdataassuredusthattheinputandex
pectedoutputtothesimulationswerecorrectThe



resultsofthesimulationwerethencomparedtothe
laboratoryresultsandthesimulationwasmodified
asnecessarycalibratedtoreduceerrorBythis
methodwewereabletoestablishalevelofintrin
sicerrorof24thatwasbuiltintothesimulation

Itappearedthattheerrorwasprimarilyassociated
withthelengthofthetimeintervalchoseninthe
simulationSinceaonedaytimeintervalwasas
smallanintervalaswecouldpracticallysupportin
thesimulationwewereforcedtoacceptthatlevel
oferrorandwouldexpectittoincreaseinwarm
temperaturesanddecreasedwithcoolertempera
tures

Anongoingsystemhasbeenestablishedto
accomplishevaluationofhowwelltheoutputof
ECOSIMrepresentstherealworldThereality
checkofthesimulationisaccomplishedforthe
mostpartbyutilizingdatacollectedroutinelyin

Table1EvolvingcomplexityofECOSIM

Program
Components

LarvalDevelopment

AmbientTemperature
Subroutine

SourceTemperature
Subroutine

TemperatureRelated
Mortality

OvipositionSubroutine

PredationSubroutine

StochasticComponent

AdultPopulation

Date

Installed Replaced

187

287

687

887

1288

future

future

future

Inuse

687

InUse
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thelarvaltreatmentprogramFig4Somedata
werealsocollectedbyfrequentlyrepeatedinspec
tionsofsourcesmadeforthespecificpurposeof
validatingthesimulationTheseinspectionswere
timeconsumingandexpensivehowevercausingus
torelyprimarilyondatacollectedthroughroutine
inspection

Criteriahasbeenestablishedtovalidatethe
simulationTheresultsofthesimulationsrunin
19871988and1989werecomparedwithdatacol
lectedfromthefieldbytheroutinelarvalinspec
tionsThefollowingvalidationsystemwasestab
lished

1Operationaldataweresearchedtofindinspec
tionsofsourceswheretwoormoreinspections
hadindicatedgrowthoflarvaethroughatleast
twoinstars

Useful

OutputtoTechnicians

Minimumdevelopmenttimeoflarvaeto
thresholdininspectedsourcesfoundwith
larvaemaximumgrowthrates

NoneNomeasurableimprovement

Probableactualdevelopmenttimeof
larvaetothresholdineachpositivesource

1287 NoneOutputnotvalidatedTobe
installedinthefuture

InUse Probabledevelopmenttimeeggto
thresholdinsourcesnotinspectedor
withoutlarvae

Refinementofpredicted diptotrigger
threshold

Determineprobabilitiesforpredicted
thresholds

Determinenumbersofadultmosquitoes
basedonsimulatedlarvaldevelopmentin
allsourcesPredictcomplaints



Table2ResultsofvalidationtestsonECOSIM

Parameter

Measured

Successful

Simulations

AverageNumber
ofDaysError

1987

480

n33

59days
n17

Year

1988

793 808
n29 n43

50days 43days
n6 n9

Simulationpredictsdevelopmentwithinonedayseetext

2Ifsimulationhadsuccessfullypredictedwithin
onedaythenumberofdaysrequiredfortheob
servedgrowththesimulationwasconsidered
successful

3Thetotalnumberofdayserrorwasestablished
forunsuccessfulsimulations

Thepercentageofsuccessfulsimulationsandthe
averagenumberofdayserrorwereusedasparam
eterstoevaluatetheeffectivenessofthesimula

tionsTable2
Resultsofvalidationtestsindicatetheoutput

ofthesimulationisimprovingAsignificantim
provementmadeinthesimulationbetween1987
and1988canprimarilybeattributedtotheimple
mentationofaprogramtomonitorlarvalsource
temperaturesTheprogramisdiscussedindetail
inacompanionpaperMeadetal1990Itisex
pectedthatthestatisticalanalysisaccomplishedon
thetemperaturesubroutineswillprovidethebasis
togainanothersignificantlevelofimprovementin
thesimulationsin1990

ThefutureofECOSIM

OurgoalinthedevelopmentofECOSIMisto
increasetheaccuracyoftheoutputtoalevelwhere
itwillbeahighlyreliabletoolWewouldliketo
continuethevalidationprocesstoattempttoreach
a90successlevelandareductionintheaverage
errorTable2Thesimulationoperatingatthe
levelofreliabilityshouldbeapowerfulscheduling
toolforthetechniciansItwouldbeexpectedto
provideyetanotherincrementofefficiencytothe
larvalcontrolprogram

Thedesiretoimprovetheaccuracyof
ECOSIMseemstorequiretheadditionofmore

77

1989

components Thisevolutiontowardmorecom

plexitybringsECOSIMthatmuchclosertopro
vidingoutputbeyondthatofjustpredictingtreat
mentthresholdTable1liststhesubroutinesnow

beingconsideredtobeaddedanddescribesthede
siredoutputItappearsfeasibleinthefuturefor
ECOSIMtopredictactivityandnumbersofadult
mosquitoesbaseduponsimulatedlevelsofadult
emergenceThestructureofECOSIMprovidesan
opportunitytoaccumulatethenumberofemerging
adultsfromeachsourceduringthesimulationA
componenttosumandstorethenumberof
emergingadultscouldeasilybeplacedinthesim
ulationloopFig3Anadultmosquitosimulation
couldthenbebuilttousetheemergencedataas
wellasotheravailabledatatoprovideneededin
formationconcerningadultmosquitoes

Thedevelopmentofapromisingnewsimula
tionmayprecludetheneedtodevelopECOSIMto
thelevelofadultmosquitopopulationsAsimula
tionofmosquitopopulationshasbeendeveloped
forOrangeCountyCaliforniaThesimulationis
accomplishedbyRAManartificiallifesystemde
velopedatUCLAformodelingpopulationsTaylor
etal1987 OurDistrictisintheprocessof
puttingitintooperationtosupporttheCulexpipi
ensLcontrolprogramItisparticularlyappealing
becauseitsimulatesmosquitopopulationsand
wouldsupportdecisionattheDistrictwidelevel
ECOSIMontheotherhandcurrentlyonlysup
portsindividualdecisionsateachsource RAM

andECOSIMoperatingtogetherwouldcreate
valuabledecisionsupporttoboththesupervisorof
thecontrolprogramsaswellastheindividual
mosquitocontroltechniciansineachzone If

RAMweretobeeasilymodifiedtoalsosupport



decisionsattheindividualsourcelevelitmaywell
replaceECOSIMaltogetherItshouldberemem
beredthatcomputerprogramscompeteinanenvi
ronmentofdifferentialselectionBeniger1986
Theyeithercontinuetoevolveandremaincompet
itiveortheybecomeextinct
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USEOFANEVOLVINGCOMPUTERSIMULATIONECOSIM

TOSUPPORTLARVALCONTROL ANENTOMOLOGICALPERSPECTIVE

GlennEConnerandFredCRoberts

TheoverallgoalofourDistrictscomputer
ECOSIMistoincreasetheefficiencyofthelarval
controlprogramMeadetal1990Robertsetal
1990RusmiselandKing1990Thepayoffisto
inspectonlysourcesthatarepositiveforlarvae

Fromthepointofviewoftheentomologistin
chargeofcontrolprogramsoneofthequestionsin
mymindmustbeisthemodelprovidingahelpto
thetechnicians Doesthemodelhelpthem
accomplishtheirworkinamoreefficientmanner

AlamedaCountyMosquitoAbatementDistrict
encompasses825squaremilesofterritorywitha
populationofapproximately1200000peopleThis
providesaheavyworkloadforseventechnicians

Thetechniciansareassignedzoneswithin
whichtheyareresponsibleformosquitocontrol
Thesezonesobviouslyhavevariancesinsize
numberofbreedingsourcestemperaturepop
ulationecologicaldiversitydiversityofmosquito
speciesanddifferingratesofmosquitolarval
productionandgrowthrates

OneoftheprogramsdevelopedbyourDistrict
istheZoneInspectionGuidelinesZINGRoberts
etal1990Itsobjectiveistogeneratealistof
sourcesineachzoneonaweeklybasiswithinfor
mationavailabletodescribetheirmostcurrent

conditionandthentodisplaytheminalogical
inspectionandtreatmentscheduleforreviewby
eachtechnician

Ibelievethattheweeklyzoneinspection
guidelinesdohelpthetechnicianswiththeirdaily
workloadObviouslyagoodtechnicianknowsthe
mosquitoproductiontakingplaceinhisorherzone
throughouttheyearbuttheZINGprintoutisa
goodreminderorbackupformemory

TheZINGprintoutprioritizesthebreeding
sourceshighestpriorityatthetopofthepageand
lowestpriorityatthebottom Thepriorityis
establishedbythesimulationprovidingaprojected
dateofthreshold Thisallowsthetechnicianto

makeajudgmentonwhichsourcesmustbeattend
edtoimmediatelywhichsourceshemaybeableto
ignoreandforhowmanydayshemayignorethem
withoutproblems

TheZINGprogrampredictswhenthe

AlamedaCountyMosquitoAbatementDistrict
23187ConnecticutStreet

HaywardCalifornia94545
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mosquitolarvalthresholdhasbeenreachedand
whenthesourcemustbetreatedThesimulation

actuallyhasaconservativeviewinsofaraswhena
sourcehasbeeninspectedandfoundtobenegative
forlarvaethemodelassumesovipositionwilloccur
thenextday

Anumberofyearsago1974 1975
managementwasconcernedwithresistanceand
withthenumberofinsecticidaltreatmentsthatwere

occurringduringthenormalmosquitobreeding
seasonsWemadeattemptstoreduceinsecticide
pressurelowercostsandreducethetechnicians
workloadyetstillhaveanefficientandeffective
mosquitocontrolprogramWemovedtowardthis
goalbyestablishingalarvaltreatmentthreshold
Larvaewouldneedtobeinsufficientnumbersand

developtoacertaininstarbeforetreatmentwasto
occur Athresholdwasestablishedforeach

mosquitospeciesandthethresholdcouldbealtered
toaccommodatetheprogramincaseofemergency
orotherunusualcircumstancesECOSIMisatool

designedtoutilizethisapproachandmoveuscloser
tothoseoriginalgoals

Timespentinthefieldisthebestwayfor
technicianstoaccumulateknowledgeaboutmos
quitocontrolOurtechnicianshaveaccumulateda
greatamountoffieldexperiencewhichtheyuseto
goodadvantageThecomputersimulationmodelis
anaddedbenefitandisdesignedtobeahelpful
toolTechniciansusetheZINGprogrambutthey
mustalsousetheirfieldknowledgeByprudentuse
oftheZINGprogramthetechnicianscouldmake
betterallocationoftheirtimeforexamplemore
timeforthoroughsamplingofbreedingsources
Alsotheycouldbecomemoreinvolvedincomputer
programmingtherebyinsuringtheyunderstandhow
ZINGworksanditsstrengthsandlimitations

Secondarybenefitsofthesimulationmodelare
thattheentomologistandtechniciansbyhelping
developthemodelhavelearnedmuchmoreabout
mosquitoesandtheneedforgoodreliabledata
Theeffectivenessofthesimulationiscontingent
uponitbeingstructuredinarealisticwayanalogous
totherealmosquitoworld Itisdependentupon
datafromtheenvironmentThesedemandsmetby



thetechnicianshaveprovidedavaluablelearning
experienceTherequiredmonitoringsystemhas
alsoincreasedtheknowledgeaboutnewandmore
efficientmonitoringtechniques Themodel

demandsthesethingsandwethereforemust
provideitAsyouhaveheardfromthespeakers
beforemewemustdependuponspecificindivid
ualstodocertainspecializedjobsaswellas
meetingtheirzoneresponsibilitiesThereforethe
overalljobbecomesmoreinterestingandlearning
isacceleratedThebottomupmethodofcomputer
modelinghascreatedanopportunityforeveryoneto
learnfromthebeginning

Theuseofbiorationalpesticidesthatdonot
persistintheenvironmentmeansmoreintrusions
onahabitatmoreinspectionsandmorefrequent
treatments Wefeelusingthecomputerprior
itizationofthesourcescanhelpusbettertimethe
applicationsandreducethefrequencyofinspections
andtreatments

Thecomputermakesmorespecificinform
ationavailabletotheentomologistInthepastthe
datawasofamoregeneralnatureNowallthe
dataisbeingutilizedforaspecificpurposeinthe
decisionmakingprocessForexamplelighttrap
dataisusedinthesimulationtodetermine

thresholdonacertainday Thisinformationis

availableandtheentomologisthasthatdatafor
decisionmakingLighttrapdataisnowtherefore
utilizedroutinelyindecisionmaking
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Thecomputersimulationmodelappearstobe
avaluabletoolthathelpsincreaseourefficiencyand
effectivenessinmosquitocontrol

References

MeadSSTJMcMahonandWAMaffei1990
Predictionoflarvalsourcetemperaturesbyan
EvolvingComputerSimulationECOSIMof
mosquitoes ProcCalifMosqVector
ControlAssoc588185

RobertsFCGEConnerandPSTurney1990
AnEvolvingComputerSimulationECOSIM
ofmosquitoestosupportalarvalcontrol
programinAlamedaCountyCaliforniaProc
CalifMosqVectorControlAssoc5870
78

RusmiselJRandEMKing1990Preliminary
assessmentoftheovipositioncomponentofan
EvolvingComputerSimulationECOSIMof
mosquitoesProcCalifMosqVectorControl
Assoc588687



PREDICTIONOFLARVALSOURCETEMPERATURESBYECOSIM

SharonSMeadWesleyAMaffeiandThomasJMcMahon

AlamedaCountyMosquitoAbatementDistrict
currentlyusesacomputersimulationtoassist
techniciansindeterminingwhentreatmentof
breedingsourcesshouldoccurRobertsetal1990
ECOSIM EvolvingComputerSimulation of

Mosquitoeswasdesignedtopredictthenumberof
daysrequiredforlarvaetoreachanestablished
treatmentthreshold Initialdevelopementof
ECOSIMfocusedondeterminingtemperature
relatedgrowthratesofCulexpipiensLCulex
tarsalisCoquillettCulisetainornataWillistonand
CulisetaincidensThomsonMeadandConner
1987Followingthisatemperaturemodelwhich
operatesasasubroutineinECOSIMwas
developedtodeterminethetemperatureof
mosquitobreedingsourcesThisstudydescribes
thedevelopmentofthetemperaturemodel
comparestheresultswithactualvaluesandmakes
recommendationstoimprovetheaccuracyofthe
temperaturepredictions

Thermalcharacteristicsofsources

StudiesoftheCoyoteHillsFreshwaterMarsh
providedastartingpointinunderstandingthe
thermalcharacteristicsofaquatichabitatsCollins
andMeyer1985Temperaturefluctuationsofthe
marshoccuredonadailycyclewiththehigh
reachedbymidafternoonandthelowbyearly
morning Thecorrelationbetweenambientand

sourcetemperaturesestablishedinthestudywas
initiallyusedbyECOSIMasthemeanstopredict
alllarvalsourcetemperaturesinthecountyThis
approachfailedasmanyofthesourcesinthe
countydidnothavethesamethermalcharacteristics
astheCoyoteHillsMarsh

Toovercomethisproblemsourcetypeswere
studiedandgroupedaccordingtotheirsimilar
responsetoambienttemperature AnOnsite

WeatherLoggerOWLwithaTandy102portable
computerfacilitatedintheanalysisofthesource
typesbyrecordingambientsurfaceand6depth
temperaturesathourlyintervalsfor24hoursThe
datacollectedproducedtemperatureprofilesby
whichthreegroupsweredefinedbasedonthe
responseofsurfacetemperaturetoambient
temperatureFig1
1Sourcesinwhichtemperaturesroseorfell

AlamedaCountyMosquitoAbatmentDistrict
23187ConnecticutStreet

HaywardCalifornia94545
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readilywithariseorfallinambient
temperature

2Sources that tended to respond less

dramatically with changes in ambient

temperature
3Sources inwhich little or norisein

temperatureoccuredwiththedailyincreaseor
decreaseinambienttemperature
Sourcesingroup1willbereferredtoas

shallow thoughthisgroupalsoincludedsome
deepsourceswhichhadprofilessimilartoshallow
sourcesSourceswithinthisgroupweregenerally
lessthanonefootindepthhadastaticflowand
were50ormoresunlitSourcesgreaterthanone
footindepthtendedtocontaindensesubmerged
vegetationthroughout

Sourcesingroup2willbereferredtoas
deep thoughthisgroupalsoincludedshallow
sourcesSourceswithinthisgroupweregenerally
greaterthanonefootindepthwithclearwater
Anysourcesinthisgrouplessthanonefootin
depthwereflowingandwere50ormoreshaded

Group3thesubterraneangroupincludedall
manmadeundergroundsourcessuchascatchbasins
stormdrainsandutilityvaults

Thetemperaturemodel
Thetemperaturemodelwasbasedupon

certainassumptionsFirstthegrowthratesofthe
larvaeareinfluencedmainlybythetemperatureat
the12depthStewart1974Secondmosquito
growthratesaredrivenbythe24hourmean
temperaturewithnosignificantinfluencecausedby
temperaturefluctuationMilbyandMeyers1985
Thirdtheaveragetemperaturederivedfromthe
dailyhighandlowisnotsignificantlydifferentfrom
thatderivedbythe24hourlytemperaturesAnd
lastwarmingofthewatersurfaceisassumedtobe
correlatedwithambienttemperatureandcanbe
representedbyaconstant

Themodelrequiresasinputhighambient
andlowsourcetemperaturesTocollectthelow
sourcetemperaturesacountywidemonitoring
programwasestablisheddividingthecountyinto
fourregionswiththreemonitorsourcesineach
Lowsourcetempertureswerecollectedthreetimes
weeklybetween6and9AM Thesevalueswere



w80

g 60

40

6

SHALLOW

15 6

Figure1Typicaldailytemperatureprofiles
sources

usedbythetemperaturemodelasthelowsource
temperaturesforsimilarsourcesineachregion
Thehighambienttemperaturereportedbythe
NationalWeatherServicewascollecteddailyfor
eightcities

The model derives the high source

temperaturebyusingthehighambientandthelow
source temperatures The high ambient

temperatureisconsideredthepotentialhigha
sourcemayreachtheactualincreasehoweveris
proportionatetothatpotentialandisdetermined
byawarmingcoefficient Thehighsource
temperatureisthenaveragedwiththelowto
providethe24hourmeanFig2

Threewarmingcoefficientswereestablished
fromsampleOWLprofilesrepresentingthethree
sourcegroups Thecoefficientisderivedby
dividingtheactualincreaseintemperaturehigh
sourceminuslowsourcebythepotentialincrease
highambientminuslowsource

Comparisonofresults
Thetemperaturespredictedbythemodelwere

comparedtotheactualtemperaturesrecordedby
theOWLwhichwasplacedin25locationsfora
minimumoftwodayseachoverthecourseofone
yearAfterwardsasimulationwasrunforeach
locationThevaluescomparedintheanalysiswere
the24hourmeanlowsourcehighsourceandhigh
ambienttemperaturesLowsourceandhighsource
temperatureswereatthesurface12depthThe
6depthtemperatureswerenotusedinthisstudy

TwentyfourhourmeantemperatureInFigures

HOURS
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DEEP SUBTERRANEAN

15 6 15

watersurface airforthethreegroupsof

3through5theplotsareshownwithanideal
correlationlineandlimitlinesofplusorminusfive
degreesFahrenheitThelimitlineswerebasedon
thetemperaturerelatedgrowthratesofthespecies
simulatedMeadandConner1987resultingina
onetotwodaytreatmentthresholderror

Shallowsourcesshowedastrongcorrelation
betweentheactualandsimulatedtemperaturesFig
3Themajorityofdatafellwithinthelimitlines
Theslopehoweverindicatedthatatthelower
temperatures cooler months the simulated

temperatureswerewarmerthantheactualvalues
whileatthehighertemperatureshottermonths
thesimulatedtemperatureswerecoolerthanthe
actualvalues

Thedeepsourcesalsoshowedastrong
correlationbetweentheactualandsimulated

temperaturesFig4 Themajorityofdatafell
withinthelimitlines

Nocorrelationexistedforthesubterranean

groupFig5Abouthalfofthedatapointsfell
outsideofthelimitlinesItwasfoundthatthese

pointsrepresenteddatafromstormdrainsand
utilityvaultswhilethedatainsidethelimitlines
representedcatchbasins

LowsourcetemperaturesMonitoredlowsource

temperaturesusedineachofthesimulationswere
comparedtotheactualtemperaturesrecordedby
theOWLTable1Foreachsourcegroupthe
differencesweresignificantusingthepaired
comparisonstestata95confidencelevel

HighambienttemperaturesThehighambient
temperaturesasreportedbytheNationalWeather
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Table1Differencesbetweenmonitorsource

temperaturesusedinthesimulationandactuallow
sourcetemperatures F M Meanofthe

differencessimulation actualSD Standard

deviation

Group Pairs

Shallow

Deep
Subterranean

50

98

31

M

51

18

44

SD

36

46
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pairedcomparisonstestOWLdatawassubtracted
fromweatherservicedataandresultedinamean
differenceof035andstandarddeviationof58

Thedifferenceswerenotsignificantatthe95
confidencelevel

HighsourcederivationThewarmingcoefficients
weretestedforaccuracybyfirsteliminatingknown
sourcesoferrorThesimulationswerererunusing
OWLdataforthelowsourceandhighambient
temperaturesandthenthederivedhighsource
temperatureswerecomparedtotheOWLhigh
sourcetemperaturesusingthepairedcomparisons
testTable2 Thetestindicatedasignificant
difference between the derived and actual

temperaturesatthe95confidencelevelforeach
warmingcoefficient

Discussion

Shallow sourcesErrors in simulated

temperaturesforshallowsourcesneedcorrectionin
boththewarmingcoefficientandmonitorsource
values Errorinthecalculationofthe24hour

meanwassometimesreducedbytheprocessof
averagingthelowsourceandthehighsource
temperaturesThenegativelyskewederrorofthe
warmingcoefficientwasoffsetbythepositively
skewederrorofthemonitorsourcetemperatures
Tables1and2Anegativehighsourcedifference
indicatesthatthevalueforthewarmingcoefficient
shouldbelargerAnalysisofmonitorsourcedata
indicatedthaterrorwasintroducedbyusingthe
shallowedgeofalaketomonitortemperatures
ratherthanusingsourceswithanaverageshallow
depthThisresultedinsignificantdiscrepancyat
theselocationsthatisthelowsourcetemperatures
werehighsincedeepsourcescoolataslowerrate
Shallowmonitorsourcesshouldbecarefully
selectedtoinsurethetemperaturescollected
representthoseofothershallowsourcesinthe
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Table2Differencesbetweensimulatedhighsource
temperaturesandactualtemperatures FM
MeanofthedifferencessimulationactualSD
StandarddeviationWC Warmingcoefficient

Group

Shallow

Deep
Subterranean

Pairs

50

98

31

M

51

27

16

SD WC

81

35

18

545

255

053

regionThedifficultyofkeepingashallowmonitor
sourceyeararoundmaypossiblybesolvedbythe
useofanartficialsourcewhichiscurrentlybeing
investigated Datafromdeepvegetatedsources
werenotsufficienttobeincludedinthisstudy

DeepsourcesThetemperaturemodelcurrently
providesacceptablelevelsofaccuracyfordeep
sourcesHoweverwiththeadditionalOWLdata
gained sincethe warming coefficientswere

establishedrevisionofthecoefficientscould
provideevengreateraccuracyDatafromturbid
sourceswerenotincludedsincetheyseemedto
havecharacteristicsthatwerecommontoboththe

shallowanddeepgroupsFurtherstudyisneeded
beforeturbidsourcescanbesimulated

Subterranean sourcesAlthough individual

sourcesinthesubterraneangroupvariedonly
slightlyintemperatureinthedailycycletheyvaried
significantlyintemperaturefromsourcetosource
Theerrorintemperaturesimulationwasdue
primarilytothemonitorsourcetemperatures
Subterranean sources should be studied to

determineifitisnecessarytocreateadditional
classeswithinthisgroupbasedupontheirlow
sourcetemperatures Minoradjustmenttothe
warmingcoefficientshouldalsoimprovetheresults

Conclusions

Thefollowingisrecommendedrevisionofthe
warmingcoefficientsreselectionofsomemonitor
sourcesandfurtherinvestigationofsubterranean
turbidandvegetatedsources
Thepurposeofthestatisticalanalysiswasnotto
measurethemagnitudeoferrorasmuchasitwas
topointoutwhereerrorcouldbereducedThe
requiredlevelofaccuracyforthetemperature
modelinrelationtoECOSIMhasyetnotbeen
establishedThepredictionsoftheECOSIMmodel
arecurrentlyatacceptablelevels80ofthetime



withanultimategoalof90Robertsetal1990
Improvementofthetemperaturemodelshould
increasetheaccuracyofthepredictionsandbring
theECOSIMmodelclosertoitsstatedgoals
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PRELIMINARYASSESSMENTOFTHEOVIPOSITIONCOMPONENTOF

ANEVOLVINGCOMPUTERSIMULATIONECOSIMOFMOSQUITOES

JohnRRusmiselandEverettMKingJr

AlamedaCountyMosquitoAbatementDistrict
23187ConnecticutStreet

HaywardCalifornia94545

Introduction

Since 1987 Alameda County Mosquito
AbatementDistrictACMADhasbeenusinga
computer simulation of mosquitoes called

ECOSIMEvolvingComputerSimulationtoassist
mosquitocontroltechniciansintimingtheir
inspectionandtreatmentofsourcesMeadetal
1990Robertsetal1990ConnerandRoberts
1990Initiallythesimulationoperatedeffectively
onsourcesthatwerefoundtobepositivefor
mosquitoesintheirearlystagesofdevelopmentby
simplysimulatingthegrowthoflarvaeuntilthey
reachedthresholdThedateofthresholdwould

thenbecomethedateofproposedreinspection
andortreatment Forthosesourceswhereno

mosquitolarvaeweredetectedhoweveran
ovipositionsubroutinewasnecessaryinorderto
generateaninspectiondate Fourspeciesof
multivoltinemosquitoeswerechosenfortheinitial
phaseofthisprojectCulexpipiensLCulextarsalis
CoquillettCulisetaincidensThompsonand
CulisetainornataWilliston

Monitoringmethods
MonitoringovipositiontrapsNewJerseylight

trapsandfixedstationlarvalmonitoringwereused
todetermineifovipositionwastakingplace
Ovipositiontrapsalsoknownasgravidfemale
trapswereusedforCulexpipiensThetrapsused
weremodifiedfromadesignbyRobertCummings
BiologistEngineerattheLosAngelesCounty
WestMosquitoAbatementDistrictHisdesignis
animprovedversionofReiterstrapReiter1983
Themainimprovementbeingtheplacementofthe
fanontheexittubetoavoidthemutilationofthe

specimens Acompletedescriptionofthistrap
designissoontobepublishedbyMrCummingsA
fermentedalfalfainfusionisusedastheattractant

forCulexpipiensWhentheinfusionhasagedlost
itsodorandturnedreditattractedCuliseta
incidensfemalesalmostexclusivelyFormulations
thatattractothermosquitospeciesarebeing
soughtBetweenthreeandsixtrapswereputout
overnightonceaweekThetrapsweredistributed
throughoutthecountythreebeinginfixed
locationswhereCulexpipiensisthedominant
mosquitospecies
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Thesecondmeansofdetectingoviposition
wasthroughtheuseofadultlighttraps The

DistrictoperateseightNewJerseylighttrapsin
fixedlocationsthroughoutthecountyyearround
since1988previouslyAprilOctober These

trapsrunsevennightsaweekfrom6pmto6am
Adultmosquitoesarecollectedfromthetrapsand
identifiedweekly

Fixedstationlarvalmonitoringisalsobeing
usedtodetectovipositionLarvaearemonitoredat
twelvelocationsthroughoutthecountyweekly
Themonitoringisdonebyasingleindividualto
standardizethesamplingThesourcesaretreated
whentheyreachthresholdandanewcycleof
monitoringisbegun

Operationofthesubroutine
Operationofthesubroutinecurrentlyusesa

deterministicapproachtopredictoviposition
Initialvaluesofthemonitoringinputshavebeen
establishedtotriggerovipositioninthesimulation
Wheninputfromanyofthethreemethodsof
monitoringisgreaterthantheestablishedvalues
ovipositionisassumedtobeoccurringandis
triggeredinthesimulation Theinitialvalues

selectedtotriggerovipositionarefiveindividualsin
theadultlighttrapsortenpercentofthefixed
larvalstationspositiveforlarvaeWhenoviposition
istriggeredinthesimulationitoccursatarateof
200eggsperdipeachday

Resultsanddiscussion

Theovipositionsubroutinewhenoperating
properlyshouldprovideuswithinformationabout
thelikelihoodthatovipositionisoccurringbya
particularspeciesataparticularsourceItshould
alsoindicateifthelevelofeggsbeingdepositedwill
ultimatelyreachnumbersoflateinstarlarvae
sufficienttotriggerthresholdOurcurrentlevelof
knowledgehoweverdoesnotallowustopredict
thresholdbyovipositionForthisreasonwehave
selectedrelativelylowvaluesfortheinputsto
triggerovipositionandhighnumberofeggstobe
ovipositedByusingthisapproachweexpecttobe
abletoprovidefairlyaccuratebutconservative
informationtothetechniciansThethresholddate

wouldrepresenttheminimumdevelopmenttime



necessaryforovipositiontotriggerathresholdWe
haveadoptedthisconservativeapproachtouse
untilwefeelwecanestablishacorrelationbetween

thenumberofeggsbeingovipositedinnumber
perdipandthevariousvaluesofthemonitoring
inputs

Wecurrentlyfeelthatlighttrapdataisnotan
accurateindicatoroftheovipositionbutthatit
mayindicatewhenaspeciesfirstbecomesactiveat
thestartofanewbreedingcycleLighttrapdata
indicatingCulisetainornataactivityinthefallcan
beveryusefulwhencombinedwithrainfall
informationIfatechnicianinspectsasourcethat
hasalreadybeenactivatedbythecomputerand
fmdsnolarvaeatthatsourcethecomputerwill
startovipositionatthatsourceonthefollowingday
unlessthesourcewasrecordedasdry Ifona

subsequentinspectionthetechnicianhadfound
larvaethecomputerwouldstartthegrowth
simulationfromthatpointsincefieldnumbers
havepriorityThisisaselfcorrectingfunctionof
theprogramassuringthatthemostrecentfield
dataisusedAnotherconservativefeatureofthe

simulationoccursbecausethereiscurrentlyno
mortality or predation component in the

simulationThenumbersoflarvaeinthesimulation

arelikelythereforetobegreaterthanwhat
actuallyoccursinthefieldThesimulationisbeing
validatedbycomparinglarvalnumbers and

thresholddatesthatarepredictedwithactual
numbersfromthefieldasrecordedonthe
techniciansdailyreports Thevaluesofthe

ovipositionindicesarechangedasnecessaryduring
anongoingprocessoffinetuning

Conclusions

Withcontinuedstudywehopetomore
accuratelypredictthetimeintervalsbetween
successivegenerationsoflarvaeastheyprogress
throughtheirbreedingseason Thegenerations
becomeshorterintimeasdaylengthand
temperatureincreaseWewouldliketomovetoa

morestochasticapproachtoovipositioninthe
futureTherearetwogoalsweareaimingfor1
Toquantifyovipositioninordertodeterminethe
numberofeggsperdip 2Topredictthe
probabilitythateachsourcemaybepositivefor
larvaeThemainreasonfortryingtoimprovethe
schedulingprogramistosavethetechniciantime
byonlygoingtoasourcewhenitisnecessaryThis
savingsintimeforthetechniciansalsotranslates
intosavingsfortheDistrictinfuelinsecticideand
manpowercosts
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ACOSTANALYSISFORVOLUNTARYCOMPLIANCEWITHTHE

ENDANGEREDSPECIESACTFORAEDESSQUAMIGERCONTROLIN

TWOCALIFORNIACOUNTIES

RonaldDKeithlandGlennEConner

Introduction

TheEndangeredSpeciesActESAhasim
pactedbothMarinSonomaMosquitoAbatement
DistrictMSMADandAlamedaCountyMosquito
AbatementDistrictACMADaswellasother
districtsthroughoutCaliforniaandtheUnited
StatesTheimpactonthetwoSanFranciscobay
areadistrictshasmanifesteditselfinincreased

pesticidecostsandtheneedforadditionalman
powertocontrolmosquitopopulationsHidden
costsarealsoincurredbythedistrictsaswellasto
theenvironmentwiththeimplementationofthe
actItistheintentofthispapertooutlinesomeof
thecostsforvoluntarycompliancewiththeESA

History
Inmanywaysprotectingendangeredspecies

and controlling pest and disease carrying
mosquitoesisazerosumeffortIncreasedexpen
dituresforthirdgenerationpesticidesconsumes
savingsgeneratedthroughlongtermsourcereduc
tionprojectsTherearecostsandbenefitstobe
realizedwithavarietyofapproachesforcontrolIt
isourgoaltobalancethereductionofmosquito
populationswiththevariouscostswhileminimizing
theimpactonendangeredspecies

TheESArequiresthattheEnvironmental
ProtectionAgencyEPAensurethatregistered
pesticideusewillnotjeopardizeendangered
speciesoradverselymodifycriticalhabitatsAtthe
outsetoftheprogram19801984EPAconsulting
withtheUSFishandWildlifeServiceUSFWS
evaluatedspecificpesticidesonacasebycasebasis
forpotentialbiologicalharmThisapproachwas
takentotaskina1986reporttitledTheEnviron
mentalProtectionAgencysImplementationofthe
ESAwithRespecttoPesticideRegistration
Anon1986Thereportstatedthattheprevious
processwastooslowandrecommendedacluster
approachbeimplementedThisgroupedsimilar
usematerialstogetherforbiologicalevaluation

OnMay81988anamendedplanwasre
portedintheFederalRegisteroutliningthenew
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program Aftereachpesticideinaclusterwas
evaluatedEPAwouldasktheUSFWStoreview

theclustersandprovidebiologicalopinionson
whetherjeopardyexistedAsaresultofpublicin
putthathighlightedvariousinequitiesthecluster
approachwasdiscardedinfavorofaspeciesbased
modelforbiologicalconsultationsThisprogramis
outlinedintheFederalRegisterJune211989

Underthisprogramendangeredspecieswill
berankedonfactorsdetrimentaltotheirexistence

Thosespeciesneedingthegreatestprotectionwill
begivenpriorityconsideration Therearethree

majordifferencesbetweentheclusterapproach
andthenewspeciesbasedapproachInsteadofis
suingamayaffectdeterminationforaparticular
useofapesticidebasedonthehighestregistered
applicationrateEPAwillusethisrateonlyasa
screeningmechanismforfurtherevaluationIfthe
highestrateapplicationindicatesthatthepesticide
mayaffectanendangeredspeciesEPAwillthen
determinethelowestregisteredapplicationrate
thatmayaffectthespeciesAlsoundertheclus
terapproachonceamayaffectdetermination
wasmadeEPAwouldrequestfromtheUSFWSa
biologicalopiniononlyforthatuseIfasuspected
jeopardyexistedallproductsofthatpesticidefor
thatuseweresubjecttouselimitationsIncon
trastunderthespeciesbasedprogramoncethe
lowestregisteredapplicationthresholdisdeter
minedthisratewillbeusedinconsultationwith

USFWSandwillbelimitedonlytothespecificap
plicationratesthatmayaffectalistedspecies

UnderthenewprogramtheEPAwillalso
takeintoconsiderationapplicationmethodstim
ingandusepatternsandintegratethisinformation
toprovidetheUSFWSwithamorerealistic
packagewithwhichtomakebiologicaldetermina
tions

LocalResponse
Previouseffortsbybothdistrictstocontrol

AedessquamigerCoquilletthavereliedontwo
major approaches source reduction and

1MarinSonomaMosquitoAbatementDistrict556NorthMcDowellBoulevardPetalumaCalifornia94954

2AlamedaCountyMosqutioAbatementDistrict23187ConnecticutStreetHaywardCalifornia94545



organophosphatepesticideapplicationswithan
emphasisonsourcereduction Overtheyear
sourcereductionprojectstominimizeAedes
squamigerpopulationshavebeenundertakenby
bothdistrictswithasignificantdeclineintheover
allnumberofthisspeciesAlamedaCountyMAD
placedanemphasisondiskingcrackedgroundsea
sonalwetlandspreviouslyknownasdrydiked
areaswhileMarinSonomaMADconcentratedon
constructingtidalrecirculationditchestoallowfor
increasedtidalexchangeinstagnantpotholeareas
withinthePetalumaMarshandothertidalmarsh

areasBothtechniquesdisruptedtheovipositional
substratemakingitunacceptableforbreeding
habitat

Itisthissamedisruptionofhabitatespecially
withregardtodiskingthatisbeingcalledinto
questionbyadvocatesofmorestringentregulations
toprotectendangeredspeciesTheserecentenvi
ronmentalrestrictionsandchangesinphilosophy
concerningsourcereductionasviewedbyregula
toryagencieshavelimitedtheamountofnew
sourcereductionprojectsandinsomecaseselimi
natedthem Sourcereductionhasbeenanac

ceptedalternativetochemicalapplicationfor
mosquitoreductionbyboththedistrictsandregu
latoryagenciesformanyyears

Costeffectivemosquitocontrolcouldbe
achievedbyutilizingthepropertoolsoutofthe
sourcereductiontoolboxforsoundwatermanage
mentpracticesThisisespeciallyevidentfromthe
successofthePetalumaMarshprojectinSonoma
andMarincounties Sourcereductionhasalso

beenshowntobethemosteconomicallysoundap
proachtomosquitoabatementversusachemical
controlapproachSarhanetal1980 Inthe

PetalumaMarshfrom19681972tidalrecirculation

ditchingwasresponsibleforreducingpesticideuse
byovereightypercentTelfordandRucker1973
Fenthionusagein1972wasreportedatthattime
asonlyninegallonsforallmosquitosuppression
Overfivethousandacresoftidalsaltmarshwas

enhancedbybettertidalflow Withincreased

scrutinybyregulatoryagenciesandtheelimination
ofsomesourcereductiontoolsbothdistrictsfell

backtoapesticideapproachforAedessquamiger
controlinthelate1970sandearly1980s

WiththeconcernexpressedbytheMay1988
ESAproposalorganophosphatebasedpesticides
werediscontinuedbybothdistrictsduringthe1988
1989seasontovoluntarilycomplywiththeprovi
sionsoftheActasmodifiedin1989Thedistricts

responsetotheserestrictionshasbeentocontrol
theremainingAedessquanigerpopulationsusing
thethirdgenerationpesticidesorbiologicalcon
trolmethodsBacillusthuringiensisvarisraelensis
serotypeH14andMethoprenearebecomingthe
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mainstayofbothdistrictspesticidetreatment
regime

Inthepastinexpensiveorganophosphatein
secticidesprovedtobethemostimmediatelyef
fectivemethodofreducinglarvalpopulationsof
thismosquito Theshifttobiologicalcontrol
agentshasincreasedpesticidebudgetsalmosteight
totenfoldinsomecasesTherearealsoanumber
ofindirectenvironmentalcostsassociatedwiththe

biologicalcontrolapproachespeciallyforreducing
saltmarshmosquitopopulationsspecificallyAedes
squamigerinthatmultipleapplicationsareneces
sarytoachievetotalcontrol

Thereasonforthiswillbecomeevidentwitha

shortdiscussionofAedessquamigerbiologyAedes
squamigerisaunivoltinespecieswithlarvalactivity
beginningafterfallrainsEggsaestivateduringthe
summerandhatchonhightidesandthefirstrains
ofthewinterseasonSuccessivecohortsofeggs
developoneachstormeventaswaterlevelsriseto
floodpreviouslydryareasEggsaredepositedby
thepreviouswintersadultpopulationalongcon
tourlinesdefinedbyrecedingfloodwater The

intervalpatternofrainhightideandlengthofdry
periodsaffectwhereandatwhatheighteggswillbe
depositedinthemarsh Sixdistincthatchesof

Aedessquamigerwereobservedfollowinghightides
andheavyrainsfromOctobertoFebruary1953to
1954Telford1958butpreviousobservations
foundonlythreehatches

Organophosphatecontroleffortsoverthe
yearswereplannedtotreatfourthinstarlarvaelate
inthebreedingseasontakingintoconsideration
thesynchronizationofpupationwhichgenerally
beginsinearlyFebruaryQuickeffectivecontrol
couldberealizedusinglowcostorganophosphate
pesticideswithaonetreatmentapproachjustprior
topupation

BacillusthuringiensisvarisraelensisBtiwas
chosenbybothdistrictsasthemajoroperational
controlagentinvoluntarilycompliancewiththe
ESAMethoprenewasusedonarestrictedbasisat
testplotlocationssinceitwasamemberofthe
originallarvicideclusterandhadgeneratedques
tionsregardingpotentialdetrimentalaffectson
food chain organisms Bti a consumable

mosquitocideneedstobeappliedatspecifictimes
tomaximizeitseffectiveness Variablefeeding
ratesbaseduponwaterorambienttemperature
andlarvalphysiologydirectlyaffectmortalityrates
Throughpreviousstudiesitwasfoundthatthereis
aninverserelationshipbetweenmortalityrateand
increasedphysiologicalageieyoungerinstarlar
vaearemoresusceptibletoBtiHigherapplication
ratesofBtiarenecessaryduetotheslowphysiolog
icaldevelopmentandtreatmentatambienttem
peraturesof811CAsaresultmultipletreat



mentsathighdosagerateswererequiredduring
the19881989seasontoachieveacceptableAedes
squamigermortalityratesincontrastwithaone
timeapplicationatlowdosageratesofacontact
organophosphateinsecticide

Increaseddisturbanceofbreedinghabitatis
inherentusingtheacceptableorbiorational
controlapproach Directincreasedcoststothe

districtsweresustainedinbothincreasedsurveil

lancetimeandhigherpesticidecostaswellasthe
indirectenvironmentalcostsofincreasedperturba
tionofbreedinghabitatwhichiscoexistentwith
endangeredspecieshabitat

Forthepurposeofcomparisonwehave
chosentwolocationsoneinAlamedaCountyOra
LomaandHalesPropertyinMarinCountyData
werecompiledfromthethreepreviouscontrolsea
sonsOctober April1986198719871988and
19881989Priortothe19881989seasonorgano
phosphatesandGoldenBearoilswereusedinthe
marshesbybothdistrictswhileonlybiologicalsand
oilswereusedduringthe19881989seasonDue
totheimportanceoftheindependentvariable
rainfallonhatchingsuccessofAedessquamigerdi
rectcomparisonscannotbeinferredfromsucha
smalldatasetAdditionaldatafromsubsequent
yearswillbenecessarytomakestatisticallysignifi
cantconclusions

Neverthelesscertaintrendsandcomparisons
incostsfortreatingtheseareascanbeexamined
withthisinmindTheusageoffenthionGB1111
andBtiforthethreepreviousAedessquamiger
controlseasonsinMarinCountydemonstratethe
continuingtrendsFenthionusagedroppedfrom
onegallonin19861987tozeroin19881989while
InternationalToxicUnitsITUsofBtisubstan
tiallyincreasedfromlessthanonebillionduring
the19861987and19871988controlseasonsto

over900billionduring19881989GoldenBearoil
useremainsrelativelystablebetween500and1750
gallonssincethisistheproductofchoicefor
CulisetainomataWillistontreatmentSomeuse
ofoilwasreservedfortreatingAedessquamiger
pupaebutthiswasminimalduetotheincreased
efforttotreatearlyinstars

AlamedaCountyMADexperiencedasimilar
trendinpesticideuseforAedessquamigercontrol
overthesameperiodFig1Onceagainthereis
ageneraldeclineinorganophosphateandlarvicid
ingoilusageandacorrespondingincreaseinbio
rationalinsecticideuse

Intrusionfrequencyisalsoincreasedwiththe
useofbiologicalcontrolagentsExaminationof
ACMADsworkexperienceoverthepasttwosea
sonsattheOraLomapropertyshows31inspec
tionsandthreetreatmentsduringthe19871988
seasonand29inspectionsandeighttreatments

90

Gallons

Used

500

400

300

200

100

BTI484billionITUgallon

8687 8788 8889

Figure1ACMADsinsecticideusageoverthelast
threeseasonsforthecontrolofAesquamiger

duringthe19881989seasonAsimilarexperience
wasnotedbyMSMADattheHalespropertyin
MarinCountywithtwoinspectionsandonetreat
mentduringthe19871988seasonandfiveinspec
tionsandfourtreatmentsduringthe19881989
season

Surveillancetimeisincreasedsignificantly
usingthebiorationalapproachtolarvicidingSub
sequenttripsposttreatmentarenecessaryto
evaluatetheeffectivenessofthebiologicalapplica
tionGreaterpresenceinthemarshwithallter
rainvehiclesATVsincreasestheindirectcostsof
marshdisturbanceshorttermdamagetoresident
vegetationanincreasedpotentialforoilorhy
draulicfluidleaksorspillsdisruptionofendan
geredspecieshabitatgreaterpotentialforinci
dentaltakeofendangeredspeciesandgreaterrisk
foremployeeinjuryincreasedmanhoursina
higherriskcategoryresultinginincreasedinsur
ancecosts

Sincethebiologicalcontrolphilosophyisnot
restrictedtojustAedessquamigercontrolthein
creasedcostsforbiologicalsisreflectedinthedis
trictsoverallpesticidebudgetsFigure2showsthe
dollaramountspentbyMarinSonomaMADon
pesticidesforthepasttenyearsThedramaticin
creaseinfundsallocatedtopesticideacquisitionis
principallyduetothehighcostofthesebiologicals
andtheneedformorefrequentapplications

Acostperacrecomparisonforfenthionand
othernonorganophosphatealternativesisshownin
Table1Itisobviousthatbiorationalinsecticides

areseveraltimesgreaterincostthanthe
organophosphatefenthion

Ifwelookatapricecomparisonbetween
fenthionwithothernonorganophosphatesinTable
2weseealowofthreetimestoahighofsixtytwo
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Figure2MSMADspesticideexpendituresover
thelasttenyears

Table1Costacrevaluesforvariousinsecticide
treatmentsusedinthecontrolofAedessquamiger

ApplicationRate
Treatment Low High

FenthionLiquid 030 118

Altosid150dayBriquets 348 464

VectobacGGranules 233 1860

Vectobac12ASLiquid 177 706

GB111Oil 504 840

BtiSandGranules 415 1660

AltosidSandGranules 331 410

Vectobac12AS 525 1170

AltosidBriquets

Table2Comparativecostsoffenthionagainstbiorationalandoilinsecticidesattwodifferent
applicationratesforthecontrolofAedessquamiger

Fenthion0025lbsAIA Fenthion0050lbsAIA
Low High Low High

Altosid150dayBriquets 12X 15X 6X 8X

VectobacGGranules 8X 62X 4X 31X

Vectobac12ASLiquid 6X 24X 3X 12X

GB111Oil 17X 28X 8X 14X

BtiSandGranules 14X 55X 7X 28X

Vectobac12AS AltosidBriquets 18X 39X 9X 20X
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timesthecostformaterialsaloneusingthebiologi
calcontrolapproach

Caveat

Wehaveallbeenreassuredthattherewillbe
nonewfederaltaxesbutthefactremainsthatour
constituentsarebearingtheburdenofincreased
pesticidebudgetsandmanpowerneedstocomply
withtheFederalmandateoftheendangered
speciesactThepublicwillprobablyhavetopay
forprotectingendangeredspeciesindirectlysincea
recentsurveyofsouthernCaliforniaresidentscon
ductedbytheLosAngelesTimesDecember10
1989foundthatthemajoritywouldtoleratesig
nificantlifestyleandeconomicinconveniencesto
protecttheenvironmentbutwouldnotpayhigher
taxestohelpsaveendangeredwildlife Similarly

voluntarycontributionsfromCaliforniataxreturns
arenotencouragingApproximatelyonemillion
dollarswascontributedintaxyear1987andap
proximately909000intaxyear1988Thesefunds
arefortheprotectionofallendangeredspecies
plantandanimalwithinCalifornia

The Saltmarsh Harvest Mouse Rei
throndontomysraviventrisandCaliforniaClapper
RailRalluslongirostrisobsoletuswereoriginally
placedonthe endangeredspecieslistprimarily
duetolossofhabitatandnotasaresultofdetri
mentalaffectbypesticidesRecentarticlesinthe
SanFranciscoChronicleJanuary221990report
continuedillegaldestructionofwetlandhabitatby
developersandprivatelandownersaroundthebay
area

Itisthegoalofthemosquitoabatementdis
trictstovoluntarilycomplywiththeESAbeforeit
becomesmandatorytoexhibitgoodfaithandwill
ingnesstoworkwiththeUSFWSCaliforniaDe
partmentofFish GameandEPAtoprotecten
dangeredspecieswhilesuppressingsaltmarsh
mosquitopopulations Itishoweverourcon

stituentswhoareindirectlyfootingaportionofthe
billtoprotectthesespecies
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ANEWVECTORCONTROLPROGRAM

FORTHECITYOFMORENOVALLEYCALIFORNIA
DavidCSandell

In1989theMorenoValleyCityCouncil
decidedtoprovideitsresidentswithaVector
ControlProgramVCPtofillafunctionthatthe
RiversideCountyEnvironmentalHealthServices
Divisionhadformerlyprovidedpriortothecitys
incorporationin1984TheVCPisadministered
throughacombinationofthePublicWorks
DepartmentMaintenanceOperationsandthe
Building and Safety Department Code
Enforcement The198990budgetprovided
137000foroneVectorControlTechnicianand
one Code Enforcement Officer and the

accompanied costs ofsprayequipment and

vehiclesTheVectorControlTechnicianwould
provide the administration and delivery of

mosquitochironomidrodentandflycontrol
servicesRightofwayweedcontrolwasaddedto
thelistlateron

InOctober1989Iwashiredtosetupand
operatethevectorandweedcontrolprograms
Thecityhadgeneratedabasicjoboutlineofthe
servicesdesiredFromthatdocumentIdrafteda
detailedprogramoutlinethatdescribedthe
missionspecifictasksgoalsandobjectivesand
proposedcontrolmethodology Thisprogram
outlineisupdatedeverysixmonthstoinsure
progressTheupdatesaddressproblemareasand
thestatusoftheprogram Thesereportsare
deliveredtotheMaintenanceOperationsManager
andDirectorofPublicWorksItisessentialto
keeptheorganizationapprisedofthestatusofthe
program

Mosquitocontrol

TheCityofMorenoValleywithapopulation
of120000isoneofthefastestgrowingcitiesinthe
UnitedStateswithanestimatedgrowthof20000
peopleperyearThecitycontainsanumberof
developmentssurroundedbyundevelopedland
This type ofpatchwork developmentyields
numerousstreetdrainageareasthroughoutthecity
Asdevelopmentoccursthesedrainswillgiveway
tocatch basins andunderground drainage
CurrentlyIamtreating900catchbasinswith
AltosidXRmethoprenewhichhasyielded
excellentlarvalcontrolwithminimalexpenditureof

CityofMorenoValleyVectorControlProgram
POBox1440

MorenoValleyCalifornia923889664
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timeWhereapplicablemosquitofishGambusia
affinisareplantedinstreetdrainsand100
controliseasilyaccomplishedIamcurrentlyusing
BtiintheformofVectobac12ASinallother
sourcesThosesourcesbreedinghighnumbersof
pupaearetreatedwithGoldenBear1356

Weareborderedonournorthernperimeter
byarangeoffoothillsthatproducedrainagetothe
south Indryyearsthedrainsareofminor
significance Thesameappliestosixflood
retentionbasinswithinthecityWealsohavea
seriesofduckclubsoutsideofourcontrolareathat
producesubstantialnumbersofAedesdorsalis
Meigenthatfilterintoresidentialareas

In1990wehadonesuspectedStLouis
encephalitiscaseinMorenoValleyIimmediately
institutedanEncephalitisVirusStudyEVSfor
poolingmosquitoesforsubmissiontotheViraland
RickettsialDiseaseLabVRDLinBerkeley
California Theresidenthadimmigratedfrom
IndiasometwoyearspriortomovingtoMoreno
ValleyandhadnorecenttravelstootherareasIt
wasfinallydecidedbyDrRichardWEmmonsof
VRDLthattheviruswasprobablycontractedat
someearliertimeandlocation

Rodentcontrol

OurRodentControlProgramisperformed
onaservicerequestbasis TheVectorControl

Technicianreceivesthecallandtheninspectsthe
propertyforinfestation Iprovidetheresidents
withawrittenchecklistoffactorsthatmay
influencerodentharborageontheirpropertyThe
checklistidentifiesitemsthatneedattentionor
repair I stress exclusionary methodsand

environmentalmanipulation Presentlywehave
veryisolatedinfestationsoftheRoofRatRattus
rattus Ourcontrolislimitedtobackyardsand
outbuildingsandweextendprintedinformation
aboutrodentcontroltoourresidentcallersHouse
MouseMusculusinfestationsseemtoberelated
totheurbanizationoffarmgroundThesemice
primarilyenterthroughgaragesandmoveinto
wallsandatticspacesviapoorlyconstructedwalls
orpipeopenings



Flycontrol
Theneedforflycontrolhasbeenprimarily

duetothreeremainingpoultryranchesnearthe
easternandundevelopedperimeterofthecityI
developedaflysourceinspectionformbywhichI
canchecklistproblemareasandrecommendsteps
forcontrolTherealbackboneofthisprocessis
thedevelopmentofacooperativeeffortwith
poultrymenthatwillallowustogaincontrolof
fliesEveryeffortismadetoavoidlegalabatement
proceduresandworkquicklytosolveproblems

Weedcontrol

The Vector Control Program is also

responsiblefortheweedcontroleffortsinthecity
comprisedofoverfivehundredandtwentyeight
milesofroadway Thisisaccomplishedbythe
applicationofresidualherbicidesinthewinterand
translocatedherbicidesinthewarmmonthsThis

efforthasdramaticallyreducedthemechanicaland
handremovalofpestweedsTheherbicidetreated
areasincluderoadsidesparkwaysanddrainage
ditches Thisportionoftheprogramisin
cooperationwiththeStreetMaintenanceDivision
ofPublicWorksandcurrentlyutilizes20ofour
laborhours

InthepastyearIhavereceivedservice
requestsaboutpeststhatreallydontfitintothe
vectorcategory Thesepestsrangefrombirds
snakesincludingrattlersopossumsground
squirrelsassortedspidersandscorpionsand
numerousinsectsThispartoftheVectorControl
ProgramismoreofapublicrelationseffortIwill
identifythepestresearchthebiologyandcontrol
andthenextendthatinformationtotheresidentI

keepsomefortydifferentPestControlBulletins
aboutspecificpestsonhandfordistributionto
residents Withbasicpestinformationthe
homeownercanmakebetterdecisionsabout

controllingpeststhemselves
InMorenoValleywehaveagrowingproblem

withrockdovesColumbalivia Residentcalls

seemtofollowapatternThecallerhasatileroof
withanoverhangthatprovidesanexcellentnesting
nicheApairofrockdovesarrivedonedaynest
andsoontheroofpopulationiseightandthen
twentyEnough thehumanhostscomplainI
willassistbyinspectingtheroofeaveareasand
recommendingremediesforanyproblemareas
found

Wehaveyettoprovideactualcontrolof
rockdoves althoughI am studyingtrapping
methodsinregardstoEVSbloodserasamplesI
amusingawirerockdovetraptocollectthese
birdsThetrapmeasurestwofeetbysixfeetwitha
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heightofeightinches Duetoourtrappingon
pitchedroofsaplywoodfloorwithafourteeninch
landingplatformwasadded Affixedtothe

plywoodaretwobracesthatholdthetraplevelon
apitchedroofTherockdoveslandontheplywood
thatisbaitedwithgrainandthenaredrawninto
thetrapbyadditionalfeedoradecoyOnthefar
endofthetrapthereisaframethatholdsfourone
galloncontainersTwoarefilledwithwaterand
twowithpigeonfeed Onceinthetrapthe
rockdoveshaveenoughfoodandwaterfor
approximatelyfivedays Rockdovesareleery
aboutenteringthesetrapsunlessadecoyisplaced
insideoruntiltheygetusetothetrapplacement
whichtakestwotothreedaysCatchnumbersare
frequentlyuptotenbirdsadayinaheavilyinfested
area

BecauseoftheuniquestatusMorenoValley
holdsasbeingoneofthefewcitiesthatprovide
vectorcontrolIhavesubmittedaproposed
ordinancetotheCityAttorneythatisbasedonthe
StatePublicHealthandSafetyCodesThelatter
workwellforvectorcontroldistrictsbutneedto
beeditedformunicipalprogramsIremovedall
referencestodistrictboardsandenteredthe

appropriateauthoritythatwouldperformthose
functionsThedifferentauthoritieswouldinclude

the city council department heads code

enforcementofficersandmiddlemanagersThis
organizationisneededincaseofanylegalactions
onthepartoftheVectorControlProgramThe
ordinancealsoprovidesforassessingaservice
chargeonaperparcelbasisSinceourbudgetfor
vector control isgenerallyfunded we are

investigatingtheuseofsuchaservicecharge
Inordertosurviveintheninetiesweare

goingtohavetobeflexibleintheservicethatwe
provide Nolongerwillamosquitoabatement
districtbeabletoprovidejustmosquitocontrol
Thecomplaintsthatyouhandleatthistimewillbe
yoursupportintheplanningoffullvectorcontrol
servicesforthefuture
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THEROLEOFSCCVCDINLYMEDISEASESURVEILLANCE

OurDistricthasbeenveryinvolvedinLyme
BorreliosisLBsurveillancesincewestarted
receivingmanyphonecallsaboutLBlastspring
whenNewsweekandotherpublicationsbegan
publicizingtheimportanceofthedisease

OurDistrictprogramincludesthefollowing
sixelements

1Wereceivetelephoneinquiriesconcerningbasic
questionsaboutticksdiseaseriskandafew
medicalquestionsaboutthetestsforLyme
disease Physicianrelatedquestionsare
referredtotheDeputyCountyHealthOfficer
ourepidemiologist

2WearenotifiedofnewcasesbyourHealth
Officerandwhenappropriatewewillbe
doingticksurveysoftheareawherethe
patientsbelievetheywereexposedtoticksIn
1989wehad18casesreportedinSantaClara
CountyWehopethatourinputwillhelpthe
Health Officer screen the reports to

determineiftheyareLymediseasecases

3WerecentlycreatedthepositionofCommunity
andEducationResourceCoordinatora
seniortechnicianlevelassignment Her

projectsonLBincludethefollowing

aDevelopaLBpinupforphysicianswhich
willincludecolorphotographsofthetypical
rashalongwithsymptomsThiswillbefor
our2000physicianssinceitisexetremely
difficulttodiagnoseLBandearlytreatmentis
critical

bPrepareapresentationforusebyDistrict
stafftomedicalgroupsduringMayandJune

cPrepareanewLBbrochureforthepublic
toreplacetheCDHSbrochureThiseffort
willbecoordinatedwithJimCloveratthe
CDHS

dParticipateinourcountyfairtoeducatethe
publiconLBandotheraspectsofvector
controlWehadover7700attendourbooth
in1989Wehavereceivedvaluableassistance

StanHustedandTimMulligan

SantaClaraCountyVectorControlDistrict
976LenzenAvenue

SanJoseCalifornia95126
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fromSanMateoCountyMosquitoAbatement
Districtinpreparingourbooth

eContinuetoanswertelephoneinquiriesas
wellasgivepresentationstoschoolsandother
civicgroupsrequestingservices

4Weidentifyticksforanyonebringingtickstous
Wereceivetheserequestsaboutonceaweek
Ifwereceivearequestfromaphysicianwe
gototheirofficeandpickupthetick

5WearedoingticksurveysofourparksCounty
CityandStatetofamiliarizeourselveswith
theterrainandifpeoplecallabouta
particularareawecantellthemifwehave
pickedupticksinthatareaAfterarecent
conversationwithJimCloverwewilldevelop
avegetationmapoftheCountyandsometime
inthefuturedesignatedeerpopulatedareas
tofurtherdesignatehighriskareas

6Weareintheprocessofprovidingeducationto
the park rangers and County Health

Departments Communicable Disease

CommitteeforobviousreasonsandthePublic

HealthNursesbecausetheyinterviewand
screenallLBcasesreportedtotheHealth
Department

TwootherpointsIneedtoaddressarethe
following
1CDHSsentthenewCDCLymediseasesurvey

reportformsalongwiththependingcase
definitionofLBtoeachCountyHealth
OfficerlastDecemberAdditionalcopiesare
availableafterthispresentation

2PleasereachoutandtouchyourCountyHealth
OfficertodeterminewhatroleyourDistrict
canassumeinLB Yourentomological
expertiseisvitalinthediagnosisofthis
disease which requires epidemiological
informationfordiagnosis Thisisnota

diseasethatcanbeaccuratelydiagnosedjust
byalaboratorytest
Wemustworktogetherwiththemedical

communitytoprotectthepeopleofCaliforniafrom
thisveryimportantvectorbornedisease



TWELVEYEARUPDATEONTHEONTARIOROOFRAT

ENVIRONMENTALLYIMPROVEDBLOCKMAINTENANCEPROGRAM

DonaldEGomsi

SanBernardinoCountyVectorControlProgram
DepartmentofEnvironmentalHealthServices

2355EastFifthStreet

SanBernardinoCalifornia92410

ABSTRACT

TheCityofOntarioCaliforniarealizedtheyhadaratprobleminthelate1950sThe
SanBernardinoCountyDepartmentofEnvironmentalHealthServicesimplementedafederally
fundedroofratcontrolprogramduring19781980Thisprogramutilizedenvironmental
manipulationaswellasstandardrodentcontrolmeasuresina193blocktargetareainthecity
From1981totodaythisprogramcontinuesviaacontractwiththecityRoofratnumberswere
loweredandkeptatlownumbersbyreducingtheirrequiredharborageandfood

Introduction

TheCityofOntarioCaliforniawitha
populationofover124000islocatedintheSan
BernardinoValleyapproximatelythirtymileseastof
LosAngelesandtwentyfivemileswestofSan
BernardinoRatcomplaintsstartedtoincreasein
thelate1950sandin1958theCityofOntario
institutedasanitarysewerratcontrolprogram
whichconsistedofrodentbaitingwithpoisonIn
1964theCityofOntarioaskedtheStateBureauof
VectorControlandtheSanBernardinoCounty
HealthDepartmenttoevaluatetheratpopulation
infestingthecitysewersandtorecommenda
programfortheircontrolDuringtheinitialstudy
allratsobservedweretheroofratRattusrattusL
Rohe1966aand1966bEightyfour37 ofthe

229sewermanholesthatwerecheckedwereshown

tobepositiveforratinfestation
Ratcomplaintscontinuedtoincreasesteadily

evenafterthecityimplementedcontrolmeasures
TheSanBernardinoCountyDepartmentof
EnvironmentalHealthServicesconductedarodent

surveyofthesewersystemin1971andfoundthe
roofratspreadingtoneighboringcommunitiesAll
theratsfoundabovegroundandinthesewerswere
asinglesubspeciesofroofratsRattusrattus
alexandrinusGeoffroyStHilaireCox1973
Approximately15ofthehomesintheentirecity
ofOntariowerefoundtobeinfestedwithratsand
43ofthesewermanholeshadevidenceforrats

Zdunowski1975Atargetareaof191blockswas
outlinedwithanassociated35infestationratefor

ratsThistargetareawaschosenonthebasisofan
unemploymentrategreaterthan10andthe
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averageincomebeing15belowthemeanforthe
StateofCalifornia

Roofratscanbeasevereproblemforthecity
Notonlydotheycauseconcernbyphysically
destroyingobjectsbuttheyarevectorsofmany
diseases SylvaticplagueisendemictoSan
BernardinoCountyandtheroofratwithits
associatedfleasisavectoroftheplaguebacterium
Sahnonellosisfoodpoisoningandamoebicdysentery
canbespreadthroughratexcretaScott1959
Murinetyphusandleptospirosisaretwoother
diseasesthataretransmittedinratexcretaRat

bitefeveristransmittedtomanbythebiteofarat
andwithouttreatmentcancauseupto10
mortalityRichter1945 Thetropicalratmite
Ornithonyssus bacon Hirst is a common

ectoparasiteofroofratsinsouthernCaliforniaand
cancausearatmitedermatitisBrooks1966

Itwastheabundanceandrisingpopulationof
theseratsinthecityofOntariowiththepotential
fordiseasespreadthatledtheDepartmentof
EnvironmentalHealthServicestoproposea
demonstrationroofratcontrolprogram The

federalgovernmentalreadyhadinexistencefunding
forNorwayratcontrolprogramsbutroofrats
presentedanewproblem TheCountyofSan
Bernardinoappliedforandreceivedin1977a
granttoimplementanewprogramtocontrolthese
rodentsThisisareportontheefficacyofthe
programaftertwelveyearsofoperation

MaterialsandMethods

Onceitwasestablishedthatroofratswerea

problemforthecityofOntarioatargetareawas



formedfortheprogramareaFederallymandated
guidelineswerefollowedtodelineatetwotarget
areascomprising193blockstotalinpreliminary
studiesonly191blockswerestudiedSelection
criteriawere

1Activeroofratsignsof25orhigher35
actuallyfound

2 Themeanfamilyincomeoffamiliesinthe
targetareahadtobe10000laterchangedto
12000

3 Incidenceofgreaterthan15exposed
garbageand30unapprovedrefuseat
residences

These193blocksconsistedof4968dwelling
unitshousing11200people Blockcomposition
consistedof855residential128business14
vacantlotsand06mixedbusinessandresidential
Fig1

Allocatedpersonnelincludedaprogram
manageronecommunityhealtheducatortwofirst
linesupervisorssevenfieldaidesandninepart
timesummerfieldaidesBlocksurveyinspections
commencedearlyinthefirstquarterof1978
Variouspublicationswereavailableatthetimeof
theimplementationofthisprogramadvisingonrat
controlHowardandMarsh1976Littigetal1969
buttheproceduresinthisprogramwerethoseof
Davisetal1974

TheOntarioRoofRatControlProgram
utilizesenvironmentalmanipulationwhichisbased
onthepremisethatnotuntilsignificanthouseholder
behavioral modification takes place will a

neighborhoodcontroltheratsandpreventtheir

RESIDENTIAL

852

successfulreentryLongetal1980Thethree
majorcomponentsofenvironmentalmanipulation
are sanitation exclusion and suppression
Sanitationistheremovalofexposedgarbage
replacementofunapprovedrefusecontainersand
theremovalofoutsideaccessibleanimalfood

sourcesExclusionisdesignedtokeepratsaway
frommanandtokeepratsawayfromcommodities
whichtheyrequire Suppressionischemical
physicalbiologicaloranyotherformofdirect
killing Twootherfactorswerenecessaryfor
continuedrodentcontrol1humanbehavioral
modificationutilizingahealtheducationapproach
tohelptheresidentsmodifytheirenvironmentto
suchanextentthattheratcarryingcapacitywas
loweredand2continuedlongtermmaintenance
ofthatmodifiedhabitat Withoutcontinued

attentionaneglectedpremisecouldbecomearat
populationfocus

Surveysoftheblockswereconductedbyone
ortwopersonteamsmethodicallyinspectingeach
homeAlongwiththeinspectionsrodentbaiting
andtrappingwerealsocarriedout Eachteam

recordedindividualhomeinformationonpremise
correctionnoticesgivingthehomeowneracopy
Fig2 Theseformswereinformativetothe

homeownersaswellasservedasofficialnotices

shouldfurtherlegalactionbeneededifappropriate
cleanupmeasureswerenotfollowed This

informationplusotherpertinentdatawasrecorded
onExteriorSanitationandRatSurveyBlock
RecordFormsFig3

Staffingoftheprogramneverreachedfull

06

VACANTLOTS

14

BUSINESS

128

BUSINESS RESIDENTIAL

Figure1OntarioRoofRatEIBMaintenanceProgramblockcompostion
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1853 CountyofSanBernardino EnvironmentalPublicWorksAgency
DEPARTMENTOFENVIRONMENTALHEALTHSERVICES

2355EastFifthStreet SanBernardinoCa92415 71413833200

320East0StreetOntarioCA917647149881208
15505CivicDriveVictorvilleCA923926192438141

RODENTCONTROL

PREMISESCORRECTIONNOTICE

Name RegardingPremisesLocatedAt

Address

Aninspectionoftheabovepremisesdisclosesconditionswhichmustbecorrectedinordertoassurethatthehouse
theyardandtheneighborhoodwillbekeptfreeofrodentsThesemeasuresarenecessarytocontrolandeliminate
theseanimalsandtheectoparasiteswhichareanuisanceandcancarrydiseases

THEITEMSCHECKED MUSTBECORRECTED

Date

I Buildingsinneedofratproofingtopreventtheentranceofratsthroughopeningsinfoundationssiding
ventsetc

a CrawlholesfoundationventsatticventsnoteffectivelyscreenedUseYmeshwiresuchas
hardwarecloth

b Ratscanenteratroofintersectionsorundereaves

c Ratscanenterthroughholesinfoundationlooseorbrokensidingoraroundholesforpipeor
conduits

d Overhangingvegetationneedstobeprunedawayfrombuildingsandorwires

II RatharborageswhereratsmayhideandornestinprotectedplaceswhichthisDepartmentfoundtoexiston
thepremises

a Woodpileslooselumbermetalandmiscellaneousitemsmustbestored18inchesofftheground
withaclearareabelowand12inchesawayfromwallsbuildingsorfencesorberemovedfrom
premises

b Rubbishpilesweedsorbrushtoberemovedfrompremises

c Heavygroundcoverivyelephantgrassesheavyverticalvinesetcneedtobeprunedthinnedor
removed

d Palmsorothertreestobeprunedandorthinned

IIIPotentialfoodsourcesfoundtoexistonpremises

a Garbageimproperlystoredornotstoredinflyandrodenttightgarbagecontainers

b Fruitsandnutsnotharvestedandlyingaboutontheground

c Petandbirdfoodsleftoutside

d Improperlystoredfoodstuffssuchasfruitsvegetablesnutspetfoodsgrainsetc

IVOther

Yourcooperationincorrectingthecheckeditemswithin daysandby

19willbegreatlyappreciatedFailuretocomplywiththisnoticewithin
thespecifiedtimemaysubjectyoutopenaltiesasprovidedbyStateandCountyOrdinancesIfadditionalinformation
isneededpleasecalltheofficecheckedaboveVectorControlSection

RICHARDLROBERTSRSMPHDirector By
VectorControlConsultant

DepartmentofEnvironmentalHealthServices

Figure2OntarioRoofRatEIBMaintenanceProgramRodentControlPremiseCorrectionNotice
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DISTRIBUTIONOriginal ResidentorOwner
Yellow FieldFile
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capacityforvariousreasonspromotionsschool
leavingetcTheproposalfortheprogramlisted
twenty full or parttime positions to be

incorporatedintheprojectDuring1978eleven
employeeswereactuallyhiredAnaverageofeight
employeeswereworkingontheprojectduring1979
and1980 Thefederallyfundedprogramended
December311980Insubsequentyears1981
1989staffmgfortheprogramwasmaintainedat
onetothreepeople

Afterthefederallyfundedprogramendedthe
San Bernardino County Department of

EnvironmentalHealthServicesproposedaplanto
maintainthestatusoftheblocksbasedoncertain
criteriaMaintenancelevelcriteriawasthatablock

hadtwopercentorlessofthepremiseswithactive
ratsignsandeither1fifteenpercentorlessof
thepremiseswithexposedgarbageor2thirty
percentorlessofthepremiseswithunapproved
refusestorage Theplanwouldincorporate
minimumuseofhumanresourcesmaterialsand
serviceswhileinterfacingwithothermunicipal
agencies and departments Environmentally
ImprovedBlocksEIBsweredefinedas
contiguousblocksoranentiresubtargetarea
wheremaintenancehasbeenachievedandsustained

foraminimumoftwelve12monthsLong1980
TheEnvironmentalImprovementAgencywouldbe
theleadagencyandEnvironmentalHealthServices
Departmenttheleaddepartmentforcontrolling
andmaintainingallEIBsTheCityofOntario
wouldbetheleadmunicipalagencywithoperations
disseminatingfromtheCityBuildingDepartment

Table1 Premiseprevalencerateofdeficienciesasfoundoverthepasttwelveyears

Deficiency

UnapprovedRefuse

ExposedGarbage

IvyVertical

IvyHorizontal

VegetativeOverhang

LumberonGround

OtherLargeRubbish

Outbuildings

StructuralDefiencies

SolidWasteDepartmentFireDepartmentStreet
Maintenance Department and Community
RelationsDepartmentActivitiesweredividedfor
eachgrouptominimizethepressuresincurredbya
singleorganizationbeingsolelyresponsiblefor
controlandmaintenanceofenvironmentaland

publichealthconditions

Results

BeforetheOntarioRoofRatEIBprogram
beganover35ofthehomesinthetargetarea
wereinfestedwithrats Attheendofthefirst

comprehensivesurveyofTargetAreaAblocks
121193in197818ofthehomeswerefoundto
beinfestedwithroofrats Table1liststhe

projectedandrealizedpremiseprevalencerate
deficiencyreductionsfortheprogram

TargetAreaBblocks 1120wassurveyed
andratcontrolmeasureswereenactedduringthe
fourthquarterof1978 Afterthissurveyan
infestationrateof6forratswasfoundforTarget
AreaBProcedureswhichloweredtheratnumbers

includedcodeenforcementbaitingandtrapping
palmtreebaitingplacementofrefusebinsand
communityhealtheducation

ObjectivesforTargetAreasAandBwereto
havebeenaslistedinTable2byDecember31
1978andDecember311979respectively

Table3isacompilationoftwoyearfiveyear
andtwelveyeardataByMarch197993ofthe
blocksinTargetAreaAhadmetmaintenance
criteria and 100 oftheblocks were in

maintenanceonSeptember301980ByDecember

Premiseprevalencerate oftotalinspected
1978 1980 1989

100

57

50

20

13

48

36

37

38

53

5

3

4

2

7

5

5

5

10

1

1

8

4

33

8

11

4

49



Table2ProgramobjectivesforTargetAreasA
andBFiguresarepercentofobjective

Objective

MaintenanceLevel

ActiveRatSigns

ExposedGarbageReduction

UnapprovedRefuse

Ivy Vertical

IvyHorizontal

LumberonGround

Outbuildings

VegetativeOverhang

StructuralDeficiencies

30

UN
Cl

420
E
0

0

VA

40

10

78 79 80

EXTERIORRATSIGNS

AreaAAreaB

95 95

2 2

30 15

15 10

10 3

8 5

20 5

20 10

20 15

20 15

197986oftheblocksinTargetAreaBwerein
maintenanceAsofDecember311980allgoals
werereachedandactiveratsignswerereducedto
aprevalencerateoflessthan1 Atotalof34443
premiseshasbeeninspectedduringthisprogram
Figure4showspercentagesofexteriorsignsalong

81

Figure4SelectedfactorsaffectingRoofRatpopulationsinthetarget areas

101

withsomefactorsaffectingtheirpopulationFigure
5depictsthedeclineinthenumberofratsoverthe
years

Sixrandomlychosenblocksoutsidethetarget
areasweresurveyedduringearly1990 Rat

prevalencewasbelow1butoccurrenceofsome
ratharborageitemswerehighsuchaslumberon
ground18 otherlargerubbish23 and

vegetativeoverhang50 Selectedlistingof
exteriorsanitationdeficienciesfortheblocksoutside
thetargetareasarepresentedinTable4

Discussion

The OntarioRoofRatEnvironmentally
ImprovedBlockMaintenanceProgramhada
specificgoalnamelytolowertheroofrat
prevalencerateto2orlessofthehomesinthe
targetareaThisgoalwasachievedandmaintained
excludingariseto3in1988Deficienciesnoted
relatingtoratharborageandratfoodwerelessened
andremainsoEfficiencyoftheprogramishigh
with the current field technician surveying
approximately2530premisesperday Survey
techniquesremainedconstantbyuseofguidelines
detailingmethodology

Ratnumberswerelowinboththetargetted
areaaswellasintheblockssurveyedoutsidethe

82 83 84 85 86

YEAR

UNAPPROVEDREFUSESTORAGE

87 88 89

WITHEXPOSEDGARBAGE WITHANIMALFOODAVAILABLE



Table3Twofiveandtwelveyearinspectiondataandassociatedpercentagesoftotalpremisesinspected

InspectionCriteria
twelve first2 first5 last5 last2

years years years years years

Noofpremises 2870 9566 5362 1345 1499

UnapprovedRefuse 592 3376 1400 15 14

21 35 26 1 1

ExposedGarbage 486 2700 1103 62 12

17 28 21 5 1

AnimalFood 102 445 186 55 55

4 5 3 4 4

FruitandNutTrees 986 4194 2063 288 264

34 44 38 21 18

OtherRatFood 209 1127 475 26 7

7 12 9 2 0

LumberonGround 462 2217 936 166 136

16 23 17 12 9

OtherLargeRubbish 445 2219 937 127 118

16 23 17 9 8

Outbuildings 472 2329 982 135 69

16 24 18 10 5

IvyHorizontal 198 909 398 72 92

7 10 7 5 6

IvyVertical 253 1197 526 75 103

9 13 10 6 7

VegetativeOverhang 688 3150 1366 271 393

24 33 25 20 26

ExteriorRatSigns 120 636 259 27 40

4 7 5 2 3

InteriorRatSigns 6 24 10 5 8

0 0 0 0 1
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Table4Exteriorsanitationdeficienciesforblocks

surveyedoutsidethetargetareaduring1990

Deficiency

AbandonedAppliances

LumberonGround

OtherLargeRubbish

VegetativeOverhang

PalmTrees

GrassandWeeds

OtherRatHarborage

a162premisesweresurveyedonsevenblocks

targetareaButthisisnotaverifiedcontrolarea
TheOntarioRoofRatProgramwaspublicizedin
newspapersandcitypublicationswhichcoveredthe
wholecityRatcontrolmeasureswereoutlinedand
peoplewereadvisedtocalltheSanBernardino
CountyVectorControlProgramiftheysuspected
ratswerepresentontheirpropertyThevector
controltechniciansconductedpremiseinspections
sewerinspectionswithsubsequentrodentcontrol

20

0

oftotal

6

18

23

50

10

9

7

measuresimplementedandblocksurveysoutside
thetargetareainareaswherepeoplecomplainedof
rats

Ratcomplaintswerenotanaccurateindicator
ofratabundanceThemorethepublicwouldknow
abouttheratcontrolprogrampressreleases
televisionsegmentsaboutratscleanupcampaigns
etcthemorephonecallswouldcomeinWhat
didhappenisthatratnumbersandassociatedfood
andharboragehaveallbeenlessenedthroughout
thewholeSanBernardinoValley

TodaytheOntarioRoofRatEnvironmentally
ImprovedBlockProgramcontinuestoeducate
residentsinthetargetareaBlocksareroutinely
surveyedtrashcleanupprogramsconducted
communitytalksgivenandpressarticlespublished
whennecessaryThefreedistributionofrodentbait
ceasedin1986butpeopleareadvisedwhereto
purchaseappropriaterodentbaitStaffingcurrently
consistsofonevectorcontroltechnicianonevector
ecologistandonesupervisorallemployeesofthe
SanBernardinoCountyVectorControlProgram
withotherdutiesalongwiththeOntarioRoofRat
ProgramTheProgramiscurrentlyfundedthrough
acontractwiththeCityofOntario

WhatisthenextstepAnewsurveyformwill
beusedFig6whichwilleliminatenonsignificant

40
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informationareasInsteadofasmallertargetarea
the whole city plus sufficient buffer area

surroundingthecityneedstobeincluded The

surveysdonotneedtobecompletedasoftenon
eachblockmanypeoplerememberedthelastvisit
andstillpracticedgoodratpreventiontechniques
Acompletesurveyeverythreetofouryearswould
appeartobeadequateafterinitialratcontrol
measureshavebeenstarted Thisprogramwill
remainineffectintheCityofOntariowiththe
revisionsthathavebeennotedhere
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CANMARSHESBEMANAGEDTOCONCURRENTLY

REDUCEMOSQUITODENSITIESANDENHANCEWATERFOWLHABITAT

DaroldPBatzerandVincentHResh

SeasonallyfloodedmarshlandsinCalifornia
aremajorwaterfowlhabitatsbutcanalsoproduce
largenumbersofmosquitoes Ourongoing
experimentstoexaminewhetherseasonallyflooded
marshlandscanbemanagedtolimitmosquito
densitiesandconcurrentlyenhancedensitiesof
invertebratesconsumedbywaterfowlhavebeen
conductedintwelveexperimentalpondseach11X
22meterslocatedatGrizzlyIslandWildlifeArea
inSolanoCountyThesepondsweredesignedto
mimicseasonallyfloodedmarshesdominatedby
pickleweedSalicorniavirginica

Theplantcoverinonehalfofeachofthe
twelvepondswasreduced50bymechanical
mowingFollowingfloodinginSeptemberdensities
ofCulextarsalismosquitolarvaeweresignificantly
lowerinthe50plantcovertreatment In

contrastdensitiesofhydrophilidbeetlelarvaewere

DepartmentofEntomologicalSciences
UniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT
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higherinthe50plantcovertreatmentareas
DuringOctoberandNovemberthesebeetlelarvae
apparentlysuppresseddensitiesofathirddominant
specieschironomidmidgelarvaeCricotopus
sylvestrisresultinginsignificantlyhighermidge
densitiesinthe100plantcovertreatmentareas

ByJanuaryhoweverhighCsylvestrisdensities
primarilyoccurredinthe50plantcovertreatment
areasthereverseoftheearlierpattern This

distributionofmidgeswascorrelatedwithalgal
productionintheexperimentalponds Because

waterfowlinCaliforniaonlyconsumeinvertebrates
fromDecembertoMarchhigherdensitiesofC
sylvestrismidgelarvaeandhydrophilidbeetlelarvae
wereavailableforwaterfowlconsumptioninthe
50plantcovertreatmentareasthe50plant
covertreatmentalsoresultedinfewerCxtarsalis

mosquitolarvaeieOctoberdensities



AVERSATILECAGECULTURESYSTEMFORTHEMOSQUITOFISH

GAMBUSIAAFFINISBAIRDANDGIRARD

RobertLCoykendallEugeneEKauffmanandStephenEAbshier

SutterYubaMosquitoAbatementDistrict
POBox726

YubaCityCalifornia95992

Introduction

ManybodiesofwaterthroughoutCalifornia
couldserveasusefulrearingsitesformosquitofish
butarenotbeingutilizedatpresentforavarietyof
reasons CommonexamplesaretheStates
numerouswastewatertreatmentimpoundments
whichareoftenproductivebutsometimespresent
seriousobstaclestoeffectivefishmanagementand
harvestactivitiesForinstanceimmensepondarea
and depth excessive aquatic vegetation or

manmadebarrierstoseiningsuchasfloatingor
submergedaerationunitsoftencreateproblemsfor
mosquitoabatementbiocontroltechniciansOther
potentialfishrearinghabitatscontainpredacious
fishpopulationstypicallyrepresentedbybassand
othersunfishwhichcommonlyinterferewiththe
survivalorpopulationgrowthofintroduced
mosquitofishInsomeimpoundmentstheselarger
fishhave completelyeradicatedmosquitofish
earlierstockedforongoingvectorproblems

Onepracticalaspectoffishrearingrelatedto
operationalvectorcontrolisthatofmaintaining
readilyavailablestocksoffishinorneara
techniciansspecificzoneofoperation Small

pondsstreamsordrainsstockedwithfishfor
mosquitocontrolpurposesinthespringmayoften
produce significantly more fishthanwould

ordinarilyberequiredforefficaciousmosquito
controlthroughoutthesummermonths These

surplusfishcouldbeadvantageouslyemployedin
othernearbymosquitosourcesifonlytheycouldbe
easilyretrievedfromtheseproductivewatersAll
toooftenitssimplyimpracticalortoolabor
intensivetoattemptrecoveryofthesestocksoffish
fromformermosquitosources Yetonecould
consideritawasteofthesetypicallyeutrophic
habitatstonotbeabletofullyexploitatleastsome
ofthem asalternativeproductionsitesfor
mosquitofish

Thisprojectwasdesignedtotakeadvantage
ofthisincidentalfishproductionanddevelop
variousmethodstobestpropagatemosquitofishin
anessentiallyunmanagedaquatichabitatOneof
theeasiestwaystoaccomplishthisistocreaterela
tivelysmallareasofconfinementforstocksof
mosquitofishatsomeconvenientsitewithinthese
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productivewatersTodothisonecouldscreenoff
asmallareaasaproductionsiteforcaptive
mosquitofishPolyvinylchloridePVCfiberglass
windowscreenwillusuallysufficeastheisolating
barrieralthoughunusuallysmallfrymaybeableto
penetrateneworcleanflyscreenespeciallyduring
thefallwhennoticeablysmallerfryoftenappearin
offspringpopulations Thisisgenerallynotof
critical importance as mosquitorelated fish

stockingstaperoffatthisparticulartimeofthe
yearHoweverthemeshsizeselectedshouldbe
largeenoughtopermittheunrestrictedentranceof
microorganismsfromtheoutsidehabitattoserve
asforageitemsforthenewborn Inextremely
nutrientrichhabitatstheseorganismsmayalsobe
ofsufficientabundancetonourishbroodfishcaged
withinthefrycontainmentareaalthoughmany
unfortunateyoungwillusuallybecannibalized
shortlyafterbirth

Gravidfemalebroodstockarecommunally
maintainedwithinthisenclosureinlargemesh
basketsbutkeptisolatedfromtheoffspringinthe
outerenclosuretohelpreduceparent offspring
cannibalismandtofacilitatethemanipulationof
thebroodfishthemselvesPeriodicreplacementof
femalestockwithinthebroodbasketsmaybe
desiredtoassuremaximumyieldsfromthistypeof
aquaculturesystem Inaddition scheduled

removalofalloffspringfromtheoutercontainment
areawilllikelyberequiredeveryfewweeksto
minimizecannibalismthereaswell

Birdpredationofcaptivemosquitofishisa
distinctpossibilitythusexclusionarycovernetting
willbeaworthwhileoptioninmostinstallations
TheadultbackswimmerNotonectidaeisanother
importantpredatorthatoftenadverselyaffects
mosquitofishproductionespeciallyinwastewater
stabilizationimpoundments Usuallyweekly
surfaceapplicationsofGoldenBearLarvicidingOil
GB1356aorothersuffocatingoilswilltempo
rarilyreducebackswimmerpopulationswithinthe
screenedenclosurestomanageablelevelswhere
theyhaveformerlybeenaseriousproblem

aGB1356WitcoGoldenBearDivOildaleCA933885446



Thisbriefexperimentwasdesignedtoprovide
practicalinformationontheuseofacage
aquaculturesysteminstalledatalocalsecondary
municipalwastewaterfacilitywherepreviousinsitu
bioassays had been conducted and had

demonstratedthattherewassuitablequalitywater
for longterm mosquitofish survival and

reproduction

MaterialsandMethods

Forthistrialaverylargescreencovered
rectangularframeworkwasconstructedof200psi
PVC pipe and schedule 40 PVC fittings
Assembledtheframeworkwas224569cmlong
78198cmwideand40102cmdeepFor
moreconvenienttransportationtheframework
wasconstructedintwoidenticalsectionswhich
werejoinedtogetheratthestudysitewiththeuse
ofPVCunionsAfinemeshscreenboxtofitthe
interiordimensionsofthepipeframingwassewn
togetherusingtwolargesectionsofAquascreen
nettingbaPVCfiberglassmaterialwithamesh
sizeslightlysmallerthantheordinarywindow
screenitcloselyresembles Grommetswere

fastenedtothescreenenclosurealongallits
exterioredgesandnyloncordagewasusedto
attachthesegrommetedareastothepipeframing
Tosuspendthislargecageinthewatersix05ft
14160ccStyrofoamfloatsweretiedtothe
frameworkwithcordandadjustedtoprovide
approximately1641cmoffreeboardFinallya
littlewaterwouldbepouredintothepipeframe
worktoprovidesomenecessaryballastandthe
completedoutercagewouldbereadyforuse

Asecondmuchsmallercagecoveredwith
largermeshplasticscreenwasconstructedtoserve
asthebreedingtrapforgravidfemalestockThe
selectionofasuitablemeshforthisspawningcage
facilitatedthepassageofnewbornfryintothe
confinesoftheouterscreenedenclosurepreviously
describedwhileretainingallbroodfemales
Althoughacubicstructurecouldhavebeen
employedawedgeshapedpenwasconstructedof
0513cmPVCpipeandcoveredwith012503
cmhighdensitypolyethylenescreeningInternet
XV1670 cTheoverallmeasurementsforthe

breedingtrapwere96244cmlength2051
cmwidthand1538cmdepthatwaterlineThe
8ft023mscreenedbreedingtrapreceivedan
interiorliningofthreedimensionalplasticmatting
Enkamat7020d This0718mmthick

bAquacreenMenardiCriswellCorpAugustaGA30903
clnterNetXV1670InterNetIncMinneapolisMN55427
dEnkamat7020AmericanEnkaCoEnkaNC28728
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materialservedastemporaryrefugeforthe
offspringtofurtherprotectthemfromcannibalistic
femalesbeforetheyhaddevelopedenoughvigorto
swimthroughthebreedingtrapsmeshoutintothe
largerenclosureBuoyancyforthebreedingtrap
wasaffordedbyarectangularsealed4PVCdrain
pipesupportcollarattachedtotheenclosedtrapby
meansofnyloncabletiesLastlyablackshade
clothcoverwasemployedtobothshieldthetrap
fromexcessivesunlightandpreventadultsfrom
jumpingintotheouterenclosure

Figure1Completecagesystemreadyfortesting

OnAugust221989thecompletecagesystem
Figure1andbroodstockwereinstalledinPond
5attheMunicipalWastewaterTreatmentFacility
ofLiveOakCaliforniaInitialbroodfemaleswere
collectedattheSutterYubaMosquitoAbatement
Districtfishfarmand500presumablygravid
femalesthatcouldnotpassthrougha0205mm
bargraderwereselectedforstockinginthe
breedingtrapAfewfryappearedintheouter
enclosurealmostimmediatelyandanestimated
1000morewereobservedseveraldayslater
HoweveronSeptember5thacallwasreceived
fromasewagetreatmentplantoperatorstatingthat
vandalshadsetthecagesystemadriftinthe
impoundmentUponinspectionthatdaynoovert
damagewasdetectedand462thrivingfemaleswere
removedfromthespawningtrap Theywere
replaced with 500 unspawned females on

September6th
OnSeptember19th485survivingbrood

femalesfromtheSeptember6thstockingwere
removedandreplacedwithnewspawnersfrom
similarlygradedstocksharvestedfromPond7of
thisfacilityAlloffspringwerecollectedfromthe
outerenclosureatthistimeandpreservedin10
formalinWhileremovingfryasmallholeinthe
Aquascreenwasspottednearthebottomedgeof
theouterenclosureandpatchedAfterexamining



this025by07510mmby30mmholeitwas
concludedthatamuskratschewinghadlikely
causedthedamage Theholesshapesizeand
locationwasjudgedtobeinconsequentialwith
regardtothepossiblelossofoffspringfromthe
outerenclosure

Periodicsurfaceapplicationsoflarvicidaloils
wererequiredthroughoutthestudyasnotonectids
wereextremelyabundantinthisseriesofponds
andwereabletoflyintotheouterenclosurewhere
theypursuednewbornfish Thesetreatments

insideandoutsidethecagesystemneverappeared
harmfultoanyofthefishasnofemaleorfry
mortalitywasobservedduringthetermofthis
experimentAsthefallseasonarrivedsignificantly
lowerwatertemperatureswererecordedandby
November1stthepondwatertemperaturehad
droppedto57F139Candtheexperimentwas
terminatedatthistimeAllfrywereharvested
preservedasbeforeand308survivingfemalebrood
fishwereremovedfromthespawningbasketand
stockedintothewatersoftheexperimentalstudy
pond thedisposalsiteforallotherearlier
spawnedfemalesTheentirecagesystemwasthen
removedfrom thewater disassembled and

returnedtotheDistrictwhereitwascleanedand

storedOnthisdateatinynewbutverysimilarly
shapedholeinabottomcreasewasnoticedAs
beforeitwaspresumedtobemuskratdamageand
againinalocationnotlikelytoresultinany

Table1BroodFemaleManagementandOffspringHarvestData

Number
Date Brood

Females

Stocked

0822 500

0905
0906 500

0919 500

1101

Number

Spawned
Females

Removed

462

485

340
2678
1760

Totals
Means 1500 1287 4438

Number Mean

Offspring Offspring
Harvested PerBrood

FromCage Female

Includedinthisvaluewere32broodfemalesthatescapedfromthespawningbasketintooffspring
enclosure

Alloffspringcombinedregardlessofgender
Sexrationotreportedmostoffspringweretooimmaturetoaccuratelyidentifygender
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significantlossoffish
Representativesamplesofoffspringwerelater

examinedsexedwhenpossiblemeasuredand
enumerated to provide informationto help
evaluatethesuccessofthisinformaltrial

ResultsandDiscussion

Experimentaldataderivedfromthisbrieftrial
aredepictedinTable1Intermsofresultstwo
separatestockingsof500femalebroodfish
contributed2678offspringthatwereharvested
fromtheouterenclosuresubsequentlyasingle
stockingof500femalesproducedtheremaining
1760youngthatwerecollectedthelastdayofthe
studyNovlstInall4438fishwereproducedin
thissystememployinguntriedmaterialsconfigured
inapreviouslyuntestedmanner

Theeffectofapproachingfallandwinter
seasonsplayedanobviousandsignificantrolein
thereducedgrowthratesofyoungproducedfrom
the last Sept 19th brood fish stocking
Unfortunatelytherewasnowaytoestimatethe
extentoflossofnewborncausedby32brood
femaleescapeesthatwererecoveredfromthe
outerenclosureattheterminationofthestudy
Norwasitpossibletoquantifytheeffectavarying
butoftenabundantpopulationofadultnotonectids
inhabitingtheouterenclosureexertedontheyoung
fish Themeannumberofyoungproducedper
stockedfemaleforthistrialwasonly296which

268

352

296

Mean

Offspring
Lengthmm
MaleFemale

185189
123

158

Gender

Offspring
MaleFemale

3664
na

na



wasextremelylowForthefirsttwostockingsno
obviousattemptwasmadetoindividuallyselect
onlythosefemalesobviouslygravidinsteadthis
particularbargraderwaschosenbecauseitquickly
providedthe500largestandpresumablygravid
mosquitofishavailableatthetimefromoursource
ofadultfish

As the fallseason neared it became

increasinglydifficulttoobtainanylargefemalefish
thussomeslightbiasmayhavebeeninadvertently
introducedintheselectionofthelastbatchof

broodfemalesoverthetwopreviousselections
Thismaypossiblyhelpexplainwhymoreoffspring
wereproducedbythelastgroupoffemalesthan
thetwopreviousstockings352vs268fryper
femalerespectively Anotherpossibilityisthat
theremayalsohavebeenamorepronounced
behavioraltendencyforthelastgroupoffemalesto
completespawning asdemonstratedbythe
comparativelysmalleroffspringobservedinthe
enclosureafterSeptember19thPerhapstheonset
ofthefallseasonservestoprovidesomenatural
cuetoneartermgravidfemalestodevelopand
releasesmallerpoorernourishedfryjustbefore
theendoftheirnormalreproductiveseason

Recommendations

Overallthisbrieftrialdemonstratedthatthis
cagesystemhasmeritalthoughsomerefinements
are definitely needed to help improve its

management Thecagesystemconstructedthis
yearwasreallytoolargeandcumbersomeforeasy
manipulationduringregularlyscheduledharvests
Atleasttwoworkerswereneededtomovethe

outerenclosureintoshallowerwaterwhereenough
ofitsbottomcouldbeexposedtoguaranteethatall
frywereactuallybeingremovedThustheprimary
cagedesigntobetestednextsummerwillbemuch
smallersothatasingletechniciancaneasilyand
rapidlyharvestalloffspring

Someotherdesignmodificationstothis
systemwouldundoubtedlyresultinaconfiguration
thatcouldbemorecloselybeadaptedtothe
varyingphysicalrequirementsofdifferentaquatic
sites Forexampleinsteadofconstructinga
screenedPVCboxfortheouterenclosureasdone

forthisstudyplacementofverticalscreeningalong
asingleedgeandcornerofapondcouldsimplify
andspeedupinstallationespeciallyifthebottom
edgeofthefencelikeouterbarrierwasextendeda
shortdistancebelowthewatersurfaceandthen

acrossthepondhorizontallyontotheshoreline
thuscreatingatroughlikeenclosureToharvest
technicianswould merelypull mostofthe

submergednettingshorewardleavingasaresult
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onlyatinysubmergedareafromwhichallfish
couldbeharvested Afterthismaneuverthe

screeningwouldagainbedrawnoutintothepond
toitsoriginalposition

Additionallyseveralfemalespawningtraps
couldbeplacedwithinasingleoffspringenclosure
toacceleratefryproduction Finallyinsome
suitablyturbidwatersvarioustypesofnaturalor
syntheticharboragematerialscouldbeinsertedin
theouterenclosureandwouldbeexploitedbythe
frytherebyaidinginreducinglargeoffspring
smalleroffspringcannibalismespeciallywhen
frequentoffspringharvestsaredeemedimpractical



PRELIMINARYRESULTSOFANELISATESTFOR

DETECTIONOFORGANOPHOSPHATERESISTANCEINCULEY

POPULATIONSDUETOINCREASEDDETOXIFICATIONBYESTERASE

JamesGLeeNicolePasteurandGeorgePGeorghiou

AnELISAprocedurethatenablesthedetectionofincreasedactivityofesteraseB1in
organophosphateresistantCulexmosquitoesisdescribedPreliminaryresultsindicatethatthe
procedureadequatelyidentifiesresistantindividualsinlaboratoryaswellasfieldstrainsThe
quantityofesterasescanbeestimatedthroughserialdilutionofhomogenate

Introduction

TwotypesofdetoxifyingesterasesAandB
areresponsibleforresistancetoavarietyof
organophosphateinsecticidesinCulexmosquitoes
Bothtypeshavebeenpurifiedandshowntobe
structurallydifferentesterasestypeBieBlB2
andB3aremonomericmoleculesof67kDa
whereasesterasestypeAieAlA2andA3are
dimericmoleculesof120kDacontaininga
polypeptideof60kDaFournieretal1987
Mouchesetal1987Usingantiseraraisedagainst
the60kDapolypeptideofesteraseAlandthe67
kDapolypeptideofesteraseBlMouchesetal
1987demonstratedthatincreasedactivityofboth
esterasetypesisduetoanincreasedproductionof
theprotein

Inthe presentinvestigationwereport
preliminaryresultsofanELISAprocedurefor
detectingandquantifyingincreasedproductionof
esterasesBinsinglemosquitoesandwediscussthe
potentialuseofthisprocedureinthedetectionand
monitoringoforganophosphateresistanceinnatural
populations

Materialsandmethods

Mosquitostrains Themosquitoesusedwere
fromlaboratorystrainsaswellasfieldcollectionsof
CulexquinquefasciatusSayandCulexpipiensL
Table1 Thesemosquitoesaresusceptibleor
resistanttoorganophosphorusinsecticidesdueto
variousesterasesThetypeoftheesterasepresent

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

1PermanentaddressInstitutdesSciencesdeEvolutionCNRSUA327LaboratoiredeGenetiqueUniversitedeMontpellier
II34095Montpellier2France
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andtheproportionofinsectscarryingthatesterase
weredeterminedbystarchgelelectrophoresisof
singleinsecthomogenatesfollowingtheprocedure
ofPasteuretal1981

Sample preparationHomogenates were

preparedbygrindinginsectsin005Msodium
carbonatebicarbonate buffer pH 96 1
mlmosquito in 15 ml polypropylene
microcentrifugetubeswithateflonpestleThey
werecentrifugedat16000gfor30secThe
supernatantwaseitheruseddirectlyorafterfurther
dilutioninthesamebuffer

EnzymelinkedImmunosorbentAssayELISA
AntiesteraseB1antiserumpreparedbyMoucheset
al1987waspurifiedandpartofitwasconjugated
toalkalinephosphataseSigmaasdescribedby
ClarkandAdams1977

InitiallythreeELISAproceduresCrookand
Payne1980weretestedThedirectanddouble
antibodysandwichmethodsusedtheconjugate
preparedasdescribedaboveTheindirectmethod
utilizedcommerciallypreparedgoatantirabbit
antibodiesconjugatedtoalkalinephosphatase
BoehringerMannheimBiochemicalsIndianapolis
IN or horseradish peroxidase BioRad
LaboratoriesRichmondCA Resultsofinitial

testscomparingthethreeproceduresandthe
limitedavailabilityofantiserumB1promptedusto
choosetheindirectmethod

TheELISAprocedureusedwasasfollows200
dvolumesofadultmosquitohomogenatewere



Table1LaboratorystrainsandfieldcollectionsofCulexinvestigation

Strain Species Origin Activeesterase

andfrequency

SLab Cxquinquefasciatus Lab none

California
S54 Cxpipiens Lab Al

France 100
SeLax Cxquinquefasciatus Lab A2B2

California 100
Simpson Crquinquefasciatus Field B1

California 100
Berkeley Cxquinquefasciatus Field B1

Illinois 50
TemR Cxquinquefasciatus Lab B1

California 100

introducedinwellsofpolystyreneELISAplates
ImmulonIDynatechDynatechLaboratoriesInc
AlexandriaVAandincubatedovernightat4C
Plateswerewashedthreetimesfor3minwith

PBST002Msodiumphosphate015MNaC1
002sodiumazide005Tween20vvpH
74followedbyintroductionineachwellof200pl
purifiedantiserumB1diluted1pgmlin
PBSTPVP ie PBST containing2 of

PolyvinylpyrrolidoneMW44000Afterincubation
for3hoursat37Ctheplateswerewashedas
described above 200 pl of alkaline

phosphataselabelledgoatantirabbitIgGdilutedin
PBSTPVP12500wereaddedtoeachwelland
incubatedfor3hoursat37CTheplateswere
washedagaininPBSTand200plpnitrophenyl
phosphate solution 06 pgml of 98

diethanolaminevvbufferadjustedtopH98with
HC1weredeliveredineachwell Plateswere

incubatedatroomtemperature 25Candthe
OD405wasmeasuredwithaBioRadEIAreader

model2550after515304560and90min
incubationperiods Resultswereexpressedas
opticaldensitiesODsafteragiventimeof
incubationorasthevariationofODperminute
ODmin Itwasfoundthatconversionof

ODmininunitsofalkalinephosphataseactivity
reducedconsiderablythedaytodayvariationThis
conversionwasdoneinestablishingforeach
microtiterplateastandardcurveforalkaline
phosphataseactivityusing100plof6dilutionsof
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Reference

Georghiouetal1966

PasteurandSinegre1978

Wirthetal1989

Georghiouetalunpublisheddata

Georghiouetalunpublisheddata

RanasingheandGeorghiou
1979

goatantirabbitIgGconjugatedwithalkaline
phosphataseiedilutionscontaining000087
000690unitsofenzymeinPBSTPVPand100pl
ofpnitrophenolphosphatesolution

Results

DetectionofCulexesteraseswithAntiserumBl

Masshomogenatesofmosquitoesfromstrains
SLabS54SeLaxandTemRweretestedby
ELISAusingtheantiesteraseB1antibodyAswas
expectedlittledifferencewasobservedbetween
SLabandS54mosquitoesTable2sincethe
formerstrainhasnoesteraseofhighactivityand
thelatterpossessesanesteraseAlwhichdoesnot
crossreactwithantiserumB1Mouchesetal
1987

TheSeLaxstrainwithesterasesA2andB2
appearedtocontainaslightlyhigherquantityof
esterasecrossreactingwithantiserumB1than
eithertheSLaborS54strains112to175foldin
2experimentsDuetoexperimentalvariationsit
isdifficulttodeterminewhetherthisdifferenceis

significantbutitmaybeconcludedthateither
crossreactivitybetweenesteraseB2andantiserum
B1islowandorthattheincreaseinquantityof
esteraseB2intheSeLaxstrainwasbarely
detectableundertheexperimentalconditionsused

OnthecontraryTemRmosquitoeswith
esteraseB1containedlargequantitiesofesterase
reactingwithantiserumB1 Dependingonthe
experimentthedifferencebetweenSLaband



Table2Qualityofesteraseexpressedinunitsofalkalinephosphatasecrossreactingwiththeesterase
containedindifferentCulexstrains

Strain

SLab

S54

SeLax

TemR

TemRvariedfrom8to44fold Theseresults

indicatethattheindirectELISAprocedurewas
adequate to determine whether mosquitoes
possessedorlackedhighlyactiveesteraseB1

DetectionofesteraseB1insingleinsectsSingle
mosquitoesoftwostrainsSLabandTemRand
oftwo field collections containing different

proportionsofesteraseB1SimpsonCalifornia
100andBerkeleyIllinois50 werestudied

undertheexperimentalconditionsdescribedabove
TheobservedODsminwereconvertedtoalkaline
phosphataseunitsandahistogramconstructedFig
1 AsexpectedsusceptibleSLabinsectswere
clearlydistinguishablefromresistantTemREach
ofthetwofieldcollectionsSimpsonandBerkeley
containedaproportionofmosquitoeswithlow
esterasequantitiessimilartothoseobservedin
SLabadultsonein18forSimpsonand11in18
for Berkeley These proportions were not

significantlydifferentfromthoseexpectedbasedon
thefrequencyofthehighlyactiveesteraseB1as
determinedbyelectrophoresisSomeoftheinsects
inthese field collections displayed esterase

quantitieswithintherangeofthoseobservedin
TemRinsects Howeverthemajorityhadan
esterasequantityintermediatebetweenthoseof
SLabandTemRconsistentwiththeirresistance
levelsasexpressedbyLC95valuestowardtemephos
eg022ppmforBerkeley025ppmforSimpson
and70ppmforTemR Theseresultsarein

agreement with those obtained by dotblot

immunoassayinthislaboratoryBeyssatArnaouty
etal1989

Quantification of esterase B1 in insects

AlthoughtheELISAtestprocedureusedinthese
experimentsclearlypermitsthedetectionofinsects

Quantityofesterase
AKPunits RatiooverSLab

041

058

076

904

113

100

141

186

2205

withincreasedactivityofesteraseBlitdoesnot
allowaprecisedeterminationofitsquantityThis
canbeachievedbycomparingvariationsinODmin
inrelationtoesteraseB1concentrationusing
multipleTemRhomogenatesAscanbeseenin
Figure2ODminreachesaplateauatvaluesequal
to 45 WithTemRinsectsthisoccurswith
homogenatescontaining1500ofamosquitoIt
isonlybelowthisODminthatthereislinearity
withhomogenateconcentrationandwherethe
quantityofesteraseB1canbeestimatedInthe
experimentscomparingsingleinsectsseeabove
esterasequantityofTemRadultswastherefore
grosslyunderestimatedinrelationtoSLababout
20xUseofdilutionsasdescribedhereshowsthat
TemRinsectscontainsome1000foldmore
esteraseBthandoSLabinsectsavaluevery
similartotheresistanceratioobservedbetweenthe

twostrainsabout800x

Discussion

ImmunologicaldetectionofesteraseBin
laboratoryorfieldcollectionsofCulexmosquitoes
canbeachievedbyELISAusinganantiesteraseB1
antibodyatleastwhenthemosquitoesconsidered
containanesteraseB1Detectionbasedontheuse
ofconstantdilutionofhomogenateie02
mosquito cannot be used for adequate
quantificationofesteraseandthusforestimation
of resistance levels However our study
demonstratesthatthiscanbeachievedusingserial
dilutions

SimilarconclusionswerereachedbyBeyssat
Arnaouty et al 1989 using a dotblot

immunoassayComparisionoftheELISAanddot
blotimmunoassaysuggestthatwithoutadditional
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improvementELISAislesssuitableforfield
surveysduetothemuchmoreelaborateequipment
itrequires
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SENSORYPHYSIOLOGICALCORRELATES

OFHOSTSEEKINGANDOVIPOSITIONBEHAVIOR

INAEDESAEGYPTI

EdwardEDavis

Airbornechemicalsignalsarevitalinguiding
hematophagousarthropodstosourcesofblood
plantnectarandovipositionsitesTheorganism
usuallymustorienttothesourceofthesesignals
overrelativelylongdistancesandinthecaseofa
bloodmealhosttheodorsourceisbothmobileand
capableoftakingdefensiveactionagainstthe
attackingorganismThegoaloftheresearchinour
laboratoryisdirectedtowardabetterunderstanding
ofthephysiologicalmechanismsthatunderliethe
controlandmodulationofsomeimportantodor
mediated behaviors in disease transmitting
mosquitoes Thephysiologicalmechanismsof
specificinterestincludetheroleofperipheral
olfactoryorgansinthecontrolofspecificbehaviors
thephysiologicalregulationoftheseperipheral
sensoryorgansandthemodeofactionoftheinsect
attractantsandrepellents

Correlationofsensoryinputwithbehavioral
output

Inordertoachievethisgoalwemustbeable
tomakeprecisecorrelationsbetweenaspecific
behaviortheresponsivenessofitsreceptorsand
thephysiologicalstateofthemosquitoHistorical
attemptsbymanybiologiststocorrelatesensory
physiologywithovertbehavioroftheorganismeven
inthelaboratorywerenotparticularlysuccessful
Theconclusionusuallyreachedwasthattherewas
nosuchcorrelationieabehaviorcouldnotbe
explainedonthebasisoftheactivityobservedinthe
sensoryreceptors Webelievethisinabilityto
demonstrate significant correlations can be

attributedtoattemptstocomparedatafrom
differentsourcesexperimentsorlabswith
insufficientregardtophysiologicalorchronological
agetimeofdayorseasonandorpopulationsof
insects strainsorcolonies aswellasto

assumptions that all insects within sample
populationsevenwithincohortsrepresented
homogenousphysiologicalandgeneticconditions
Furthermoreaveragedresponsesfromapopulation
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ofmosquitoesoftenwillnotpermitprecise
correlationsbetweenphysiologyandbehavior

Inordertoavoidthesepitfallswechooseto
makeourcorrelationsbasedontheanalysisofdata
obtainedfromindividualmosquitoeswithineach
experimentalandcontrolgroupusingthefollowing
routineproceduresFirstwedeterminethespecific
behavioralresponsivenessofanindividualmosquito
then we determine the electrophysiological
responsivenessofherchemosensoryneuronsto
odorsrelevanttothatbehaviorandthenwe
confirmthephysiologicalstateofthemosquitoby
subsequentmicrodissectionandexaminationUsing
thisprocesswehavebeenabletomake11
correlationsbetweenphysiologicalresponsivenessof
onereceptorspecificallytheoneforthehost
attractantlacticacidandthepresenceorabsence
ofthebehaviorthatitmediatesiehostseeking
behaviorDavis1984ab

Takinglaboratorydatatothefield
Evenwiththis11correlationbetweena

sensoryreceptoranditscorrespondingbehaviorif
wewenttothefieldandtriedtocatchhostseeking
mosquitoeswithlacticacidwewouldfailWhy
Eventhoughlacticacidinthepresenceofsmall
amountsofCOappearstobeacriticalstimulus
forhostattractionlacticacidaloneisnotsufficient
Thereareotherhostodorswhoseidentitiesarenot
yetknownthatarenecessarytoachievethesame
degreeofattractiondisplayedbytheodorofa
humanhandSomeoftheseotherhostodorsarein

turncriticalfortheelicitationofthenextpiecein
thetotalsequenceofbehaviorsleadingfromhost
detection and orientation to probing and

engorgementDavisunpublishedobservations
Withouttheseotherchemicalsignalswecannot
elicitthefullbehavioralsequenceandwouldtrap
fewitanyhostseekingmosquitoes However
thereareseveralexamplesamonghematophagous
insectswhereithasbeenpossibletotakelaboratory
datadirectlytothefieldOnesuchexampleisthe



hostodorsoctenolandacetonefromAfricanzebu
cattlebreaththathavebeensuccessfullyusedinthe
fieldtoattractavidtsetsefliesinatrapValeetal
1988Anotherexampleinvolvesovipositionsite
seekingbehaviorofmosquitoesAfterablood
mealmatedgravidfemaleCulexquinquefasciatus
Sayfemalesareattractedtoanovipositionsite
containingerythro6acetoxy5hexadecanolidea
pheromonefoundintheeggapicaldropletsofthis
speciesLaurenceandPickett1985Otienoetal
1988 Witheitherofthesesystemsaprecisely
correlatedlaboratorystudyofphysiologyand
behaviorcanaidintheirimprovementandfurther
exploitationinpestcontrolstrategies

Modelofsensorybehavioralmechanisms
Inourattempttounderstandtheintegration

andregulationofendogenousandenvironmental
signalsnecessarytocoordinateandmediatethe
expressionsoftheappropriatebehavioratthe
appropriate time we developed a heuristic

conceptualmodelofthechangesthatoccurasthe
femalemosquitogoesfromonebehaviortoanother
throughherlifecycleDavis1989Themodelis
basedonourobservationsofthesensoryresponses
ofantennalolfactoryreceptorsofindividualfemale
mosquitoesatvariousstagesintheirlifecycleand
correlatingtheseresponseswiththeirestablished
behavioralresponsivenessandphysiologicalstatus
and onselected studies ofbehavioraland

physiologicalcorrelationsofothersItincorporates
severalinternalphysiologicalstatesknownto
influencecertainbehaviorsegnutritionalstate
andnectarfeedingKlowden1981abdominal
distentioninhibitionofnectarandbloodfeeding
KlowdenandLea1979abandthecircadian
influencesofhostseekingandovipositionbehaviors
ChadeeandCorbet1987

Animportantcomponentofthemodelinvolves
thereceptorsforthehostattractantlacticacidand
theendogenousregulationofhostseekingbehavior
followingabloodmealInfemalesthatareactively
seekingahostthesensitivityofthelacticacid
excitedneuronishighWithin24hourspostblood
mealthesensitivityofthisneuronisdepressed
belowtheleveloflacticacidemanatingfroma
humanhandandthefemalewillnolongerhostseek
Davis1984a Thesensitivityofthelacticacid
inhibitedneurondoesnotchangewithblood
feedingIfoneassumesarguendothattheinput
fromthesetworeceptorsforlacticacidaresummed
inthefemalescentralnervoussystemtheresulting
suminactivehostseekingfemaleswillbepositive
orexcitatorywhileinthosefemalesinwhichhost
seekingisnotobservedthesumisnegativeor
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inhibitoryWefeelthatthismaybethemechanism
underlyingtheswitchingonandoffofhostseeking
behaviorattheappropriatetimes

Determinatesofbehaviorperipheralvscentral
nervoussystem

Thenotionthattheperipheralsensorynervous
systemmaymediateaspecificbehavioriscontrary
tothetraditionalnotionthatthecentralnervous

systemCNSisthesolesitefordeterminingwhich
behaviorwillbeexpressedTraditionaltheoryholds
thattheperipheralsensorysystemprovidestheCNS
withinformationabouttheorganismsenvironment
whichtheCNScanthenuseinselectingand
carryingoutaparticularbehaviorpatternKandel
etal1979Thistheoryassumesthattheresponse
characteristicsoftheperipheralsensoryneuronsare
constantinallphysiologicalstatesoftheorganism
and that they provide the CNS with an

uninterruptedandunalteredflowofsensory
informationrelevanttoallbehaviors

Incontrastourdatademonstratethatthe

responsecharacteristicsofatleastonereceptor
systemchangefromonephysiologicalstateto
anotherspecificallyfromnonbloodfedtogravid
inAedesaegyptiLfemalesThesensitivityofthe
lacticacidexcitedneuronishighwhenhostseeking
behaviorispresentandlowwhenitisinhibited
Thusourdatastronglysupportsahypothesisthata
peripheralreceptornotjusttheCNSmaybe
directlyinvolvedintheselectionofwhichbehavior
maybeexpressedaswellasinthemodulationof
thebehavioronceselected

Summary
Thefactthatourmodelisbasedsolelyonthe

lifecycleofthenondiapausinganautogenous
mosquitoAeaegyptiraisesseveralquestions

Inthecontextofthebasicmodelwhatmodi
ficationswouldbenecessaryinordertounderstand
howarethedifferentformsofadultdiapauseme
diated and regulated Similarly howare

hostseekingandovipositionbehaviorsregulatedin
obligatoryorfacultativeautogenousmosquitoes
Withrespecttoovipositionbehavioraretheredif
ferencesintheroleofthesensoryreceptorsamong
differentspeciesofmosquitoesforexampleinre
lationtoovipositionsitepreference

Onanotherlevelwhatisthemodeofaction
ofinsectrepellentsDoweknowhowtheywork
Nobutwiththeaboveapproachwearemaking
someinroadsonhowtherepellentdeetmight
workDavisetal1987

Asisusuallythecasewecontinuetoraise
morequestionsthanwehaveansweredHowever



wehaveanapproachtomakingvalidcorrelations
betweensensoryphysiologyandbehaviorandto
obtainingthefundamentalinformationnecessaryto
make some significant advances in our

understandingofsensorybehavioralmechanismsin
mosquitoesandhowthesemechanismsmightbe
usedtoouradvantageinpestcontrolsystems
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PERIPHERALSENSORYRESPONSIVENESSANDODORMEDIATED

BEHAVIORINADULTFEMALEMOSQUITOES

MaryFBowen

Introduction

Mosquitoesundergochangesinolfactory
sensitivitytobiologicallyrelevantvolatilesthatare
correlatedwithphysiologicalandbehavioralstate
Suchchangesarebelievedtobeofadaptive
significanceinthecontrolofodormediated
behaviorssuchashostseekingDavisetal1987
Modulationofperipheralsensoryresponsivenessis
anoftenoverlookedaspectofinsectphysiologythat
haspotentialimplicationsforpestcontrolstrategies
thatmanipulateinsectbehaviorthroughtheuseof
volatileattractantsandrepellents

Herewepresentafewspecificexamplesof
howchangesinperipheralreceptorsensitivityare
correlatedwithchangesinolfactorymediated
behaviorindiapausingandgravidfemalesaswellas
inavidmosquitoesthatareexposedtotherepellent
DEET

ResultsandDiscussion

Antennalreceptorsthataresensitivetohost
attractantssuchaslacticaciddisplaydecreased
sensitivityinmosquitoesthatarenothost
responsiveForexamplediapausingCulexpipiens
Lfemalesdonothostseekandthereforedonot

bloodfeedanddevelopeggsMitchell1983Bowen
etal1988Theabsenceofhostseekingbehavior
indiapausingfemalesiscorrelatedwithlow
sensitivitytohostattractantlacticacidinboth
laboratoryrearedBowenetal1988andfield
collected diapausing females Furthermore
diapauseterminationisaccompaniedbythe
appearanceofhostseekingandanincreaseinlactic
acidreceptorsensitivity

Olfactoryreceptorsthataresensitiveto
ovipositionsiterelatedvolatilesdisplayenhanced
responsivenessingravidCulexpipiensfemales
Receptorsthatarestimulatedbyethylpropionate
forexampledisplayanincreaseinthemaximum
responsetothisstimulusascomparedtonongravid
females Inadditiontheproportionofcells
specificallyresponsivetoethylpropionateincreases
ingravidfemalesnongravidanddiapausing
femalespossessmanymorenonresponsiveand
nonspecificneuronsThesereceptorshavebeen
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examinedonlyduringthefirstgonotrophiccyclein
nondiapausingCulexpipienssoitisnotknownif
thechangesdescribedhererecurinacyclical
patternduringsuccessivegonotrophiccycles

Themechanismofrepellentactionpresentsan
exampleofhowmosquitobehaviorcanbe
manipulatedbyeffectingchangesinperipheral
input DEETnndiethylmtoluamideisan
effectivemosquitorepellentthatsuppressesthe
responsetolacticacidinAedesaegyptiLwhen
both lactic acidand DEETare presented
simultaneouslyDavis1985Essentiallythisresults
inadecreaseinthenetafferentoutputfromthat
cellinapatternthatisverysimilartochangesin
cellsensitivityobservedindiapausingandgravid
femalesNotallrepellentsoperateinexactlythe
samewaybutitisstrikingthatoneofthemost
effective repellent formulations operates by
interferingwiththemosquitoesabilitytodetecta
hostattractant

Conclusion

Sensoryresponsivenessinmosquitoesisa
functionofphysiologicalstateThequalitativeand
quantitativeperceptionofbehaviorallyrelevant
volatiles changes in concert with seasonal

reproductiveeventssuchasdiapauseandgravidity
Sensoryresponsivenessishighlycorrelatedinlarge
partbyalteringsensoryinputeitherendogenously
byphysiologicalprocessesrelatedtoeventsinthe
femalelifecycleorexogenouslythroughthe
presentationofrepellents

Electrophysiologicalandbehavioralstudiesof
otherspeciesotherattractantsandotherreceptors
wouldgreatlyenhanceournascentunderstandingof
odormediatedbehaviorinthemosquito Such

findingsareofobviousrelevancetonewrepellent
formulationsaswellasmosquitomanagement
strategiesthatemployvolatilechemicalattractants
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BIOLOGYANDECOLOGYOFLARVALSNOWPOOLAEDESINTHE

SIERRANEVADAMOUNTAINRANGE

DeborahADritzandRobertKWashino

In1989and1990aprojectonthepopulation
dynamicsofAedesmosquitoesfoundbetween
elevationsof1700and2600metersinCalifornia
wasinitiatedinanattempttoidentifyfactors
responsibleforvariabilityinmosquitocontrol
effortsStudiesconductedtowardthisendinclude
1observationoftheseasonalsuccessionof
mosquitospecies 2identificationofspecies
compositionand3documentationofinitialegg
hatchandsubsequentlarvalappearanceatdifferent
elevationsandinavarietyofhabitats

In198918differentlocationsonboththe
easternandwesternslopesoftheSierraNevada
mountainsweremonitoredfrominitialthawuntil
poolsbecamedryWeeklydippingwasdoneat
eachsiteandinformationonlarvalpresence
developmentalstagenumberandspecieswas
recordedWefoundthatlarvalappearancewasnot
onlydependentonelevationbutthatatemporal
patternofegghatchfromasinglepoolalsoexists
AedescataphyllaDyarAedeshexodontusDyar
AedesventrovittisDyarandAedescommunis
DeGeertendtobeearlyseasonspeciesAedes
schizopinaxDyarAedesfitchiiFeltandYoung
andAedesincrepitusDyarappearmidseasonwhile
AedeshemiteleusDyarisfoundlaterintheseason
Withineachofthesespeciesapatternofdistinct
multiplehatcheswasobserved Studiesin1990

confirmedthispatternhowevernocorrelation
betweenaparticularsnowpoolspeciesandmultiple
hatchingwasfoundSpeciesinhabitingsimilarsites
atoneelevationwiththesamevegetationcould
exhibitboththemultipleandsinglecohortpattern

Inadditiontoinstallmenthatchingduringthe
singleseasonlifetimeiewettodryperiodofa
snowpooladditionalhatchingwasobservedifre
floodingoccurredwithinthesameseasonOne
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weekafterseverethunderstormsfirstinstarAe
communislarvaewererecoveredfromasitethat
hadbeendryfortwoweeksLateseasonhatches
withoutdryingwerealsoobservedinAecataphylla
andAehexodontussitesinwhichnomosquitoes
hadbeencollectedforamonthfollowingtreatment
Thesepatternscouldgivetheimpressionof
treatmentfailures

Attemptstocorrelatemultiplehatchingwith
weeklywaterdepthandtemperaturemeasurements
wereinconclusivehowever24hourtemperature
monitoringyieldedapossiblecuefortheinitialegg
hatchoftheseason Datacollectedaftersnow

meltbutwhileicewasstillformingonpool
surfacesrevealedaverticaltemperaturegradient
Alllarvaewereclusteredinthewarmestbottom
layerandremainedthereuntiltheicemeltedthe
followingmorningWhenpoolswithoutlarvaewere
monitoredovera24hourperioditwasdiscovered
thatmostofthetimethewaterwasinafrozen
slushystatefromthesurfacetothebottom
Assumingequalconditioningofeggssuccessful
hatchingmightdependonseasonaltemperatures
increasingtothepointwhereiceformsonlyonthe
snowpool surfaceovernightandavertical
temperaturegradientformsallowinglarvalsurvival

Thesefindingsareparticularlysignificantto
vectorcontroldistrictswhichmayneedtoadjust
controlprotocolsbyincreasinginspectionvisitsto
sitesandresortingtomultipleapplications
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STUDIESONTHEPOPULATIONBIOLOGYOFTHEAEDESDORSALISCOMPLEX

INCALIFORNIA

TrulsJensenandRobertKWashino

AedesmelanimonandAedesdorsalisare

closelyrelatedfloodwaterspecieswhichare
importantbitingpestsandhavebeenassociated
witharbovirusactivityStudiesconductedinthe
SacramentoValleyofCaliforniahavesuggestedthat
Aemelanimonhasahighbiologicalcapacityto
vector arboviruses based on high female

survivorshiphighseasonalabundancelowratesof
expressionofautogenyafivedayintervalbetween
bloodmealsandthecontinuedpresenceofparous
femalesacrossthetransmissionseason

ThoughAedorsalisandAemelanimonare
consideredtobecloselyrelatedyetdistinctspecies
the systematicrelationshipbetweendifferent
geographicpopulationsofthesespecieshasnot
beendetermined Aedesdorsalisexistsintwo

allopatricpopulationsinintertidalbrackishmarshes
alongthePacificcoastandinextensiveareasofthe
GreatBasinAedesmelanimonisfoundthroughout
lowlandrivervalleyssuchastheCentralValleyof
CaliforniaandinlimitedlocationsintheGreat
BasinPreliminarystudiesofdifferentgeographic
populationsofthesespecieswereinitiatedin1989

AdultandlarvalcollectionsofAedorsalisand
Aemelanimonweremadefrom13differentgeo

graphiclocationsintheWesternUnitedStatesin
1989Themajorityofspecimenswerefrozenfor
subsequentgeneticanalysisusingisozymeelectro
phoresiswhilegenitaliamountswerepreparedfrom
materialfromnineofthecollectionsSuperficial
examinationofthesemountsshowednodiscernable
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differencesinthegenitaliaofAemelanimonfrom
theCentralValleytheOwensValleyineastern
CaliforniaandtheKlamathBasininnortheastern
CaliforniaNodifferenceswereobservedinthe
malegenitaliaofAedorsalisfromnorthern
CaliforniacoastalsaltmarshesandSaltLakeCity
UtahintheGreatBasin

Distinctmorphologicaldifferenceswerefound
betweenthegenitaliaofCentralValleyAe
melanimonandcoastalCaliforniaAedorsalis
Thesefmdingsareconsistentwithapreliminary
isozymeelectrophoreticanalysisofthesepopu
lationswhichsuggestthatthesepopulationsbelong
tocloselyrelatedyetgeneticallydistinctspecies

PopulationparityratesofAemelanimon
femalescollectedfromtheOwensValleyof
CaliforniaduringAugust1989werefoundtobe
extremelyhighwith77of7997 dissected

femalesfoundtobeparousand41of7951
havingcompletedtwoormoregonotrophiccycles
ExtensivefloodinghadoccurredalongtheOwens
River approximately one month previously
suggestingthatthesefemalesweremembersof
agingcohortsproducedinresponsetotheflooding
andthattheageofthecohortwasinlargepart
responsibleforthehighparityrateHighbiting
activitycombinedwiththehighpopulationparity
ratedoeshoweversuggestthattheOwensValley
populationofAemelanimonmayhavethecapacity
tobeinvolvedinarbovirustransmission



MARKRELEASERECAPTURESTUDIESONCULEXMOSQUITOES

INSOUTHERNCALIFORNIA1989

WilliamKReisenMarilynMMilbyRichardPMeyer

AllanRPfuntnerJackEHazelriggandJacquelineJSpoehel

IntroductionandObjectives
Markreleaserecapturestudieswereinitiated

onCulexmosquitoesinsouthernCaliforniaduring
1988tostudythepopulationecologyanddispersal
ofadultsintoandwithinresidentialhabitatsReisen
etal1989Thespecificobjectiveswereto1
comparethedispersalanddispersionof adults

emerging from peridomestic and peripheral
breedingsources2estimatethedurationofthe
gonotrophiccycleandsurvivorship 3calculate
populationsizedensityandimmigrationand
emigrationratesand4evaluatetheeffectiveness
ofCOandgravidtrapsindifferentresidential
settings

ReleasesofCulstigmatosomaDyaratChino
andRossmoorduring1988wereinconclusiveLow
recapturerateshamperedourstudyatadairyin
Chinowhereonly11of30000releasedfemaleCx
stigmatosomawererecapturedandofthese11
recapturesfiveweretakenattrapspositionedmore
than1kmfromthepointofreleaseSimilarlow
recapturerates03 wereobtainedforCx

stigmatosomareleasedatRossmoorinOrange
County Incontrast114ofCulexquinque
fasciatusSaywererecapturedatRossmoorwhich
allowedtheestimationofdispersalsurvivorshipand
populationdensityTheprimaryobjectiveofour
1989experimentatChinowastodetermineifCx
stigmatosomahasateneraldispersivephaseThe
recaptureratesofdifferentiallymarkedteneral
femalescollectedasimmatureswerecomparedwith
conspecifichostseekingfemalescollectedbyCO

trapsandwithCrquinquefasciatusfemalesreleased
inresidentialanddairyenvironments Our

secondaryobjectivewastocomparesurvivorship
sizeandratesofadditionimmigrationand
deletionemigrationamongthedifferentCulex
species

StudiesinLosAngelesCountyweredesigned
todetermineiftheresultsobtainedatRossmoor
during1988wererepresentativeofmosquito
populationsinresidentialenvironmentsthroughout
theLosAngelesmetropolitanarea

MethodsandResults
ReleasesatChino ImmatureCulexwere

collectedatthreedairiesheldtoemergence
countedandmarkedwithfluorescentdustAtotal

of43492adultswerereleasedatthesamedairy
studiedduring1988andatStAndrewschurch
about1kmtothenorthofwhich49212 were

recapturedby36COand12gravidtrapsoperated
dailyfor10consecutivedays Overall70of
markedand93ofthe102765unmarkedfemales
werecollectedbyCOtrapsRecaptureratesof
Cxstigmatosomawerehighestforfemalesreleased
athostseekingageatboththechurch33 and

thedairy83 Thesefemalesdidnotdisperse
andwererecapturedattrapswithin30metersof
thereleasepointSimilartoour1988studyonly9
01 teneralfemaleswererecapturedandthree
ofthesewererecapturedatCOtrapslocated 1

kmfromthepointofreleasemaximumdistance
13km
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3PresentaddressKernMosquito AbatementDistrict4705AllenRoadBakersfieldCalifornia93312

4WestValleyVectorControlDistrict13355 ElliotAvenueChinoCalifornia91710
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IncontrastCxquinquefasciatusdidnot
appeartohaveateneraldispersivephasesince
recaptureratesforteneralandhostseekingage
femalesweresimilaratboththechurch47and
47 respectivelyanddairy03and07
respectively MostCrquinquefasciatusfemales
releasedatthechurchdidnotdisperseandwere
recapturedwithin05kmofthereleasepointThe
uncorrectedmeandistancedispersedwas024km
forhostseekingfemalesand014kmforteneral
femalesIncontrastfemalesreleasedatthedairy
readilydispersedintotheresidentialareaduring
hostseeking flights andthemeandistance

dispersedwas103kin
The numbers of marked nulliparous

hostseekinggravidandparoushostseekingCx
quinquefasciatusfemalesreleasedasteneralsthat
wererecapturedeachdaywereplottedasafunction
oftimeindaysafterreleasetoestimatethe
durationofthegonotrophiccycle Theinterval

betweenpeakrecaptureofnulliparousfemaleson
Day3andparousfemalesonDay9wassixdays
Populationestimatesweremadeforteneralfemales
releasedatthechurchandrecapturedattraps
withinanimmediate014kmareaBasedona
gonotrophiccycleofsixdaysandaparityrateof
022theverticalsurvivorshipofunmarkedfemales
wascalculatedtobe078Horizontalsurvivorship
estimatedbyregressingthelogoftherecapturerate
asafunctionoftimewas067Populationsize
calculatedbyamodificationoftheLincolnIndex
averaged94781femalesperdaywithadaily
additionrateof047Thepopulationwasincreasing
attherateof014femalesfemaledayandin
agreementthenumberofunmarkedfemales
collectedincreasedfrom466to4690perday

ReleasesatLynwoodAtLynwoodLosAngeles
Countyonly5280teneraladultmosquitoeswere
releasedinthecenterofintersectingNSEW
transectsofCOtrapswithrecaptureeffort
concentratedaboutthereleasepointOnly06
wererecapturedtoofewforfurtheranalysisMost
markedadultswererecapturedbysweepingvege
tationathousesnearthereleasesiteandonlyone
hostseekingandonegravidCxquinquefasciatus
wererecapturedattraps IncontrasttoChino

wheremostfemaleswerecollectedatCOtraps
67ofthe7273unmarkedfemalescollectedwere
capturedingravidtraps

ReleasesatVanNuysandtheSepulvedaBasin

Atotalof14866teneralCulexadultswerereleased
ataresidenceinVanNuysandatapondinthe
SepulvedaBasinWildlifeAreaabout1kmtothe
westofwhich18615 wererecapturedattraps
arrangedalongtransectsradiatingfromtheBasin

124

releasepointandclusterednearthereleasepointin
VanNuysTherecapturerateofCxquinquefasc
iatusandCxstigmatosomawashigherforfemales
releasedinVanNuys159and09 respectively
thanintheSepulvedaBasin33and01 respect

ivelywhileconverselytherecapturerateofCulex
tarsalisCoquilletwashigherforfemalesreleasedin
theBasin36 thaninVanNuys05

SimilartoChinofemaleCxquinquefasciatus
releasedinresidentialhabitatremainedclusteredat
trapsadjacenttothereleasesitemeandispersal
distance013kmHowevereventhoughfemales
remainedclusteredatthesiteofreleasefew

hostseekingnulliparousorparousindividualswere
recapturedatCOtraps Mostmarkedfemales

72 wererecapturedingravidtraps67daysafter
releaseThedurationofthegonotrophiccyclewas
consideredtobeonedayshorterthanthesixdays
observedatChinowheremaximalnumberswere

recapturedatgravidtrapseightdaysafterrelease
Basedonaparityrateof041forunmarked

CxquinquefasciatusfemalescollectedbyCOtraps
inVanNuysandagonotrophiccyclelengthoffive
daysverticalsurvivorshipwasestimatedtobe084
Horizontalsurvivorshipwasestimatedtobe082by
regressionusingthedecreaseinmarkedfemales
recapturedatCOtrapsonDays3to9post
release MeanpopulationsizeforDays68for
trapswithina015kmareawascalculatedtobe
3912females

ConcludingDiscussion
Culexstigmatosomaappearstohaveateneral

dispersivestagewhichresultsintheemigrationof
femalesfrombreedingsites Inagreementthe
numbersofunmarkedfemalescollectedatCO
trapsinhousingtractswassignificantlyhigherthan
atdairysitesduringboth1988and1989studies
ThisdispersivestageappearstobeuniqueforCx
stigmatosomaandwasnotobservedforCxquinque
fasciatusduringthepresentstudyorforreleasesof
CxtarsalisinKernCounty

Culexquinquefasciatusreleasedatperipheral
dairyorwildlifehabitatsinfiltratedadjacenthousing
tractswhereasthosereleasedinresidentialenviron
mentsremainednearthepointofreleaseReasons
forthismovementremainunexplainedbutmaybe
relatedtohostseekingbehavior

Carbon dioxidebaited and gravid trap

effectivenessvariedmarkedlyamongexperiments
COtrapswereeffectivewhenCxquinquefasciatus
populationdensitywashighatRossmoor121531
femaleskmandChino671634femaleskm
butwereineffectiveatresidentialcommunitiesin

LosAngeleswheredensitieswerelow36612



femaleskminVanNuysPerhapslargenumbers
ofhostseekingfemalesstimulatedavailableavian
hoststoelicitantimosquitobehaviorwhichmade
themrefractorytobloodfeedinganddivertedunfed
femalestoCOtrapswithCOreleaserateswhich
approachedthatofmammals

Theeffectivenessofgravidtrapsappearedto
berelatedtotheavailabilityofcompetingbreeding
sourcesAtRossmoorandChinowhereperipheral
breedingsourceswerereadilyavailableand
populationdensitieswerehighCOtrapscollected
manymoreCrquinquefasciatusthandidgravid
trapsIncontrastatLynwoodandVanNuyswhere
peripheralbreedingsiteswerenotfoundand
populationdensitieswerelowgravidtrapscollected
farmorefemalesthanconcurrentlyoperatedCO
traps
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FewCrtarsaliswerereleasedandrecapture
ratesgenerallywerelowerthanobservedinour
previousreleaserecapturestudiesinKernCounty
Additionalresearchisneededonthepopulation
ecologyofthisspeciesinresidentialareasbefore
theecologyofthearbovirustransmissionintheLos
AngelesBasincanbefullyunderstood
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MOSQUITOFISHREPRODUCTION

INFLUENCEOFPHOTOPERIODANDNUTRITION

JosephJCechJrRobertGSchwabWilliamCColesandBrentBBridges

DepartmentofWildlifeandFisheriesBiology
UniversityofCalifornia
DavisCalifornia95616

MosquitofishGambusiaaffinisconstitutean
importantbiologicalcontrollerofmosquitoesin
manypartsofCaliforniaespeciallyinagroeco
systemssuchasricefieldsMosquitofishusecould
beevenmoreeffectiveifmorefishwereavailable
egfromacceleratedreproductionforspring
stocking Two24weekexperimentswerecon
ductedusing32tanksinlighttightboxestobetter
understandtheeffectsofphotoperiodanddieton
mosquitofishreproduction

Inthefirstexperimentfishat15L9Dand
13L11Dshowedacceleratedreproductivedevelop
mentoflarvaecomparedwith11L13Dandcontrol

ABSTRACT
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naturallyincreasingphotoperiodsHoweverall
fishwerefedTetraMinflakedietaloneandmost
photostimulatedfemalesdiedpresumablyfroman
insufficientdietaboutoneweekbeforeparturition

Inthesecondexperimenttwophotoperiods
15L9Dandcontroleachincorporatingtwodietary
regimesflakesandtubificidwormsupplemented
flakeswereincluded Fishfedwormsupple
mentedflakedietsshowedgreatersurvivalandre
productionthanfishfedonlyflakediets Also
wormsupplementedflakedietfishat15L9Dre
produced1112weeksearlierthanthewormsup
plementedflakedietfishatcontrolphotoperiods



THEINFLUENCEOFFLOODINGDATEONDENSITYANDAGE STRUCTUREOF

THETHREESPINEDSTICKLEBACKGASTEROSTEUSACULEATUS
INSUISUNMARSHCALIFORNIA

MonicaMcGeeDaroldPBatzerandVincentHResh

DepartmentofEntomologicalSciences
UniversityofCalifornia

BerkeleyCalifornia94720

Introduction

SuisunMarshlocatedinSolanoCounty
contains12ofCaliforniaswetlandsRollings
1981Thisbrackishwatermarshisasystemof
permanentchannelsandseasonallyfloodedponds
thataretypicallyfloodedinautumnandthen
drainedinearlyspring Althoughthisflooding
createswaterfowlhabitatitcanalsocreate
mosquitoproblemsBatzerandResh1988

Apotentiallyimportantfishpredatorof
mosquitolarvaeinSuisunMarshisthethree
spined stickleback Gasterosteus aculeatus L

Sticklebackscansignificantlyreduceinvertebrate
populationsincludingmosquitolarvaeWorgan
andFitzGerald1981WardandFitzGerald1983
Wootton1984PreliminaryobservationsinSuisun
Marshindicatedthatfishintroducedintoponds
duringfloodinginearlySeptemberreproduce
duringSeptemberandOctoberandiftheponds
remainfloodedlongenoughhaveasecond
reproductive cycle in early spring Batzer
unpublisheddata Thusthethreespined
sticklebackwhichusuallyhasaspringsummer
breedingcycle Moyle1976Wootton1984
appearstoalsobreedintheautumnmonthsin
SuisunMarsh

IftherearetwobreedingperiodsinSuisun
Marshdensitiesofsticklebacksinthepondsmay
beinfluencedbyfloodingdateInSuisunMarsh
floodingcanbeinitiatedasearlyasSeptemberor
aslateasDecember Pondsfloodedafterthe
SeptemberOctoberbreedingcyclewillcontain
onlythesticklebacksinitiallyintroducedduringthe
floodingtheintakeculvertsareclosedafterthe
pondsarefilled Alternatively stickleback

populationsinpondsthatarefloodedinearly
SeptembermaybeaugmentedbySeptemberand
Octoberreproductionandonlythesepondsmay
havesufficientnumbersoffishtoimpactmosquito
populations Thepurposeofthisstudywasto
documentwhetherthetimingofinitialfloodingcan
influencethepopulationsizeandagestructureof
sticklebacksinseasonalpondsofSuisunMarsh

Materialsandmethods
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Threespinedsticklebackpopulationswere
studiedinsixdifferentseasonallyfloodedpondsin
GrizzlyIslandWildlifeAreaofSuisunMarsh
Threeofthesepondswerefloodedinearly
Septembertheremainingthreewerefloodedin
late October Pilot studies indicated that

sticklebacksreproducedinSeptemberorearly
Octoberthereforethisfloodingpatternallowedus
to determine if ponds flooded after this

reproductiveevent had significantlydifferent
sticklebackpopulationsthanpondsfloodedearlier

Sticklebackpopulationsineachofthesix
pondsranginginsizefrom12to100hectares
weremonitoredusingminnowtrapsSpecificsites
fortrappingwereselectedinareasofeachpond
thatcontainedpickleweedSalicorniavirginicaL
andhadwaterdepthbetween30and50cminone
pondthetraplocationwasmovedinlateFebruary
becauseofdecreasedwaterlevels

Twominnowtrapslinedwith1mmfiberglass
meshwereplacedineachpondThetrapswere
checkedweeklyoveran18weekperiodstartingin
lateOctoberandendinginearlyMarchAteach
collectiondatefishwerecountedandgroupedinto
oneoffiveclasses 10mm101to20mm201to
30mm301to40mmand40mm The

reproductive status ofthe sticklebacks was

determinedbasedonmalecolorationandgravid
conditionoffemalesAllfishwerethenreleased

Sweepnetsamplingwasusedtocollectmosquito
larvae

Differences in densities and sizes of

sticklebacksintwofloodingtreatmentswere
analyzed using ttests or Chisquare tests

Densitiesofsticklebacksandmosquitolarvaewere
comparedusingSpearmansrankcorrelationtest

Resultsanddiscussion

Intermsoftheseasonaltotaloffishcollected

ineachpondtwoofthepondsfloodedearlyin
September had much higher densities of

sticklebacksthantheremainingfourponds
Howeverthe thirdpond floodedin early
SeptemberhadverylowfishdensityTable1
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Figure1TotalnumberofthreespinedsticklebacksGasterosteus
aculeatustrappedineachoffivesizeclassesfromsixpondsinSu
isunMarsh

Significantdifferencesdidexistinthesize
classdistributionofallfishcollectedwhenponds
floodedinearlySeptemberwerecomparedto
thosefloodedinlateOctoberFig1Chisquare
p 005PondsfloodedinearlySeptemberhada
significantlyhigherpercentofthesmallerfish20
mmthanpondsfloodedinlateOctoberarcsine
transformeddatattestp 005 Fishsmaller

than20mmwouldmostlikelyhaveresultedfrom
reproductionoccurringwithinthepondsbecause
allreproductivelymaturefishcollectedexceeded30
mm Reproductivelymaturemalesandfemales
werefoundintrapcollectionsinbothtreatmentsby
theendofNovemberbutfrywerenotcapturedin
thetrapsinthelateOctoberfloodedpondsthey
werehoweverobservedalongtheedgesofthese
pondsinMarch

Table1Totalnumberofthreespinedsticklebacks
Gasterosteusaculeatus and mosquito larvae

CulisetainornatacollectedinsixpondsinSuisun
Marshoveran18weekperiodOctoberMarch

Noof

sticklebacks

350

earlySeptember 231

18

53

lateOctober 26

35

099 10199 20299 30399 40499

Noof

mosquitoes

6

0

353

16

248

29
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DFLOODEDINEARLYSEPT
MIFLOODEDINLATEOCT

Densitiesofsticklebacksanddensitiesofthe

mostcommonlyoccurringmosquitolarvaeinthe
ponds Culiseta inomata Williston were

negativelycorrelatedTable1Spearmansrank
correlationRs 094p 005Whetherthiswas
causedbydirectinteractionbetweenthetwo
populationsorbyotherfactorsisunknownThis
studythoughdoesindicatethattimingofflooding
may influence population characteristics of

sticklebacksHowthesecharacteristicsrelateto

theroleofsticklebacksincontrolofmosquitoesin
seasonalmarshlandsmeritsfurtherstudy
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PHEONOLOGICALSURVEYOFABUNDANCEANDDIVERSITYOFAQUATICFAUNA

INSACRAMENTOCOUNTYVERNALPOOLS

StanAWright

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenue

SacramentoCalifornia95815

In1988and1989watersampleswerecollectedonaweeklybasisfromagroupofnine
vernalpoolsinSacramentoCountytodeterminethepopulationabundanceandspecies
distributionofmicroscopiczooplanktonandmacroscopicinvertebratesinhabitingbenthosand
nektonmicrohabitatsEachmicrohabitattypecontainedaspecificgroupofspecieswithsome
speciesdistributedthroughoutallmicrohabitatswithinthepoolAbundanceofmostspecies
increasedafterrainfalladdednewwaterintothepoolsMostpoolswithinthesamplearea
containedthesamefaunaltypesAsthepoolsevaporatedtemperaturegraduallyincreased
whilepHanddissolvedoxygenDOdecreased Inthefinalstagespriortocomplete
evaporationmanycharacteristicfaunaltypesdisappearedandothercharacteristictypes
appearednotablyCulicidaeandotherlowDOtolerantdipteransProtozoaandRotifera
abundanceremainedconstantthroughoutthesampleperiod Recognizablealgalblooms
occurredatleasttwiceandappearedtoaffecttheDOconcentrationinthepools

Introduction

Inrecentyearsithasbecomeincreasingly
importanttobeawareofendangeredanimaland
plantspeciesandtheirthreatenedcommunities
whencarryingoutvectorcontrolactivitiesFederal
andstatelawspresentlyexisttogovernandprotect
suchspeciesandcommunities Theselawscan

oftentakeprecedencewhenitcomestotheneeds
ofcity and county government or private
developmentprojects

Ephemeralorvernalpoolsareprobablythe
closesttoextinctionofallrecognizedendangered
communitiesAssuchtheyfallunderthewatchful
eyeofseveralagencies Specificallytheyare
classifiedanendangeredcommunitybythefederal
governmentandarethereforeprotectedbythe
EndangeredSpeciesActof1973ESAandthe
FederalWaterPollutionControlAct and

Amendmentsof1972specificallytheCleanWater
ActCWAInCaliforniaendangeredspeciesand
endangeredcommunitiesfallundertheprotective
jurisdictionoftheResourcesAgencyDepartment
ofFishandGameHoweververnalpoolsarealso
consideredapotentialmosquitobreedingsource
andthereforecanbeapossiblepublichealthhazard
andthuswouldbecometheresponsibilityofthe
HealthandSafetyCodeMosquitoAbatementAct
andamendmentsof1915Manyofthemosquito
andvectorcontrolmandatescanbeindirect

ABSTRACT
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conflictwithnaturalwetlandhabitatpreservation
lawsandthuscreateuncertaintiesforallagencies
concerned Becauseofthepotentialproblems
createdbyambiguitiesinlawsconcerningpublic
agenciesithasbecomeimportanttoknowwhat
animalsarepresentwhentheyoccurandhow
manythereareinthevernalpoolhabitat In

relationtothisinformation itisespecially
importanttoknowwhatmosquitospeciesoccurand
whentheyutilizethepools

Vernal pools are almost exclusively a

Californiaphenomenaalthoughtheyoccurinsome
limitedareasofAfricaTheyexistextensivelywith
thepropergeologicalconditionsontheeastern
borderofthenorthernSacramentoandcentralSan

JoaquinValleysandtoalesserextentinsouthern
CaliforniaInSacramentoCountythepoolsoccur
ontheeasternterracesoilsabovedensehardpan
claysTheseclaysaresothickanddensethatwater
fromwinterrainscannotpercolatethroughintothe
lowersoilcolumnandthereforeformsashallow
watertablenearthesurfaceThesurfaceiscovered

withnumeroussmallhillsmimiamoundsand
depressionswhosemethodofformationisofsome
debateMostinvestigatorssuggesttheirformation
isaresultofthehardpangeologyeitherclay
fracturepatternswithgroundwaterpressureandor
expansionandcontractionoflatticeclayminerals
resulting in the characteristic mounds and



depressionsHollandandJain1977Thedeeper
depressionsdipintotheshallowwatertableforming
thevernalpoolsThepoolsarefilledfromrain
wateronlytherearenoinletsoroutlets The

waterlevelisregulatedbythewatertableandis
loweredasthepoolsevaporateThelandscapeis
typicallyarollingfoothillgrasslandorsparse
woodlandofoakgenerallybelow3000feetin
elevation

Vernalpoolsgenerallyfillduringthefirstrains
ofNovemberandDecemberandarecompletelydry
byMayorJuneDuringthistimewaterchemistry
temperatureandphysicalmorphometrywillchange
quitedrasticallyDuetotheassociateddynamic
changeswhichoccurinthemicrohabitatsofthe
poolsandthesubsequentfaunalandfloral
adaptionandfromtheislandlikeisolationof
individualpoolsfromotherwatersourcesmany
faunalandfloralinhabitantshaveevolvedintonew
andendemicformsspecificallyadaptedtovernal
poolsingeneralandoftenspecifictoaarchipelago
inparticular

Therehasbeenagreatdealofworkdoneon
vernalpoolflorawheregreaterendemicityexists
butlittleornoworkonthefaunaoronthe
frequencyandtypesofmosquitospeciesutilizing
thepoolsasbreedingsitesThissurveyattemptsto
listallthefaunaltypeslocatedinaclusteror
archipelagoofadjacentpoolsastheypassthrough
thephysicaldifferencesassociatedwiththeir
seasonalevolution Speciesdistributionwithin
variousmicrohabitatsandindividualabundance

werealsonotedSpecialemphasiswasplacedon
theuseofvernalpoolsbyspecificmosquitospecies
andtheassociatedphysicalconditionsinwhichthey
occur

MaterialsandMethods

Inthespringsof1988and1989tenweekly
samplesweretakentocensusanarchipelagoof
smallvernalpoolsintheeasternportionof
SacramentoCounty Thesurveyedpoolsareall
locatedwithintheBuffaloCreekQuadrangleT8N
R7ES11Thearchipelagoconsistsofninepools
whichoccurwithinanapproximateareaofonehalf
acre

Duetotheconstantlychangingconditionsof
faunalmicrohabitatswhichaltersamplingefficiency
severalsamplingmethodswereemployedeachwith
manyreplicatesBecausefaunalactivityvariedwith
timeofdayallsamplesweretakenatroughlythe
sametimebetween800and900amAsthe
waterleveldecreasedandasplantandalgal
densitiesincreasedcollectionefficiencywasaltered
andsomesamplingmethodscouldnotbeusedIn
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thefmalweeksonlysmallpipetsamplescouldbe
taken and no abundance rating could be

determinedaspoolswerereducedtopuddles
Watercolumnsamplesweretakenwitha12

cmgapenylonplanktonnetwhichwaspulledacross
thepoolalongitslongestaxisFivedipspersite
weretakenwithastandard250mldipperSmaller
samplesweretakenrandomlythroughoutthepool
witha100mlcolumntubeanda10mlHensen
Stemplepipet Soilsamplesweretakenwitha
modified100pipetwhichwaspushedapproximately
10mlintothesubstrate

Nektonsamplesweretakenwithafloating
surface sampler Abundance values were

determinedusinga50mlcountingwheela10ml
SedgewickRaftercountingchamberanda01ml
Palmercountingcell Chemicalpropertieswere
measuredwithLaMotteChemicalFreshwaterTest
KitsDissolvedoxygenDOandtemperaturewere
measuredwithaYSIModel57oxygenmeterand
temperatureprobeandpHwasmeasuredusinga
StandardDigitsensepHmeterWaterdepthwas
measuredatthesamelocationeachweekat

approximatelythedeepestpointinthepool
Watersedgeandothersamplinglocationswere
measuredfromastationarydatumpointWater
turbiditywasestimatedusingawhiteenameldipper

Identification of invertebrates was

accomplishedusinginformationandkeysfromthe
followingreferencesMerrittandCummins1984
Pennak1978Usinger1956andWardandWhipple
1959Informationontheecologyofvernalpools
wasfoundinthefollowingpapers Hollandand

Griggs1976Purer1939andStebbins1976

ResultsandDiscussion

PoolMorphometryNineoblongpoolsformed
thearchipelagoallwithalongerNorthSouthaxis
andanarrowEastWestaxisThegreatestlength
ofeachpoolwasmeasuredandfoundtobe269
232161122104948584and73meters
Depthandtemperaturemeasurementsweremade
onaweeklyscheduleatthepoolcentermarker
whichwasatroughlythedeepestlocationDepth
wasmeasuredbysubtractingtheamountofchange
fromamarkonapermanentlysetsurveystake
Watertemperaturewastakenatthesurfaceand
withinthesubstrate

OnJanuary61989thelargestpoolhada
NorthSouthdistanceof269metersanda
EastWestdistanceof164metersandcoveredan
areaslightlygreaterthan005acreThedepthof
thepoolatthecenterdatapointwas29cmFor
thefirsttwoweeksthedepthofthepoolremained
constantAsambientairtemperaturesincreased



thepoolbeganshowingsignsofevaporationBy
February1thedepthhaddroppedto25cmand
begandroppingtwoandfivecentimetersperweek
thereafterDuring1989tworainstormsonein
FebruaryandoneinMarchrestoredthepoolwater
depthtonearlytheoriginalleveladdingover11cm
totalAfterthelaststormthewaterlevelremained
constantforanotherthreeweeksuntilwarm

weatherbeganinAprilWithinthenextfiveweeks
thewaterdepthdroppedfrom216cmtolessthan
10cminMay

Temperaturerangedfrom11CinJanuaryto
16CjustpriortodryinginMaybutfluctuated
significantlythroughoutthesampleperiod The

poolshapewasroughlyovalwithaslight
invaginationonthenortheastsideAtthebeginning
oftheseasonthepoolheldanestimated132300
litersWatervisibilityremainedclearexceptafter
rainstormsandduringthelasttwoweeksbefore
dryingTheeightothersmallerpoolsalllocated
withinafewmetersofthelargepoolwerealso
monitoredtonoteanydifferencesintemperature
waterqualityandspeciesabundanceanddiversity

ChemicalConditions Severalconditionstotal
hardnessalkalinityphosphorousconcentration
ammonianitrogennitrateandnitritelevelswere
monitoredinitiallyandthenonlytakenattheclose
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ofthesampleperiodtonoteoverallchange
DissolvedoxygenandpHweretakeneachweek
Watersamplesweredrawnandtestedfromthe
samelocationandatthemiddleofthewater
columneachweek

Amongthoseconditionssampledforoverall
changeonlytheammonianitrogenconcentration
changedsignificantlyInitialmeasurementswere
lessthan02ppmandincreasedtoover04ppm
Thislargechangeislikelyduetothepresenceof
cattleintheareaduringthelastweeksbeforethe
poolhadevaporatedThedissolvedoxygenlevel
wasfoundtodecreaseeachweekwiththeexception
ofdirectlyfollowingthetwoaforementionedrain
stormsatwhichtimeitwouldincreaseThepH
decreasedeachweekthroughoutthesampleperiod
despiteotherconditions InJanuaryreadings
rangedbetween97and95Duringthelastmonth
ofsamplingthepHhaddroppedto71Fig1

BiologicalConditions Theplanktonnetsample
wasallowedtosettleandconcentrateinaoneliter
flask Usinga10mlpipet1mlaliquotswere
pipettedintoaSedgewickRaftercountingchamber
Asinglestripfromtoptobottomofthechamber
wascountedandidentified Thealiquotswere
takenfromthemiddleregionoftheconcentrate
Organismswerefixedin70isopropylalcoholto
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Figure1Changesinthephysicalcharacteristicsofthevernalpoolduringthestudyperiod
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facilitatecounting Differentorganismswere
countedandseparatedusingamodifiedheme
counter

Theplanktonnetsamplecouldnotbeused
effectivelyfordeterminingspeciesdensitybecause
eachaliquotcontainedmanythousandsofeach
speciesWhencountingtheconcentratedsample
nosignificantlyrelativedifferenceinnumbersof
planktonicclassescouldbefoundTheplankton
netsamplesdidprovetobevaluableindetermining
speciesdiversityasothersamplingtechniqueshad
builtinsamplingselectivityiesometechniques
didnotcollectorganismsthatwereinlow
densities

Eachweekasingle1mlHensenStemplepipet
sampleasurfacesamplercollectionandfive
standardenameldippersamplesweretakenfrom
thepoolThesesamplesweretakenatrandom
fromoutermarginsandfromwithinthecentral
regionofthepools Thedippersamplesand
surfacesamplercollectionsweresplitinto1ml
aliquotsandpipettedintoaSedgewickRafter
countingchamberFromthesesamplesorganisms
couldbeeasilycountedandthereforeabundance
couldbedetermined

Anartificialdemarcatingsystemwasusedto
makefourabundanceratingsIndippingpipetor
surfacesamplescontainingnoindividualsofa
specificorganismaratingofABSENTwasgiven
forthatorganismIfthesamplecontainedfrom
onetotenofaspecificorganismitwasratedas
LOWdensityinsamplescontaining11to100ofa
specificorganismtheratingwasaMODERATE
densityandsamplescontainingmorethan100
organismswereratedasHIGHdensityOrganisms
fordensitydeterminationwereonlyidentifiedto
theirmajorclassorsubclass

Inanypopulationsamplingsystemitmustbe
notedthatsamplingbiasorselectivityandor
resolutionofthecollectingdevicemayproducean
artificialdeclineorincreaseinabundancecurves

Inthisreportitishopedthatsomeoftheseartifacts
wereeliminatedthroughthepracticeofusing
severalsamplingdevices

TaxonAbundanceDiversityandSuccessionThe
vernalpoolswerefoundtocontainagreatarrayof
organismsmatchingarepresentativeineach
aquaticclassbutthediversitywithineachclasswas
foundtobelowerthanthatwhichoccursinthe

morepermanentwetlandhabitatsTable1Many
specieswerethesameasthosefoundintheother
pondandlakehabitatsbuttheirrelativenumbers
weregreaterinthevernalpools Somespecies
foundinabundancewerethosegenerallyconsidered
rareinmostaquatichabitatsOtherswhichare
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abundantinpondandlakeswerealsovery
abundantinthevernalpools

Themostabundantmicrocrustaceanswerethe

smallcladoceraandcopepodspecieslivingonthe
watersurfaceandwithinthewatercolumnTheir

numbersweremanyhundredtimesgreaterthan
anyoftheotherplanktonicorbenthicmicrozoans
Protozoansandrotiferswerequiteobviouslythe
mostabundantanimalspresenteasilyhaving
numbersthatfarexceededallotheranimalsinthe

samples Theirnumberswerefrequentlyinthe
thousandswitheventhesmallestofsamples
Protozoansalsoshowedthegreatestdiversity
havingmanytimestheamountofdifferentspecies

Amongthealgaeseveralgroupsexistedin
extremelylargenumbersThemostabundantwere
theunicellularalgaesuchaseuglenophytes
cryptophyteschryophytesespeciallydiatoms

Table1Alistofaquatictaxacollectedfromnine
vernalpoolsinSacramentoCounty

PROTOZOA

CILIATA

Pcritricha
Vorticellidae

numerousothers

MASTIGOPHORA

Phytomonadina
Volvocidae

numerousothers

SARCODINA

Amocbina

Amoebidac

ROTATORIA

MONOGONONTA

Ploima
Trichoceridac
Brachionidae

Notommatinac

Dicranophorinae

GASTROTRICHA

Chaetonotoidea

Chactonotidae

Chaetonotusspp

PLATYHELMINTHES

TURBELLARIA

Ncorhabdocoela

Rhynchomcsostominae
Rltynchomesostomas

Dalycillipae
Gieysztoriasp

Mesostomidac

Mcsostontaspp

NEMATODA

APHASMIDIA

Enophda
Dorylaimidac

ANNELIDA

OLIGOCHAETA

Opisthopora
Haplotaxidac

Hapiotaxissp

MOLLUSCA
GASTROPODA

Pulmonata

Physidac
Aplerahyponan

Lymnacidac
Lynutaeasp

p

TARDIGRADA
EUTARDIGRADA

Macrobiotoidea
Macrobiotidae

Macrobiotusspp

ARTHROPODA

CRUSTACEA

Cladocera

Macrothricidac
Streblocerasserricaudants

Sididac

SidacystaIina
Daphnidae

Daphniapuler
Daphniasimilis

Eucopepoda
Diaptomidae

Diaptontusfranciscanus
Cyclopidae

Acasuhocyclopsvernalis
Harpacticidae

Chappuisiussp
Ostracoda

Cyprinac
llyodromuspectinatus

Limnocytherinae
Linnocyrwesp

Conchostraca

Lynceidae
Lynceussp

Notostraca

Lepiduridae
Lepiduruspackardi

ARACHNIDA

Hydracarina
Eylaidae

Eylaissp
1NSECTA

Collembola

Smynthuridac
Diptera

Chironomidac

Prodiamesaspp
Chirononutsattenuants

Chirouomusspp
Culicidae

Culisetainornata

Cutertarsalis

Colcoptcra
Dytiscidac

Agabussp
Hydvopontssp



chlorophytesespeciallydesmidsandfmallythe
dinoflagellates

Filamentousbluegreenandyellowgreenalgae
werealsoveryabundantespeciallyduringthefinal
weeksbeforecompleteevaporationofthepool
DuringthefirstmonthsinJanuaryandFebruary
differentdiatombloomsoccurredeachweekLater
inthespringthechlorophyteshadtheirblooms
Duringandaftereachalgalbloomacorresponding
microcrustaceanbloomoccurred

AtthetimeoftheinitialsurveyonJanuary6
therehadbeensufficientrainsforthepoolstohave
stablewaterlevels Thepoolshadbeen
intermittentlypresentandabsentfromtheearly
winterrainsinNovemberandDecemberDuring
thistimegroundsoilshadnotyetbeensaturated
enoughtocreateasufficientwatertabletofillthe
poolsColdweatherhadfrozenwhatwaterexisted
andoccasionalsunnydaysevaporatedthepools
untiltheywerenearlydryCertainorganismswere
presentfromtheverybeginningevenintheseearly
daysofinstability Turbellarianswereobserved

duringthefirstweekinJanuaryalongwith
nematodesandrotatoriansProtozoanswerevery
abundantandremainedsothroughoutthelifeof
thepoolThefirstinsectsalsoappearedduringthis
weekTwospeciesofdytiscidbeetlesAgabussp
andHydroporusspwereobservedenteringand
exitingthepools Larvaeofthechironomid
Prodiamesasppwerealsoseeninabundance

Thefirstbloomsappearstohaveoccurred
sometimeinearlyJanuaryFig2 Samples
collectedcontainedbothcladoceraandcopepod
numbersexceeding100individualsper1mlaliquot
Themostabundantspeciesidentifiedinthesefirst
sampleswerethecopepodsDiaptomusfranciscanus
AcanthocyclopsvemalisandthecladoceraDaphnia
pulerTheostracodIlyodromuspectinatusandthe
conchostracanLynceusspwerealsoathigh
densities Duringthesameweekseveralalgal
groupsthediatomsespeciallyAcanthesspand
NaviculaspandthedesmidsespeciallyClosterium
spandCosmariumspwerecollectedatthehigh
densityrate

Bythesecondcollectionweekaftertheheavy
Decemberrainslifeinthepoolsseemstohave
explodedwithabundanceanddiversityStandingat
theshoreofthelargestpoolthesurfaceglistened
redwiththeswarmingbodiesofthecopepodD
franciscanusOthercopepodsoflessspectacular
colorChappuisiusspexistedinnearlyequal
numbersThebodiesofthousandsofostracodsI
pectinatusandtheconchostracanLynceussp
appearedtobouncesuspendedinthewater
columnNewspeciesofcladoceraappearedforthe
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firsttimeinthissampleArarelyseenmacrothricid
cladoceraspeciesStreblocerasserricaudatuswas
collectedalongwithasididspeciesSidacrystallina
whiletheearlierinhabiterDaphniapulexwasstill
presentinlargenumbersSuddenlythepreviously
barrenbottomwasclusteredwiththefirstnewly
emergingplantsprouts

FilamentouschlorophytesZygnemopsissp
wasalsofirstnoticedduringthisweekalongwith
numerousassociatedmicrozoansThenumerous

varietiesofrotiferswerecollectedfromaroundthe

submergedvegetationandalgaeProtozoansand
singlecelledalgaewereextremelyabundantas
werefilamentsofthebluegreenalgaeAnabaenasp
ThephysidgastropodAplexahyporumappearedas
soonassubmergedvegetationdidFig3Two
distinctivegeneraofturbellariaexistedalight
browntypeRhynchomesostomaspfoundonthe
surfaceandagreentypeGieysztoriaspfound
associatedwithsubmergedvegetation

Samplestakenthethirdandfourthweek
showed a distinct decline in numbers of

microcrustaceansProbablysamplingresolutionand
selectivityeliminatedmuchofthediversityfoundin
the previous bloom samples However
concentrationsofprotozoansmicrozoansand
turbellariansremainedconstant Asubstrate

sampleyieldedaonetimecollectionofan
oligochaeteHaplotazisspandunidentified
speciesofnematodeandanothersmallergastropod
LymnaeaspConcentrationsofalgaecontinued
toincreaseandvegetationbegantoemergethrough
thesurfaceofthewaterOnFebruary18andagain
onApril6individualredwatermitesofthegenus
Eylaiswerecollected

ArainstormthatoccurredonFebruary25
addedjustover20cmofwatertothepoolsThis
influxoffreshwaterincreasedtheconcentrationof

dissolvedoxygenandincreasedthepHofthepool
Collectionsmadeduringthenextweekshoweda
correspondingincreaseinmicrocrustaceannumbers
representingthesecondrecordedpopulationbloom
Inmostcasespopulationsdidnotreachnumbers
recordedinthefirstbloomanditsdurationwas
veryshortConditionsreversedbythesecondweek
afterthestormandmicrocrustaceanpopulations
declinedtoanabundancelevelsimilartothatwhich

existedpriortothestorm
AlargerrainstormoccurredonMarch8

addingalmost10cmofwatertothevernalpools
Aswiththeotherstormamicrocrustaceanbloom
followed but only cladocera and copepod
populationsincreased Othermicrocrustaceans
suchasostracodsandconchostracanscontinuedto
declineafterthestorm Othergroupseither
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Figure2Microcrustaceanpopulationchangesinthevernalpoolsduringthestudyperiod
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Figure3Selectedinvertebratepopulationchangesinthevernalpoolsduringthestudyperiod



declinedordidnotshowsignificantchangeor
responsetothestorm

OnMarch13and23extensiveactivityofthe
notostracanLepiduruspackardiwasnotedYoung
individualshadbeencollectedearlierFebruary8
and25andoccasionallymoltedexuviaewereseen
floatingbutnosignificantnumbershadotherwise
beenobservedorcollectedThetadpoleshrimps
activityofuprootingyoungplantshadmadethe
otherwiseclearwaterverymurkyIndividualswere
easilyseenaroundthemarginsofthepools
Uprootedplantscoveredthesurfaceofthepools
andmanyexuviaecollectedinwinddrivenpilesat
thesouthernmarginofthepoolsIndividualswere
easytocollectwithstandardrandomdippingand
manycouldbecollectedifspecificeffortweremade
todosoAfterthistwoweekperiodfewwere
observedandnonewerecollectedItappearedthat
theseanimalsaswithothervernalpoolcrustaceans
arecloselysynchronizedtodevelopandmature
together Theseweeksofactivitymusthave
representedthematingandovipositionperiod
thoughmatingwasnotobserved

InAprilclimaticconditionsshiftedtowarmer
temperaturesandgreaterdirectsunlight Pool

temperatureschangedfromanaverageof1112C
toanaverageof1516CEvaporationoccurredat
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anacceleratedrateandmostfaunalpopulations
begantodeclineTheexceptionweretheinsects
Duringthefmalweeksofthepoolsexistence
populationsofpredaceousandscavengerbeetles
increasedFig4Springtailsblanketedthesurface
ofthewaterduringthelastfiveweeksand
mosquitoesappearedonApril13

ThefirstmosquitoescollectedwereCuliseta
inomataWillistonTheyhadnotbeenseeninany
ofthesurveyedpoolsthroughoutthewintermonths
FromApril17throughMay2Culextarsalis
Coquillettwerecollectedinconcentrationsbetween
1and10larvaeperdipAlsoduringthelastfour
weekstheredbloodwormChironomusattenuatus
wereobservedandcollectedbutwerenotobserved
priortotheApril13collections

Thefinaltwoweeksbeforedryingonlysmall
pocketsofwaterremainedWithinthesepockets
existedthousandsofcopepodsandotherdying
microcrustaceansTheothersmallerpoolswere
completelydrybyApril17andthelargestpoolwas
drysoonafterMay2Afewdaysafterthepools
haddriedsmallreddishcirclesofdriedzooplankton
couldbeseeninthedeepestdepressions

Conclusions

Noneofthecollectedandidentifiedanimal

Coleoptera

Turbellaria

Jan Feb Mar Apr May

Figure4Insectandflatwormpopulationchangesinthevernalpoolsduringthestudyperiod

mml



specieswereconsideredendemictovernalpools
thoughseveralrarelyencounteredmicrocrustaceans
werecollectedSurprisinglynoanostracanswere
collectedinthesurveypoolsyettheyareknownto
becommoninvernalpoolselsewhereinthecounty
Unfortunatelycattlewereallowedtograzeinthe
areaofthepoolsduringthelastweeksofthe1989
surveywhichmayhaveprematurelydestroyedsome
delicatespeciesbyloweringthewaterquality

Fromtheobservationsmadeatthisspecific
clusterofrelativelyundamagedvernalpools
mosquitoesandlowdissolvedoxygenfavoring
midgeswerefoundonlyduringthefinalweeks
before drying Pool conditions had been

deterioratingduringthelastseveralweeksand
normalpopulationsweredecliningGravidfemale
crustaceanswererarelycollectedduringthistime
andthereforeitcouldbeassumedthategg
depositionhadoccurredandcystshadbeenformed
Watertemperatureswereontheaveragehigherand
dissolvedoxygenlevelswerepresumablylower
Nutrientconcentrationswereattheirgreatestfrom
thedecompositionofthousandsofplanktonic
microcrustaceansAtthispointsometimebetween
earlyAprilandearlyMaythesepoolsbecamean
attractiveovipositionsiteforCulexmosquitoesand
Chironomusmidges

Theseobservationssuggestthatduringaselect
fewweeksinthelifeofthesevernalpoolsthere
existedawindowofopportunityduringwhich
mosquitocontrolcouldbeperformedwithout
seriouseffectsonmostofthevernalpool
inhabitantsItofcoursecannotbeassumedthat
allvernalpoolswouldbehaveinasimilarmanner
Howeveritseemsplausiblethatatleastamong
thisclusterofpoolshealthyundamagedpools
generallyhavesuchatightlyknitfoodwebthat
organicnutrientsaremostlytiedupinliving
organismsSuchanenvironmentprobablywould
notbeperceivedbygravidfemalemosquitoesasan
optimumovipositionsite Asthepoolstrophic
systembeginstocollapseduringthenaturalaging
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processofthepoolsorganicnutrientconcentrations
weregraduallyfreedmakingthepoolsmore
attractivetogravidfemales
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PRELIMINARYTESTINGOFTHEBLACKTAILEDJACKRABBITASA

POSSIBLESENTINELFORWESTERNEQUINEENCEPHALOMYELITIS

ANDLYMEBORRELIOSIS

ScottEMonsenWilliamEHazeltineStevenDThomasandNRussellScott

ButteCountyMosquitoAbatementDistrict
5117LarkinRoad

OrovilleCalifornia95965

Introduction

TheBlacktailedJackrabbitLepuscalifornicus
canbefoundthroughouttheSacramentoValleyof
Californiainlocallyabundantnumbers Under

idealconditionspopulationscanexplodetoplague
numbersPalmer1954Suchabundantnumbers
maketheseanimalsanidealhostforawidevariety
ofhematophagousarthropodsAsaresultmanyof
theetiologicagentsofavarietyofarthropodborne
diseasescanbefoundintheseharesHardyetal
1977KiorpesandYuill1975LaneandRegnery
1989 IntheSacramentoValleyanendemic
transmission cycle of western equine
encephalomyelitisWEEcanoccuramongthe
haresandthepasturemosquitoAedesmelanimon
DyarHardyetal1977 Inanotherstudy
conductedinButteCountyseracollectedfrom
haresduringeruptionsofStLouisencephalitis
SLEactivityindicatedthat30haresof207
sampledhadpositiveantibodytitersforthatvirus
Beckperscomm InvestigationsinAlberta
CanadahaveshownthatepizooticsofWEEcanbe
detectedintheSnowshoeHareLepusamericanus
twotothreeweekspriortoepidemicsofWEEin
humansandepizooticsofWEEinhorsesKiorpes

ABSTRACT

BlacktailedJackrabbitsweresampledfromtwoareasoftheSacramentoValleyas
candidatesforsentinelsofhumandiseasesSerumwastestedbyenzymelinkedimmunosorbent
assayforwesternequineencephalomyelitisandStLouisencephalitisantibodiesThesamples
werealsoassayedbyindirectimmunofluorescentantibodyforBorreliatitersInButteCounty
12ofthejackrabbitssampledwerepositiveforWEEin1988and15werepositivein1989
InSacramentoCounty21ofthejackrabbitssampledduring1988indicatedapositive
antibodytiterforBorreliaRenalcorticaltissuesfromsomeoftheanimalswerealsoexamined
usingdirectfluorescentantibodytechniqueforBorreliaspirochetalisolationSpirocheteswere
observedinonesampleAdultmosquitopopulationsweresampledinbothareasthroughout
the19841989seasonsbystandardlighttrappingtechniques

andYuill1975Ithasalsobeensuggestedthat
Lagomorphsmayserveasusefulsentinelsfor
surveillanceofBorreliosisLaneandRegnery1989

MaterialsandMethods

Duringthesummermonthsof1988and1989
BlacktailedJackrabbitswere collectedfrom

locationsinButteandSacramentoCountiesThe

locationsinButteCountywerewidespreadwhile
theSacramentoCountycollectionsweremade
exclusively at McClellan Air Force Base
Sacramento California Blood samples of

approximately3mlweretakenfromeachanimal
andthekidneyswereremovedfrommanyofthe
animalstakenin1989 Serumwasobtainedby
centrifugationofwholebloodsamplesinseparation
gelvacutainersVanWaters RogersKidneys
wereplacedondryiceimmediatelyafterremoval
andstoredat70Cpriortoexamination

SerasamplesweretestedforWEEandSLE
antibodies by an indirect enzymelinked
immunosorbentassayELISA techniquefor
detectingimmunoglobulinMIgMTheseassays
weredevelopedfordetectionofantibodiesin
chickenandhumanserabyDrTFTsaiandRA

SacramentoAirLogisticsCenterMcClellanAirForceBaseSacramentoCalifornia956525990
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BolinDivisionofVectorBorneViralDiseases
CenterforInfectiousDiseasesCentersforDisease
ControlFortCollinsColorado Horseradish

peroxidaseconjugatedgoatantirabbitIgGBethyl
Laboratorieswassubstitutedduringtheassayfor
theconjugatedIgGnormallyusedintheTsaiand
BolinmethodSimilarlygoatantirabbitIgMu
chainspecificBethylLaboratorieswassubstituted
intheIgMassayFlatbottomELISAplateswere
readbyamicroplatereadingspectrophotometer
usinga450nmfilterAsamplewasconsidered
positivewhentheopticaldensitywasatleasttwice
thatoftheopticaldensityofthecontrolwell

IndeterminingantibodytitersforBorreliasera
samples were tested by an indirect
immunofluorescent antibody assay IFA
Proceduresforthisassayhavebeenpreviously
describedDattwyleretal1988bTheprocedure
wasmodifiedonlybysubstitutingfluorescein
conjugatedgoatantirabbitIgGheavyandlight
chainsBethylLaboratories Fluoroscopywas
conductedonaZeissfluoroscopeAsamplewas
consideredpositiveifgreaterthan40ofthe
spirochetesinthefieldshowed4fluorescenceA
positivecontrolserumwasproducedinadomestic
rabbitwhichhadbeenimmunizedwithheatkilled
Borrelia burgdorferi Johnson Schnid Hyde
SteigerwaltandBrennerATCC35210asreported
bySteereetal1983 Inordertoavoidcross

reactivityproblemsserumfromthetestrabbitwas
assayedfordomesticrabbittriponemalinfectionsby
theVenerealDiseaseResearchLaboratoryslidetest
priortoinoculations Afterasixweekperiod
serumwascollectedfromtherabbitandtestedfor
fluorescence usingtheprocedurespreviously
described Titerwasfoundtobe A

negativecontrolconsistingofpreimmunization
serumfromthesamedomesticrabbitwasalso
includedoneachslidetested

Renal tissues were tested from those

jackrabbitscollectedin1989whichweredetermined
tohavepositivetiterforBorreliaSmallsamplesof
corticaltissueswerethinsmearedonfluoroslides

VanWaters RogersAfterairdryingsmears
werefixedwithapproximately20piofacetone
Fixedslideswerethenincubatedinahumidity
chamberforonehourwithmonoclonalantibody
H9724kindlyprovidedbyDrABarbourSlides
werethentreatedthesamewayasdescribedabove
fortheIFAdeterminationexceptthatgoatanti
mousefluoresceinconjugatedIgGheavyandlight
chainsBethylLaboratoriesweresubstitutedfor
thegoatantirabbitconjugate

Adultmosquitopopulationsweremonitored
weeklybysamplingwithastandardNewJersey
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LightTrap PopulationsfromtheSacramento
CountysiteweremonitoredbytheSacramento
CountyYoloCountyMosquitoAbatementDistricts
entomologystaff Inallsixlighttrapswere
monitoredfromareasimmediatelysurroundingthe
areatargetedforstudyInButteCountythreelight
trapslocatednearthemajorityofthejackrabbit
collectionsitesprovidedthedata

Results

Duringthe1988season17jackrabbitswere
collectedfromsitesinButteCountyTwo12
exhibitedapositiveIgGtiterforWEEReciprocal
IgGtitersforbothrabbitsweredeterminedtobe
4096Table1Therewerenojackrabbitswhich
showedpositiveWEEIgMtiterof1200norwere
thereanySLEpositivesorBorreliapositivetiters
Table2

Atotalof109jackrabbitswascollectedin
1989 Twentyjackrabbitswerecollectedfrom
ranchesinButteCountyinareasnearthe
SacramentoRiverThree15 werepositivefor
WEEIgGantibodiesReciprocalIgGtitersranged
from256to4096Table1 Asinthe1988

samplestherewerenoWEEIgMtitersgreater
than1200SLEpositivesorBorreliapositivetiters
TherewerenoWEEorSLEpositivesfromthe
McClellanAFBcollections

During198989jackrabbitswerecollected
fromMcClellanAFBontwoseparateoccasions
Ofthe891921 hadapositivetiterforBorrelia
Table3 Reciprocaltitersrangedfrom64to
1024Kidneytissuesweretestedfrom13ofthe
rabbitswhichexhibitedapositivetiterSpirochetes
wereobservedinonesample

Adultmosquitolight trapresultswere
tabulatedweeklyandtotaledtoobtaintheaverage
numberoffemalespertrapnightfortheyears
19841989Table4 Over1041femaleCulex

Table1WEEIgGantibodytiters

Rabbit 12561512 110241204814096

R288

R1488

R2489

R3489

R3689



Table5SummaryofjackrabbitWEEpositivesbyELISA

Date Rabbit

72688 R288

90888 R1488

61489 R2489

71789 R3489

71789 R3689

Site

Honcut

LlanoSeco

MTRanch

MTRanch

MTRanch

forWEEinButteCountyandelsewhereTheIgM
classofviralantibodiesisusuallytheprimary
responsetoexposureandgenerallysuggestsa
currentinfectionCremerandRiggs1979Useof
theELISAfordetectionofIgMantibodiesin
sentineljackrabbitsshouldbeatimelymethodof
detectingrecentvirustransmissionThepresence
ofonlyIgGantibodiesinthesamplesfromButte
Countysuggeststhoseindividualswereexposed
duringapreviousseasonTable5 Duringthe
1984SouthernCaliforniaSLEepidemicsentinel
chickenflocksandmosquitopoolsapparentlydid
not provide evidence of widespread virus

transmissionuntilamonthaftertheonsetofthe

earliesthumancaseWorketal1985suggesting
theneedforbettersurveillancemethodsforthat
virusaswell

Time course information for each

immunoglobulinassayedisimportantindetermining
theexposureandresponsetimeframe The

answerstoquestionsconcerninghowsoonafter
exposuredoIgMandIgGantibodiesappearinthe
bloodstreamandlengthofdurationcanprovide
significantinformationSimilarlydeterminationof
adiscriminatingIgGtiterforBorreliaburgdorferiby
IFAfluoroscopywouldaddevenmoresignificance
toserologicalstudiesofjackrabbits

Boththejackrabbitandthemosquitodatafor
ButteCountyindicatethatthereisacycleofWEE
virustransmissionbetweenjackrabbitsandAe
melanimonasdescribedbyHardyetal1977The
paucityoffemaleAemelanimonandlackof
positivetitersforWEEintheSacramentoCounty
sitealsoseemtosupportthisrelationship Our

dataalsosuggeststhathighearlyseasonnumbersof
AemelanimonandahighpercentageofIgM
positivesentineljackrabbitsmaysignalanactive
transmissioncycleandanincreasedriskof
transmissionWEEtoothersentinelsandpossibly
humansUnfortunatelytheonlyconfirmationof
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Testresults

IgM IgG
Opticaldensity

Sample Control

0563 0091

0209 0039

0238 0030

0446 0048

0355 0017

thishypothesiswouldbearesurgenceofWEEvirus
activityinhumansandsentineljackrabbitswhich
theDistrictiscommittedtopreventifpossible
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PRELIMINARYOBSERVATIONREPORTON

LAWNDRAINSASURBANMOSQUITOPRODUCTIONSOURCES

JamesRStannardIIIElizabethMBurtonandMinooBMadonl

GoletaValleyCarpinteriaMosquitoAbatementDistricts
PODrawer460

GoletaCalifornia93116

Introduction

Commerciallyproducedlawndrainshave
beenidentifiedasasourceformosquitoproduction
inSantaBarbaraCaliforniaManydrainsincorpo
ratesedimenttrapswhichholdwaterandtrapnu
trientswhichfortheirsmallsizesupportlarge
numbersofmosquitolarvaeTheobjectiveofour
studywastoprovidedocumentationneededto
confirmthatlawndrainsbecauseoftheirdesign
producedenoughmosquitoestobeconsidereda
nuisance

Commerciallyproducedlawndrainsareuti
lizedinareastoremovesurfacewaterfromaround

buildingsandlowareasassociatedwithdomestic
andcommercialprojectsTypicaldrainsstudied
includedsmallonepieceinjectionmoldedhiim
pactplasticsixinchUniversalcatchbasinsuti
lizedinpoolareaslawnsandpatiosthelarger
nineinchandtwelveinchsquareplasticcatch
basinsusedwherelargeamountsofsurfacewater
aretoberemovedsuchasgolfcoursesindustrial
parksandmunicipalparksandthetwelveinch
squareconcretedrainsforheavydutyserviceareas

MaterialsandMethods

Sixteendrainsrepresentingfivelocationswere
sampledforaoneyearperiodfromJanuarytoDe
cember1989Alllocationsweresampledoncea
monthwithbimonthlysamplesfromJunetoOcto
berbecauseofincreasedmosquitoactivitydueto
longerdaysandwarmerweatherconditionsDe
tailedrecordswerekeptforeachlocationanddrain
notingexistingconditionsforeachsamplingFor
exampleonedrainceasedtosupportmosquito
productionwhenitbecameaconvenientlocationto
dumprinsewaterusedtocleanpaintbrushes

Mostofthewaterwasextractedfromeach

drainusingasmallcupacommonkitchenbaster
wasusedtoremovetheremainingwater The

samplewaterfromthedrainwasputthrougha
mosquitolarvaeconcentratorSinceourpurpose
wastodocumentadrainsabilitytoproduce
mosquitolarvaethescreenedwaterwasplaced

1CaliforniaDepartmentofHealthServicesEnvironmental
ManagementBranch1449WestTempleStreetRoom222Los
AngelesCalifornia90026
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backintothedrain Otherwisephysicalcontrol
wouldhavebeenimplementedAtnotimedidwe
supplementadrainwithadditionalornewwater
Thecollectedlarvaewerethenplacedintoonepint
containerswithwaterfromthesourceandtrans

portedtothelaboratoryforidentificationand
countingSinceitwascommontofmdlargenum
bersoflarvaeineachdrain500larvaewasusedas
acountingcutoffpointtosavetime

Results

Figure1representsasummaryofthe16
drainsandthedatesthatsamplingwascompleted
OnatypicalsamplingdateAugust28twelve
drainswerefoundtocontainmosquitolarvaewith
eightdrainstwothirdscontainingmorethan500
larvaeandfourdrainsonethirdcontainingless
than500mosquitolarvaeeachMorethanonehalf
675 ofthedrainscontainedmosquitolarvae
formJunethroughNovemberthesummerseason

Figure2representsprecipitationinSanta
Barbaraduringthestudyperiod Thehighest
rainfallwasinFebruary35 whichcreated

enoughrunofftoflushoutthedrainsandpossibly
preventmosquitobreedingduringFebruaryand
MarchRainfallofoneinchorlesshadlittleeffect

onadrainsabilitytocontinueproducingmosquito
larvaeMayOctoberandNovemberObviously
adrainlocatedinanareaofhighimpermeability
wouldreceivesubstantiallymorerunoffwhich
wouldreduceortemporarilyeliminatemosquito
productioninthedrainExampleswouldbepatio
drainsorroofwaterrunoffdrains

Summary
Commercialplasticlawndrainswithsediment

trapsareasourcethatcansupporttremendous
numbersofmosquitolarvaeAcommonlyused
sixinchuniversalcatchbasinFig3withatwo
inchsedimenttrapcancontainupto24ouncesof
waterItwasnotunusualtofind5001000larvae
inasingledrain Duringourstudythehighest
countforasingledrainwas1610larvaeThese
drainscouldbedeclaredapublicnuisanceperthe
definitionofthelawsrelatingtolocalagenciesen
gagedinmosquitoandvectorcontrolSection
2200
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CulexpipiensLthecommonhousemosquito
wasthepredominantlarvalspeciesfoundinthese
drainsthroughoutthestudyperiodCulisetainci
densThompsonwasanincidentalspeciesfound
onlythreetimesduringthestudyCulexpipiens
havebeenimplicatedasvectorsofStLouisen
cephalitisinotherareasofthecountryTheycan
alsotransmittheorganismscausingbirdmalaria
fowlpoxandheartwormindogs

TheUniformPlumbingCodeUPCasde
finedbytheInternationalAssociationofPlumbing
andMechanicalOfficialsandtheUniformBuilding
CodeUBCdonotaddressproductsortheiruse
relatedtolawndrainagesystemsThemanufacture
anduseoflawndrainswithsedimenttrapsis
widespreadAleadingproducerofdrainageprod
uctsindicatedthatthesixinchuniversalcatchbasin

Fig3isoneoftheirmostpopularproductsThey
sellabout7000drainsamonthor84000drainsper
yearintheUnitedStatesthelargestmarketis
CaliforniaAlternativestylesoflawndrainsare
availablebutduetohighercostsarenotwidely
usedbyhomeownersandlandscapecontractors

Conclusions

TheGoletaValleyCarpinteriaMosquito
AbatementDistrictsconsiderlawndrainsorany
drainageproductwhichholdswaterandbreeds
mosquitolarvaetobeapublicnuisanceSincethe
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UniformPlumbingCodedoesnotaddressthis
problemtheDistrictswillpursuealocalordinance
orcodechangewhichwillprohibittheuseofthis
typeofproductAcceptablealternativeproducts
existwhichdonotpromotemosquitoproduction
Fig4

Drainsthatalreadyexistwillbeaddressed
throughapubliceducationprogramwhichwillen
couragepropertyownerstoimplementcorrective
measuresWherepracticaltheDistrictwillfillthe
sedimenttrapofadrainwithsuitablematerial
whichwillpreventwaterretention

TheDistrictsencourageothervectorcontrol
agenciestoinvestigatetheextenttowhichthistype
ofdrainageproductmaybeservingtopromote
mosquitoproblemsintheirrespectiveareas
Shouldotheragenciesconfirmsimilarproblems
andinitiatecorrectivemeasurestheDistricts
wouldencouragetheCaliforniaMosquitoand
VectorControlAssociationandtheCaliforniaDe
partmentofHealthServicesEnvironmentalMan
agementBranchtomonitorsuchactionsandif
warrantedcoordinateauniformandacceptable
approachtothisproblem
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EFFICACYOFAMICROBIALINSECTICIDEANDLARVIVOROUSFISHAGAINST

CULEXTARSALISINDUCKCLUBPONDSINSOUTHERNCALIFORNIA

WilliamEWaltonMirSMullaMichaelJWargoandStephenLDurso

TheefficacyofBacillusthuringiensisvarisraelensisBtiagainstCulextarsaliswasevalu
atedin18haduckhuntingclubpondsintheCoachellaValleyofsouthernCaliforniaDuck
loafingpondswerenearlydevoidofinteriorvegetationandCrtarsalislarvaewereconcen
tratedinthevegetationalongtheperimeterdikesThereforetheinundatedperimetervege
tationand31mofthewatersurfaceinfromeachdikeweretreatedwith anaqueoussuspen

sionofBtiVectobac12ASTheaqueoussuspensionappliedataperpondrateof12Lha
reducedmosquitolarvalpopulations3rd4thinstarsby96100thoseinpondswhichwere
stockedwithGambusiaaffinisatarateof14kghaTheaqueoussuspensionappliedataper
pondrateof012Lharatebasedontheareatreated12LhawasineffectiveagainstCx
tarsalisMosquitofishstockedatthecurrentoperationalrateof14kghadidnotsignificantly
reduceCxtarsalislarvalpopulationsTheappropriatenessofintegratedcontrolandenviron
mentalcontrolstrategiesforCxtarsalislarvalpopulationsinduckclubpondsarediscussed

Introduction

Duckhuntingclubpondslocatedonthe
northernshoreoftheSaltonSeainRiversideand
ImperialCountiesinsouthernCaliforniaareim
portantdevelopmentalsitesofCulextarsalisCo
quillettandposeandasignificantvectorcontrol
problemIntheCoachellaValleyseveralthousand
acresarefloodedannuallyforduckhuntingLarge
numbersofadultCrtarsalis1000individu
alstrapnightarecapturedinCO2baitedCDC
trapsduringthespringandautumnDursoand
Burguin1988andarbovirusactivityisprevalentin
thevicinityofduckhuntingclubsDursoand
Burguin1988Emmonsetal1988

Currentcontrolmethodologiesforlarval
mosquitopopulationsinhabitingduckclubhabitats
consistofstockingpondswithlarvivorousfishand
spottreatingproblemareaswithlarvicidesInun
dationofduckclubpondsintheCoachellaValley
usuallybeginsinlateAugustearlySeptemberand
floodingiscompletedafterapproximatelyfourto
sixweeks Asthepondsfillwithwater
mosquitofish Gambusia affinis Baird and

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521
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Girardareseinedfromothersourcesandstocked
intoduckclubpondsatarateof14kgha
Abatementmeasureswithfishareoftensupple
mentedbytreatingindividualpondswhichcontain
denselarvalmosquitopopulationswithlarvicides
suchasGoldenBear1111LarvicidingOilWitco
ChemicalCoOildaleCA

Mosquitoabatementdistrictsarereplacing
conventionalchemicalcontrolagentswithbiologi
calagentsEldridge1988Becauseitisoftennec
essarytotreatmanyduckclubpondswithlarvi
cidesasuitablebiologicallarvicideisneededA
mosquitospecific larvicide such as Bacillus

thuringiensisvarisraelensisBtiusedinconjunc
tionwithlarvivorousfishandnaturallyoccurring
predatorsmayprovidecosteffectivecontrolof
mosquitolarvaeinduckclubponds

Previousstudiesinmesocosmshaveshown

thatCxtarsalispopulationsdeclinednaturally23
weeksafterinundationMulla1990Waltonetal
1990andascomparedtoeithertreatmentalone
anintegratedcontrolstrategywhichcombined
mosquitospecific bacterial larvicides with



mosquitofishwasmostefficaciousagainstCx
tarsalisWaltonandMulla1990b Duckclub

pondsdifferfromthemesocosmsinsizeextentof
vegetationcoverandseveralphysicalchemical
factorswhichinfluence the effectiveness of

microbialandbiologicalcontrolagentsMulla1990
WaltonandMulla1990aAdditionallyduckclub
pondscanbecategorizedintotwogeneraltypes
pondsthatcontainvegetationthroughoutthe
interiorforagingpondsandpondsthatlack
interiorvegetationloafmgponds

Bacillusthuringiensisvarisraelensisreduced
Cxtarsalisimmaturepopulationsby93100of
pretreatmentlevelsinunreplicatedstudiesofa
FresnoCountyCaliforniawetlandfieldandaKern
CountyCaliforniaduckclubMulliganand
Schaefer1981Howevertheefficacyofbacterial
larvicidesagainstCxtarsalishasnotbeenexamined
intheCoachellaValleyduckclubpondsIn1989
westudiedtheeffectivenessofBtiagainstCr
tarsalisinloafingpondsinaCoachellaValleyduck
clubandcomparedthelevelsofcontrolbyBtito
thatbycurrentmosquitoabatementpracticesusing
mosquitofishalone

MaterialsandMethods

TheeffectivenessofBtiagainstCxtarsalis
larvaewasstudiedinsix18ha44acrespondsat
theAdohrValleyFarmsDuckClubMecca
CaliforniaWaterwassuppliedtotheduckclubvia
asinglewelllocatedonthenorthwestcornerofthe
duckclubPond1Fig1 Thepredominant
directionsofwaterflowthroughtheduckclubwere
totheeastandsouthWiththeexceptionofafew
standsoftamariskTamarixramosissmathe
interiorsofthesixpondsweredevoidofemergent
vegetation Thetimingoffloodingandthe
perimetervegetationweresimilarforpairsofponds
ineachrowthereforethepondsweregroupedby
rowThepondsineachrowwereassignedtotwo
treatmentsBtiorcontrolTopreventcontamin
ationofthecontrolpondsbyBtipondsassignedto
BtitreatmentPonds48and11werelocatedto
theeastofthecontrolpondsPonds37and10

TwoapplicationratesofBtiweretested
againstCrtarsalis Anaqueoussuspensionof
Vectobac 12AS Abbott Laboratories 1200

ITUmgappliedtopondswithapressurized
sprayerperlabeldirectionsTheBtisuspension
wascontinuouslyagitatedBecausemosquitolarval
populationswereconcentratedinthevegetation
alongthedikestheinundatedperimetervegetation
and31m10ftofthewatersurfacefromeach
dikeweretreatedatarateof12Lha1ptacre
onOctober18Theareatreatedwasequalto02
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ROW1

ROW2

ROW3

Figure1ExperimentaldesigninAdohrValley
Farmsduring1989 Arrowsindicatewaterflow
directions

hathereforebasedontotalsurfaceareaofthe
pondBtiwasappliedataperpondrateof012
LhaThisratewasineffectiveagainstCxtarsalis
henceonOctober25andNovember1the
perimetervegetationand31mofthewatersurface
fromthedikesweretreatedataperpondrateof
12LhaWatertemperaturewasmeasuredweekly
inPond8withamaximumminimumrecording
thermometer

Mosquitolarvaeweresampledweeklywitha
350mldipperat30stationsineachpondAteach
stationfivedipsweretakenalonga2mregionin
theperimetervegetationcombinedandpreserved
in95ethanol Thepondsineachrowwere
sampledinitiallyafterbothpondshadfilledwith
waterThefirstsamplesweretakenonSeptember
25Row1Ponds34October2Row2Ponds
78andOctober10Row3Ponds1011

Becausetheseduckclubpondsaretypically
stockedwithmosquitofishwecomparedmosquito
larvalabundanceintheBtitreatedpondstothatin
pondscontainingGambusiaaffinisTherationale
forusingthecurrentabatementmethodinsteadof
afishlesscontrolis1Stockingmosquitofishinto
theduckclubpondsiscommonpracticewhereas



leavingpondsunmanipulatedisnotdoneroutinely
2Ifmosquitofisheventuallyreducedmosquito
larvalpopulationsthenwecoulddeterminehow
manybacteriallarvicideapplicationswerenecessary
beforefishprovidedsignificantlevelsofcontrol3
Bothtypesofcontrolswithandwithoutmosquito
fishwerenotpossibleAlthoughafishlesscontrol
islesspreferablethanoneusingmosquitofishfor
thequestionwhichweposedreplicateexperimental
unitspondswerenotavailableforafishless
controlbecausetheotherpondsintheduckclub
Ponds1256and9werenotdiskedin1989
hadvegetationthroughoutthepondinteriorsand
differedmarkedlyfromthepondsusedinourstudy

MosquitofishwerestockedintoPonds37and
10atarateof14kgha 125lbsacreon
October5 Gambusiawereseinedfromlocal

pondsweighedandamixtureofadultand
immaturefishwerestockedintothecontrolponds

MosquitofishwereexcludedfromtheBti
treatedpondsbysurroundingthedropboxeswith
doubledoverfiberglasswindowscreenaboutseven
openingscmBecausethefirstpondfloodedoften
developsdensestandsofemergentvegetationand
containslargenumbersofmosquitofishwhich
migrateintootherpondsthedropboxesbetween
thecontrolpondsandpondsnotusedinthisstudy
Ponds26and9werenotscreened

Mosquitofishpopulationsweresampledweekly
withGeeminnowtrapsCubaSpecialtyMfgCo
FillmoreNYthatwerelinedwithfiberglass
windowscreenMinnowtrapswerebaitedwithdog
foodandplacedinthecornersofeachcontrolpond
for24hoursTodeterminetheeffectivenessofthe

screensminnowtrapswereplacedintheBtitreated
pondsfora24hrperiodonNovember1314

StatisticalanalysesTheefficacyofBtiandG
affinisagainstCxtarsalislarvaeweretested
statisticallybymakingpairwisecomparisonsof
larvalabundance3rdand4thinstarsinponds
withinarowfortwoofthethreerowsLateinstar

larvaewerenotcollectedindipsamplesfromPond
4thereforethispondwasnottreatedwithBti
Ourdatawerenotdirectlyamenabletostatistical
testingbyarandomizedblockanalysisofvariance
becauseonerowblockwasnottreatedwithBti
themovementofwaterthroughAdohrValley
Farmsduckclubprecludedrandomizationof
treatmentsineachrowandmosquitolarvaeeither
werenotcollectedinsomepretreatmentsamples
Ponds3and4orwereeliminatedfromtheponds
byBtitreatmentszeromeanandvariancefora
treatmentonsomedates

TheeffectofeachBtitreatmentonCrtarsalis

larvalabundancewastestedstatisticallybyaMann
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WhitneyUtestWhereas3rd4thinstarlarvaewere
absentinsamplestakenfivedaysaftertheponds
hadbeentreatedwithBtiatapondrateof12
Lhathelargenumbersof1st2ndinstarlarvaein
thesesamplesindicatedthattheeffectsofthe
bacteriallarvicidelastedlessthanoneweekAlso

attheambientwatertemperatures3rdand4th
instarlarvaeinaprevioussamplewouldhave
emergedasadultsbeforethenextsamplewas
takenThereforeseparatecomparisonsbydate
of3rd4thinstarlarvalabundanceforeachBti

treatmentareappropriateForthepairofpondsin
eachrowthenumbersoflarvaecollectedateach
stationwererankedandtheUstatisticwas
correctedforties Becausethisprocedureis
analogoustomakingmultiplettestsweadjusted
theprobabilityofTypeIerrorto0025

AsdoparametricstatisticstheMannWhitney
Utestalsorequiresthatthetreatmentsare
randomizedamongexperimentalunitsBecausewe
couldnotrandomizethetwotreatmentswithineach
rowandlarvalabundancewasdeterminedfrom

combinedrandomsamplesatfixedstationsthe
significancelevelsofthestatisticalcomparisonsare
atbestapproximations

Similartestswereusedtoexaminetheefficacy
ofmosquitofishHoweverwesettheprobabilityof
TypeIerrorto001BecauseGaffiniswasstocked
onlyoncearepeatedmeasuresanalysisofvariance
ismoreappropriateYetunforseendifficultiesin
onerow3rd4thinstarlarvaewerenotcollected
fromPonds3and4precludedthisanalysis

ResultsandDiscussion

EfficacyofBtiBtiappliedataperpondrateof
12LhasignificantlyreducedCrtarsalisabundance
3rd4thinstarsby96and100relativetothose
observedinthecontrolpondsTable1 Bti

appliedataperpondrateof012Lhawas
ineffectiveagainstCrtarsalisFig2Atfivedays
aftertreatmentthenumbersoflarvaecollectedin
dipsamplesfromBtitreatedpondsdidnotdiffer
significantlyfromthoseofthecontrolponds

Theaqueoussuspensionwhenappliedataper
pondrateof12Lhawaseffectivefornearlyone
weekWhereasthenumbersof3rdand4thinstar

larvaeinPonds8and11wereverylowonthelast
twosamplingdatesFig21stand2ndinstar
larvaewerepresentinbothpondsFig3

EfficacyofmosquitofishMosquitofishstockedat
14kghadidnotappreciablyreduceCxtarsalis
abundanceFigs2and3 Mosquitolarval
abundanceintwoofthecontrolpondswere
greatestonOctober10totalnumberoflarvae150
dipsPond7538Pond101141AfterOctober



Table1EfficacyofBacillusthuringiensisVectobac12ASatfivedaysposttreatmentagainstCulextarsalis3rd
and4thinstarlarvaeinAdohrValleyFarmsduckclubduring1989Foreachcomparisonnand ninthe
MannWhitneyUtestequal30

Perpondrate
Lha

Date WaterTemp Comparison
C ponds

012 October23 1429

12 October30 928

12 November6 919

7vs8

10vs11

7vs8

10vs11

7vs8

10vs11

ans PZ 0025 PZ 001 PZ 0001
bPercentreduction 100 1 nooflarvaefromBtitreatedpondnooflarvaefromcontrolpond
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Figure2Culextarsalislarvalabundance3rd4th
instarsinduckclubpondsatAdohrValleyFarms
during1989Vectobactreatmentsataperpond
rateof012Lhaand12Lhaareindicatedbythe
openandclosedarrowsrespectively control

pondpopulations Btitreatedpondpopulations
pondswerenottreatedinrow1
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Figure3Culextarsalislarvalabundance1st2nd
instarsinduckclubpondsatAdohrValleyFarms
during1989Vectobactreatmentsataperpond
rateof012Lhaand12Lhaareindicatedbythe
openandclosedarrowsrespectively control

pondpopulations Btitreatedpondpopulations
pondswerenottreatedinrow1



10larvalabundance3rd4thinstarswasreduced
slightlyandwasnearlyconstantthroughNovember
6Fig2

Larvalabundanceinpondsthatcontained
mosquitofishdidnotdiffersignificantlyfromthat
observedinpondswithoutGambusiaat11and18
daysOctober16and23respectivelyafterfish
wereaddedtoPonds7and10Table2Forthe
thirdcontrolpondPond3thenumbersofCx
tarsalis3rd4thinstarsindipsampleswereverylow

5larvae150dipsfromSeptember25to
November6Fig2

Thefailureofmosquitofishstockedatcurrent
operationaldensities14kghatoreduceCx
tarsalislarvalpopulationsin1989corroboratesour
1988studiesinwhichmosquitofishstockingrates
were manipulated in small enclosures and

mesocosms In1988Gaffinisstockedat14
kghadidnotsignificantlyreducemosquitolarval
populationsascomparedtofishlesscontrolsin16
menclosuresatAdohrValleyFarmsWaltonand
Mulla1990b DuringthesummerGambusia
significantlyreducedCxtarsalislarvalpopulations
whenmosquitofishwerestockedattheveryhigh
rateof4kghain36mmesocosmsatour
CoachellaValleyresearchfacilityHoweveraG
affinisstockingrateof1kghadidnotsignificantly
reducemosquitolarvalpopulationsascomparedto
fishlesscontrolsWaltonandMulla1990bWalton
unpubldata Inbothvernalandautumnal

studiestheimpactofGaffinisonCxtarsaliswas
apparent23weeksafterfishwerestockedinto
mesocosmsIn1989Cxtarsalislarvalabundance
didnotdeclinetonearlyzeroat23weeksafter
stockingmosquitofishoratanytimeduringtheone
monthperiodafterGaffiniswasaddedtothe
ponds

Mosquitofishcatchesinminnowtrapseither
declinedorwerenearzeroduringthethreeweeks
followingOctober5Table3ForPonds7and10
theincreasesinmosquitofishnumbersobservedon
November67wereduetomigrationoffishfrom
thicklyvegetatedpondsintoduckloafingpondsas
waterwasbeingdivertedintoPonds56and9
Relativetocatchesduringthepreviousthree
weekscomparativelyhighnumbersoflargesized
Gaffiniswerecapturedinminnowtrapsadjacent
tothedropboxesenteringPonds7and10

Thescreens surroundingthe dropboxes
effectivelyexcludedGaffinisfromtheBtitreated
pondsPonds48and11Mosquitofishwerenot
capturedbyminnowtrapsinPonds410and11on
November1314

Implicationsformosauitocontrolprograms
Service1983suggestedthatintegratedcontrol

152

programswhichcombinebiologicalagentssuchas
mosquitopredatorsandparasitesorutilize
biologicalagentsandlarvicidesoftenfailbecause
1 larvicideinduced reductions of mosquito
populationsresultinfoodshortagesforthe
biologicalcontrolagents2predatorsorhigh
parasiteinducedlarvalmosquitomortalityoften
interferewiththetransmission ofmosquito
parasitesand3thedispersionandaggregation
behaviorofmosquitoesprovidespatialrefugesfor
mosquitolarvae Mosquitoesalsocolonizea

varietyofhabitats ForexampleCxtarsalisis
foundinhabitatsthatrangeinsizefromsmall
ornamentalcontainerstolargeduckclubponds
DursoandBurguin1988Differencesinhabitat
preferencesofmosquitoesandtheirpredatorsand
theenormousnumberandvarietyofhabitats
utilizedbythismosquitomakebiologicalcontrol
anarduousifnotimpossibletask

Inadditiontotheconfoundingfactorslisted
abovedifferencesinthelifehistorycharacteristics
ofmosquitoesandtheirpredatorsprovidea
temporalrefugeformosquitoesService1983
Culextarsaliscolonizesnewlyinundatedhabitats
anddevelopsmorerapidlythandomanyofits
predatorsWaltonetal1990

Last integrated control programs that

combinebiologicalcontrolagentsandchemical
insecticidesoftenfailbecausesomemosquito
predatorsparasites are also susceptible to

chemicallarvicidesandtheirpopulationsoftentake
longer to recover from insecticideinduced

mortalitythandomosquitolarvalpopulations
Therearemanyexamplesoftheenhancementof
mosquitolarvalpopulationsrelativetothoseinthe
controlsaftertreatmentwithchemicallarvicides
egHoyetal1972Miuraetal1978

Integratedcontrolprogramswhichcombine
larvivorousfishesandbacteriallarvicidesagainst
Cxtarsalismightintheorybesuccessfulinduck
clubpondsbecausemanyoftheseproblemsare
mitigated Treatmentwithmosquitospecific
bacteriallarvicideswillberequiredduringthe
periodwhenfishpopulationsaresmallanddonot
significantlyreducemosquitolarvalpopulations
Oncemosquitofishpopulationsarelargeenoughto
controlmosquitoesrepeatedapplicationswiththe
larvicidearenolongernecessaryByreducingthe
numberoflarvicideapplicationsthisintegrated
controlprogramalsoreducescostlylarvicidingand
continuedselectionforBtiresistanceinCxtarsalis

Willthisintegratedcontrolstrategysucceedin
CoachellaValleyduckclubs Ourstudies

demonstratethatbacteriallarvicidesarevery
effectiveagainstCxtarsalispopulationsinduck



Table2EfficacyofGaffinisagainstCrtarsalis3rdand4thinstarlarvaeinAdohrValley
FarmsduckclubForeachcomparisonnandnintheMannWhitneyUtestequal30

Date Days Comparison 1Z1 PZ
ponds

October16 11 7vs8 4235 0450 ns

10vs11 4235 0408 ns

October23 18 7vs8 438 0212 ns

10vs11 340 1701 ns

a

DayssinceGaffiniswasstockedintoponds7and10atarateof14kgha
bns PZ 001

Table3Theaveragenumber 1SDofGaffiniscapturedinminnowtrapsatAdohrValley
FarmsduckclubNumbersinparenthesesaretotalnumberoffishcaptured24hrs

Date

averagenocapturedminnowtrap24hrs
Pond3 Pond7 Pond10

October1617 10 20 4 70 5728 0 0

October2324 05 06 2 45 83 18 0 0

October3031 08 15 3 38 30 15 10 14 4

November67 03 05 1 80 10232 50 62 20

Table4TheperimetervegetationofduckloafingpondsatAdohrValley
Farmsduckclub

Family Species Abundance

Aizoceae Sesuviumvaricosum common

Chenopodiaceae Allenrolfeaoccidentalis common

Bassiahyssopifolia rare

Cyperaceae Eleocharismacrostachya rare

Scirpusrobustus rare

Poaceae Cyndondactylon rare

Distichlisspicata common

Tamaicaceae Tamarixramosissma common

Typhaceae Typhaangustifolia rare
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clubponds Howeveratcurrentoperational
stockingratesmosquitofishdonotsignificantly
reducemosquitolarvalpopulationsWaltonand
Mulla1990bconcludedthatmosquitoabatement
inCoachellaValleyduckclubsiscomplicatedby
theinteractions amongchronologyofpond
inundation seasonal reproduction cycles of

mosquitofishnaturalsourcesofmosquitofish
mortalityvaryingdegreesofvegetationandwater
management and reduced access ofMAD

personneltomosquitodevelopmentsitesduring
duckhuntingseason

Typicalduckloafingpondsaredevoidofinte
riorvegetationandmosquitofishpopulationsare
subjecttofactorsthatreducesurvivorshipandre
productionThermallystressfulconditionsduring
AugustandSeptemberlargepopulationsofpisciv
orousbirdsandperhapslowfoodabundancein
loafingpondsreducemosquitofishnumbersand
exacerbatethenaturalphotoperiodicallyinduced
declineofmosquitofishreproductionduringau
tumnThesizeandpersistenceofpiscivorous
ardiedheronsandegretspopulationsinautumn
hasincreasedconcomitantlywiththeadventof
commercialfishaquacultureintheCoachellaVal
leyHJohnsonpersonalcommunicationWhile
wehaveshownviamesocosmstudiesthatveryhigh
Gaffinisstockingratesarenecessaryinthelate
summerandautumntosignificantlyreduceCx
tarsalislarvalpopulationsitisunlikelythatin
creasingmosquitofishstockingratesintotypical
loafingpondswillsolvethecurrentCxtarsalis
problemintheCoachellaValleyAlargepropor
tionoftheenhancedmosquitofishpopulations
wouldlikelysuccumbtopredationbybirdsinthe
nearlyvegetationfreeloafingponds

Lastwebrieflyconsidertheimportanceof
perimeter vegetation and alternative control

strategiesforCxtarsalispopulationsinduckclub
pondsTheperimetervegetationofloafingponds
oftenprovidesfavorabledevelopmentalsitesfor
mosquitoesandcanbeinhabitedbydenselarval
aggregations 100larvaedipWaltonpersonal
observation Our1988studiesverifiedthat

removingtheperimetervegetationsignificantly
reducedmosquitolarvalabundanceWaltonand
Mulla1990b Ascomparedtounmanipulated
plotsCxtarsalislarvalpopulationswerereduced
significantlyin16mplotswheretheperimeter
vegetationwasremoved

Thedifferencesinlarvalmosquitoabundance
amongtherowsinthe1989studywereprobably
duetotheavailabilityoftheperimetervegetation
fordevelopmentalsitesandtheextentofcoverby
grassesAfterSeptember25waterlevelsinPond
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4weremaintainedbelowtheperimetervegetation
andlateinstarlarvaewerenotcollectedindip
samples ThiswasalsotrueforPond3onthe

samesamplingdatesAdditionallytheproportion
ofthepondperimetercoveredbygrassesprimarily
saltgrassDistichlisspicatawassmallestforrow1
Pond338 Pond46 andincreasedinrows2

Pond750 Pond840 and3Pond1088
Pond1150 Sincewaterlevelsinrow1were

lowthegrassesoftenwerenotinundated
Threeotherplantspecieswerecommonalong

dikeswithoutgrassesTable4Howeververyfew
mosquitolarvaewerecollectedindipsamples
withintheseplantsFortheperiodOctober1023
thetotalnumberoflarvaecollectedindipsamples
waspositivelycorrelatedwiththeabundanceof
grassesmetersofthepondperimetercoveredby
grassesSpearmanrankcorrelationcoefficient
0823P0001Rejmankovaetal1988also

foundthatCxtarsalisdensitiesweredirectly
relatedtograminoidriceandsedgeCyperus
difformisabundanceinricefields

Environmentalandinsecticidalcontrolare

lessdifficulttoachievethanisbiologicalcontrol
Service1983andtheformermayafforda
successfulcooperationbetweentheduckclubranch
managersandtheabatementdistrict Source

reductionbytheranchmanagershouldincludethe
removalofperimetervegetationparticularlysalt
grassHoweversuchmanipulationsaregenerally
contraindicated for waterfowl Presently
vegetationmanagementdiffersmarkedlyamong
theduckclubs Theperimetervegetationis
removedcompletelyinsomeduckclubswhilein
othersperimetervegetationisencouraged Not

surprisinglymosquitolarvalpopulationsarelarge
inthelatterduckclubgroup

CollinsandResh1989suggestedthat
manipulatingwaterlevelstoinfluencethetypesof
vegetationandreducetheavailabilityofmosquito
developmentalsiteswasanalternativeecological
controlinnontidalwetlands Forshallowduck

clubpondsmaximumdepthofapproximately30
cmwhicharefedbyasinglewellwater
managementisnotverypreciseandwaterlevels
cannotbemanipulatedtotheextentrequiredfor
ecologicalcontrolWaterlevelsinloafingponds
wouldhavetobemaintainedbelowthegrassesat
theinterfaceofthepondbottomandthedikesand
consequentlymightbetooshallowtoattract
migratingwaterfowlandforhuntingpurposesie
deploymentofdecoys Shallowwaterdepths
causedbywaterdiversionsorconservationduring
theperiodwhenhuntingceasesinmidseasonalso
complicate integrated control measures by



increasingmosquitofishmortalityWaltonand
Mulla 1990b For ecologicalcontrol via

hydrologicalregimescompletedrawdownand
augmentationshouldoccurwithinseventoeight
daysCollinsandResh1989Giventhecurrent
gravityfed hydrological systems and soil

characteristicsthisdrawdownaugmentationrateis
notpossibleinthelargeduckclubs

Vegetation management via ground
disturbanceiediskingharvestingoffersamore
promisingmethodofenvironmentalcontrolinduck
clubpondsBecauseofairqualityconsiderations
burningoftheperimetervegetationistypically
discouraged However the importance of

perimetervegetationinCoachellaValleyduck
clubsasafoodsourceandattractantformigrating
waterfowl needs to be established before

implementingvegetationcontrolmeasuresUnlike
wildlife preserves where natural vegetation
providesfoodcoverandnestingmaterialfor
waterfowlsouthernCaliforniaduckhuntingclubs
providesupplementalforagetoattractducksandto
preventdamagetocommercialagricultureby
migratingwaterfowl

Theabatementdistrictmustcontinueto

monitorlarvalmosquitoabundanceandtreat
problemareasinduckclubs Byreducingthe
perimetervegetationinloafingpondsthenumber
ofproblemareasshoulddeclineandbelimitedto
pondsthatdevelopinteriorvegetationusuallythe
firstpondfloodedOccasionalsurveysofathickly
vegetatedpondduring1989revealedthatCx
tarsalislarvalpopulationsweredensest50753rd
4thinstarlarvaedipininundatedsaltgrassonthe
pondperimeterandweremuchlowerinthepond
interior23rd4thinstarlarvaedipBecause
larvalproductionisconcentratedintheperimeter
vegetationreducingtheperimetervegetationof
pondswithinteriorvegetationwillalsoaid
abatementefforts Althoughlarvalmosquito
populationsarecomparativelylessabundantinthe
interior vegetation than in the perimeter
vegetationadultmosquitoesareproducedfrom
theentirepondinsteadofonlyalongthedikes
Thereforepondswhichcontaininteriorvegetation
aremoredifficulttotreatwithlarvicidesthanare

loafmgponds
Anintegratedcontrolstrategyusingbacterial

larvicidesandenhancedmosquitofishpopulations
maybeeffectiveinpondswithinteriorvegetation
Theinteriorvegetationreduceswatertemperatures
andmosquitofishmortalityWaltonandMulla
1990bAscomparedtoloafingpondswhichlack
interiorvegetationpondswithinteriorvegetation
supportlargermosquitofishandmacroinvertebrate
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predatorpopulationsWaltonandMulla1990b
Watermanagementisimportantbecauseevenin
thicklyvegetatedpondsmosquitofishpopulations
canbeadverselyaffectedbyshallowwaterdepths

Converselythisintegratedcontrolstrategyis
ineffectiveinloafmgpondsbecausemosquitofish
populationsareneverlargeenoughtoexert
significantlevelsofmosquitocontrolForloafing
pondsenvironmentalcontrolbytheduckclub
ranchmanagerandifnecessaryinsecticidal
controlbythemosquitoabatementdistrictare
betteralternativestointegratedcontrolmeasures
usingBacillusandGambusiaAdditionalstudiesof
theeffectivenessofenhancedmosquitofishstocking
rates and source reduction via vegetation
manipulationarenecessaryOurstudiesinduck
clubpondshaveshownthatBtiisanefficacious
alternativetocurrentinsecticides
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EFFICACYOFBACILLUSSPHAERICUSINCONTRACOSTACOUNTYCREEKS

Introduction

ThebacterialpathogenBacillussphaericus
Neideisahighlyselectivemosquitocontrolagent
StudieshavedemonstratedthatBsphaericushas
prolongedlarvicidalactioninsometreatedhabitats
suchasditchessmallpondsdairywastewater
lagoonsandtiresHertleinetal1979Laceyetal
1988Mullaetal1988Kramer1990However
nostudieshavetestedtheefficacyandpersistence
ofthebacteriaincreeks

InContraCostaCountyslowflowingcreeks
provideanidealhabitatforseveralspeciesof
CulisetaandCulexmosquitoesThepurposeofthis
studywastoevaluatethecontrolpotentialofB
sphaericusinavarietyofcreeks

Materialsandmethods

Threecreekswereselectedforstudyincentral
ContraCostaCounty ButtnerCreekwas

steepsidedandnarrowwithlittleoverhanging
vegetationItflowedslowlythroughagolfcourse
andformedastringofsmall15to45m
primarilysunnypoolsRossmoorCreekformeda
seriesoflarge7to9mshadypoolsandhad
abundantstreamsideandoverhangingvegetation
GloriettaCreekformedlongnarrowpools135to
15mthatwerepartiallyshadedbyoverhanging
vegetation RossmoorandGloriettaCreekshad

greaterwaterflowthanButtnerCreek Water

depthinthecreeksrangedfrom30to60cm
Ineachcreek3poolswereselectedfor

treatmentwithBsphaericusstrain2362ABG6262
300ITUand3poolslocatedupstreamfromthe
treatmentpoolswereselectedascontrolsAliquid
formulationofBsphaericuswasappliedtothe
poolswithahandcanatadosageof9351ha1
galacreinmidMay Asecondapplicationat
14031ha15galacrewasmadetoButtnerand
RossmoorCreeks1weekaftertheinitialtreatment

VickiLKramer

ContraCostaMosquitoAbatementDistrict
155MasonCircle

ConcordCalifornia94520

ABSTRACT

TheefficacyofaliquidformulationofBacillussphaericus2362wasevaluatedagainst
CulisetaandCulexmosquitoesinthreecreeksMortalityratesrangedfrom54to90 Larval

numbersweresignificantlylowerP 005intreatedpoolsthanincontrolpoolsforupto30
days
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Adipper400mlwasusedtomonitorlarval
populationsbefore2to3daysaftertreatmentand
twiceperweekthereafterTendipsperpoolwere
takenatRossmoorandGloriettaCreeksand5dips
perpoolweretakenatButtnerCreekwherethe
poolsizewassmallThedipswereconcentratedin
anetandbroughttothelaboratoryforcounting
andidentification Foreachcreekandforeach

samplingdatethedifferenceinlarvalnumbers
betweentreatedandcontrolpoolswasanalyzed
usingStudentsttestP 005

Amaximumminimum thermometer was

placedinonecontrolpoolateachcreektomonitor
watertemperatureWatersampleswerecollected
fromallpoolsandanalyzedforpHsalinity
hardnessCaCOphosphatePOandnitrate
nitrogenNONconcentrations

Resultsanddiscussion

ThelarvalpopulationatButtnerCreekwas
about95CsincidensThomsonTheremaining
5ofthelarvaewereCxpipiensLCx
stigmatosomaDyarandCxtarsalisCoquilletThe
initialBsphaericusapplicationreducedlarval
numbersby56Fig1Thisreductionwasnot
consideredadequatesothelarvaeweretreateda
secondtimeatahigherdosagesevendaysafterthe
initialtreatmentThenumberoflarvaeperdip
werereducedfromabout14to3areductionof
85 Thelarvalpopulationremainedlowforabout
twoweeksbeforeincreasingtopretreatmentlevels
NumbersoflarvaeweresignificantlylowerintheB
sphaericustreatedpoolsthaninthecontrolsfor
approximately three weeks after the initial

treatment

AtRossmoorCreekthemosquitopopulation
wasentirelyCsincidensTheinitialapplication
resultedina54reductioninlarvalnumbersFig
2 Thecreekwasretreatedresultinginadrop
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Table1Waterqualityparametersofcreeksaverageof3treatedpools

Creek

Buttner

Rossmore

Glorietta

pH Salinity
PPt

73

71

77

009

016

022

from19to6larvaeperdipareductionof57
Larvalnumbersincreasedthereafterandexceeded
thecontrolpopulationabouttwoweeksafterthe
secondtreatmentNumbersoflarvaeinthetreated

poolsweresignificantlylowerthaninthecontrol
poolsonlyonthesamplingdatesimmediately
followingeachtreatment3and9dayspostinitial
treatment

BacillussphaericusreducedtheCsincidens
populationatGloriettaCreekby90 fromabout

48to5larvaeperdipFig3Therewereno
furthertreatmentsandlarvalnumbersremained

significantlylowerthaninthecontrolpoolsforthe
30daysofthestudy

Bacillussphaericuswasmoreeffectiveagainst
mosquitolarvaeinGloriettaCreekthanineither
ButtnerorRossmoorCreeks Waterquality
parametersdidnotdiffersubstantiallybetween
Gloriettaandtheothertwocreeksexceptforthe
phosphatecontentwhichwasmuchhigherin
GloriettaCreekTable1Watertemperaturesat
thetimeoftreatmentandduringthecourseofthe
studywerewarmeratButtnerCreekranging
between12and23Cthanattheothertwocreeks

wheretemperaturesrangedbetween11and19C
WaterflowatGloriettaCreekwasaboutthesame
asatRossmoorCreek ItisunclearwhyB
sphaericuswasmoreeffectiveinGloriettaCreek

InconclusionBsphaericusshowsthepotential
toeffectivelycontrolmosquitoesincreeksforan
extendedperiodoftime Howeverapplication
techniquesmayneedtobefurtherrefinedandthe
qualityoftheformulationtestedpriortoapplication
inthefield
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Hardness

mg1

527

1040

427

Phosphate Nitrate

mg1 Nitrogen
mg1

041 037

047 089

118 103
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County12219W3753NinearlyApril
OphidonaisspeciesBwasfoundinanadjacent
streamduringthesametimeperiod

EndalusdisgregusBurkeandSepedonpraemiosa
GiglioToswerecollectedfromasmallpondnear
theintersectionofAmericanCanyonRoadand
Interstate80NapaCounty12212W3810N
duringmidAprilMalenkacalifornicaClaassen
wassampledfromanadjacentstreamduringthe
sameperiod

LepidostomacanthaRosswascollectedfroma
shallowsunexposedpoolinFranklinCanyonCreek
ContraCostaCounty12214W3801Nduring
lateMay

Palpomyiaspwasobtainedfromadeepshaded
poolareainStrawberryCanyonCreekAlameda
County12215W3752NinmidMay

IsoperlamormonaBanksDeronectesspand
KrendowskiaspweresampledfromDimond
CanyonCreekAlamedaCounty12214W37
49NduringlateAugust

ResultsandDiscussion

Ofthe14taxaofChironomidaetestedinthis

studyallthreespeciesofmidgesinthesubfamily
Tanypodinae tribes Macropelopliini and

Pentaneuriniwererecoveredfromstreampools
Brundiniellaeumorphawascollectedfrombotha
poolandrifflehabitatandwereactivelyswimming
predatorsunderlaboratoryconditionsInthefield
theyarebelievedtoconsumesmallcrustaceans
oligochaetesandchironomids Thesesame

tanypodinidspeciesshowedthegreatesttolerances
toBtiofalltaxatestedTable1Mortalitywas
notobserveduntillevelsof100200pgm1were
reached Resultsareingeneralagreementwith
ColboandUndeen1980whoobservednoeffect
onsomeTanypodinaeandotherChironomidaeat
1x10cellsmlin asmallstreaminNew

FoundlandAli1981notedaslightincreasein
mortalityat05gm1overa14dayperiodwhen
mixedlarvalpopulationsoftwotanypodinidtribes
CoelotanypodiniandMacropelopiiniweretested

InthesubfamilyChironominaetestswere
conductedonrepresentativesfromtwotribes
TanytarsiniandChironomini Offourspecies
testedinthetribeTanytarsiniallweredetritivores
foundonlyinthecalmerwatersofpondsand
streampools Widestrangeofsusceptibility
measuredwithinanygenuschallengedinthisstudy
wasbetweenthreeTanytarsusspeciesofthissame
tribe SpecificallyTanytarsusspeciesBwasthe
mostsusceptibleshowing90mortalityatonly
001gm1whilespeciesArequired100timesthe
amountnecessarytoinducesimilarmortalityAli
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1981observeda1988increaseinlarval
mortalityofmixedpopulationsofTanytarsusspp
andRheotanytarsussppatincreasedconcentrations
of0523pgml

InthetribeChironominiCmaturusandP
elaschistawerehighlysusceptibletolevelsthatdid
notproduce100mortalityinthemajorityofother
speciestestedinthisstudynoendpoint
concentrationwasestablishedbecauseofthelow

numberoftestanimalsavailablefromthesampling
site

Previous reports have indicated that

ChironomusdeconisJohannsenmaybemuchmore
tolerantthanCmaturustoBtialthoughwater
quality may have influenced differences in

susceptibilityGarciaetal1981BothCmatures
andPelaschistaaredetritivoresandtubebuilders
theformerindepositionalsedimentsofponds
Grodhaus1968andthelatteronsubmerged
aquatic vegetation such as the pondweed
PotomogetonMagyetal1969

InthesubfamilyOrthocladiinaetestsonfour
speciesrevealedamoderatedegreeoftoleranceto
Bti Howeveroneunidentifiedorthocladwas

susceptibletoadosageofonly01pgml
Severallaboratorytestedchironomidspecies

reportedinthisstudyrevealedsusceptibilities
equivalenttothosefoundforcommonlyoccurring
CulexandAedesmosquitospeciesItisprojected
thatunderfieldconditionschironomidmortality
rateswouldapproachdosagesequivalenttothose
appliedformosquitoorblackflycontrol

Theeffectofwaterqualitydidnotappearto
influencethepathogensactivityduringthese
studies Usingwaterfromeachchironomid
collectionsitebioassaytestsconductedonour
laboratorystrainof3rdinstarCulexpipienslarvae
revealednodifferencesfromexpectedvaluesfor
demineralized tap water at test chamber

temperatures of 1215C and at room

temperatures Howeverforspeciesinhabiting
sewageoxidationpondswaterdepthandbenthic
sedimentadsorptionmightproveimportantas
factors that could potentially attenuate the

pathogenicityofthebacterium Evidencefor

physicalinfluencessuchastemperatureandpHon
themicrobialefficacyofBtihasrecentlybeen
shownbyLacoursiereandCharpentier1988

Reasonsforsusceptibilitydifferencesamong
thechironomidsexaminedinthisstudymightbe
surmisedPretestconsiderationwasgiventothe
possibilitythatalteredfeedingresponsesmay
seriously affect test results Consequently
individuallarvaewerecloselyobservedduring
testingAppropriatelynormalbehavioralpatterns



Table1ToxicityofBacillusthuringiensis varisraelensistovarioustaxaofChironomidae
Taxon

TANYPODINAE
MACROPELOPIINI

Brundiniella

eumorpha

Brundinella

eumorpha

Macropelopia
venusta

PENTANEURINI

Zavrelimyia
thryptica

CHIRONOMINAE
CHIRONOMINI

Chironomus

maturus

Paralauterborniella Lentic
elaschista pond

TANYTARSINI

Tanytarsus
speciesA

Tanytarsus
speciesB

Tanytarsus
speciesC

Microspectra
sp

ORTHOCLADIINAE

ORTHOCLADIINI Lotic

riffle

Cricotopus
sp

Rheocricotopus
sp

CORYNONEURINI

Corynoneura
sp

Loticpool Engulfers
StreamA predators

Loticriffle Engulfers
StreamB predators

Lotic

pool

Lotic

pool

Lotic

pool

Lotic

pool

Lotic

pool

Lentic

pond

Lotic

pool

Lotic

riffle

Lotic

riffle

Lentic

pond

Engulfers
predators

Engulfers
predators

aAfterMerrittandCummins1978
bBactimoseBiochemCowettablepowderformulationofBti

Habitat Trophic Number Dosage Exposure Percent
Relationship Tested gml Days Mortality

10 20000 3
10 10000 3

10 10000 3
10 1000 3

10 20000 3

10 10000 3

20 20000 3
10 1000 3

100

40

80

0

50

60

25

0

Collectors 10 010 2 100

gatherers 10 001 2 100

Collectors 10 10000 3 100

gatherers 10 1000 3 100

10 10000 2 100

Collectorsfilterers 10 1000 2 90

gatherers 10 100 2 10

Collectorsfilterers 20 010 3 100

gatherers 10 001 3 90

Collectorsfilterers 10 010 3 100

gatherers 10 001 3 10

Collectors 10 10000 3 100

gatherers 10 1000 3 90
10 100 3 0

Collectorsscrapers 10 0100 1 100

gatherers 10 0010 1 40

10 0001 1 0

Collectorsscrapers 10 1000 4 100

gatherers 10 500 4 90

10 100 4 0

Collectorsgatherers 10 1000 3 100

Collectorsgatherers 10
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1000 3 100



Table2ToxicityofBacillusthuringiensisvarisraelensistononChironomidDiptera

Taxon Habitat Trophic NumberExposure Slope SE LC14gm1
Relationship Tested Days 95CL

NEMATOCERA

DIXIDAE

Dixa Lentic Collectors 120 2 245 047 7083

californica pond gatheres 4703 955

BRACHYCERA

STRATIOMYIDAE

Hedriodiscus Lentic

sp 1saline

1AfterMerrittandCummins1978
2BactimosBiochemCowettablepowderformulationofBti

Table3ToxicityofBacillusthuringiensisvarisraelensistononChironomidDiptera

Taxon

Scrapers

Habitat Trophic Number Dosage Exposure Percent

Relationship Tested 14gm1 Days Mortality

NEMATOCERA

CERATOPOGONIDAE

Palpomyia Lotic Engulfers 10 1000 3 Noeffect

sp pool predators

BRACHYCERA

SCIOMYZIDAE

Sepedon Lentic Engulfers 10 1000 1 Noeffect

praemiosa pond predators

aAfterMerrittandCummins1978
bBactimosBiochemCowettablepowderformulationofBti
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120 1 109 020 832

400 1517



Table4ToxicityofBacillusthuringiensisvarisraelensistoassociated nonDipterantaxa

Taxon Habitat

TRICHOPTERA

SERICOSTIMATIDAE

Gumaga Lotic

nigricula pool

LIMNEPHILIDAE

Neophylax
rickeri

Neophylax
rickeri

Psychoglypha
sp

HYDROPSYCHIDAE

Hydropsyche
speciesA

Hydropsyche
oslari

PLECOPTERA

PELTOPERLIDAE

Soliperla
sp

PERLIDAE

Calineuria

califomica

NEMOURIDAE

Malenka

depressa

Malenka

califomica

PERLODIDAE

Isoperla
monnona

Lotic

riffle

Lotic

riffle

Lotic

pool

Lotic

pool

Lotic

riffle

LEPIDOSTOMATIDAE

Lepidostoma Lotic

cantha pool

Lotic

riffle

Lotic

riffle

Lotic

riffle

Lotic

riffle

Lotic

riffle

Trophic Number Dosage Exposure Percent

Relationship Tested gml Days Mortality

Shredders

Scrapers 10Egg
Masses

Scrapers 30

Collectorsshredders 25

detritivores

Collectorsfilterers 10

10

10

Collectorsfilterers 10

10

Shredders 10

detritivores

aAfterMerrittandCummins1978
bBactimoseBiochemCowettablepowderformulationofBti
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30 100

Shreddersscrapers 6 100

detritivores

Engulfers 6 100

predators

Shredders 5 100

detritivores

Shredders 5 100

detritivores

Engulfers 5 100

predators

100 3

100 3

100 3

2000 21 Noeffect
1000 21 Noeffect
100 21 Noeffect

1000 1 Noeffect

100 1 Noeffect

100 14 Noeffect

Emerged

3 Noeffect

Noeffect

Hatched

Noeffect

Noeffect

10 Noeffect

10 Noeffect

3 Noeffect

3 Noeffect

2 Noeffect



Table4Continued

Taxon

EPHEMEROPTERA

HEPTAGENIIDAE

Ironodes

californicus

EPHEMERELLIDAE

Ephemerella
sp

LEPTOPHLEBIIDAE

Paraleptophlebia
sp

COLEOPTERA

HYDROPHILIDAE

Berosus

sp

DYTISCIDAE

Deronectes

sp

Dyticus
sp

PSEPHENIDAE

Eubrinar

sp

CURCULIONIDAE

Endalus

disgregus

HEMIPTERA

GERRIDAE

Gerris

remigis

OLIGOCHAETA

NAIDIDAE

Ophidonais
speciesA

Ophidonais
speciesB

HYDRACARINA

Krendowskia

sp

Habitat Trophic Number Dosage Exposure Percent

Relationship Tested gm1 Days Mortality

Lotic

riffle

Lotic

riffle

Lotic

riffle

Lentic

1saline

Lotic

pool

Lwntic

1saline

Lotic

riffle

Lentic

pond

Lotic

pool

Artificial

Containers

Lotic

Piercers 10 1000

carnivores

Shredders

detritivores

Shredders

detritivores

Piercersshredders
carnivoresparasites
detritivores

aAfterMerrittandCummins1978
BactimosBiochemCowettablepowderformulationofBti

Collectorsscrapers 30 100 6 Noeffect

gatherers Molted

Collectorsshredders 5 1000 2 Noeffect

herbivores

Collectorsshredders 30 100 6 Noeffect

detritivores Molted

Collectorspiercers 15 2000 3 Noeffect

herbivores 15 1000 3 Noeffect

15 100 3 Noeffect

Piercers 10Adults 100 3 Noeffect

carnivores

Piercers 10 1000 2 Noeffect

carnivores

Scrapers 10 1000 1 Noeffect

10 100 1 Noeffect

Shredders 15Adults 1000 1 Noeffect

herbivores 15Adults 100 1 Noeffect
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30 1000

30 1000

5 2000

5 Noeffect

1 Noeffect

3 Noeffect

3 Noeffect



suchasfilterfeedingpredationortubebuilding
wererecordedforeachspecies consideredhere

Basedontheseobservationsitappearsthatreduced
feedingresponsewouldnothaveaccountedforsuch
extremedifferencesinspeciesspecificmortality
rates

InsteaddifferentialtoleranceresponsestoBti
withintheChironomidaemostlikelyreflect
physiologicaldifferencesbetweenthevarious
species Similartrendshavebeenreportedfor
lepidopteranlarvaetestedagainststrainsofBacillus
thuringiensis Suchstudieshaveestablishedthat

highpHandcorrespondingproteolyticenzyme
activityoftheforeandmidgutofcaterpillarsare
importantfactorsthatdeterminesusceptibilitylevels
ofthesespeciesBurgerjonandMartouret1971
Itisspeculatedthatcorrespondingstudieson
chironomidlarvaemayrevealasimilarrelationship

ThusfartheprimaryactivityofBtiagainst
immatureandadultaquaticfaunaappearsrestricted
toDipterainthefamiliesCulicidaeSimuliidaeand
ChironomidaeGarciaetal1980Garciaetal
1981Miuraetal1980Ali1981Whiletaxain
twoothernonpredatorydipteranfamiliesDixa
califomicaNematoceraDixidaeandHedriodiscus
spBrachyceraStratiomyidaeappearedunaffected
atBtilevelscommonlyusedagainstmosquitoesand
blackfliesmortalitywasneverthelessobservedat
higherdosageratesTable2 Howevertwo
predatorydipteransthesnailkillerSepedon
praemiosaBrachyceraSciomyzidaeandabiting
midge Palpomyia sp Nematocera
Ceratopogonidaewereunaffectedatlevelsashigh
as100pgmlTable3

Fortheothernumerousnondipteranand
nontargetorganismstestedatBtilevels2004000
timesgreaterthanacomparableLClevelof005
pgmlforCulexpipiensandAedesaegyptino
mortalitywasobservedTable4 Thesedata

providefurthersupporttorestrictspecificityofBti
totheorderDipteraandadditionallycontribute
towards delineation ofBti as a relatively
narrowspectrummicrobialinsecticide

Chironomid midges are unique from

mosquitoesandblackfliessincetheChironomidae
containsnotonlysusceptibletargetorganismsbut
alsobeneficialnontargetfauna Whileourdata

arenotextensivetheimportanceofapparent
suspecteddifferencesinsusceptibilitybetween
Chironomidaeandotherdipteransshouldwarrant
continuedandrenewedeffortsbyotherinvestigators
to provide additional information on this

taxonomicallymedicallyandecologicallyimportant
insectorderandfornontargetfaunaconcurrently
exposedtothispathogen
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FIELDEVALUATIONOFBENDIOCARBCHLORPYRIFOSDIAZINONAND

PERMETHRINFORCONTROLOFPLAGUEVECTORSINTHE

NORTHERNSIERRANEVADAOFCALIFORNIA

CharlesRSmithandErnestELusk

Introduction

CaliforniasSierraNevadaMountainsare

heavilyusedforrecreationalpurposesAtmany
recreationalsitespopulationsofgroundsquirrels
andchipmunkshavebecomeextremelydenseHigh
densitiesofsusceptiblerodenthostsandvectorfleas
areprerequisitestoepizooticsofbubonicplaguein
endemicareas PlagueisendemicintheSierra
NevadaMountainsfirstdocumentedin1937when
anepizooticandassociatedhumancaseoccurredon
theNevadasideofLakeTahoeMeyer1942A
resurgenceofplagueamongwildrodentsbeganin
theSierraNevadaRangeinthemid1970sandhas
continuedtothepresenttime

Fortysixpercent1430ofCaliforniashuman
plaguecasessince1970havebeencontractedduring
recreationalpursuitsFiftypercentofthesecases
havebeenassociatedwithrecreationalsitesinthe

SierraNevadaMountainsCaliforniaDepartmentof
HealthServicesrecords Allcaseshavebeen

eitherdirectly orindirectly associatedwith

epizootics among wild rodents and fleas

Transmissiontohumanshasbeenprimarilybybite
ofinfectedrodentfleas Onecasehowevera
fatality involved direct primary pneumonic
transmissionfromapetcattoitsownerThecat
hadfeduponinfectedchipmunksintheareaofthe
homeatSouthLakeTahoeWerneretal1984

IntheSierraNevadaRangeofCalifornia
plaguehasbeenisolatedfromthefollowingsciurid
rodentspeciesgroundsquirrelsSpermophilus
beecheyi Slateralis Sbeldingichipmunks
TamiasamoenusTsene TquadrimaculatusT
minimusTspeciosuspinesquirrelTamiasciurus
douglasiiandflyingsquirrelGlaucomyssabrinus
California Department of Health Services

records
Oropsyllamontanaagroundsquirrelfleais

EnvironmentalManagementBranch
CaliforniaDepartmentofHealthServices

2135AkardAvenue

ReddingCalifornia96001

Presentaddress3210PanoramaRoadReddingCalifornia96003
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aprovenplaguevectorOropsyllaidahoensisfound
ongroundsquirrelshasbeendescribedasapoor
individualvectorbutmaybeinvolvedinmass
transmissionofplagueamongrodentsChipmunk
fleasMonopsylluseumolpiandMciliatusare
provenplaguevectorsMciliatushowevermaybe
lessofavectorthantheformerspeciesEskeyand
Haas1940Chipmunkfleasreadilybitehumans
andmaybeofconsiderableimportanceinhuman
plaguetransmissionintheSierraNevadaBarnes
andKartman1960Plaguepositivechipmunkfleas
havebeenrecordedinrecentyearsinhumanplague
caseinvestigationsintheSierraNevadabythe
CaliforniaDepartmentofHealthServicesCDHS

Controlofvectorfleaswithinsecticideis

warrantedinknownorlatentepizooticperiodsin
theSierraNevadatolessenplaguetransmission
potentialtohumansControlefficacydataforthe
variousinsecticidesavailableforwildrodentflea

controlisneededforthisimportantplagueendemic
regionConsequentlywemadefieldcomparisons
ofbeniocarbchlorpyrifosdiazinonandpermethrin
dustsforcontroloffleasonplaguehostsinthe
northernSierraNevadaMountainsThepresent
papersummarizestheresultsofthesetrialsusing
presentapplicationmethodsandcomparesthe
effectivenessofeachmaterialThisstudywasalso
designedtoemphasizetheneedforanintegrated
control approach to plague management at

recreational sites in plague endemic areas

integratingfleacontrolwithrodentcontrolmethods

MaterialsandMethods

Thetrialspresentedwereaportionofathree
yearstudytowardsdevelopmentofaplague
managementstrategyfortwostateparksinthe
Sierra NevadaMountainsbythe California

DepartmentofHealthServicesEnviromental



ManagementBranchCDHSEMBincooperation
withtheCaliforniaDepartmentofParksand
RecreationCDPR

Trapstationgrids1000footsquarewith
stationpointsat100footintervalswereusedfor
rodent trapping at Upper Jamison Creek

campgroundPlumasEurekaStateParkGraeagle
CaliforniaandatCreekcampgroundDonner
Memorial State Park Truckee California

Alternativesiteswithinthetwostateparksanda
campgroundinasimilarhabitatatBergerCreek
Sierra County California were used for

comparisonOneTomahawkandtwoShermanlive
trapsbaitedwithpeanutbutterandcrimpedoats
wereusedateachgridtrappingstationTrapswere
setovernightfrom1600to1000hoursandwere
openedforthreeconsectutivenightsinthespring
andfallmonthsMayJuneandSeptember
OctoberInsummermonthsJulyAugusttraps
weresetovernightontwoalternatenightsGrid
trappingcontinuedonamonthlybasisMaythrough
Octobertheactivityseasonforhibernatingrodent
speciespresentinthestudyareas Captured
rodentswereanesthesizedusingethylethermarked
witheartagsfishfingerlingtagscombedforfleas
sexedweighedmeasuredandreleasedagainatthe
pointofcaptureFleaswereplacedina2saline
solutionfortransporttothelaboratoryfor
identification

Bendiocarb Ficam 1 is the only
insecticidecurrentlyregisteredforwildrodentflea
controlinCaliforniaTheuseofdiazinon3dust

wasunderaspeciallocalneedsuseregistration
issuedtotheCDHSbytheCaliforniaDepartment
ofFoodandAgricultureCDFA Research

authorizationswereissuedbytheCDFAtothe
CDHSfortheuseofchlorpyrifos1and
permethrin05dustsforthesetrials

Preandposttreatmentfleaindiceswereused
toevaluatecontrolsuccessinthefieldtrials

Samplesizefollowedthecriteriaestablishedby
Schwan1984using20astheminimumsamplesize
foreachhostspeciestoestablishthefleaindex

Trialsusingdiazinonbendiocarbchlorpyrifos
andpermethrindustformulationswereconducted
atPlumasEurekaStateParkandaimedatcontrol

ofMonopsyllussppfleasoccurringontheshadow
chipmunkTamiassenexEutamiastownsendii
senexAnadditionaltrialusingpermethrinwas
conductedatDonnerMemorialStateParkaimedat

controlofOropsyllamontanaandOropyslla
idahoensisfleasonthegoldenmantledground
squirrelSpermophiluslateralis

Inalltrialsinsecticidewasappliedin4inch
diameterby18inchlongPVCpipebaitstations
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Onethirdpipecapswereusedateachendofthe
baittubestocontainbaitandinsecticideBeardet
al1988Nontoxicbaitblocksofpeanutbutter
oatsandparaffinweresuspendedabovethe
insecticidedustasbaitBaitandinsecticidewere
checkedonaneveryotherdaybasisandreplenished
asnecessaryInsecticidewasappliedattherateof
24ouncesperbaitstationinalltrialsBaitstations
wereplacedatestablishedgridpointsat100foot
intervalsforgridtrialsandat50footintervalsin
linesfornongridtrials

Evaluationofeffectivenesswasbasedonthe
criteriaofameannumberofoneorlessfleaper
hostandonthepercentageofrodentsinfested
beforeandaftertreatment Sinceaplague
epizooticwasinprogressatthetimeofthe
bendiocarbanddiazinontrialsnocontrolplotcould
beestablishedforcomparisonandthesematerials
werecompareddirectlyunderusageatPlumas
EurekaStatePark

Evaluationofeffectivenessofchlorpyrifosand
permethrinwasbasedontheabovecriteriaofone
orlessfleaperhostandoncomparisonwithan
untreatedcontrolsitesampledconcurrentlyat
BergerCreekEvaluationofpermethrinforcontrol
offleasongoldenmantledsquirrelswasbasedon
theabovecriteriaofnoneorlessfleaperhostand
oncomparisonwithanuntreatedsitewithinDonner
MemorialStateParksampledconcurrently

Studiesontheneedforintegratedplague
managementwereconductedincampgroundsat
DonnerMemorialStateParkThepredominant
speciesinvolvedinthesestudieswerethegolden
mantledgroundsquirrelSpermophiluslateralisand
thefleas Oropsylla montana and Oropsylla
idahoensis Groundsquirrelswerelivetrapped
markedandreleasedagainonthestudygridat
CreekcampgroundonamonthlybasisMay
throughOctoberforthreeyears19861988Flea
indiceswereestablishedforeachmonthlysampling
periodFiftygroundsquirrelswereremovedfrom
thegridinJune1986preceededbyfleacontrol
usingchlorpyrifos1dustinbaitstationsoperated
for18daysAtotalof70groundsquirrelswere
removedfromthegridinOctober1987withno
fleacontrolintegratedintotherodentremovalThe
resultsoftherodentremovalwithnofleacontrolas

showninthe1988monthlyfleaindiceswerethen
comparedtothe19861987integratedremovaland
fleacontrol

Results

Efficacyofbeniocarbanddiazinon Bendiocarb

Ficam 1anddiazinon3dustswere

compareddirectlyunderusageforcontrolofa



plagueepizooticamongshadowchipmunksat
PlumasEurekaStateParkinMay1986Thebait
stationsusedforeachtrialwereoperatedfor23
days Areasoffleacontrolweredesignatedas
nongridforthebendiocarbtrialandgridforthe
diazinontrial Bothlocationswereinthe

campgroundatthestateparkandwereseparated
byJamisonCreek Pretreatmentlevelwas362

fleasperhostforshadowchipmunks
Figure1showsresultsofcontroloffleason

shadowchipmunksusingbendiocarb1dustinbait
stationsfor23daysatPlumasEurekaStatePark
Posttreatmentevaluationsweremadeat1026and
81daysafterinitialdeploymentControlcriteriaof
oneorlessfleaperhostwasnotachievedforfleas
onshadowchipmunksat1026or81dayswith
bendiocarb

Figure2givesresultsofcontroloffleason
shadowchipmunksusingdiazinon3dustinbait
stationsfor23daysatPlumasEurekaStatePark
Posttreatmentevaluationsweremadethroughout
thediazinonsiteat10265381108134and164
daysafterinitialdeploymentFleaswerereduced
fromthepretreatmentlevelof362perhosttoa
levelof004perhostwithin10dayswithdiazinon
Theaveragenumberoffleasperchipmunkstayed
atlessthanoneperhostforatleast53days
Efficacy of chloruyrifos and Dermethrin

ChlorpyrifosDursban 1andpermethrin05
dustformulationswerecomparedforcontrolof
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Figure1Flea control using bendiocarb 1

FicamDinbaitstationsatPlumasEurekaState
ParknongridMay1986forcontroloffleason
theShadowChipmunkTamiassenex
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Monopsylla spp fleas occurring on shadow

chipmunksatPlumasEurekaStateParkoneyear
afterthebendiocarbdiazinontrials Insecticides

wereappliedinbaitstationsoperatedfor30days
Posttreatmentevaluationsweremade3356and84
daysafterinitialdeploymentforeachtrial
Treatmentevaluationswerecomparedwithmonthly
fleaindicestakenatthecontrolsiteatBerger
CreekcampgroundsampledconcurrentlyFigure
3givesthemonthlyfleaindicesforshadow
chipmunksMaythroughOctoberatBergerCreek
campground

Figure4showsresultsoffleacontrolusing
chlorpyrifos1dustinbaitstationsatPlumas
EurekaStateParkFleasonshadowchipmunks
werereducedfromapretreatmentlevelof234to
alevelof04perhostforatleast34dayswith
chlorpyrifos1dust

Figure5givesresultsoffleacontrolusing
permethrin05dustinbaitstationsatPlumas
EurekaStateParkPretreatmentfleaindexfor

thistrialwas191fleasperhostPosttreatment
evaluationsat3356and81daysafterinitial
deploymentshowednosignificantreductioninfleas
usingpermethrin05dustformulationonshadow
chipmunksCloseobservationsweremadeofbait
stationusageateachposttreatmentcheckShadow
chipmunksshowedanapparentunexplained
aversiontothepermethrinformulationanddidnot
readilyenterbaitstationsEightypercentofbait
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stationsinthepermethrintrialwereunusedbythis
chipmunkspeciesIncontrast91ofbaitstations
containingchlorpyrifos1dustintheotherportion
ofthesamecampgroundshowedheavyusageby
thischipmunkspecies

Figure6showsresultsoffleacontrolusing
permethrin05dustinbaitstationsforcontrolof
OropsyllamontanaandOropsyllaidahoensisfleas
occurringongoldenmantledgroundsquirrelsat
DonnerMemorialStatePark Spenmophilus
lateralisthegoldenmantledgroundsquirrel
showednoaversiontothepermethrinformulation
Treatmentareainthistrialwascompareddirectly
toacontrolareawithintheparksampled
concurrentlyasshowninFigure6 Daily
observationsweremadeofbaitstationusageby
rodentspecies Bothgoldenmantledground
squirrelsandyellowpinechipmunksTamias
amoenusreadilyenteredbaitstationscontaining
the05permethrinformulation Thepre
treatmentfleaindexwas682perhostforthe
goldenmantledgroundsquirrelThiswasreduced
toalevelof02in13days816sampledateusing
permethrin05dustinbaitstationsAt34days
98sampledatethefleaindexforgoldenmantled
groundsquirrelswas26perhosthigherthanthe
controlcriteriaofoneorlessfleaperhostbut
significantlylowerthantheconcurrentfleaindexat
thecontrolareaforgoldenmantledground
squirrelsof625fleasperhost
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Figure7MonthlyfleaindicesfortheGolden
mantledGroundSquirrelSpennophiluslateralisat
DonnerMemorialStateParkgrid1986showing
integratedfleacontrolchlorpyrifos1 andhost

removal
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Integratedplaguemanagementstudies Figure7
showsthemonthlyaveragenumberoffleasMay
throughOctober1986forgoldenmantledground
squirrelsatDonnerMemorialStateParkforthe
integratedplaguemanagementstudiesAtrapping
gridatCreekcampgroundwithintheparkwasused
forthesestudies Fiftygroundsquirrelswere
removedfromthegridinJuneasshowninFigure
7preceededbyfleacontrolusingchlorpyrifos1
dustinbaitstationsfor18days Themonthly
averagenumberoffleasperhostforgolden
mantledgroundsquirrelsremainedatlessthan25
fortheremainderofthetrappingseasonfollowing
theintegratedrodentremovalandfleacontrol

Figure8showsthemonthlyaveragenumberof
fleasMaythroughOctober1987forgolden
mantledgroundsquirrelsonthetrappinggridat
DonnerMemorialStateParkFleaindicesarealso

shownforthegoldenmantledgroundsquirrelat
additionalsiteswithinthestateparkatEastRidge
andRidgecampgrounds Monthlyfleaindices
remainedbelow4perhostatallsitesforthe1987
trappingseason Seventygroundsquirrelswere
removedfromthegridandthetwoadditionalsites
followingtheOctobersampling Nofleacontrol

wasintegratedwiththerodentremoval
Figure9givesthemonthlyaveragenumberof

fleasMaythroughOctober1988forgolden
mantledgroundsquirrelsonthetrappinggridat
DonnerMemorialStateParkFleaindicesatEast
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removalwithoutfleacontrol



15
A
V
E
R
A
G
E 10

F
L

A
s

H
0

T

RidgeandRidgecampgroundsforgoldenmantled
groundsquirrelsinMayarealsoshowninFigure9
FleaindicesinMaywere2671083and1095per
hostrespectivelyatthegridEastRidgeandRidge
campgroundsRodentremovalinthepreviousfall
withnofleacontrolresultedinoverwintering
survivalandconcentrationoffleasonsurviving
rodenthostsandonemigratingrodenthostswhich
enteredthestudyareasthefollowingspringFlea
indicesremainedhigherin1988onthestudygrid
followingrodentremovalwithnofleacontrolthan
ineitherofthepreviousyearswhenfleacontrolwas
integratedintothemanagementprogram
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Discussion

Controlmeasuresinepizooticplagueare
necessarilyunderemergencyconditionsaimedat
lesseningthetransmissionpotentialofinfectionto
humansbyreducingfleavectorsControlofvector
fleasinterruptsthenaturaltransmissioncycleofthe
diseaseIdealcontrolmaterialsshouldprovidea
rapidreductionoffleasandasignificantresidual
effectonthefleapopulation

Barnes1982listedcriteriawhichprecipitate
control

1Presenceofsusceptiblerodentsandvector
fleasinareasofhumanactivityandexposure
potential

2Observationofplagueepizooticsinsuch
areas

3Detectionofresidualactivitywherehuman
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Figure9MonthlyfleaindicesfortheGoldenmantledGroundSquirrelSpermophiluslateralis
atDonnerMemorialStatePark1988showingoverwinteringsurvivalandconcentrationoffleas
inthespringonremainingandnewmigranthostsfollowinghostremovalwithoutfleacontrol
inthefallofthepreviousyear

caseshaveoriginated
BasedonBarnescriteriaplaguecontrolinthe

SierraNevadaMountainsinourprogramhasbeen
aimedprimarilyatareasofgreatesthuman
transmissionriskwherewildrodentsfleasand
humanscloselyintermingle

Applicationtechniquesforcontrolofwild
rodentfleashavebeendescribedbyBarnesetal
1974BarnesandKartman1960andNelsonand
Smith1974 Methodsincludehanddustingof
rodentburrowsandtheuseofbaitstationsWhere

mixedrodentspeciesareinvolvedinplague
epizooticsintheSierraNevadawehavefounda
combinationofbothsystemsmaybenecessaryfor
successfulcontrolGroundsquirrelburrowsmaybe
easilylocatedandreachedbyhanddusters
Chipmunkburrowentrancesontheotherhandare
noteasilylocatedInourstudiesatPlumasEureka
StateParkshadowchipmunksTsenexwere
observedbyradiotelemetrytousegroundburrows
fornestingnestsinstumpsandhollowlogsnestsin
hollowsnagsandevennestshighinlargecedar
treesDuetothisvariationinnestinghabitatsbait
stationsaremoreeffectiveforcontrolofchipmunk
fleasthanburrowdusting

InourtrialatPlumasEurekaStatePark
bendiocarb1dustappliedinbaitstationsdidnot
proveeffectiveinreducingfleasonshadow
chipmunkstooneorlessperhostBendiocarbhas
howeverproveneffectiveelsewhereinCalifornia
CDHSrecords



Permethrin05dustgavemixedresultsin
fleacontroltrialsatPlumasEurekaandDonner
MemorialStateParks Shadowchipmunksat
PlumasEureka State Park demonstrated an

apparentaversiontothepermethrinformulation
andwouldnotreadilyenterbaitstationsGolden
mantled ground squirrels and yellow pine
chipmunksontheotherhandshowednosuch
aversionatDonnerMemorialStateParkFleason

thesespeciesweresiginificantlyreducedatDonner
MemorialStateParkusingpermethrin05dust

Diazinon3andchlorpyrifos1dusts
providedeffectivecontrolofwildrodentfleasinthe
SierraNevadaMountainsinourtrialsChlorpyrifos
1gavearapidknockdownoffleasongolden
mantledgroundsquirrelsatDonnerMemorialState
Parkandareductiontoaleveloflessthanoneper
hostforupto47daysFleasoccurringonshadow
chipmunksatPlumasEurekaStateParkwere
rapidlyreducedandmaintainedatalevelofless
thanoneperhostforupto34dayswith
chlorpyrifos1inbaitstations

Diazinon3dustwasthematerialbest

meetingourcontrolcriteriaDiazinonprovideda
rapidknockdownoffleasonshadowchipmunksand
areductiontoaleveloflessthanonefleaperhost
foratleast54daysatPlumasEurekaStatePark
Diazinon3dusthasshownsimilareffectiveness

forcontroloffleasongroundsquirrelsand
chipmunkselsewhereinCaliforniainrecentcontrol
ofplagueepizooticsCDHSrecords

Arthropodvectorcontrolusingsafeeffective
insecticidesremainsthebestsolutionforshortterm

controlofplagueepizooticsinareasofhuman
transmissionrisk Longtermsolutionsinthe
controlofbubonicplagueinendemicareasinvolve
anintergratedapproachutilizingeducationrodent
exclusionandpossiblehabitatmodificationsand
rodentandfleacontrol
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CMVCAYEARENDCOMMITTEEREPORTS1989

Thefollowingreportsreflecttheactivitiesof
theCaliforniaMosquitoandVectorControl
Associationsstandingandadhoccommitteesfor

CharlesBeesley

CMVCAVicePresident

ContraCostaMosquitoAbatementDistrict
155MasonCircle

ConcordCalifornia94520

LEGISLATIVECOMMITTEE

theyear1989assubmittedbythechairpersonsof
eachcommittee

JackVFioriChair
WilliamEHazeltineAllenRHubbardSuzanneIngramLLinoLunaJohnRPanzak

FredCRobertsMichaelJWargoandDouglasCWhite

TheLegislativeCommitteemetonthree
occasionsduringthe1989yearTheCMVCAs
LegislativeAdvocateMrRalphHeimandthe
CMVCAsLegalCounselDaleBacigalupiattended
partofthesessionsandeachcontributedagreat
dealofinformation

Veryfewlegislativebillswerepresentedduring
1989thatwouldhaveasignificantimpacton
mosquitoabatementdistrictsDonWomeldorfof
theStateDepartmentofHealthServicesreported
ontheDepartments198990budgetallocation
JohnCombsdiscussedtheroleoftheLegislative
Committee

BFredBeamsChair
GlennEBissellJamesRCatonCharlesPHansenSusanCritchfieldMaggyandJohnStroh

TheContinuingEducationCommitteeheld
fourregularlyscheduledmeetingsin1989During
theyearthecommitteeaccomplishedthefollowing

1 Reviewed 36 programs submitted for

approvalofcontinuingeducationcredit
2 Developed in cooperation with the

EnvironmentalManagementBranchofthe
State Department of Health Services
regulationswhichwillbeadoptedtocarryout
AB4114whichbecamelawJuly11989

3 DevelopedanddistributedtheCalifornia
MosquitoandVectorControlAssociation
publication Certified Vector Control

Technician Certification and Continuing
EducationGuideforManagersandTraining

CONTINUINGEDUCATIONCOMMITTEE
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Thefollowingitemswerediscussedduringthe
1989year

1 SB344McCorquodaleStateWetlands
2 FIFRABill1989

3 SB2126RogersPestControlAdvisors
4 Section2200dHealthandSafetyCode

definitionofproperty
5 WithdrawalofDistrictfundsfromCounty

AuditorNorthwestMosquitoAbatement
DistrictLLinoLuna

6 RedevelopmentMikeWargo
7 Section4011FishandGameCodeBill

Hazeltine

Officers

4 Adoptedstandardsforinstructiontime
conversiontoCEU

5 Begandevelopmentofastatewidecomputer
programtobeusedforrecordingcontinuing
education credit for member agencies
CertifiedVectorControlTechnicians

6 Continuedassistanceinthedevelopmentofa
seriesofcertificationvideotapesandtexts
whicharebeingproducedbyChicoState
UniversityundertheguidanceoftheCalifornia
MosquitoandVectorControlAssociationand
theEnvironmentalManagementBranchofthe
StateDepartmentofHealthServices



DISEASECONTROLADHOCCOMMITTEE

WilliamCHazeleurChair
JamesRCatonMajorSDhillonAllenRHubbardWilliamCReevesandRobertKWashino

TheassignmentofthiscommitteewasTo
fosterinteragencycooperationinthedevelopment
ofprocedurestoprotectthepublichealthfrom
vectorbornediseasefor1989specificallytodevelop
amodelmalariacontrolplan

CraigWDownsChair
ArthurEColwellRobertLCoykendallDavidGFarleyVickiLKramer

MarcRPittmanandWernerPSchon

TheBiologicalControlCommitteemetthree
timesin1989Inadditiontothebusinessmeetings
wetouredthefishproductionfacilitiesofthe
Sacramento CountyYolo County Mosquito
AbatementDistrictandtheContraCostaMosquito
AbatementDistrictaswellasTheFisherya
commercialfishfarminGalt

Themainfocusatthemeetingswasthe
revisionofFishesinCaliforniaMosquitoControl
Weassignedsectionsofthepublicationtomembers
forrewritestobecompletedbytheyearsendWe
hopetohavetheneweditionpublishedbymid
1990

TheResearchCommitteemetseveraltimes

duringtheyearforcommitteeworkandreviewing
mosquitoresearchproposalsOnMarch71989
thecommitteemetatContraCostaMosquito
AbatementDistricttoreview36researchproposals
ThecommitteemetagaininMontereyonAugust3
anddecidedtoholditsresearchproposalreviewat
thesametimeastheMRTCformalpresentations
ThefollowingisasummaryoftheUniversitywide
MosquitoResearchProgramgrantsfortheyear
providedbyDrBruceEldridgecommittee
consultant

BIOLOGICALCONTROLCOMMITTEE

RESEARCHCOMMITTEE

Althoughconsiderableamountofprogresswas
madethisassignmentwasnotabletobecompleted
withinoneyearTheeffortshouldcontinueinthe
comingyearandIwillbehappytoassistinthe
futurewiththisendeavor

VickiKramerwasappointedtheeditorof
BioBriefsItemstobeincludedinBioBriefsshould

bedirectedtoheratContraCostaMosquito
AbatementDistrict

Lagenidiumgiganteumwasaddedtothelistof
BioNotespublishedThiseditionwascowrittenby
KenBoyceandSusanMaggyoftheSacramento
CountyYoloCountyMosquitoAbatementDistrict

WealsocompiledalistingofBioBriefsand
BioNotestobepublishedinanupcomingissueof
BioBriefs Thecentralofficewillbegivena
completecomplementofbothpublications

GilbertLChalletChair
CharlesBeesleyJamesRCatonArthurRColwellWilliamCHazeleurandDouglasCWhite
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Proposals
Proposalsreviewed
Proposalsfunded

Totalfundsgranted

Breakdownoffundedgrants
BiologicalControl
ChemicalControl

Epidemiology Surveillance

Ecology

36

27

442690

38

19

36

7

100



ThePhysicalControlCommitteemetthree
timesin1989Thecommitteesgoalwastodevelop
aplanforimplementationofadocumententitled
VectorPreventioninProposedDevelopments
GuidelinesStandardsandChecklist Although
thisgoalwasnotreachedthecommitteedidmake
availabletoalldistrictsandagenciescopiesofthe
documentandprovidedconsultationregardingits
intendeduse

Wehavefurnishedadraftofourfinalreport
totheWaysandMeansCommitteeandaskedthem
tosupportitinconceptasfollows

1 Toestablishacomputerizedinformation
systemformosquitoandvectorcontrol
operations

2 TolocatethesystemattheCMVCA
headquarters

3 Tohireacomputerspecialisttoworkunder
thesupervisionofafulltimeExecutive
DirectorThespecialistwouldmaintainthe
softwarekeepthedatabasescurrentand
assistusersinaccessingthesystem

4 Information updating to be done by
specialistsinCMVCAUCDHSandother
agencies

AtourmeetingheldNovember301989we
finetunedthefmalreportIwillsubmitittothe
boardinJanuaryWecontemplatenoneedfor
fundinganyofthesystemuntil1991

PHYSICALCONTROLCOMMITTEE

JohnRStrohChair
PeterBGhormleyRonaldLMcBrideMelvinLOldhamKevinPinion

JamesRStannardandJimWanderscheid

Otheritemsbroughtbeforethecommitteefor
reviewincluded

1 Urbanlawndrainstheirdesignandabilityto
actasamosquitobreedingsource

2 Vegetationmanagementasameansof
sourcereductioninnoncropareas

3 Thefutureofthecommittee

COMPUTERAPPLICATIONSADHOCCOMMITTEE

BruceFEldridgeChair
DavidABrownCraigWDownsJackEHazelriggBarbaraAKozuskoMarilynMMilby

AllanRPfuntnerandFredCRoberts
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Inthemeantimewewouldliketouse1990to
familiarizeCMVCAmemberswiththeproposed
systemanditscapabilities Todothiswe
recommendholdinganopenforumjustbeforethe
quarterlyCMVCABoardofDirectorsmeetingin
AprilWewillinviteinadvancememberstopose
questionsaboutthesystemtothecommitteeWe
realizethatanumberofpotentialusershave
questions about compatibility computer
requirementsetc Wewillansweranysuch
questionsatanytimeofcoursebutwebelievea
foruminAprilwouldbeadvisable

Finallythecommitteebelievesthatwehave
designedasystemwithexcellentpotentialto
becomeaclassactandwhichwillbeuniqueinthe
areaofmosquitoabatementItshouldprovidethe
expandedservicemosquitoabatementdistrict
managersandtheirboardswillwantforanydues
increaseandwillalsohaveusersinotherstatesat
afee



ENVIRONMENTALANDLIAISONCOMMITTEE

FredCRobertsChair
JohnRAndersonGilbertLChalletCharlesHDillEugeneEKaufman

HarveyIScudderandDouglasCWhite

ThemajoreffortsoftheEnvironmentaland
LiaisonCommitteeweredirectedtowardinsuring
thatourproposedPublicHealthExemptionbe
appropriatelyincorporatedintotheEnvironmental
ProtectionAgencysEPAEndangeredSpecies
Program

TheEPAissuedaFEDERALREGISTER

NOTICEFRNonMondayJuly31989
describingtheirrevisedprogramThecommittee
reviewedtheprogram developed a set of

recommendationsandformulatedalettertobesent

byourPresidentClaudeWatsonTheletterwas
approvedbytheBoardofDirectorsattheirmeeting
onAugust21989ItwassentbyClaudeWatson
onAugust171989Theletterwasreferencedby
manyCaliforniaagenciesrespondingtotheFRN

WAYSANDMEANSCOMMITTEE

andwasreferredtobytheAmericanMosquito
ControlAssociationintheirformalresponsetothe
EPA

ThefinalnegotiationsconcerningthePublic
HealthExemptionPHEarenowoccurring
betweenpublichealthinterestsandtheEPADr
JohnKlieweroftheEPAhassentflowchartsofthe

proposedPHEtoourcommitteeforreviewThe
committeeisreviewingittoinsurethatitis
consistentwiththerecommendationsmadeby
PresidentWatson

TheEPAindicatedthat39responseswere
receivedfrompublichealthagenciesinresponseto
theFRNontheEndangeredSpeciesProgram
Thoseagenciesthatexpressedtheirpointsofview
shouldbecommended

CharlesPHansenChair
JWarrenCookHarmonLClementCharlesHDillAllenRHubbard

MichaelJWargoandDouglasCWhite

Thechargegiventothecommitteewasto
EvaluatetheCMVCAadministrativestructureand

makerecommendationsleadingtotheyear1991
ExamineduesstructuretoassureadequacyTo
accomplishthesegoalsthecommitteechosetohold
aManagementWorkshopattheGranlibakken
ConferenceCenteronthewesternshoresofLake

TahoeonOctober23251989 Theworkshop
formatwasselectedbecausewefeltitwasthe

correctforumforourmembershiptobegivenan
opportunitytoexpressthemselvesaboutCMVCA
goalsandobjectivesguidingtheAssociationinthe
21stcentury

Oneintegralpartofourassociationsfuture
discussedbymanywasthepositionofaparttime
versusfulltimeExecutiveDirectorHoweverthere
aremanyimportantissuesthatneedtobe
addressedandtheworkshopidentifiedseven7
thatweresignificantandcriticaltoourassociation
overtheensuingyearsThisreportoutlinesthe
sevenspecificissuesandidentifieskeydatesaction
planningconflictsetcandsummarizestheseareas
fortheBoardofDirectorswithoutrestatingthe
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entirereportItwillbeextremelyimportantforthe
Boardtoevaluatethereportprioritizetheissues
assigncommitteesoutlinespecificdutiesand
implementanActionPlanwithrealisticgoals
Whereappropriaterecommendationsaresubmitted
bytheWaysandMeansCommitteeforspecific
issuesandthisreportconcludeswithalistof
additionalrecommendationsIftheCommitteehad

noadditionalrecommendationsonthereportwe
simplystatednone

URBANIZATION

Needforstrengtheningourassociationthrough
planningpolicypublicationsandlegislation

RecommendationNone

MANPOWER

Evaluatetheneedforandfutureavailabilityof
trained professionals enteringvector control

programs Willtherebemedicalentomology
professorstoprovidethetrainingintheacademic
institutions

TargetDate1990



RecommendationTheshortageofpublichealth
professors and the need for newmedical

entomologytextbooksetcshouldbecoordinated
withotherorganizationswithsimilarinterestsie
AMCASOVEESAetc

LEGISLATION

Utilizeproactiveenvironmentallegislationto
promoteandsupportpublichealthprograms
InvolveTrusteesatthelocallevel

TargetDate1990
RecommendationNone

COMMUNICATION

BasicallyathreefoldapproachInteracting
withthegeneralpublicotherrelatedagenciesand
improvingcommunicationswithinourassociation
particularlybetweenTrusteesandManagers
Utilizeastatewidecomputerizedinformational
systemtodispensethisinformationtoourgeneral
membership

Actions

1 Conductregionalsurveystoidentifyspecific
StateandFederalagenciesthatMosquitoand
VectorControlDistrictsneedtonetworkwith
inthefuture1990

2 BoardofDirectorstodelegatetoRegional
Representativestheresponsibilityofthesurvey
byJanuary11990

WhenSurveyresultstobepresentedatthe
BoardofDirectorsmeetinginthefallof1990

RecommendationNone

ENVIRONMENTALISSUES

Coordinateourvectorcontrolprogramswith
appropriate legislation and other regulatory
activitiestoinsurepublichealthreceivestheproper
recognitionandsupport

RecommendationEstablishtargetdatesfor
actionplan

FUNDING

Thethreebasicareasofdiscussionwerethe
fundsassociatedwithlocalvectorcontrolagencies
theassociationandresearch

Actions

1 DevelopaMarketingPlanwhichoutlines
whattheCMVCAprovidestoitsmembership
fortheirdues

2 WaysandMeansCommitteeresearchthe
costsassociatedwithhiringanExecutive
DirectorbyJune1990

3 IncreaseassociationduesFirstincreaseto
bein1991andthesecondin1992withfuture
increasesviasomeindexingplan

180

Recommendations
1 TheMarketingPlanneedstobecompleted

byApril301990Thisdatawillbenecessary
sinceitwillprovideimportantsupport
informationtoconvinceBoardofTrusteesof
theneedtoincreasedues

2 Appointanadhoccommitteetoresearchthe
expenseofhiringanExecutiveDirectorThis
reviewcommitteewillservetointerview
applicantsforthefullBoardofDirectors
ThiscommitteewhichshouldnotbetheWays
andMeansCommitteeshouldincludethe
current parttime Executive Director

TreasurerCMVCAOfficersandaTrustee
CorporateBoardrepresentative

3 Request the Executive Director and

Treasurertogenerateestimateddollarfigures
ifmembershipduesdoubledortripled
Utilizinga5inflationfigureforboththe
CMVCAbudgetandtheoperationalbudgetof
eachdistrict

STRUCTURE

Fourspecificareaswereidentified
1 Theoverwhelmingconclusionwasthatthe

CMVCAneedsafulltimeExecutiveDirector
Mostifnotallofthesevenmajorissues
wouldrequiretheguidanceofafulltime
person

2 TheroleoftheTrusteessurfacedmanytimes
duringtheworkshop

3 Restructuringtheregionalboundariesto
balancerepresentation

4 CorporateversusAssociatemembership
Actions

1 AcquireafulltimeExecutiveDirectorby
September11990 Tobehandledbythe
WaysandMeansCommitteeProjectedcost
aminimumof100000impactonthe
association

2 ImprovecommunicationsbetweenTrustees
andManagersbeginningwiththe1990annual
conferenceprogram

3 Appointandadhoccommitteetoprepare
andpresentareportonregionalboundariesat
thespringBoardofDirectorsmeeting
AprilMay1990

4 AssigntheWaysandMeansCommitteeto
evaluatetheroleofassociatememberswithin
theassociationandreportatthespringBoard
ofDirectorsmeetingAprilMay1990

Recommendations
1 TheCMVCABoardofDirectorsappropriate

alineiteminthe1990budgetforafulltime
ExecutiveDirector



2 Fouroutofthesixsmallgroupsaddressed
specificallythepositionofanExecutive
DirectorwithtargetdatesvaryingfromJune
1990to1992 TheWaysandMeans
Committeewouldconcurwiththe100000
estimatetobringonboardafulltime
ExecutiveDirectorandrecommendthetarget
datebeOctober11990

3 ReportsonActions3and4beextendedto
thesummerBoardofDirectorsmeeting

COMMITTEERECOMMENDATIONS
1 DonotaskMrRobertRauchtomakea

presentationattheconferenceJanuary29
1990

2 Putinalineitemonthe1990budgetfora
fulltimeExecutiveDirectorbyDecember28
1989

3 Forcontinuitybetweentheworkshopandthe
1990CMVCA officers request Charles

BeesleytoappearontheTrusteeconference
program as a speaker covering the

ManagementWorkshopbyDecember11989
4 BecauseofthelimitedtimeleftonPresident

Watsons termofofficewesuggestthat
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PresidentelectBobWashinoaftertakingover
asPresidentberesponsibleforappointingthe
necessarycommitteesandimplementingthe
ActionPlansaftertheappropriateboard
review Process to beginimmediately
followingthe1990conference

5 The1990officerswillwiththeinputfrom
thefullBoardprioritizetheissuesestablish
targetdatesdefinethespecificdutiesofthe
committeesandimplementprogramsina
reasonableandrealistictimeframe

6 Directthecommitteechargedwiththe
selectionofafulltimeExecutiveDirectorto
incorporatetherecommendationsofthe
ComputerApplicationCommitteereportinto
asearchforthequalifiedpersonstofillthe
position Again we state that this

responsibilitybegiventoanappointed
committeeandnotbechargedtotheWays
andMeansCommittee

7 DuesincreaseeffectiveJanuary11990
Raisethecapto4750exemptingAlameda
CountyVectorControlandSantaClara
VectorControlandincreasetheratefrom
0033to0045



COMPUTERAPPLICATIONSCOMMITTEEREPORT

APLANFORASTATEWIDECOMPUTERINFORMATIONNETWORK

BruceFEldridgeChair

CommitteeMembers

DavidABrownCraigWDownsJackEHazelriggBarbaraAKuzuskoMarilynMMilby
AllanRPfuntnerandFredCRoberts

Introduction

In1987thenCaliforniaMosquitoandVector
ControlAssociationCMVCAPresidentChuck
HansenappointedtheComputerApplications
CommitteewiththefollowingchargeExamine
presentcomputerinformationsystemsanddescribe
theshortandlongtermoptionsTheseoptions
shouldalsobeaccompaniedbycostfiguresand
suggestionsforfundingInexploringoptionsthe
Committeeshouldnotbeconstrainedbyprevious
assumptionsastoexistingequipmentandsystems
butshouldofcoursetakesuchitemsinto
considerationindescribingtherangeofoptions
available

SincethattimetheCommitteehasconsidered

anumberofconfigurationssoftwareprogramsand
managementschemestobringsuchasysteminto
being We also conducted a survey of

microcomputerusageamongcorporatemembersof
CMVCATable1Inlate1988theCommittee
feltithadenoughinformationtoenableitto
proceedwithdetailedimplementationofasystem
Whatfollowsaretheserecommendationsincluding
abudgetforequipmentandsoftwarepurchaseand
annualmaintenancecosts Wefeelthatsucha

systemwouldbeabenefittoeverymemberagency
ofCMVCA and recommend adoption and

implementationoftheserecommendationsbythe
BoardofDirectors

WhatTheSystemWillDo
TheCMVCAcomputersystemwouldbethe

hubofastatewidecomputerizedinformationsystem
linkingallvectorcontrolagencieswithinformation
servicesvitaltovectorcontrolThesystemwould
becometheprimarydatabaseforvectorcontrolin
Californiaaswellasothercooperatingagencies
The comprehensive database would provide
essentialdatatodecisionmakersatalllevelsof

vectorcontrolinCaliforniaSpecifically
1 TheCMVCAsystemwillaccessandstore

fromavarietyofexistingdatabases This

informationwillthenbeaccessibletolocal

mosquitocontrolagenciesthroughtheir
microcomputers Databases currently
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accessibleare

aMosquitobornediseasedatahuman
andanimalcasessentinelchickenflock
conversions mosquito isolations of

arbovirusesfromtheStateHealth
DepartmentVECTORBYTESThese
datacouldbeexpandedtoinclude
insecticide resistance information

mosquitobiologyandpesticidelabeling
bDataonendangeredspeciesfromthe
computerdatabasedevelopedbythe
StateDepartmentofFishandGame
cIPMinformationavailablefroma

University of California database

IMPACT Theinformationincludes

mosquitobiologypesticidesweather
andotherdataimportanttoIPM

2 TheCMVCAofficestaffwillcreateand

updatefilesystemsuniquetovectorcontrolin
theStateofCaliforniaThesefileswouldalso

beaccessibletothevectorcontrolagencies
throughtheirmicrocomputersandcould
include

aUpdateofpertinentlegislation
bCalendarofupcomingevents
cYearbookandotherCMVCAdata
dPesticidelabelinformation

eCataloginformationfromsuppliersof
mosquito control materials and

equipment
fOtherfilesasdeemednecessary

3 FinallytheCMVCAsystemwillreceive
reportsfromlocalvectorcontrolagenciesby
telephonetransmissionThesedatacouldthen
beprocessedandusedtoupdatethevector
controldatabaseandthentransmittedtoother

agenciesasneeded Thefollowingtypesof
informationwouldbehandledinthismanner

aMosquito abundance information

lighttrapdatalarvalsurveillancedata
etc
bLocalweatherdatavitaltoprediction
ofvectorbornedisease

cInsecticideusagedata
dOtherdataastheneedarises



Table1ResultsofasurveyofCaliforniamosquito
abatementagenciesconcerningmicrocomputer
usage

Surveyformsmailed
Agenciesresponding

Ownatleast1microcomputer
Ownnomicrocomputer

Agenciesowningatleast1microcomputer
IBMPCcompatible 20 69

PreIBMPC 8 28

Apple 1 3

Ownamodem 16 55

Table2Specificationsforahostsystemfora
statewide computer information networkfor

mosquitocontrolinformation

CPU

Mathcoprocessor
Operatingspeed

RAM

Harddisk

Floppydisks

Expansionslots
Serialports

Parallelports
Graphics

Clockcalendar

Powersupply

PointingDevice
Modems

Backupdevice
Printer

Monitor

HardwareBaseUnit
80386or80486

80387or80487asneeded
20Mhzorfaster

8

300MBor2150MB
1525720KBRW360KB
1350144MBRW720KB
10ormore

8

2

EGAorbetter

Internal

265wattsormore

HardwareAdditional
Mouse

6at2400baudeach

Tape 60MB

24pindotmatrix
Color highresolution

Software

UNIXSystemVorequivalent
DatabaseprogramforUNIX
CommunicationsprogramforUNIX
Windows386
MSDOSversion40orhigher
OS2withpresentationmanager

Number

48 100

42 88

29 69

13 31
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SystemDescription

Thegeneralspecificationsofthesystemas
deemedbythecommitteewouldbeaslistedin
Table2Allthespecifiedhardwareandsoftware
arecurrentlyavailablefromanumberofretailand
wholesalesources

Thecommitteereviewedanumberofsystems
from vendors including IBM ATT Sun

MicrosystemsandDigitalEquipmentCorporation
Weselectedasarecommendedsystemwhich
fulfilledthespecificationstheATTPC6386E
Mdel75Detailsofthesystemweselectedwith
pricingandaccessoriesappearinTable3Wealso
listrecommendedsoftwareforthisunitincluding
theUNIXoperatingsystemWestressthatthisis
theoperatingsystemforthehostmicrocomputer
anditwillnotbenecessaryforuserstouseUNIX
IftheyarecurrentlyusingMSDOSforexample
themaycontinuetodoso

SystemOperation
ManagementWerecommendthatthesystembe

installedattheCMVCAheadquartersandthatthe
managementofthesystembeundertheoverall
directionoftheExecutiveDirectoroftheCMVCA
Ingeneraltermsthemorecomplexthesystemwith
themoreservicesofferedthegreatertheamountof
daytodaymanagementthesystemwillrequire
Undercertaincircumstanceswithaminimal
systemmanagementcouldbedonewithrelatively
littleinputfromadditionalpersonnel

InstallationDuring the startup period of

approximatelyoneyearafulltimeComputer
OperationsManagerwouldbeneededtogetthe
systemsetupinstallthesoftwareandthevarious
databasespreparedocumentationandprovide
trainingforuserseitheronsiteorattheirhome
officesSeeTable4forasamplejobdescription
forthisposition

MaintenanceOnceestablishedthesystemwould
requireaparttimepersonworkingunderthe
directionoftheExecutiveDirectortomaintain

softwareandhardwareandtoprovideconsulting
andadditionaltrainingforusers Forhardware

maintenance we recommend an annual

maintenancecontractwiththevendor

OrganizationThesystemwouldbeorganized
intomodulesOnemoduleforexamplewouldbe
thevectorbornediseasesurveillanceinformation

similartothepresentVECTORBYTESsystem
Asatpresentthismodulewouldbemaintainedby
personneloftheEnvironmentalManagement
BranchCDHSInformationonmosquitoresearch
wouldbemaintainedbytheUCMosquitoResearch



Table3Samplehardwareconfigurationsandpricingforahostsystemfor astatewidecomputer

informationnetworkformosquitocontrolinformation

HardwareBaseUnit
ATTPC6386EModel75floorstandingmodel

101keyATcompatiblekeyboard
Model75CPUwith20MHzclock

EGAcompatiblemonochromemonitor
6MBRAM

9serialportsand3parallelports
includes1expansionboardwith8serialand2parallelports
52512MBfloppydiskdrive35floppydrivealsoavailable
8availableexpansionslots332bit316bit28bit Price1480436

TapeBackupUnitsincludescontrollerandsoftware
60MBtapebackupunit Price 155500
125MBtapebackupunit Price 184450

Software

RecommendthebundlingofferingofATTUNIXSystemVincluding
theFoundationSetandtheSoftwareDevelopmentSet

Modems

1102400baudpersecondmodem Price 77300

Price 99500
t

ReflectsfullretailpriceApproximate30discounttostateandlocalgovernmentsavailable
ReflectsfullretailpriceApproximate22discounttostateandlocalgovernmentsavailable

Table4SamplejobdescriptionforthepositionofComputerOperationsManager

COMPUTEROPERATIONSMANAGER

Duties

Overseetheinitialphaseoftheelectroniccomputerinstallationoperateamaincomputerconsole
multipleonlinetelecommunicationssystemsauxilaryconsolesandperipheralequipmenton
electroniccomputersystemsandassistusersintheperformanceofcomputeroperatingduties

MinimumQualifications

Completionofatleasttwoyearsatarecognizedcollegeoruniversityandsuccessfulcompletion
ofacomputeroperationorprogrammingcurriculumwhichincludesactualcomputeroperation
experienceandatleast200hoursofclassroominstructionandexperienceandversatilityusing
UNIXSystemVFoundationSetandSoftwareDevelopmentSet

Knowledgeof
Principlescapabilitiesandoperationofelectroniccomputersystemsandrelatedperipheral
equipment

Abilityto
Recognizeanworkoutsolutionsforoperationalproblemsspeakandwriteeffectivelyanalyze
dataworkcooperativelywithothersandgaintheirrespectandconfidence
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Program HarveyScudderhasvolunteeredto
maintainapesticidelabelinformationmodule
Modificationsofthedatabasescouldbeeitherby
modemorbyusingmediasentthroughthemailsto
theComputerOperationsManager

CommunicationsUserswouldaccessthesystem
throughdialupmodems Inordertoachieve

uniformityincommunicationspackagessuitable
communicationsoftwarewouldbepurchasedinbulk
lotsanddistributedtouserssothatalluserswillbe
usingthesamecommunicationsystem Most

modemPCsandremoteterminalsshouldwork
withthissystemThesurveywhichweconducted
Table 1 showedthatIBMPCcompatible
computerspredominate Theproblemswith
incompatiblehardwarecanbehandledonacaseby
casebasis Generallyspeakingweseefew
problems

Costs

Initialfirstyearcostsfortherecommended
systemwouldbeapproximately51000asoutlined
inTable5Subsequentyearcostswouldbeforthe
ComputerOperationsManager33429plus
periodiccostoflivingincreasespluscostsfor
suppliesandsoftwareandequipmentmaintenance
estimatedat5000peryear
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Hardware

ATTPC6386EModel75 14803
125MBtapebackupunit 1845

Software

ATTUNIXSystemVFoundation
andSoftwareDevelopmentSets

Personnel

OperationsManager
Benefits 28

TOTALCOSTS

Basedonmonthlysalaryof2177 2617

Table5Initialfirstyearcostsforatypicalsystem
forastatewidecomputerinformationnetworkfor
mosquitocontrolinformation

26124
7315

16648

995

33439

51082



REPORTONTHEMANAGEMENTWORKSHOPATGRANLIBAKKEN

OCTOBER23 251989

CharlesBeesley

Introduction

Thisworkshopwasconductedtoreviewthe
futuregoalsandobjectivesoftheCalifornia
Mosquito and Vector Control Association

CMVCAandtoensurethecontinuedsuccessof
bothmemberdistrictsandtheAssociationto

effectivelymeetfuturechallenges

Background
Theworkshopwastheresultofmanyevents

overthelast1020yearsTheneedforimproved
servicesandincreasingpressuresonourassociation
anditsparticipatingdistrictshasbeencontinuous
Forinstancein1967FredDeBenedettionbehalf
oftheTrusteeCorporateBoardrecommendeda
fulltimeExecutiveSecretaryfortheCMVCAIn
1975RonaldWolfofGoletaValleyCarpinteria
MADswroteareportbytheWaysandMeans
CommitteeontheneedforafulltimeExecutive
Director Henotedatthattimethatitwould

requirereevaluatingandrestructuringCMVCA
goalsandobjectivestosuccessfullyincorporatean
ExecutiveDirector Thenin1984GilChallet
chairedanadhocCentralOfficeCommitteeto
reviewthefeasibilityofmergingtheactivitiesofthe
CMVCAandVectorControlJointPowersAgency

VCJPAInsteadthecommitteerecommendeda
fulltimeExecutiveDirectorfortheCMVCA

FinallylastJanuarytheTrusteeCorporateBoard
ofDirectorsunanimouslyrecommendedafulltime
ExecutiveDirectorwhichwasreiteratedindetailat

theMayBoardofDirectorsmeetingbyourcurrent
parttimeExecutiveDirectorJohnCombs

Whilethedemandforserviceswasvery
apparenttothoseclosetothefrontlinestheneed
forandimpactofsuchachangewasstilluncertain
bymostofthemembershipThiscoupledwiththe
fmancialdifficultiesofthelast11yearssincethe
passageofProposition13isthereasonitstakenso
longtogettowherewearetoday

Topulleveryonetogetherandobjectively
reviewourassociationwesoughtoutafacilitatorto
conducttheworkshopWeselectedMrRobert

CMVCAVicePresident

ContraCostaMosquitoAbatementDistrict
150MasonCircle

ConcordCalifornia94520
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RauchfromSantaBarbarawhohasastrong
backgroundinworkingwithspecialdistrictsTables
weresetupwithgroupleaderstoreporttothe
facilitatorandthefullaudience Allideaswere

postedindiscussionandActionPlanswere
developedforallkeyitems

Therewere43participantsfrom29Districts
30managementand11trusteesand2outside
agenciestheUniversityofCaliforniaandCalifornia
DepartmentofHealthServicesEnvironmental
ManagementBranch Thegroupleaderswere
CharleyDillMikeWargoJackFioriHerbert
MarshMelOldhamandFredBeamsTherewere
threefacetsforallthegroupsandparticipantsto
consider

1CurrentissuesfacingtheAssociation
2FutureissuesfacingtheAssociation
3ActionPlanstoeffectivelydealwiththese

issues

Results

Thereweresevenkeyissuesidentified

AUrbanization Californiaisgoingthrough
continuedgrowthandurbanizationandwilldo
sofortheforeseeablefuture Thestateis

expectedtogrowfrom29milliontoalmost40
millionpeopleinthenexttenyearsalmosta
38increaseinpopulation

Whatneedstobedone Weneedincreased

publicandcommunityawarenessthrough
educationpublicrelationsprogramsandthe
development of preventative planning
guidelinesforinteractingwithcitiescounties

Who Thecentralofficecanproducethese
programspamphletsandguidelines

When Theyshouldbereleasedonaregular
basisnotjustonanemergencybasisasis
currentlydone

How TheExecutiveDirectorinconjunction
with the Publications and Legislative
Committeescouldpreparepamphletsaswell
as planning guidelines for the public



legislatorsandcitiesrespectively Another

expressed concern with the continued

statewideurbanizationwastheneedforour
associationtomakeapolicystatement
encouragingtheestablishmentofvector
control districts in uncontrolled areas

Paradoxicallymostdistrictspresentatthe
workshopstillonlyprovidemosquitocontrol
services

BManpowerThereisashortageofprofessionals
invectorcontrol

WhatistheproblemAtboththedistrictand
academiclevelbothmedicalentomologyand
publichealtharelosinggroundtoother
disciplinesinbothprofessionaltraining
technology and recruitment Retiring
professorsofmedicalentomologyarenot
alwaysbeingreplacedThiscoupledwiththe
reported shortageofmanpowerinthe
workforceoverthenextdecadewillbecomea
difficultproblemtoovercomeandwillaffect
ourprogramsWemaynothaveanyoneto
teachusandnoonetohire

WhoisresponsibleTheuniversitiescolleges
communitycollegesdistrictsandcountyhealth
departmentsareallinvolvedinteachingand
trainingofvectorcontrolasapublichealth
profession

WhenWeneedtorespondnowbeforemore
vacanciesexist Districtstryingtorecruit
personnelarealreadyseeingtheimpactof
theseproblemswiththelimitednumberof
qualifiedapplicants

HowcanweturnthisaroundWewillneedan
increasedcommitmentfromourAssociationto
reinforcetheneedforourworkandour
personnel Wecanbetterpromoteour
professionbydoingthingslike

ParticipatinginlocalCareerDayactivitiesat
schools

ContinueddevelopmentofAssociation
programsinvectorcontrolforusebydistricts
asapromotionaltool

Promoteincreasedfundingofresearchat
theacademicleveltosupportourtraining
programs

Coordinatingourconcernsatthenational
levelwithotherorganizationssuchasAMCA
andSOVE

CLegislationBothstateandfederallawsaffect
us

What Wemustbeabletobetterinfluence

presentandfuturelegislationtoincorporate
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vectorcontrolconcernsbeforelawsarepassed
Wemustalsoimprovelegislativesupportfor
researchfundingbytheUniversity

Who TheLegislativeCommitteeofthe
CMVCAincoordinationwithtrusteesdistrict
boardsandmanagementundertheleadership
ofanExecutiveDirectorcoulddothis

WhenWeneedtostepupoureffortsin1990
HowWemustincreaseourlegislativeimpact

through broader lobbying activities as

discussedattheAugustBoardofDirectors
meetingbyourlegislativeadvocateRalph
Heim

DCommunications Therewerethreeseparate
concerns within this topic interacting
networkspublicrelationsandcommunications
withintheCMVCA

1InteractingNetworks Betweenagenciesand
districts

Whatistheproblem Districtsworktoo

independentlyfortheirowngoodThereisno
associationplantodealwithstateorfederal
regulatoryagenciesWereallactingonour
own Thereisnoautomaticprocessor
mechanismforustousecomparabletothatof
otherregulatoryprocessessuchas the

CaliforniaEnvironmentalQualityActCEQA
whichregulatestheenvironmentalreview
process

Whatshouldbedone Weshouldinitiate

regionalsurveysofdistrictstoseewhothey
interactwithandwhattheiroperationalneeds
arewiththeseagencies Thenwemust

developastatewidestandardprocedurefor
theAssociationanddistrictssotheycan
implement their procedures and more

effectivelydealwithoutsideagencies
WhoTheBoardofDirectorsshouldassignthis

totheRegionalRepresentatives
WhenTheyshouldconductthissurveyoverthe

nexteighttoninemonthsandreportbackto
theBoardofDirectorsattheNovember1990
meeting

2PublicRelations

WhatWeneedtodevelopastatewideprogram
WhoIdeallytheExecutiveDirectororhisher

designeescouldoutlineandcoordinatethe
program

WhenWeneedapublicrelationsprogramnow
anditshouldbecompletedassoonas
possibleeitherasatoolforanewExecutive
Directortoworkwithoronewhichtheycould
developonthebasisofpastexperience

HowWecouldproducecannedvideoslikethe



AMCAfilmonmosquitocontroloronother
publichealthtopicsforusebyeitherdistricts
theExecutiveDirectororperhapsthe
developmentofaSpeakersBureauFundsto
supportthiscouldbealineiteminthebudget
as we develop a threefold program

informationaleducationalandemergency
usetobesupplementedwithoccasional
releasesbytheExecutiveDirector The

Associationshouldalsoconsiderdistributinga
newsletterforgeneralrelease

3CommunicationsWithintheAssociation
WhatThereweretwoconcerns1Inadequate

communicationstotrusteeswitharesultant
lackoftrustbytheminthemembershipand
theBoardofDirectorsand2inconsistent
communicationbetween committees the

BoardofDirectorsandtheExecutiveDirector
WhoBothtrusteesandcommitteesareatfault

fornotconsistentlyfollowingupontheir
responsibilitiesTheBoardofDirectorsisat
faultfornotmaintainingconsistencyin
communicationsregardingboardpolicyand
Associationprocedures

When Thiswastohavebeenaddressed

immediatelystartingattheNovember1989
BoardofDirectorsmeetingwiththereportby
theWaysandMeansCommitteetotheBoard
ofDirectors Butyousawsomeofthe
problemscreatedwhentheBoardofDirectors
didnotfollowtherecommendationofthe

TrusteeCorporateBoardofDirectorson
raisingtheceilingofcorporatemembersdues
to5000year

Howshouldthisbehandled Byperiodically
reviewingourorganizationalprocesssuchas
at the beginning of each term and

implementingneededchangestothebylaws
whennecessary

EEnvironment

WhatThereisincreasingpublicconcernover
themisuseoftheenvironmentanduseabuse

orperceivedmisuseofpesticidesThishas
resultedinmoreandmorefederalandstate

regulationswhichincreasinglyrestrictour
abilitiestooperateeffectivelyForinstance
thenewFederalEndangeredSpeciesAct
FESAwillfurtherrestrictpesticideusagefor
mosquitocontrolinsensitivehabitatsThis
compoundsanalreadydifficulttaskbecauseof
pastconflictsbetweenMADstheCalifornia
DepartmentofFishandGameandtheUS
Department ofFishandWildlife over

jurisdictionaldifferencesofpublichealth
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mosquito control vs wildlife habitat

management
Who Theseeventsarefarreachingand

committees such as Environmental and

Legislativeshouldensureweareconsistent
andthoroughinourresponsestolegislatorsin
thisprocess Weneedtoimprovepublic
healthconsiderationsbythelegislatorsas
legislativebillsarebeingdeveloped

WhenThesecommitteesandourAssociation
needtoimproveourcapabilitiesassoonas
possible

HowWemustbetterinfluencestateandfederal
legislation Todosowemustimprove
universityresearchfundingthequalityand
typeofresearchprojectsandfurtherourties
withperipheralassociationssuchastheCounty
HealthOfficerstoencouragecontinued
research and development and product
availabilitybypesticidemanufacturers We

needtodevelopalistofpesticideswewantto
useforregularoremergencyuseandinsist
upontheiracceptancebytheseagenciesand
theiravailabilitybymanufacturersWeshould
instituteworkshopswiththeseregulatory
agenciestoensureoursuccess

FFundingIttakesmoneytohirepeopleinorder
tohaveaprogramwhetherlocallystatewide
ornationally Therearetwoseparate
concernstheCMVCAandUCresearch
funding

1CMVCA

WhatWeneedtoincreaseouroperatingfunds
toexpandoureffortskeepinginmindthatour
primarysourceofrevenueisAssociationdues

WhoTheBoardofDirectorsshoulddirectthe
WaysandMeansCommitteetoreviewand
makerecommendationsfordueschangesand
subsequentapprovalbytheBoardofDirectors
andtheTrusteeCorporateBoardofDirectors

When Duesmustbeincreasedimmediately
beginning in January 1990 with the

understandingitwilltakemorethanone
increasetoachieveallourgoals

How Becausetheprimarysourceofduesis
fromcorporatememberswewouldliketosee
theExecutiveDirectorbetterpromotethe
Association market it for increased

membershipandatthesametimeretain
existingmembersThiscouldbedonethrough
advertisementsnewslettersorothermeans

2Research

What Actualresearchdollarsinavailable

spendingfundshascontinuedtodiminish



throughinflationandincreasedadministrative
overheadbytheUniversityFundingneedsto
beincreasedtobothoffsetthisandexpandthe
numberqualityandtypeofresearchprojects

WhoBecauseofthemanyfacetsofapproving
researchfundingtheExecutiveDirectorwould
betheappropriatepersontocoordinateour
effortswiththeUniversityandlegislators

WhenOureffortsneedtobeimprovedassoon
aspossible

HowWecouldachievethisbyestablishingan
AdvisoryCommitteeforlegislatorsandby
reestablishingalineinthestatebudgetfor
expandeduniversityresearchandperhapsby
creatingaresearchfoundationwithinthe
AssociationtopromotegrantsAlsowecould
enhanceduesregionallyorbycommongoals
forspecificresearchprojectsandorsolicit
helpfromvendorsandmanufacturersfor
projectsupport

GStructure Allorganizationsmusthavea
structureorframeworktoworkeffectively
Therewerefouritemsofconcernthecentral
office the role of trustees regional
representationandlevelsofmembership

1TheCentralOfficeThisofficeisthecoreof
ourorganization

WhatItlackscentralizedconsistentleadership
Itwasalmostunanimouslyagreeduponthat
thiswillnotbeaccomplishedwithoutafull
timeExecutiveDirector TheAssociation

needstoappointacommitteetodefinethe
positionadvertisescreencandidatesandmake
arecommendationtotheBoardofDirectors

forhiring
WhoTheWaysandMeansCommitteecouldbe

chargedwiththisresponsibility
When Thepersonshouldbeinplaceby

September11990
HowTodosowemustincreasetheAssociation

budgetby100000tocoversalarybenefits
andoperationalexpenses

2Trustee Role There was considerable

discussionontheroleoftrustees

WhatItwasquiteapparentthetrusteerolehas
changedsomewhatandneedsredefiningfor
manyfeeltheyneedtobemoreinvolved

Who TheleadershipofthisAssociation
includingtheBoardofDirectorsManagers
andtheTrusteeCorporateBoardofDirectors
shouldreviewthisassoonaspossible

When StartinginJanuary1990atthe
conferencewiththissession

HowTrusteeswantbettercommunicationsfrom
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theAssociationThiscanbedonewithbetter

conferenceprogramsregionalworkshops
videotapesfortrusteesnewslettersfor
trusteespreappointmentsheetsandeven
greaterparticipationbytrusteesinthe
California Special Districts Association

CSDA Board Management Institute

workshopsandbyrevisingtheTrustee
Manual

3RegionalRepresentation
WhatBecauseofthedisproportionatesizeand

growthofsomeregionswithinthestateitis
questionablewhethertheregionaldivisionsstill
provideforeffectiverepresentation

Who Anadhoccommitteeneedstobe

appointedtoreviewthecurrentregional
structure

WhenAfirstdraftshouldbepresentedtothe
BoardofDirectorsbyMay1990

How Thecommitteeshouldreviewexisting
regionsandmembershipandifnecessary
restructuretheboundariesandorchangethe
numberofregionstobalancetheoverall
representation

4LevelsofMembership Therewasconcern

expressedaboutthe differentlevels of

membershipandabilitytovoteinAssociation
matters

WhatThereare49Corporatevs79Associate
membersintheCMVCA

WhoTheWaysandMeansCommitteeshould
reviewlevels ofmembershipanddues
structures

When Thecommitteeshouldreporttothe
BoardofDirectorsbyMay1990

How Itwassuggestedthatanatlarge
appointmentwithvotingrightscouldbe
madetotheBoardofDirectorstorepresent
Associateandorothermembers

WaysandMeansCommitteeRecommendations

Takingalloftheaboveintoconsiderationit
wasobvioustherewasmuchtobedonebyboththe
AssociationandthedistrictsRealizingwecould
notdoitallatoncetheWaysandMeans
Committeerecommendsthefollowingprioritiesand
actionstobetakenonthesesevenkeyissues

AUrbanization StrengthenourAssociation
throughadvancedplanningdevelopmentof
policiespublicationsandlegislativeactions

BManpowerEvaluatetheneedforandfuture

availabilityoftrainedprofessionalsentering



vectorcontrolprograms Wemustfurther

influence our universities colleges and

communitycollegestocontinuepublichealth
andmedicalentomologyprogramstoprevent
aprofessionalvoid

CLegislation Weneedtoutilizeamore

proactiveapproachtowardslegislationto
promoteandsupportpublichealthprograms
Wemustinvolvetrusteesatthelocalandstate

levelwhereappropriate

DCommunications Weneedtoenhanceour

interactionwiththegeneralpublicandother
related agencies We must improve
communications within the Association

particularlybetweencommitteestheBoardof
DirectorsandtheTrusteeCorporateBoardof
DirectorsAregionalsurveyalsoneedstobe
conducted this year by the Regional
Representativestodevelopstatewideplanning
guidelinesforinteractingwithoutsideagencies

EEnvironmentItisessentialthatwepromote
ourvectorcontrolprogramstoinsurethat
publichealthreceivesproperrecognition
publicsupportlegislativeexemptionsand
otherrelevantconsiderations

FFundingYoucannothaveprogramswithout
moneyWeneedtodevelopamarketingplan
fortheAssociationdeterminethenecessary
costsforanExecutiveDirectorandincrease
ourduesaccordinglyThefirstincreasewould
bein1990followedbyasecondincreasein
1991toprovideadequatelongtermfunding

GStructureTheoverwhelmingconclusionfrom
ourcurrentobstaclesandthoseaheadwasthat
ourAssociationneedsstrongleadershipanda
continuedcommitmenttocoordinateallthese

effortsbymembersandtrustees Thiscan

bestbedonewithafulltimeExecutive
Director

We need to review regional
representationandmakechangesifnecessary
Atthesametimeweshouldreviewtheroleof
Associatemembersgivingthemmoreinfluence
inAssociationactivitiesititswantedand

appropriate

AlthoughtheWaysandMeansCommittee
doesntalwaysagreewithwhoshouldbeassigned
thesetaskstheyfullyunderstandthatitscriticalfor
ourAssociationtogetourprioritieslinedupbefore
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furtheractionsaretakenThesesevenkeyitemsin
theirreportformwillbepresentedtotheBoardof
DirectorsonthemorningofWednesdayJanuary
311990

AlastthoughtbytheWaysandMeans
Committeewasthattheyalsorecognizethe
importanceofcontinuedimprovementsincomputer
capabilitiesattheCentralOfficeandtheneedto
incorporatetherecommendationsoftheComputer
ApplicationsCommitteeVerybrieflythiswould
establishacomputerizedinformationsystemwhich
wouldexpandourcapabilitiesandperhaps
generaterevenueforAssociationservices

OnaPersonalNote

AsyouroutgoingVicePresidentIdliketo
finishbysayingthattheamountofworktobedone
andthesenseofurgencycertainlyshouldntcomeas
acompletesurprisetousThesethingshavebeen
brewingforalongtimeandmembershave
repeatedlypointingoutthesetrendsandexpected
problemsUnfortunatelyeversinceProposition13
manyagencieshavebeenbusytryingtogetbackto
wheretheywerein1978 Meanwhilestateand

federalregulationscoupledwithstatewidegrowth
haveliterallysurroundedandrestrictedour
capabilitieswhiletheneedforourserviceshas
continuedtogrowInmanywaysthisishowitall
startedyearsagowiththecreationoftheCMVCA
in1930fundingwastightobstacleswerenumerous
buttheneedforserviceswasgrowingandwe
respondedtothechallenge

Wellwehaverespondedtosomeofthesenew
problemsbyimprovingourHealthandSafetyCode
toletusgenerateadditionalrevenues Several

Districtshavedonethistodatewhileothershave
heldbackItisuptoeachdistricttoensurethat
theyareadequatelyfundediftheyaretosurvive
andbeeffectiveForthesumtotaloftheinputof
theworkshopbyalltheparticipantswasthatwe
mustbetterpromoteourmissionatthelocalstate
andfederallevelandatamoreeffectivelevelthan
inrecentyearsCaliforniaisadynamicstateslated
forcontinuedurbanizationthepublicexpectsand
deservesourservicesandwemustgrowaccordingly
Ifwedonotrespondinkindwedoourselvesa
disservice

Tomosteffectivelypromoteourprofession
enhanceourcommunicationsandourstatewide

imagewillrequireafulltimeExecutiveDirector
Your1990BoardofDirectorsisabouttobe
handedthetorchofchangetofundforandhirea
fulltimeExecutiveDirectorbutitcannotbedone
withoutyoursupport



Iencourageeachandeveryoneofyoutowork
withtheincomingBoardtosupportthematyour
districtsthroughcommitteeorlegislatorsandabove
allpulltogetherduringthistimeofchangeWe
needafulltimeExecutiveDirectorandweneed

yourhelptofundthepositionandenablethe
Associationtobecomemoreprofessionalandbetter
recognizedandonceagainfollowthefootstepsof
leadershipandrecognitionwedeserve
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1990WINNER

WILLIAMC REEVES NEWINVESTIGATORAWARD

POLYTENESISOZYMESANDHYBRIDSDECIPHERINGGENETICVARIABILITY

INANOPHELESFREEBORNI

GaryNFritz

SudhirKNaranglDanielLKlineJackASeawrightandRobertKWashino

Introduction

Populationgeneticsisnotonlyusefulin
understandingthegeneticbasisofevolutionandin
establishingphylogeneticrelationshipsbutcanalso
havemorepracticalimplications Studieson

populationgeneticstructureforexamplecanbe
usefulinunderstandingtheepidemiologyofvector
bornediseasescanbeusefulinidentifyingvector
versusnonvectorpopulationsandarealso
necessaryfirststepsincertaintypesofcontrol
programsegpopulationreplacement

Thoughconsiderableinformationonthe
cytogeneticsofanophelineshasaccumulatedduring
thepastthreedecadesKitzmiller1976Narangand
Seawright1990studiesonpopulationgeneticshave
beenfew Itisclearfrompaststudiesof
mosquitoesparticularlytheanophelinesofSE
AsiaReid1968andAfricaColuzzietal1979
thatwiderangingspeciesvarygeographicallyThis
variationmaytaketheformofmorphological
differencesoftenenoughtorequireregionspecific
keysecologicaldifferencesandvectorcapacity
differencesReid1970

Thelittlethatisknownaboutthegeneticsof
AnophelesfreebomiAitkenincludesmappingofthe
salivarypolytenechromosomesbyKitzmillerand
Baker 1963 somatic chromosome size

comparisons by Mukherjee et al 1966
interspecifichybridizationstudiesKitzmilleretal
1967thefrequencyofachromosomeinversionat
threesitesinCaliforniaSmithson1970anda
comparisonofalkalinephosphatasesBianchiand

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

1USDAARSBioscienceResearchLaboratoryPOBox5674Fargo NorthDakota58105

2USDAARSInsectsAffectingManLaboratory1700Southwest23rdDriveGainesville Florida32602
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Piroda1968 Thisworkhasprovidedsome
baselineinformationonthegeneticsofAn
freebomibutthereisnoinformationonthe
populationgeneticstructureanddivergenceofthis
speciesthroughoutitsdistributionThepurposeof
thisinvestigationwastostudythepopulationgenetic
variabilityofAnfreebomithroughananalysisof
polytenechromosomebandingpatternsenzyme
electrophoresis crossing studies and rDNA

restrictionenzymefragmentdifferences The

followingquestionswereaddressed
1 Areallpopulationsofmosquitoespresently

identifiedasAnfreebornireallyconspecific
2 Aretherediagnosticlociorchromosome

inversionsthatdistinguishsiblingspeciesor
conspecificpopulations

3 Is there genetic homogeneity among

conspecificpopulationsandwhatarethe
geneticdistances

4 How much genetic polymorphism
polymorphic loci mean heterozygocity
chromosome inversion frequency and

distributionexistsinnaturalpopulationsand
arethereanydiscernablepatterns

MaterialsandMethods

CollectionsAnophelesfreebornilarvaeandadults
were collected in California Oregon and

WashingtonthroughoutJulyOctober1988andin
Utahin1987Fig1Table1

ElectrophoreticTechniqueTheelectrophoretic
techniquesenzymesystemrecipesandmaterials
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Figure1CollectionsitesinCaliforniaOregonand
Washington

employedinthisstudywerethosedescribedby
SteinerandJoslyn1979Gelswerepreparedas
125 solutions wv ofhydrolysedstarch
ConnaughtLaboratoriesOntarioCanadainan
appropriatebuffer Onlyadultmosquitoeswere
electrophoresed The RF values relative
mobilitiesofelectromorphsongelswerecomputed
byusingasastandardanisolinethatwas
homozygousformostenzymesofinterest An

updatedversionoftheBiosys1computerprogram
developedbySwoffordandSelander1981was
usedtoanalyzeallozymevariationwithinand
betweenpopulations

CytogeneticsThetechniqueusedtopreparethe
ovariannursecellpolytenechromosomeswas
generallyasdescribedbyFrenchetal1962
Chromosomesbandingpatternsandinversions
wereidentifiedbyusingthedescriptionandmap
preparedbyFaran1981andbyusinga
photographicmapPolytenechromosomeinversion
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frequenciesandassociationswereanalyzedby
PearsonChiSquareandtestedforhomogeneityby
usingstatisticalanalysissoftwareSASThesample
ofmosquitoescollectedinUtahwasnotincludedin
thisstatisticalanalysis

Hybridization Crossesweremadebetween

severalpurportedconspecificpopulationsofAn
freeborni Oneaimwastocrosstwowidely
separatedgeographicstrainsthatalsodiffered
chromosomally Forthispurposeastrainwas
obtainedfromRichlandWashingtonWASH
strainandcrossedtoastrainfromtheSacramento
ValleyCaliforniaDAVISstrain TheWASH

strainwasalreadyknowntopossessapolymorphic
inversionontheXchromosomeInXAhitherto
unknowninAnfreeborniwhereastheDAVIS
strainlackedthisinversionhereafterreferredtoas
thestandardhomokaryotype

ThreestrainsfromCaliforniawhichwerefixed
foroneortheotherformoftheinversionontheX

chromosomewerealsocrossed Thesecrosses

weredeemednecessarywhenseveralsamples
collectedinCaliforniawerefoundtohaverelatively
highfrequenciesofinversionheterokaryotypesfor
aninversionontheXchromosomeOneofthe

homokaryotypeswasthatdescribedbyKitzmiller
andBaker1963Faran1981andMenchaca
1986asbeingspecifictoAnfreebornistandard

Table1Sitenumberandcollectionlocationforsamplesof
AnophelesfreebomicollectedinCaliforniaOregonWashingtonand
Utah

STATE COUNTY

1 California
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17
18

19

20

21

22 Oregon
23

24 Washington
25

26 Utah

Nevada

ElDorado

ElDorado
Sacramento

Sacramento

Sutter

Yolo
Yolo

Colusa

Colusa

Sutter

Butte

Tehama

Glenn

Lake

Sonoma

Sacramento

SanMateo

Kern

Inyo
Inyo
Jefferson

Umatilla

Benton

Yakima

Uintah

LOCATION

WolfCreek Hwy49
CaminoCarsonRoad
PleasantValleyRoad
Sloughouse
Folsom

Hwy99 HowsleyRoad
CapayValleyGuinda
KnightsLanding
MillersLanding
Hwy20nearWilliams
YubaCityButteHouseRoad
Chico

TehamaGyleRoad
WillowsHwy162
ClearLake

Sonoma

Hwy99 TwinCitiesRoad

JasperRidgePreserve
OnyxCanebrakeCreek
BigPine
Bishop
Madras
Hermiston

Richjand
Yakima



homokaryotypewhereastheotherhomokaryotype
wasthatdescribedasspecifictoanewsibling
speciesAnopheleshermsiBarrandGuptavanij
Baker1965Morrison1985Menchaca1986Barr
andGuptavanij1988

Oneofthestrainsusedinthecrosseswas

collectedattheJasperRidgePreserveJASPstrain
justwestofPaloAltoandapproximately10miles
fromthecoastThisstrainwasfixedforInXA
AnotherstrainalsofixedforInXAwascollected
atthenorthendofClearLakeLAKEstrainin
LakeCounty ThethirdstrainwastheDAVIS
strainmentionedabove

Allcrossingmethodsandrearingtechniques
werestandardizedandaredescribedindetailby
Fritz1989 Allparentalcrossesandthe
backcrosseswerecomparedwitheachotherand
withcontrolsforfertilityandfecundity Hybrid
polytenechromosomeswerecheckedforbanding
patternhomologyandthedegreeofsynapsis

SpeciesIdentificationThediscoveryinthisstudy
ofmosquitoesthatwerepolymorphicforthe
inversionontheXchromosomecastdoubtonthe
useofthischromosomeasareliablecharacterfor

distinguishingAnfreebomifromAnhermsiThus
speciesidentitywasdeterminedindependentlyby
analysisofrDNArestrictionenzymefragment
patterndifferencesbetweenbothspeciescourtesy
ofFrankCollinsandChuckPorterasdescribedby
Collinsetal1990 Restrictionfragmentsof
rDNAweregeneratedinablindtestforsamples
frompopulationsthatwerepolymorphicforthe
inversionontheXchromosomeaswellas
populations fixed for either homokaryotype
Samplesofmosquitoesfromthreepopulationsof
AnhermsicollectedinsouthernCaliforniabyStan
Copewerealsoanalyzed

Results

AllozymeAnalysisAtotalof17enzymesystems
including24lociwereusedintheelectrophoretic
analysisofAnfreebomiOnlysixlociaccountedfor
mostofthepolymorphismobservedAcon1Est2
Got1Mpi1Pgi1andPgm1 Consequently
measuresofgeneticvariabilityincludingmean
heterozygocityvaluesandthepercentageof
polymorphiclociwerequitelowTable2

Althoughtherewerenodiagnosticlocisee
AyalaandPowell1972thatdistinguishedanytwo
samplesdifferencesinelectromorphfrequencies
were obviousbetween geographicallydistant
samplesMeanheterozygocityvaluesforsamples
fromCaliforniaforexamplewereessentiallydueto
twolociMpi1andGot1 Samplesfrom
WashingtonandOregonhoweverwereessentially
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fixedforGot1andmeanheterozygocityvalues
weredueprimarilytopolymorphismatMpi1and
Pgm1ExceptforYakimasite25allsamples
fromWashingtonandOregonweremonomorphic
forEst2whereasinCaliforniaEst2was
polymorphicatmostsitesThesamplefromJasper
Ridgewasdistinctiveinbeingmonomorphicfor
Est2Got1andPgm1butpolymorphicfor
Pep4
FStatisticAnalysisThisanalysisisaprocedure

forquantifyingthegeneticdifferentiationof
populationsbyFstatisticsseeWright19651978
Nei1977WrightsFstvalueorfixationindex
providesameasureofthegeneticvariationinthe
populationthatisattributabletosubpopulations
iedeparturefrompanmicticexpectationsofallele
frequencieswithinsubpopulationsrelativetothose
oftheentirepopulation WhenFstvaluesare

foundtobesignificantbychisquareanalysisthis
indicatessignificantgeneticseparationforthese
subpopulationsThechisquaretestforsignificance
ofgenefrequencydifferencesateachlocusamong
subpopulationsis

X 2NFstK1

withK1s1degreesoffreedomwhereNisthe
totalsamplesizeKisthenumberofallelesforthe
locusandsisthenumberofpopulations
WorkmanandNiswander1970

Although differences in electromorph
frequencieswereobviousbetweengeographically
distantareasitwasnotclearwhethersignificant
differencesexistedamongproximatesitesThefour
mostproximatesamplingsiteswithinarelatively
homogenousecologicalzonecentralSacramento
ValleywereSacramentosite6KnightsLanding
site8MillersLandingsite9andWilliamssite
10Allsiteswerewithina50mileradiusfrom
eachotherandhadthemostsimilarelectromorph
frequenciesobservedinthisstudyFstvalueswere
calculatedforthreeofthemostpolymorphicloci
amongthesefoursamplesandcombinationsof
samplesfromotherlocationsTable3 Both

Pgm1andMpi1hadFstvaluesthatwerehighly
significantinallcasesP 0001

GeneticDistanceandIdentityValuesOneofthe
mostwidelyusedmeasuresofgeneticdistanceisthe
DvalueofNei1978Thisvalueexpressesthe
probabilitythatarandomlychosenallelefromeach
oftwodifferentpopulationswillbeidentical
relativetotheprobabilitythattworandomlychosen
allelesfromthesamepopulationwillbeidentical
Whentwopopulationsareidenticaltheidentity
valueI 1andthegeneticdistanceD 0The



Table2Percentageofpolymorphiclocimeanheterozygocitymeannumberofallelesperlocusand
meansamplesizeperlocusforpopulationsofAnophelesfreeborni

SITE

Meansample Meanno Percentage Meanheterozygocity
sizeper ofalleles ofloci Direct HdyWbg

locus perlocus polymorphic count expected

24 RICHLANDWA 589 19 259 050 084

62 2 023 032

23 HERMISTONOR 287 15 148 037 069

33 2 021 034

25 YAKIMAWA 393 19 185 039 062

37 2 015 019

22 MADRASOR 95 14 222 087 099

15 2 045 040

18 JASPERCA 340 18 222 070 106

35 3 027 038

6 SACRAMENTOCA 407 27 296 080 125

49 4 033 042

9 MILLERSLANDINGCA 349 24 259 078 121

30 4 031 044

352 22 222 078 098

34 4 034 039

8 KNIGHTSLANDINGCA 342 20 259 091 115

29 3 040 044

10 WILLIAMSCA

13 TEHAMACA 215 20 185 090 119

22 3 035 045

12 CHICOCA 212 19 259 081 110

18 3 030 040

15 CLEARLAKECA 490 25 296 079 112

43 4 028 039

3 PLEASANTCA 90 16 259 059 096

11 2 026 039

2 CAMINOCA 194 17 222 036 065

26 2 015 027

Alocusisconsideredpolymorphicifthefrequencyofthemostcommonalleledoesnotexceed095
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Table3SummaryofFstatisticsforgenotypicfrequencydistributionsattheGot1Mpi1andPgm1
lociinAllsamplesfromOregonandWashingtonSites2225allsamplesfromCaliforniaSites1
21fourproximatesampleswithintheSacramentoValleySites68910asamplefromthe

SacramentoValleySite6withonefromUtahSite26andasamplefromYakimaWashingtonSite
25withonefromUtahSite26

Locus

Fst

Got1 X
P

Oregon
Washington

Fst 232 119

Mpi1 X 54402 76541
P 001 001

Fst 031 026

Pgmi X 4850 27191
P 001 001

BIOSYS1programcalculatesDandIvaluesforall
possiblecombinationsofpairsofpopulations

InthisstudyDandIvaluesgeneratedforall
pairsofsamplesshowsthatthegeneticdistance
betweenthemislowTable4Eventhesample
fromJasperRidgewhichwasfoundtobeAn
hermsiexplanationbelowhadIandDvaluesthat
wereindistinguishablefromtheintraspecificIand
DvaluesforAnfreeborni Overallthesample
fromYakimahadthegreatestgeneticdistance
valueswhenpairedwithallothersamples

Cytogenetics Certainareasoftheautosomes

SITE

1RichlandWA

2HermistonOR

3YakimaWA

4MadrasOR

5JasperCA

6SacramentoCA

7MillersLCA

8WilliamsCA

9KnightsLCA

10TehamaCA

11ChicoCA

12ClearLakeCA

13PleasantCA

14CaminoCA

007

005

031

026

017

015

019

019

018

023

021

026

035

1 2 3 4

993 995 970

979 985

021 950

015 051

017 047 028

013 033 025

010 030 021

018 035 032

015 036 025

012 035 022

019 039 028

014 040 024

014 043 022

027 051 036

Sacramento SacValley Washington
California Valley Utah Utah

974

983

954

972

005

007

006

007

007

008

005

017

031

049

40131

001

983

988

967

975

995

000

003

000

001

004

003

012

024

197

985

990

970

979

993

1000

005

001

000

004

003

008

022

004

1363

700

014

5060

001

015

5607

001

014

2352

001

246

50381

001

123

10922

001

030

2568

001

051

3121

001

particularlythosenearthecentromerehada
propensityforasynapsisbutthedegreeofasynapsis
variedwithinandbetweenindividualsofagiven
sampleineffectasynapsiswasnotspecifictoany
sample Furthermoreallsamplesexceptthat
collected at Jasper Ridge site 18 were

polymorphic foroneor two inversionson
chromosome 3 Some samples were also

polymorphicforaninversionontheXchromosome
XchromosomeAllmosquitoescollectedinthe

SacramentoValleyandintheOwensValleyhad
theXchromosomedescribedbyKitzmillerand

Table4GeneticdistanceandidentityvaluesforpopulationsofAnophelesfreeborniBelowdiagonalNei1978unbiased
geneticdistanceabovediagonalNei1978unbiasedgeneticidentity

5 6 7 8 9 10 11 12 13 14

981

982

966

968

994

997

995

001

981

985

964

975

993

1000

999

999

005 000

001 002

003 002

017 011

027 021

982

988

966

978

993

999

1000

995

1000

005

000

008

022

978 980

981 986

962 961

972 976

992 995

996 997

996 997

999 997

998 998

9951000

996

004

017

029

014

975 965

986 973

958 950

978 965

984 970

988 977

992 978

983 974

989 979

992 979

984 972

986 974

990

027 010



Baker1963asthatofAnfreeborniFig2Table
5Samplesfromthecoastalregionorthefoothills
oftheSierraNevadahoweverwereeitherfixedfor
theinversionhomokaryotypetypefoundinAn
hermsiorwerepolymorphicfortheinversion
includedheterokaryotypesAtClearLakesite
15forexample8ofthemosquitoessampled
wereheterokaryptypesJasperRidgesite18and
Caminosite2ontheotherhandwerefixedfor
theinversionkaryotype

AllmosquitoescollectedinMadrasOregon
site22wereinversionhomokaryotypesFig3
Table5AsoneproceedednorthintoWashington

ClearLake

1s

SanFrancisco

50MILES

CALIFORNIA

uTehama

LoaAngeles

Bishop0

n

iiii0nyx

Figure2FrequencyofthestandardwhiteandinversionblackkaryotypefortheXchromosomeatvarious
collectionsitesinCaliforniaOregonandWashington
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thefrequencyofthestandardhomokaryotype
increasedtoashighas090inYakimasite25
Theobservedfrequenciesofthehomokaryotypes
andheterokaryotypesinHermistonsite23
Richlandsite24andYakimasite25didnot
differsignificantlyfromthoseexpectedunder
HardyWeinbergequilibriumTable5Atestof
homogeneitywasdonetodeterminewhetherthe
separatesamplesweresufficientlyuniformto
expressacommonoverallratioofthethree
karyotypesnotwosampleswerefoundtobe
homogenousP 005

ChromosomeArm3LAninversionon3Lwasby

WASHINGTON

OYakima

QRichland

50MILES

Madras

OREGON

Hermiston



Table5TheobservedoandexpectedenumbersofstandardhomokaryotypesSSinversion
homokaryotypesIIandheterokaryotypesSIforaninversionontheXchromosomeofAnophelesfreeborni
collectedfromvarioussitesinCaliforniaOregonandWashington

ChromosomeX

SS SI II Frequency
Site n o e o e o e X S I

1 1 1 0 0 100 000

2ab 27 0 0 0 0 27 0 0 000 100

3ac 13 1 008 0 185 12 1108 1251 008 092

4 9 9 9 0 0 0 0 0 100 000

5 2 2 0 0 100 000

6 50 50 50 0 0 0 0 0 100 000

7 3 3 0 0 100 000

8 22 22 0 0 0 0 0 0 100 000

9 35 35 35 0 0 0 0 0 100 000

10 50 50 50 0 0 0 0 0 100 000

11 22 22 22 0 0 0 0 0 100 000

12 27 27 27 0 0 0 0 0 100 000

13 44 44 44 0 0 0 0 0 100 000

14 50 50 50 0 0 0 0 0 100 000

15b 60 0 001 5 456 55 5520 004 004 096

16 1 1 000 100

17 16 16 16 0 0 0 0 0 100 000

18a 41 0 0 0 0 41 41 0 000 100

19 4 0 3 1 038 062

20 9 9 9 0 0 0 0 0 100 000

21 2 2 0 0 100 000

22ab 15 0 0 0 0 15 15 0 000 100

23c 47 6 361 14 1883 27 2457 306 028 072

24d 73 26 2773 38 3446 9 1073 075 062 038

25e 50 41 4050 8 900 1 050 062 090 010

SamplesitesfollowedbythesameletterdonotdiffersignificantlyinfrequenciesofSSSIandII
homogeneityXP 005

IncludestwofemalescollectedbyStanCope
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Table6TheobservedoandexpectedenumbersofstandardhomokaryotypesSSinversion
homokaryotypesIIandheterokaryotypesSIforaninversiononchromosomearm3LofAnophelesfreebomi
collectedfromvarioussitesinCaliforniaOregonandWashington

Chromosomearm3L

SS SI II Frequency
Site n o e o e o e X S I

1 1 0 1 0 050 050

2a 27 13 1267 11 1165 3 268 008 067 033

3a 13 8 848 5 405 0 048 074 038 022

4a 7 4 356 2 286 1 057 064 071 029

5 2 1 1 0 075 025

6a 49 31 2794 12 1830 6 294 559 076 024

7 3 1 2 0 067 033

8a 22 10 1023 10 957 2 223 005 068 032

9a 35 23 2320 11 1060 1 121 005 081 019

l0a 50 27 2592 18 2016 5 392 054 072 028

lla 22 14 1392 7 717 1 092 001 080 020

12a 23 15 1408 6 781 2 109 124 078 022

13a 44 28 2629 12 1544 4 227 221 077 023

14a 50 31 3200 18 1600 1 200 078 080 020

15ab 58 45 4483 12 1234 1 084 004 088 012

16

17a 16 10 900 4 600 2 100 178 075 025

18c 41 41 4100 0 0 0 0 100 000

19 2 0 2 0 050 050

20a 9 6 625 3 249 0 025 036 083 017

21 2 2 0 0 100 000

22bc 15 15 1500 0 0 0 0 100 000

23c 46 45 4499 1 100 0 001 001 099 001

24c 70 69 6902 1 097 0 0003 000 099 001

25bc 48 45 4505 3 291 0 005 005 097 003

SamplesitesfollowedbythesameletterdonotdiffersignificantlyinfrequenciesofSSSIandII
homogeneityXP 005
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farthemost commoninversioninsamples
collectedinCaliforniaTable6Thisinversionis
thesameasthatdescribedbyFrizziandDeCarli
1954andKitzmillerandBaker1963 Except
forJasperRidgesite18ClearLakesite15and
severallocationswithsmallsamplesizethe
frequencyofIn3LAwasremarkablysimilar
throughoutCaliforniaandrangedfrom019033
None of the observed frequencies of

homokaryotypesandheterokaryotypesdiffered
significantly from those expected under

HardyWeinberg equilibrium Table 6
Furthermorenoneofthesamplescollectedin
CaliforniaexceptforJasperRidgesite18
differedsignificantlyfromeachotherinthe

Table7Numbers of standard homokaryotypes SS inversion homokaryotypes II and

heterokaryotypesSIforaninversiononchromosomearm3RofAnophelesfreebomicollectedfromvarious
sitesinCaliforniaThepercentageofheterokaryotypesforIn3RAandorIn3LAisalsogiven

Site

2a

3ab

4

5

6d

7

8e

9e

l0e

1ld

12e

13d

14e

15a

17e

18a

19

20e

21

22c

23c

24bc

25c

n SS SI

27 27 0

13 13 0

6 0 3

2 0 0

49 3 11

3 0 1

22 0 0

35 1 3

50 0 1

22 0 5

23 0 2

44 0 8

50 0 0

58 56 2

16 0 0

41 41 0

3 2 1

9 0 0

2 0 1

15 11 4

46 37 9

70 57 13

48 37 11

II

0 100

0 100

3 025

2 000

35 017

2 017

22 000

31 007

49 001

17 011

21 004

36 009

50 000

0 100

16 000

0 100

0 083

9 000

1 000

0 087

0 090

0 091

0 089

SamplesfollowedbythesameletterdonotdiffersignificantlyinfrequenciesofSSSIandII
homogeneityXP 005
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frequencyoftheinversiontestforhomogeneityP
005InOregonandWashingtonthefrequency

ofIn3LAwasverylow003orlessandall
sampleswerehomogenousforthisinversionP
005

ChromosomeArm3R AlthoughMenchaca
1986reportedthreeinversionsonchromosome
arm3RIn3RAwasessentiallytheonlyinversion
foundonthisarminthisstudy In3RCwas
observedfromsamplestakenwithintheSacramento
Valleybutthefrequencywastoolowtobe
includedinanyanalysis

Thestandardkaryotypefor3Rwasmostcommon
inallsamplesfromOregonandWashingtonand
therewerenosignificantfrequencydifferences

Frequency Heterokaryotvpes
S I In3L In3RA

000

000

075

100

083

083

100

093

099

089

096

091

100

000

100

000

017

100

075

013

010

009

011

407

385

667

500

429

667

455

400

380

545

318

455

360

207

250

00

333

333

500

267

196

214

271



betweensiteshomogeneitytestP 005Table Table8SamplesitetypeofpolyteneXchromosomeandthe

7IntheSacramentoValleyCaliforniathereverse rDNAprobedeterminationofspeciesF freebomitypeH

wastrueTheinversionwaseitherfixedorwasthe
hermsitypeHF heterokaryotype Notscored

mostcommonkaryotypeandthefrequencyof X rDNA X rDNA

heterokaryotypesvarieddramaticallybetweensites SiteChromosomeProbe SiteChromosomeProbe

evenwhenthesewereincloseproximityAtsite 2 H F 20 F F

10forexample2ofallindividualssampledwere 2 H F 20 F F

heterokaryotypeswhereasatasite30milesaway 2 H F 22 H F

site11thefrequencywas227 6 F F 22 H F

InCalifornianoinversionheterokaryotypeswere
foundinhalfofthecollectionsitesinwhichthe

6 F F 23 HF F

samplesizewasatleast13individualsThesesites
6 F F 23 F F

appearedtobefixedforthestandardorinversion 12 F F 23 H F

karyotypeThosesitesathighelevationoronthe 12 F F 24 HF F

coastsites231518werefixedforthestandard 12 F F 24 F F

karyotypeorhadaverylowfrequencyofIn3RA 13 F F 24 H F

Alternatively samples fromsiteswithinthe
13 F F 25 HF F

SacramentoValleysites4568910111213
1417werefixedfortheinversionkaryotypeor

13 F F 25 F F

haditinhighfrequency
15 HF 25 H F

rDNAProbeSamplesofmosquitoesfrom11of 15 H F 1003 H H

12collectionsitesinCaliforniaWashingtonand 15 H F 1003 H H

Oregonhadthesamerestrictionenzymefragment 18 H H 1063 H H

patternregardlessoftheirtypeofXchromosome 18 H H 1063 H H

Table8MosquitoesfromJasperRidgesite18 18 11 H 1063 H H

andthosefromsamplesofAnhermsicollectedin 19 HF F 1074 H H

southernCaliforniaweretheonlyindividualswitha
restrictionfragmentpatternspecifictoAnhermsi

19 F 1074 H H

Noindividualswerefoundtoahavepatternthat 19 F 1074 H H

wasahybridofthatfoundinAnhermsiandAn CollectionsofAnhemuifromsouthernCalifornia

freebomi 1003RiversideCountyRubidowcCarlsonPark

HybridizationIntheparentalcrossesallstrains
1063VenturaCountyPiruCreek
1074SanLuisObispoCountySantaMargarita

matedfreelywitheachotherandproducedviable
offspring TheFhybridmalesfromcrosses
betweentheLAKEandDAVISstrainshad

genitaliaandquantitiesofspermthatweresimilar Table9Fertilityofprogenyfromcrossesbetween
tothoseobservedinthecontrolsTable9 fourstrainsofAnophelesfreebomi

Howeverhybridmalesfromcrossesbetweenthe
ParentalCrosses FertilityofProgeny

LAKEorDAVISstrainswiththeJASPstrainwere
Male Female Male Female

completelyorpartiallysterile Whenthemale

parentwasfromtheDAVISorLAKEstrainand DAVISXDAVIS Normal Normal

thefemalewasfromtheJASPstrainthehybrid LAKE XLAKE Normal Normal

maleprogenyhadnospermintheirtestes JASPERXJASPER Normal Normal

Althoughthegenitaliaappearedtobenormalthe WASHXWASH Normal Normal
testeswereoftentranslucentandsmallerthanthe

controls Hybridmalesfromcrossesinwhich DAVISXLAKE Normal Normal

DAVISorLAKEwasthefemaleparenthad XDAVIS Normal NormalLAKE

varyingamountsofspermintheirtestes The

amountvariedfromnonetoquantitiesthatlooked
DAVISXWASH Normal Normal

nearnormalIngeneralthetesteswerefilledwith WASHXDAVIS Normal Normal

whatappearedtobeglobularspermatocytesand DAVISXJASPER Sterile Normal

partiallydevelopedspermatozoa JASPERXDAVIS Low Normal

The results of the backcross series
LAKE XJASPER Sterile Normal

substantiatedtheresults obtainedfrom the

dissectionofhybridmalesAllcrossesinvolving
JASPERXLAKE Low Normal
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hybridmalesinwhichDAVISorLAKEhadbeen
theparentalmaleproducedeggsthatdidnothatch
Nordidtheeggscontainanystageofembryonic
development In the reciprocal crossesthe
percentagehatchwassignificantlylessthanthe
controlhatchandunhatchedeggsalsocontainedno
embryosTherewerenosignificantdifferences
betweencontrolsandbackcrossesforthenumberof

eggslaidfemaleAllhybridfemaleswerefertile
andhadasimilarpercentagehatchascontrolswhen
backcrossedtoeitherparentalstrainManyofthe
backcrosseshadapercenthatchthatwashigher
thanthecontrolsindicatingpossibleheterosisbut
noneofthesedifferencesweresignificant

Theovarianpolytenechromosomesofhybrid
progenydidnotdifferfromcontrolsintheamount
ordegreeofsynapsisorinbandingpattern

Discussion

SinceaccordingtoBarrandGuptavanij
1988AnhermsiandAnfreebornidifferbya
fixedinversionintheXchromosomeitwas
unexpectedtofmdheterokaryotypesforthis
inversionatsomanysamplingsites Thelarge
numberofheterokaryotypesraisedsomeimportant
questions

1 WereAnfreebomiandAnhermsireally
distinctspecies

2 AreAnfreebomiandAnhermsihybridizing
insympatricpopulations

3 Arebothoronespeciespolymorphicforan
inversionontheXchromosome

4 Arepopulationswithapolymorphicinversion
ontheXchromosomeanewsiblingspecies

SamplesfromYakimasite25Hermiston
site23andRichlandsite24havefrequenciesof
homokaryotypesandheterokaryotypesthatare
consistent with those expected under

HardyWeinbergequilibriumIneffectmosquitoes
attheselocationsarematingrandomlywithrespect
toXchromosometype notanindicationofthe

presenceoftwoormorespecies
TheresultsoftherDNAprobeindicatethat

allsamplesexceptJasperRidgesite18are
conspecificItisnoteworthythatthepopulationat
JasperRidgewastheonlyonethatdidnothaveany
polymorphicinversionswhatsoeverThiswasalso
truefortheonlyotherpopulationofAnhennsithat
waseversampledforthepresenceofinversions
Menchaca1986

Hybridizationofstrainsfromvariouscollection
sitesconfirmedtheresultsobtainedwiththerDNA

probeonlycrossesthatincludedtheJasperRidge
strainproducedsterilehybridsThepatternofmale

203

sterilitywasthesameasthatreportedbyFujioka
1988whenhecrossedAnhermsitoAnfreebomi

Theresultsfromthecytogeneticsurvey
laboratoryhybridizationsandtherDNAprobeare
allconsistentinassigningonlythesamplefrom
JasperRidgetothespeciesAnhermsiItisalso
clearnowthattheXchromosomeisnotareliable

characterfordistinguishingAnhennsifromAn
freeborniInfacttherearenodifferencesinanyof
thepolytenechromosomesbetweenthesetwo
speciesAnhemtsihasmerelyasubsetofthe
variationfoundinAnfreebornithisconclusionis
alsosubstantiatedbyobservationsofhybridpolytene
chromosomes

PriortothisstudyAnhennsiwasknownonly
asfarnorthasSantaMariaSanLuisObispo
Countyandnofurtherinlandthan75kmfromthe
coastBarretal1987Copeetal1988Itisnow
clearthatthisspeciesextendsuptheCalifornia
coastasfarnorthasSanMateoCountyand
probablyfurther Baileyetal1972reported
collectingAnfreeborninearSanPabloBayand
alongtheRussianRivernearHealdsburgSonoma
CountySincebothsitesarenearthecoastitis
probablethatthesemosquitoeswereactuallyAn
hennsi

Thereisnoindicationfromourresultsthatall

othersamplingsitesasidefromJasperRidge
includetwoormorecrypticspecies The

complianceofchromosomeinversionfrequencies
withHardyWeinbergexpectationsandtheabsence
ofsterilityinthehybridsregardlessofX
chromosometypesupportthehypothesisthatthese
samplesrepresentasinglespecies Apparently
populationsofAnfreebornicanhavethreedifferent
karyotypeswithrespecttotheXchromosome
Somearefixedfortheinversionhomokaryotype
egMadrasOregonothersarefixedforthe
standardhomokaryotypeegSacramentoValley
andsomearepolymorphicegClearLakeOnyx
HermistonRichlandandYakima Ethological
barrierstomatingmaycertainlyexistbetweenthese
purportedconspecificpopulationsbutunless
diagnosticcharactersarefoundalongwithsites
wheretwoormorematingtypesaresympatricitis
notpossibleatpresenttodistinguishthese
specificallyTheonlyunusualcollectionsitewith
respecttotheXchromosomewassite3inthe
foothillsoftheSierraNevadaAtthissiteone

standardhomokaryotypewasfoundamong12
inversionhomokaryotypesTheexpectedfrequency
ofthestandardhomokaryotypeinHardyWeinberg
equilibriumwouldbe008

Anophelesfreebomiappearstohaverelatively
lowlevelsofenzymepolymorphismparticularlyfor



aspeciesthatissowidespreadandinhabitssucha
varietyofecologicalzonesThemajorityofloci
analyzedinthisstudyaremonomorphicbutevenof
thoselocithatarepolymorphiconlytwoorthree
havemanyalleles Somepolymorphiclocieg
someoftheesteraseswerenotincludedinthe
analysisofvariabilitybecausethezymogramsof
theseenzymesweretoosmearyandcouldnotbe
readwithanyconfidenceThismayexplainthe
relativelylowheterozygocityvaluesobservedforthis
species

LikeFujioka1986thisstudydidnotfmdany
locithatwerediagnosticfordistinguishingAn
freebomifromAnhemisiInadditionthegenetic
differentiationgeneticdistancebetweenboth
speciesisnogreaterthanthatfoundintraspecifically
forAnfreebomiAtpresentAnhemisiandAn
freebornicanonlybedistinguishedbyhybridization
orrDNAanalysisThisisthefirstexampleinthe
culicids ofsibling species that cannot be

distinguishedbybothpolytenechromosomebanding
patternandallozymefrequencies

ThereisobviousgeneticsubstructuringofAn
freeborni throughoutitsrangebothinthe
frequencies of chromosome inversions and

allozymes Ingeneralthegeneticvariation
between populations reflects differences in

ecologicalzonesegSierraNevadavsSacramento
ValleyorgeographicdistanceInCaliforniafor
exampleXchromosomekaryotypefrequencies
seemtohaveapatternofsortsInvalleyswhether
athighorlowaltitudeegOwensandSacramento
Valleysonlythestandardhomokaryotypeis
presentSamplesinhillyormountanouszonesare
eitherpolymorphicfortheXinversionormaybe
fixedfortheinversionhomokaryotypeCamino
PleasantValleyRdClearLakeandOnyxsites2
31519respectively Thepresenceofthe
inversionhomokaryotypedoesnotseemtobesolely
correlatedwithaltitudesincemosquitoescollected
intheOwensValleyhighestsitesinthisstudyhad
thestandardXchromosomeonlyThisdigression
fromapurelyaltitudinalcorrelationwasalso
observedinsamplesfromWashingtonandOregon

Differencesinthefrequenciesofchromosome
inversionsandallozymesarenotunexpected
betweenrelativelydistantorisolatedpopulationsof
aspeciesSuchpopulationscouldhaveminimalor
nogeneticexchangeandselectionandgeneticdrift
maygenerateinterpopulationvariationThereare
howeversignificantmicrogeographicaldifferences
inthefrequencyofIn3RAandelectromorphsat
someenzymelocievenwithintheSacramento
ValleyAsColuzzietal1979pointoutattempts
toexplainsuchvariationsinvolvetestingvarious

hypothesesthatarenotmutuallyexclusive1
populationbottleneckswithsubsequentgeneticdrift
2differentselectivepressuresdependingon
differentadultenvironmentsandorlarvalbreeding
placesnotuniformlydistributedinspaceandor
time3nonrandomdistributionofthegenetic
variantsattheadultstageduetodifferent
behavioral responses in a heterogenous
environment AlthoughColuzzietal1979
suggestedthatnonrandomdistributionofadults
wasanimportantcontributingfactorintheirstudy
thiseffectwouldnotseemtobeimportantinthis
investigationWithintheSacramentoValleynearly
alladultswerecollectedundersimilarconditions

Thecollectionsiteswerenearirrigatedricefields
andadultswereobtainedfromunderbridgesIn
manyareasbridgesappearedtooffertheonly
shelterfromthesun

Populationbottleneckswithsubsequentgenetic
driftseemmoreplausibleexplanationsforthe
variationinthefrequenciesofallozymesandof
In3RAMostbreedingsitesforAnfreeborniin
theSacramentoValleydisappearduringthelate
summerandearlyfallwhenricefieldsaredrained
Allormostadultfemalesarethenpresumedto
migratetooverwinteringsiteswithinthefoothillsof
thesurroundingmountainsBaileyandBaerg1966
Baileyetal1972Hownewlyirrigatedfieldsare
repopulatedwithAnfreebomiinthespringand
summerisnotknown Perhapssomefemales
migratebackintotheSacramentoValleyorflooded
fieldsaremerelyrepopulatedbythefewfemales
thatmayhaveoverwinteredlocallyEitherscenario
itispossiblethatnewlyestablishedpopulations
originatefromfewoverwinteringfemales
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MOSQUITOCONTROLSIMULATIONONTHECONNECTIONMACHINE

JohnFryandCharlesETaylor

Introduction

Vectoranddiseasecontroleffortswouldbe

greatlyaidedbyagoodsimulationsystemfor
mosquitopopulationsSuchasystemwouldhelpin
evaluatingdifferentcontrolstrategiesandassist
effortstodirectlimitedresourcestothoseplaces
wheretheywillbemosteffectiveOurlaboratory
hasbeendevelopingsuchasystemfirstforthe
mosquitoesandmanagementpracticesofOrange
CountyinSouthernCaliforniaandmorerecently
forAlamedaCountyinNorthernCaliforniaTaylor
etal1988Fryetal1989Thismodelreproduces
pastrecordsofmosquitoabundancefairlyaccurately
andisrobusttochangesinmanagementpractices
Itthusrepresentsanimportantimprovementover
pasteffortssuchasthoseofHaile1986and
GreeverandGeorghiou1979 Howeverthe
simulationsareslowtaking3040hoursonApollo
DN4000workstationstosimulateoneyearThis
slownessseriouslycompromisesthemodelsability
toquicklyandefficientlyexplorelargenumbersof
alternativepracticesforcontrolandtoincorporate
additional complications such as insecticide

resistance

Recentdevelopmentsincomputerhardware
offertheopportunitytospeedupthesesimulations
significantly For example theConnection

Machineaparallelcomputerwithasmanyas

2Authortowhomcorrespondenceshouldbeaddressed

DepartmentofBiology
UniversityofCalifornia

LosAngelesCalifornia90024

ABSTRACT

WehavedevelopedacomputermodelofCulexpipiensmosquitoeswhichattemptsto
capturethroughsimulationthecomplexinterplayofenvironmentalgeographicalandhuman
factorswhichaffectmosquitopopulations Werecentlyimplementedthismodelonthe
ConnectionMachineamassivelyparallelsupercomputerwhichcansimulatethedevelopment
ofthousandsofbreedingsitesinparallelprovidingasubstantialspeedupoverconventional
serialcomputersAbuiltinexpertsystemorrulebaseddecisionmakingprogramisusedto
manageinsecticidetreatmentsonthebreedingsitesTheprogramisusedtopredictthe
probableeffectofcomplexmosquitocontrolstrategiesTheConnectionMachineprovides
sufficientspeedupthatitshouldnowbepossibletosimulatetheevolutionofresistanceto
insecticidesinrealisticsettings

1ConnectionMachineis aregisteredtrademarkofThinkingMachinesCorporation
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65536processorsiscapableofsustainedoperation
at5000millionfloatingpointoperationspersecond
Anonymous1987 Thearchitectureofthe
ConnectionMachineissuchthataconventional

frontendcomputerbroadcastssingleinstructions
and the thousands of parallel processors

simultaneouslycarryoutitsinstructionsonthedata
intheirownmemoriesHillis1985 Notall

problemswillgivesubstantialspeedupfromthis
approachbutmanyofthemtermeddataparallel
problemswillHillisandBarnes1987

Themosquitosimulationthatwehave
developedishighlydataparallelThatisitinvolves
manybreedingsitesactingaccordingtomoreor
lessthesameprogrambutwithdatapeculiarto
theirownsituationWithaConnectionMachine
thousandsofbreedingsitescanberepresentedby
separateprocessorseachwithitsownmemory
storingdatapeculiartoititsowncircumstances
executinginconcert Thespeedupinexecution
timeoveraserialcomputercanbeontheorderof
thousandsbecauseofthelargenumberof
processorsThisofferstheexcitingprospectthat
manyproblemsthatwereoncetoolargecannowbe
practicallyaddressed Programmingsuchhighly
paralleldevicesrequiresaradicallydifferent
computationalapproachBelowwedescribehow
wehavewrittenoursimulationprogramtorunon



suchamachineandpresentsomeofourfirst
results

Overviewofthesimulation

Inthepastwedevelopedprogramswhichwere
capableofsimulatingCulexpipiensmosquito
populationsoveralargegeographicalareaThe
immaturesaregroupedintobreedingsiteswhich
developindailyincrementsdependingonthetype
ofsiteairandwatertemperatureprecipitationand
mosquitocontrolmeasures

Theregiontobesimulatedisdividedintoa
rectangulargridoflocationsEachbreedingsiteis
assumedtoexistinaspecificlocationonthegrid
andisinfluencedbytheenvironmentalconditions
thereEachbreedingsiteisconsideredtobeofa
certaintypesuchasaswimmingpoolmarshstorm
drainfloodcontrolchannelorcontainer In

principlethemodelcansimulateanydesired
regionprovidedtheuserspecifythetypesand
distributionofbreedingsitesaswellasprovide
weatherdatafilesforthelocationsinthatregion
WedownloadedweatherdatafilesforOrange
CountyandAlamedaCountyfromtheUniversityof
CaliforniaStatewideIntegratedPestManagement
ProjectIMPACTwhichoffers datafilesfor

hundredsofweatherstationsthroughoutCalifornia
Dailytemperatureandprecipitationdataare
availableforspecificpastyearsaswellas30year
averagedata

An expert system or rulebased

decisionmaking program is used to make

treatmentdecisionsformosquitocontrolusing
rulesspecifiedbytheuserThisapproachgivesthe
flexibilitynecessarytomodeltheeffectsofawide
varietyoftreatmentstrategiesAstheprogram
executes the adult mosquito population is

monitoredatregularintervalsandrecordedinan
outputfileThusthesimulatedpopulationscanbe
comparedtoactualtrapdataforspecificpastyears
Inthefutureweplantoaddageneticmodelof
insecticideresistancetotheprograminorderto
determinewhenresistancemightoccurandhowto
preventit

Nonparallelversionsofthisprogramare
describedinFry1989andinFryetal1989
TheseversionsusetheRAMsimulationsystem
Tayloretal1988Goldman1990toachieve
parallellikedataabstractionforthebreedingsites
Theyrunonordinarysequentialcomputerssuchas
ApolloandSunworkstationsaswellashigherend
MacintoshandIBMcompatiblemicrocomputers

Populationmodelingwithinprocessors
TheUCLAConnectionMachinehas16384
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processorseachwith8KbytesofmemoryThe
simulationprogramdescribedbelowiswrittenin
LisppronouncedstarLisp asupersetofthe
CommonLisp programminglanguagewhich
includesparallelprocessingcommandsanddata
structuresAnonymous1988Steele1990 Our

programmakesuseofthisparallelstructureby
modelingeachbreedingsideonaseparate
processorEachbreedingsiteisaseparatesimple
compartmentmodelofitspopulationwhere
survivalanddevelopmenttimedependonthelocal
weathervariablesandoninsecticideapplicationsIn
theserialversioneachbreedingsitestorestheadult
populationinanarrayandtheimmaturepopulation
inadynamiclinkedlistofcohorts Onthe

ConnectionMachinewheredatastructuresmustbe
ofuniformsizeacrossprocessorswerepresentboth
adultandimmaturepopulationsasstaticarrays

Figure1showshowdataarestoredina
sampleprocessorduringthesimulationEachactive
processorisinitializedwitharrayswhichhold
severalcohortsofmosquitoesinaparticular
breedingsiteatvariousstagesofdevelopmentWe
refertoeachcompartmentorelementofalife
stagearrayasatierAtierholdsthenumberof
mosquitoesatadiscretelevelofdevelopmentThey
willtypicallynotcorresponddirectlytolarvalstages
butrathertothetimespentinthatstageof
developmentAsmosquitoesdeveloptomaturity
theymoveupthroughtheselifestagearraysby
advancingthroughthetiers

Amosquitopopulationcontainedinonetier
willjumpforwardntiersonagivendayaccording
totheformulantdwheretisthenumberoftiers
holdingthepopulationanddisthedevelopment
rateWesettheadultfemaledevelopmentrateto
aconstantvalueof02Immaturedevelopmentin
contrastisbasedonwatertemperatureatthe
locationofthebreedingsiteWeusethefollowing
immaturedevelopmentratesdevelopedinafield
studybyMadderetal1983wheredisthe
developmentrateandtisthewatertemperaturein
degreescelsius

Foreggstaged 00325t02394

Forlarvalandpupalstagesd 000795t00749

Thenumberoftiersineachlifestagecanbe
setatthebeginningoftheprogramaccordingto
thedesiredprocessorconfigurationandcomplexity
ofthemodelWegenerallyusefourtiersforthe
eggstagetwelvetiersforthelarvalstagesfour
tiersforthepupalstageandtwelvetiersforthe
adultfemalesFig1 Malescanoptionallybe
ignoredbythesimulationtoimproveprocessing



Eggs

Larvae

1715515007135041245111713111971637156514081285119811381

Pupae

Females

Males

177131771317713177131

1117111111051991

151141135127122118115112191816151
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Processornumber1024

Environmentgridlocation64

TypeofsourceSWIMMINGPOOL

NearestweatherstationIRVINE

KnownaboutbytheMADYES

Figure1Informationstoredinasampleprocessor
oftheConnectionMachineduringthesimulation
Eachactiveprocessorsimulatesonebreedingsiteat
aspecificlocationontheenvironmentgridAdult
femaleandimmaturepopulationsadvancethrough
thearraysastheyageusuallydecreasingdueto
imperfectsurvivalThenumberofadultmalesis
storedasasingleintegertheotherstagesare
dividedintotiers Larvalcarryingcapacityand
chancesofbeingknownaboutbytheMADdepend
ontypeofsource Thenearestweatherstation

determinesthetemperatureandprecipitationfor
eachsite

speed
Eachsimulationdaytheactiveprocessors

executethefollowingalgorithminparallel
1Calculateimmaturedevelopmentratesbased

onwatertemperatureatthenearestweather
station

2Calculateadultsurvivalratebasedonairtem
peratureatthenearestweatherstation

3Calculatelarvalsurvivalratebasedonlarval
density

4Advancepopulationsthroughtheirlifestages
basedondevelopmentandsurvivalrates
calculated above Only the surviving
percentagecanadvancetheothersare
removedfromthearrayThosethatgrowout
oftheirlifestagearraygointothefirsttierof
thenextone

5Thosefemalesabouttoexittheirlifecycle
generallyonday6willlayeggseitheratthe
currentsiteanearbysiteoranewsiteIf
theysurvivetheycanovipositagaintypically
afterthreedaysNeweggsgointothefirst
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tieroftheeggsarrayatthesiteatwhichthey
areoviposited
Weatherstationsprovideonlyairtemperature

andprecipitationWecalculatewatertemperature
tfromairtemperaturetateachweatherstation
usingthefollowingformuladerivedfroma
southernCaliforniafieldstudyFujioka1981

t 22183Int 47332

Wealsocalculatethe standingwaterata
weatherstationasrdwhereristhetotalnumber
ofinchesofthelastperiodofrainfallanddisthe
numberofdayssincethatperiodByperiodof
rainfallwemeancontiguousdaysinwhich
precipitationoccurs

Ourmodelofdaytodayimmaturesurvivalis
takenfromafieldstudyofCulexpipiensinLos
AngelesWilmot1986Survivorshipisassumedto
dependonlifestagealleggssurvivefromdayto
daythedailysurvivalrateforpupaeissettoa
constantvalueof095dailylarvalsurvivaldepends
onpopulationdensity Weusethefollowing
formulafromWilmotsmodeltoimplementdensity
dependence

S SmaxNKSmaxSmin ifN K

Smin ifN K

whereSislarvalsurvivalrateSmaxandSminare
themaximumandminimumsurvivalratespossible
NisthetotalnumberoflarvaepresentandKisthe
carryingcapacityofthesystemWhenNisgreater
thanKsurvivalissettoSmininordertoavoida
negativevalueInourmodelSminissetto001
Smaxto095andthelarvalcarryingcapacity
dependsonthesourcetypeThelarvalcarrying
capacityofeachsourcetypemustbespecifiedby
theuser

Thedailysurvivalrateofadultsisbasedonair
temperatureinthatzone andimplemented
accordingtothefollowingformulafromHaile
1986

S S085 0005Tadj ifT 0

085 0015Tadj ifTadj 0

whereSisadultsurvivalrate Tairisair
temperatureandTadj Tair 24whichisthe
adjustedairtemperatureThisequationisbasedon
amaximumsurvivalrateof085whichoccursat
theoptimaltemperatureof24C Survival

decreasesasthetemperaturedeviatesfromthe
optimalvalueAdultsurvivalrateiscalculatedeach
dayforeachzone
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Afemaleintheegglayingstagecanovipositin
oneofthreeways1inthebreedingsitefrom
whichsheemerged2inarandombreedingsite
inthesamelocationor3inanewbreedingsite
inthesamelocationthusactivatinganew
processorontheConnectionMachineThemodel
assumesthatfemalesnevermigrateoutoftheirgrid
locationIthasprovendifficulttomeasureadult
movementbymosquitoesinthisareaprecisely
Palca1988butexistingevidencesuggeststhat
movementbetweenthe4milesquarelocationsis
sufficientlysmallthatitcanbeignoredJWebb
personalcommunicationAtthebeginningofthe
programtheusercanspecifythelikelihoodofeach
egglayingbehaviorasafunctionofstandingwater
atthenearestweatherstation

Expertsystemformosquitocontrol
Ourprogramsimulatestheeffectsofmosquito

controlandcanbeusedtotestdifferentcontrol
strategiesTheusercandefinetreatmenttypes
correspondingtopesticidespredatorsorother
formsofmosquitocontrolandspecifythe
effectivenessofthetreatmentoneachmosquitolife
stageatthesiteswherethetreatmentisapplied
Theusermustalsospecifythelikelihoodthateach
sourcetypewillbeknownaboutbythelocal
mosquitoabatementdistrictandthelikelihoodthat
newsitesofthatsourcetypewillbediscovered
Onlyknownaboutbreedingsitesareaffectedby
treatmentsFig1

Amajorgoaloftheprogramistotakeinto
accountthedecisionmakingprocessofmosquito
abatementthatiswhentotakecontrolmeasures
andwhennottoTothisendatechniquefrom
artificialintelligenceknownasexpertsystemsor
rulebaseddecisionmakingisusedWinston1984
HayesRothetal1983Thisapproachallowsa
certainamountofflexibilityinspecifyingcontrol
strategies

Theuserspecifiesthetreatmentrulesinthe
followingformat

RULErulename

IFcondition1 condition2 condition
THENconsequent

Ifalltheconditionsinarulearemetinthe

simulationthentheruleissaidtobeactivatedand
theconsequentisexecutedThisprocessoftesting
conditionstoarriveatconclusionsiscalledforward
chainingForthisprogramtheconsequentcanbe
anassertiontobematchedbytheconditionof
differentruleorelseacommandtotreat A

consequentcanspecifythatacertaintreatmenttype
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isusedagainstcertainsourcetypesinacertain
area

Hereforexamplearetwotreatmentrules
recognizedbythesystem

RULE1

IFMONTH APRIL

MONTH OCTOBER

THENPOOLSAREBEINGUSED

RULE2

IF

POOLSAREBEINGUSED

DAYSSINCELASTTREATMENTOF

POOLS 12

PRECIPITATIONIN REGION 01

THENTREATPOOLSIN REGIONWITH
GBOIL

NotethataconclusionfromtheRule1isused

byRule2inmakingitsdecisionAlsoavariable
wasusedinRule2inordertomaketheruleapply
toanyregionforwhichtheruleistrueThusevery
12daysinthesummermonthsRule2willtreat
poolsinallregionsforwhichthedaysprecipitation
islessthan01inchesVariablescanbeusedinthis

waytomakethesameruleapplytoanynumberof
treatmentssourcetypesorregions

Evaluationanddiscussion

Themodelwehavedevelopedtosimulate
mosquito populations under various control

strategieshasbeendescribedelsewhereFryetal
1989andhasbeenfoundtofitsuchfielddataas
existreasonablywellAdetailedanalysisofthefit
iscurrentlyinpreparationSimulationsonthemost
widelyavailablecomputerstakeenoughtimethat
themodelsuseforcomparingalternativestrategies
islimitedandextendingittoinsecticideresistance
onthosemachinesisnotfeasibleatthistimeThe

primarygoalsofthisstudyweretoseewhetherthat
modelcouldbeadoptedtotheparallelConnection
Machineandifsotogetanideaofits
performancethere

Themodelwasmodifiedfromitsserialversion

torunontheUCLAConnectionMachinewithout

muchdifficultyTherewereanumberofsmall
differencesbetweenimplementationsthemost
significantofwhichwas thecalculation of

developmentratesasafunctionoftemperature
Theserialmodelusedatablelookupbasedon
empiricalmeasurementsofShelton1973This
technique is inefficientto implement in a

straightforwardmannerontheConnectionMachine
soweusedaformulafordevelopmentthatwas
empiricallyderivedbyMadderetal1983The



estimatesfromthetwomethodsaresimilarbutnot
identicalTheMadderestimatestendtobealittle

bitshorteronaverageWhichofthetwomethods
ismoreaccurateforOrangeCountyisdifficultto
assessbecausethatwouldinvolvemeasuringthe
densityandtemperatureofawidevarietyof
breedingsitesandthenweighingthemaccordingto
thecontributionofeachtothetotaladultmosquito
abundance Whileitisdesirabletohavea

correspondence between all phases of the

simulationsandthepopulationtobesimulated
untilmoreknowledgeisavailablethebestmeasure
ofhowwellthemodelworksissimplyhowwellthe
abundancepredictedbythemodelfitstheavailable
dataonactualabundance

Thepredictedandmeasureddensitiesof
mosquitoesfor19851988areshowninFigures2
and3Ineachcasethesehavebeensmoothedby
taking3weekrunningaveragesandnormalizingso
thatcomparisonsaremadewithintheyear
Changesinpersonneltraplocationandtechniques
makecomparisonsacrossyearsofquestionable
value

Thefitsbetweenobservedandsimulatedare

unlikeanywehaveobservedinourprevious
simulationsFromFigure2itisapparentthatthe
fitsarenotespeciallygoodforthedirectsimulations
themselvesFor19851988thecorrelationsare028
064064and063respectivelyHoweverwhen
theabundancespredictedbythemodelareshifted
5weekstotherightthenthecorrelationsarequite
good055074095and079Thatfor1987is
thehighestwehaveeverobservedinanyofour
simulationseveninthelaboratory Wedonot

understandwhythis5weekshiftoccursespecially
sinceitissoconsistentacrossyears Weare

currentlylookingatseveralpossibilitiesincluding
themannerthatdevelopmentratesarecalculated

Anespeciallyimportantoutcomeofthisstudy
hasbeenthattheConnectionMachinepermitsa
verylargespeedupinourcalculationsOurpast
simulationsrequiredanaverageof38hoursonan
ApolloDN4000forabout1000breedingsitesOn
theConnectionMachinewetypicallysimulate
16000breedingsitesinabouttwohoursThisisa
speedupofabout300foldWhilewemadesome
efforttostreamlinethecodeontheApollo
workstationsnosuchefforthasbeenmadeforthe
ConnectionMachineForpracticalapplicationwe
couldprobablyobtainanother1020speedup
withoutmucheffort

This differenceinperformanceisvery
significant Becausetheturnaroundissomuch

fasterontheConnectionMachineweanticipate
thatitwillbemuchmorevaluableforcomparing
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strategiesbymosquitoabatementdistrictpersonnel
Especiallyimportantistheabilitytoincorporate
additionalcomplexityOurlongtermobjectivehas
beentobettercontroltheevolutionofresistanceto

insecticides Thatofcourse willrequireeven
morecalculationandwillimposeevenmore
computationaldemandsonthecomputerItisour
expectationthattheConnectionMachinewill
permitstudiesthatwereheretoforenotpractical

There are some disadvantages to the

ConnectionMachine Firstitrequiresgreater
knowledgeofComputerScienceandgreater
programmingskillsthandotheserialversionsof
ourmodelIthasbeenourexperiencehowever
thatLispisnotverydifferentfromregular
CommonLispSecondthecostwhilemuchless
thanthatofacomparableserialmachinesuchasa
Crayisstillsubstantiallygreaterthanthatof
ordinaryworkstationsHoweverthespeedupisa
factorof300foramachinethatcostsonly30times
asmuchsoatcurrentpricesthecostper
calculationisverymuchlessontheConnection
MachineFinallytheprogrammingtoolsnecessary
forstoppingandpeeringintothevariousbreeding
locationstoseewhereaberrationsareoccurring
andwhereadditionalempiricalobservationswould
bemosthelpfularelessdevelopedandless
availablewiththeConnectionMachinethanonsay
theAppleMacintoshversionofRAMGoldman
1990 Noneoftheseproblemsarehowever
insurmountableandweexpectthatinafewyears
allofthemwillbesolved

Inconclusionthisstudyhasshownthatthe
problemofsimulatingmosquitopopulationsusing
artificiallifeprogramsishighlydataparallelandis
wellsuitedtotheConnectionMachinespeedupsof
300400timesoverconventionalmethodsareeasily
achievedThiswillpermitmuchbetteruseof
computers for comparing experimental and

proposedmethodsofmosquitocontrolandwill
allowustoattackproblemsthatwereinthepast
computationallytoodemandingforustostudy
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INTERACTIONSAMONGAQUATICVEGETATIONPREDATORSAND

MOSQUITOESIMPLICATIONSFORMANAGEMENTOF

ANOPHELESMOSQUITOESINAFRESHWATERMARSH

BruceKOrrandVincentHResh

Introduction

PopulationsofAnophelesmosquitoesoccurin
avarietyoffreshwaterwetlandsthroughout
California Encroachmentofindustrialand

residentialdevelopmentuponmanyofthese
wetlandshasdramaticallyincreasedtheneedfor
reliable and effectivecontrolofanopheline
mosquitoesIthasalsocreatednewproblemsfor
vectorcontrolagenciesbecausemanyofthese
marshesmustbemanagedforavarietyofuses
includingsuchdiversefunctionsasfloodcontrol
wildlifehabitatandenvironmentaleducation
Conventionalchemicalcontrolisoftenprecluded
duetoconflictswithothermanagementobjectives
Developmentofanalternativeecologicalie
nonchemicalvectorcontrolstrategymaythusbe
requiredSuchacontrolstrategymustbebasedon
a detailed understanding of the ecological
relationshipsthatinfluencetherecruitmentand
survivorshipofAnophelesinthesefreshwater
wetlandsystems

Itiswellknownthatanophelinemosquitoes
typicallypreferhabitatswithdensebedsoffloating
submergentoremergentmacrophytesHessand
Hall1943Aitken1945Hall1972CollinsandResh

DepartmentofEntomologicalSciences
UniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

AquaticmacrophytesstronglyinfluencethedistributionandabundanceofAnopheles
mosquitoesSpatialvariabilityinAnophelesabundanceatSearsvilleLakeSanMateoCounty
Californiawasrelatedtothetypeiespeciesandamountofaquaticmacrophytecover
present Fieldexperimentsdemonstratedthatmacrophytespeciesdifferedintheir
attractivenesstoovipositingAnophelesfemalesandintheamountofrefugefrompredation
providedforAnopheleslarvaeExtensivebedsofparrotfeatherMyriophyllumaquaticum
providedthemostproductivehabitatforAnophelesatthissiteParrotfeather1wasstrongly
preferredasanovipositionsubstrate2providedlarvaewiththebestmicrohabitatandrefuge
frompredationand3wasthemostabundantandconsistentlyavailablevegetativecovertype
Mechanicalharvestingcantemporarilyremovethesurfacecanopyofparrotfeatherandreduce
AnophelesabundanceEcologicalstrategiesforcontrolofAnophelesmosquitoesshouldexploit
thenaturalpatchinessofaquaticplantsandmosquitoesbyfocusingcontroleffortsonpatches
withthegreatestpotentialforproductionofAnopheles
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1989Withinagivensitetheamountofvegetative
coveratthewatersurfaceisaprimaryhabitat
characteristic Thepositiveassociationbetween
Anopheleslarvaldensityandamountofaquatic
plantcoverpresenthasbeendocumentedina
numberofstudiesegHessandHall1943
RozeboomandHess1944BallingandResh1984
Walkeretal1988CollinsandResh1989 It

appearsfromthesestudiesthattheamountand
typeofintersectionlineie airwaterplant
interfacepresentismoreimportantthantotalplant
biomassorcoverintermsofmicrohabitatsuitability
forproductionofAnopheles Anumberof

hypothesesconcerningthebeneficialeffectsof
aquaticvegetation onAnopheles havebeen

proposedThemajorhypothesesincludeprotection
frompredatorsandphysicaldisturbanceenhanced
foodresourcesfavorableovipositionsubstrateand
optimalthermal conditions for rapid larval

developmentseereferencesinOrrandResh1989
Collinsetal1988 Criticalexperimentaltests
especiallyunderfieldconditionsareneededto
evaluatetherelativeimportanceofthesealternative
butnotmutuallyexclusivehypotheses

In1987webeganstudiesofAnophelesand



aquaticmacrophytesatSearsvilleLakeamanmade
lakelocatedonStanfordUniversitysJasperRidge
BiologicalPreserveSanMateo CountyCali
forniaOurprimaryobjectivewastoelucidatethe
rolesofaquaticvegetationtypeiespeciesand
quantityindeterminingthelocalpatternsof
distributionandabundanceofAnopheleslarvaein
thewetlandsassociatedwithSearsvilleLakeAn

understandingofthemechanismsthatproduce
spatialvariationinAnophelesabundancewillallow
moreaccuratepredictionofanophelinepopulation
dynamicsThisinturnwillleadtoimplementation
ofmoreeffectiveecologicalcontrolstrategies

Thispapersummarizestheresultsofourfield
studiesatSearsvilleLakeanddiscussesthe

managementimplicationsofourfmdings

StudySiteDescription
Weusedthe40hacomplexofopenwaterand

vegetatedwetlandsatSearsvilleLakeasamodel
systemforexploringtheinfluenceofmacrophytes
onAnophelesTheshallowwatersofthelittoral
zoneofthemainlakeandadjacentmarshes
supportavarietyofaquaticmacrophytes We

identifiedfourmajoraquaticvegetationzonesat
thissiteTable1 Thedominantspeciesof
AnophelesatSearsvilleLakewaspreviously
identifiedasAnfreeborniAitkenbuthasrecently
beendeterminedtobeAnhermsiBarrand

GuptavanijGFritzpersonalcommunication
ThemosquitofishGambusiaaffinisBairdand
Girardisthe majormosquitopredatorinthis
systemMoredetailedsitedescriptionsaregivenin

Table1CharacteristicsofthefourmajorcovertypesatSearsvilleLakelistedindecreasingorderbyamount
oftotalsurfaceareacovered

Cover

Type

Dominant

Macrophyte
Species

OpenWater None None

Parrotfeather Myriophyllum High
aquaticum

Smartweed Polygonum
coccineum

Pondweed Potamogeton
pectinatus

Amountof

Intersection

Line

Lowto

Intermediate

Intermediate

toHigh
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Smith1963andOtieno1977

Influence ofAquatic Macrophytes on the

Distribution and Abundance of Immature

Anopheles
Ourfirstresearchobjectivewastodocument

therelationshipofmacrophytepatchinessto
observedspatialvariabilityintheabundanceof
AnopheleseggsandlarvaeWehypothesizedthat
macrophytespeciesdifferinthesuitabilityof
anopheline microhabitat theyprovide these
differencesmaybeineitherthequalityorquantity
ofmicrohabitatprovidedbyvegetativecoverand
thatinterspecificdifferencesinpotentialfor
anophelineproductioncanbepredictedgivenour
understanding of anopheline microhabitat

requirementsandplantarchitectureCollinsand
Resh1989 Wealsohypothesizedthatwithin
monospecificbedsofmacrophytestheamountof
anophelinemicrohabitatwillvaryinrelationto
plantdensityiestemsmwhichshouldbean
easilymeasuredcorrelateoftheamountofsurface
coverandintersectionlinepresentThespatial
distributionandabundanceofimmatureAnopheles
shouldreflectthesedifferencesinmicrohabitat

availabilityandsuitabilityWepredictedbasedon
theamountofintersectionlineandsubsurface

structureprovidedbyeachmacrophytespecies
Table1thatparrotfeathershouldhavethehighest
densitiesofAnophelesfollowedinorderof
decreasing larval abundance by pondweed
smartweedandopenwater Inadditionlarval

abundancewithinpatchesofagivenvegetationtype

Complexityof
Subsurface

Canopy

None

High

Lowto

Intermediate

Intermediate

toHigh

aPondweedzoneincludesunderstoryofhornwortCeratophyllumdemersum

PredictedValue

forAnopheline
Production

VeryLow

High

Lowto

Intermediate

Intermediate

toHigh



shouldberelatedtotheamountofsurfacecover

present

Resultsofthreeyearsofsampling19871989
supportourfirsthypothesistherewereconsistent
differencesamongmacrophytespeciesinAnopheles
eggandlarvalabundanceOurpredictedrankingof
anophelineproductionversusvegetationtypeheld
withtheexceptionthatAnophelesdensityin
pondweedwasnotconsistentlyhigherthanin
smartweedTotalanophelinedensitywasgenerally
severaltimesgreaterinparrotfeatherthaninother
vegetationtypesTheopenwaterzonealwayshad
thelowestAnophelesdensityusually0perdip
Pondweedandsmartweedbedsconsistentlyhad
intermediatelevelsofAnophelesLarvalcountsin
pondweedwereespeciallyvariablefromone
samplingdatetothenextprobablybecauseofthe
moreephemeralnatureofthesurfacecanopyof
pondweedcomparedtothecanopiesofother
macrophytesatthissite

Thesecondhypothesiswastestedin1989
Intensivesamplingwithinparrotfeatherbedswas
conductedontwodatestotestthecorrelation

betweenplant surface coverandAnopheles
abundanceusingthefollowingmethodA025m
quadratwasplacedrandomlywithinmonospecific
parrotfeatherbedsAnopheleseggsandlarvaewere
thensampledbytakingfivestandarddipswithinthe
quadratTheamountofsurfacecoverpresentwas
quantified as total number of emergent
parrotfeatherstemswithinthequadratTherewas
asignificantpositiverelationshipbetweenstem
densityandtotalanophelineabundanceFig1
Similarresultswereobtainedwheneggandlarval
abundancedatawereanalyzedseparatelySimple
linearregressionmodelsaccountedfor2560of
themeasuredvarianceinAnophelesdensity
ParrotfeatherdensityatSearvilleLakevariedfrom
0to1400stemsmwithmostundisturbedpatches
havingdensitiesintherangeof500to1000
stemsm during peak anopheline season

JulySeptember

InfluenceofAquaticMacrophytesonAnopheles
Oviposition

Aquaticvegetationcaninfluenceovipositionby
mosquitoesThismaybeduetophysicalfactors
suchastheamountofshadeintersectionlineor
abovewaterphysicalobstructionscreatedbyfloating
oremergentvegetationegRussellandRao1942
Rejmankovaetal1988Chemicalcueswhichcan
beeitherattractoryorinhibitorythatareproduced
byplantsmayalsobeimportantegBates1949
Angerelli1980BentleyandDay1989Preliminary
laboratoryexperimentsindicatedthatAnopheles
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preferredtoovipositintubscontainingoneofthe
commonmacrophytesfromSearsvilleLakeversus
tubscontainingonlydeionizedwater Wethen

movedtofieldexperimentstotestwhether
preferenceforaquaticmacrophytepatchesas
ovipositionsiteswasimportantundermorenatural
conditions

Floatingbasketslinedwithscreenand
polyethyleneplasticsheetwereusedintestsof
ovipositionsiteselectionamongthecommon
vegetationtypesTheinitialtestindicatedastrong
preferenceforparrotfeatheroverfiveothercover
types smartweed pondweed hornwort
waterprimroseLudwigiapeploidesandopen
waterThenumberofAnophelesrecoveredinthe
parrotfeathertreatmentwasanorderofmagnitude
higherthanpondweedthetreatmentwiththenext
highestovipositionrate Noneoftheother

macrophytetreatmentshadovipositionlevelsthat
weresignificantlyhigherthanthatintheopen
watertreatmentTheseresultsweresostrikingthat
wesuspectedthatplacementoftheexperimental
basketsadjacenttoaparrotfeatherbedmighthave
biasedourresultsbyincludingonlyeggslaidby
femalesthathadalreadycuedinonparrotfeather

To test forthe effectofsurrounding
vegetationorpositiononovipositionsiteselection
werepeatedtheaboveexperimentwithseveral
changesTwomacrophytetreatmentsweredropped
hornwortandwaterprimrosebecauseoviposition
ratesweresolowforthesetreatmentsandbecause

ofthelimitedimportanceofthesetwospeciesin
theoverallmatrixofvegetationatthesiteBlocks
oftheremainingfourtreatmentsweresetout
simultaneouslyinthreedifferentmacrophyte
pondweedsmartweedandparrotfeatherbeds
Theresultswerealmostidenticaltothefirst

experimentParrotfeatherwasstronglypreferredas
anovipositionsubstrateregardlessofwhattypeof
vegetationsurroundedtheblocksofexperimental
baskets

Variation in oviposition rates within

monospecificpatchesofvegetationisalsoimportant
indeterminingthepatternoflarvaldistributionand
abundanceinwetlandsWetestedtheresponseof
Anophelesovipositionratetothedensityofparrot
featherinbasketexperimentsduring1988and1989
Inbothyearstherewaslittleovipositionatthe
loweststemdensitiesapronouncedpeakat
8001200stemsmandthen adropinoviposition
asstemdensityapproached2000stemsmFig2
TheseresultsaresimilartothoseobtainedwithAn

freebomiovipositinginparrotfeatherintheCentral
ValleyRejmankovaet al1988 Thedropin
ovipositionathigherdensitieswasprobablycaused
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Figure1Simple linear regression models

demonstratingthepositiverelationshipbetween
parrotfeatherdensitystemsmandAnopheles
abundancenoeggs larvae5dipsontwo
differentsamplingdates

byincreasedphysicalobstructionofthewater
surfacecreatedbytheemergentstemsatthe
highestdensitiesOvipositingfemalesmaysimply
havebeenunabletoreachthewatersurface

Furtherresearchisneededtodeterminewhat

factorsassociatedwithparrotfeatherserveasthe
attractivecues

InfluenceofAquaticMacrophytesonPredatorPrey
InteractionsandAnophelesLarvalSurvivorship

OurearlyworkatSearvilleLakeandother
sitesdemonstratedforparrotfeatherandtwo
othermacrophytespeciesthatsurfaceplantcover
createsfavorablemicrohabitatandprovidesa
partialrefugefrompredationforAnopheleslarvae
OrrandResh1989 Larvalsurvivorshipwas
positivelyrelatedtoamountofplantcoverand
negativelyrelatedtodensityofGambusia The

general response of larval survivorship to

Gambusiadensityandplantcoverlevelisshownin
Figure3 Thetrendtowardsincreasedlarval

survivorshipathighercoverlevelsintheabsenceof
predatorsindicatesabeneficialeffectofplantcover
beyonditsroleinprovidingarefugefrom
predation

Subsequentworkfocusedonthedifferences
amongthedominantmacrophytesintheamountof
microhabitatandrefugetheyprovideanopheline
larvaeAfactorialdesignexperimentwasusedto
examinetheinfluenceofcovertypeandpredator
densityonlarvalsurvivorship Four cover

treatmentsrepresentingthemajorcovertypes
associatedwithAnophelesatSearsvilleLake
parrotfeathersmartweedpondweedandopen
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Figure2Generalmodeloftheresponseof
Anophelesovipositionratenoeggslaiddaymto
parrotfeatherstemdensitynostemsm The

responsecurveisbasedontheresultsof
experimentsconductedin1988and1989

water were combined with two predator
treatmentsGambusiapresentorabsentAsin
ourpreviousexperimentsOrrandResh1989100
newlyhatchedAnopheleslarvaewereaddedto
eachexperimentalcageinitiallyAftertendaysall
survivinglarvaewereremovedandcounted
Parrotfeatherandpondweedtreatmentshadthe
highestlarvalsurvivorshipasexpectedbothinthe
presence18and14survivorshipandabsence
58 and 44 survivorship of Gambusia

Smartweedprovidedbetterhabitatthanopenwater
whenpredatorswereabsent38vs26
survivorshipbutbothofthesecovertreatments
hadcloseto100mortalitywhenGambusiawere
presentLarvaldevelopmenttendedtobefasterin
thevegetatedtreatmentsthanintheopenwater
treatment

Basedontheaboveresultswerankedthe
covertypesintermsofsuitabilityforproductionof
anophelinelarvaeparrotfeather pondweed
smartweed openwater Thiscorrespondsto
observedpatternoflarvalabundanceatSearsville
Lakeduringtheperiodswhenthethreevegetation
typesarewelldevelopedTheactualproductionof
Anophelesinpondweedpatchesisgreatlylimited
bytheshortdurationusuallyonly24weeks
duringlateJulyandearlyAugustofwell
developedpondweedsurfacecanopyatthissitecf
CoyoteHillsMarsh BallingandResh1984
FeminellaandResh1989Smartweedbedsare
commonfromMayJulybutbymidtolateAugust
mostsmartweedbedsareleftdryandexposed
abovethewaterlinebecauseofdecliningwater
levelsinthelakeandmarshlandParrotfeatheron

theotherhandisthedominantaquaticmacrophyte



throughouttheanophelinebreedingperiodThus
parrotfeatherisclearlythemostproductive
vegetationtypeforAnophelesinthissystem
parrotfeather1provideslarvaewiththebest
microhabitatandrefuge2isstronglypreferred
asanovipositionsubstrateand3isthemost
abundantandconsistentlyavailablevegetative
covertypeinthissystem

MechanicalHarvestingofParrotfeatherandits
ImpactonAnopheles

Mechanicalharvestingofparrotfeatherisone
meansofdirectlyreducingatleasttemporarilythe
amountofAnopheleshabitatpresentandindirectly
reducingtheabundanceofAnopheleslarvae
Thereareseveraldrawbackstothisapproach1it
islaborintensive2itmayneedtoberepeated
severaltimeseachseasonand3itmayfacilitate
thespreadofparrotfeatherbydispersingplant
fragments that are capable ofreproducing
vegetativelyAGrundmannpersonal commun

icationTheonlyalternativetoharvestingthatis
acceptabletopreservemanagersatpresentisthe
useofBacillusthuringiensisvarisraelensisBti
TheefficacyofBtiatSearsvilleLakeisreducedby
limited penetration and dispersal of Bti

formulationsindensestandsofparrotfeatherthe
needformultipleapplicationduringthepeak
anophelineseasonandthedifficultyofgetting
boats and spraying equipment into heavily
vegetated areas R Schoeppner personal
communication

Weexaminedtheimpactofmechanical
harvestingonplantregrowthandanopheline
abundanceduringthesummerof1989 Several

swathsofparrotfeatherwereharvestedinearly
June Harvestingremovedallparrotfeather
biomassfromtheupper1mofthewatercolumn
butleftrootsandstemsbelow1mintact

LARVAL

SURVIVORSHIP

HIGH

L0

LOW

PREDATOR

DENSITY
HIGH

Low

RICH

PLANTCOVER

LEVEL

Figure3Ageneralmodelshowingtheinfluenceof
plantcoverandpredatorGambusiadensityon
Anopheleslarvalsurvivorship Basedondata

presentedinOrrandResh1989
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Regrowthofparrotfeatherstemswasrapidmean
stemdensityatthewatersurfaceintheharvested
areaswas210stemsmwithinsixweeksof
harvestingandaproximately360stemsmafter12
weeksversus600800stemsminadjacent
unharvestedareasAnhermsieggsandlarvae
wereabsentimmediatelyfollowingharvestingbut
soonbegantoincreaseastheparrotfeathersurface
canopyregeneratedLarvalcountsinpreviously
harvestedzoneswereabout40ofthecountsin

unharvestedareassixweeksafterharvestingFig
4After12weekslarvalcountshadincreasedin
thepreviouslyharvestedareasbutstillwereonly
40ofcountsinunharvestedparrotfeatherdueto
ageneralincreaseinanophelineabundance
throughoutthesiteTheseresultsareconsistent
withwhatwouldbepredictedbytheempirically
derivedrelationshipsbetweenparrotfeathersurface
cover ie stem density and anopheline
abundanceovipositionrateandlarvalsurvivorship
discussedabove Ratesofplantregrowthand
moreimportantlysurfacecanopyregenerationwill
beinfluencedbyavarietyoffactorsincluding
waterturbidityandnutrientloadingswater
temperatureandplantphysiologicalstatusThe
rateatwhichthelakewaterleveldeclineswillalso

affectplantregrowthandrateofsurfacecanopy
regenerationTherateatwhichAnophelesrecolo
nizetheregeneratedparrotfeathersurfacecanopy
willalsodependuponavarietyoffactorssuchas
theavailabilityofalternativehabitatespecially
morepreferredovipositionsubtratesuchaspar
rotfeatherbedswith1000stemsmthesizeof
thereproductiveadultpopulationatthesiteand
timeofyear

ManagementImplications
Plantscanprovidefavorablemicrohabitatfor

anophelineproductionbyprovidingprotection

10

EHARVESTEDZONE

MICONTROLZONE

1 1
6WEEKS 12WEEKS

TIME

Figure4Theimpactofmechanicalharvestingof
parrotfeatheronAnophelesabundance6and12
weeksafterharvesting



frompredatorsandphysicaldisturbanceenhancing
larvalfoodresourcesandcreatingoptimalthermal
conditionsforrapidlarvaldevelopmentInaddi
tionmacrophytebedsmayprovideattractive
ovipositionsitesforAnophelesfemales Macro

phytespeciesdifferintheamountandqualityof
anophelinemicrohabitattheyprovideThuswithin
agivensitetheremaybeahierarchicalpatternof
spatialvariabilityinAnophelesabundancewith
variationoccurringbothamongandwithinmacro
phytepatchesbecauseofvariabilityinoviposition
andsubsequentlarvalsurvivorshipEggdistribu
tionshouldbeaffectedprimarilybywithinand
amongmacrophytespeciesvariabilityinsubstrate
suitabilityorattractivenesstoovipositingfemales
Larvaldistributionwillbeaffectedbythisspatial
variabilityinovipositionandbydifferentiallarval
survivorshipresultingfromvariabilityinmicrohab
itatconditionsandpredatordensitybothwithinand
amongmacrophytepatches

Wetlandmanagersandmosquitoabatement
districtscanexploitcertainaspectsofthenatural
patchinessofplantsandmosquitoeswhendesign
ingandimplementingcontrolstrategiesforshallow
macrophytedominatedwetlandsSpecificmacro
phytepatchescanbeassignedmanagementor
controlpriorityrankingbaseduponcomparisonof
thepositiveresourcevalueegvalueforfishor
waterfowlofapatchwithitspotentialforanophe
lineproductionieCollinsandResh1989ap
pendixIThethreemainoptionsformanagement
ofmacrophytepatcheswouldbethemaintenance
reductionoreliminationofspecificpatchesMe
chanicalharvestingwaterlevelregulationherbi
voreregulationorinsomecasesherbicidesmight
be chosen to manage macrophytes and
mosquitoesdependinguponsitespecificenvi
ronmentalandeconomicconsiderationsOurre
searchhasimprovedourunderstandingofthe
mechanismsgoverninginteractionsamongmacro
phytespredatorsandmosquitoes Suchknowl

edgeisanessentialcomponentinthedevelopment
ofecologicallybasedcontrolstrategiesforfresh
waterwetlands
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EFFICACYOFTADPOLESHRIMPTRtOPSLONGICAUDATUSASA

BIOLOGICALCONTROLAGENTOFCULEXANDPSOROPHORAMOSQUITOES

NoorSTietze

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

NaturalpopulationsofthetadpoleshrimpTPSTriopslongicaudatusproducedexcellent
controlofimmatureCulexmosquitoesinexperimentalfieldpondsinOasisCaliforniadueto
TPSinducedmosquitoovipositiondeterrenceandactivepredationonlarvaeandpupaePonds
containingTPSwerefoundtohavesignificantlyP005fewermosquitoeggraftsthancontrol
pondsduringthesecondtofourthweekspostfloodingatimewhenTPSwereabundantThis
wasinaccordancewithotherfieldandlaboratorystudiesthatprovidedevidenceoftheroleof
TPSindeterringCulexovipositionInpondswithTPSfirstsecondandthirdinstarlarval
Culexabundancewerereduced95bythefirstweekpostfloodingwhilefourthinstarlarvae
andpupaewerereduced95withinthesecondandthirdweeksrespectively

TheefficacyofTPSinreducingthefloodwatermosquitoPscolumbiaewasstudiedin
afloodeddategardenintheCoachellaValleyIncontrasttopredationonCulexsppTPS
predationuponsynchronouslydevelopingPscolumbiaewasgenerallylowbutincreasedduring
thefirstfourdayspostfloodingNoreductioninPscolumbiaepopulationswasdetectedwhen
comparingrowscontainingTPStorowswhereTPSwereeliminatedbyasinglecypermethrin
treatment121ghaItwashypothesizedthatduetorapiddevelopmentthismosquito
speciestemporallyescapesTPSpredationbydevelopingtofourthinstarbythethirdday
postfloodingwhenTPSwerestilltoosmallaveragecarapacelength 25mmtocatchthem

Introduction

Intemporarywatersestablishmentofaspatio
temporaloverlapbetweenimmaturemosquitoprey
andtheirpredatorsmustbeachievedforsuccessful
biologicalcontrolDuetolackinaspatiotemporal
overlapanddifficultyinmassrearinginsect
predatorsofmosquitolarvaehavenotbecome
operationalbiologicalcontrolagentsBay1974
CollinsandWashino1985Similarlylarvivorous
fishsuchasGambusiaaffinisBairdandGirard
areknowntobelesseffectiveinephemeralwaters
Meisch1985andcostlyinundativereleasesare
necessarytoachieveadequatecontroloffloodwater
mosquitoesDaveyandMeisch1977

TadpoleshrimpNotostracaTriopsidaeare
Crustaceansuniquelyadaptedtosurvivalin
ephemeralfreshwaterhabitatsLonghurst1955as
wellasbeingpredatorsoflarvalDipteraMail1934
Maffi1962Dodson1986TadpoleshrimpTPS
produce desiccationresistant eggs Hempel

PresentAddressFloridaDepartmentofHealthandRehabilitativeServices1317WinewoodBoulevardTallahasseeFlorida
323990700
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ZawitkowskaandKlekowski1968thatremain
dormantwhenthehabitatisdryandhatchsoon
afterrehydrationthusensuringtheirsurvival
betweenfloodingsThisattributecoupledwitha
rapiddevelopmenttoreproductivematuritymake
TPSprimecandidatesasmosquitocontrolagentsin
temporarywaters

TheroleofTPSaspredatorsofmosquitoes
wasrecognizedasearlyas1934byMailin
MontanaInthelaboratoryhenotedasingleTPS
consumed475secondinstarlarvaewithin98hours

orlessInSomaliaMaffi1962reportedTriops
granariesLucasasapredatorofthemalaria
mosquitoAnophelesgambiaeGiles

Inthelaboratorypreysizeselectiontests
indicatedthattheTPSTriopslongicaudatus
LeContewasasizedependentpredatorofCulex
quinquefasciatusSaylarvaeTietzeandMulla1989
AsTPSgrewlargertheirpreysizepreference
amonglarvalinstarschangedsmallerTPSfed



exclusivelyonfirstandsecondinstarlarvaewhile
largerTPScarapacelength 40mmconsumed
allinstarsandpupaeTietzeandMulla1989
ThusrelativedevelopmentalratesofTPSand
immaturemosquitoesmaydictatetheefficacyof
thispredatorinreducingmosquitopopulations

Thegoalofthisstudywastoassessthe
efficacyofTPSasbiologicalcontrolagentsofCulex
populationsinexperimentalfieldpondsand
PsorophoracolumbiaeDyarandKnabpopulations
inafloodirrigateddategarden

MaterialsandMethods

EfficacyofTPSagainstCulexTostudytheimpact
ofTPSonimmatureCulexmosquitoesdryfield
pondslocatedattheAquaticandVectorControl
ResearchFacilityinOasisCaliforniaweremowed
and091kgofdrychickenmashwasaddedper
pondtopromotemosquitoovipositionEachpond
wasequippedwithafloatvalvesystemtomaintain
theproperwaterdepthofabout25cm Pond

vegetationconsistedofnutgrassBermudagrassand
crabgrass

Fourdayspostfloodingfourpondscontaining
TPSwerechosenasTPStreatmentpondsand
fourpondslackingTPSwerechosenascontrols

Tadpoleshrimpabundancewasassessedusing
anaquaticDnetBioQuipSantaMonicaCA
withanopeningareaof005mnylonmeshwith
08mmporesizeanda15mwoodenhandleThe
Dnetwasdragged11malongthepondbank
twiceperpondThesamplewastransferredtoa
whiteenamelpanandtheTPSwerecountedand
measuredincarapacelengthbeforereturningthem
tothepond

Larvalandpupalmosquitoesweresampled
weeklybytakingfour400mldipsperpond
combiningthemusingaconcentratorcupMullaet
al1982andpreservingthemin70ethanolIn
thelaboratorynumbersofeachimmaturestage
werecountedandspeciesidentificationsweremade
Mosquitoeggraftsweresampledbyplacingayard
stickalongthepondbankandcountingthenumber
ofunhatchedraftsalongthetransectEggrafts
werethussampledthreetimesperpondoneach
samplingdayfromthesecondtoseventhweeks
postfloodingNumbersofeggraftsintreatment
andcontrolpondswerecomparedusingapairedt
testforeachdaysampled

Thereductionoflarvalandpupalmosquitoes
wascalculatedusingtheformula

R 100XXXc

WhereRrepresentsthelarvalorpupalreduction
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effectofthetadpoleshrimpexpressedasa
percentageXisthemeannumberoflarvaeor
pupaeinthecontrolpondsthosewheretadpole
shrimpwereinitiallyeliminatedandXisthemean
numberoflarvaeorpupaeinthetreatmentponds
thosewithtadpoleshrimpThepercentreduction
ofeachlarvalinstarandpupaewascalculatedfor
eachdaysampled

Watertemperaturewasmeasuredusinga
maximumminimumthermometerTaylorInstru
mentCoArdenNC
EfficacyofTPSagainstPscolumbiaeToassess
theimpactofTPSonthefloodwatermosquitoPs
columbiaecoexistingpopulationsofthesespecies
werestudiedinafloodirrigateddategardeninthe
CoachellaValleyCaliforniaduringtwoyearsThe
dategardenwaslocatedaboutsixkilometerswest
oftheThermalairportTherowsofdatepalms
wereaboutninemetersapartandextended91
metersinlengthWhendrytheareabetweenrows
wasroutinelydiskedandfallenpalmfrondswere
buriedintothesoilTheirrigationschedulewas
aboutonceeverytwotothreeweeksduringthe
summerandfallLivestockwerepresentinthe
dategardenduringbothyearsofthestudy

InSeptember1988PscolumbiaeandT
longicaudatusbionomicswerestudiedinasingle
floodirrigatedrowDensityandgrowthofTPSand
Pscolumbiaeweremonitoredduringtheflooding
periodAcircularquadratesampler02mwas
randomlyplacedintotheirrigatedrowandthe
contentstransferredtoawhiteenamelpanusingan
aquariumfishnetmeshsize 135mm The

samplewasthenconcentratedusingalarval
concentratorMullaetal1982andpreservedin
50ethanolThreesamplesweretakenoneach
daypostfloodingInthelaboratorymosquitoand
TPSsizeanddensityweredeterminedusinga
dissectingmicroscopewithacalibratedocular
micrometerTadpoleshrimpsizewasmeasuredas
thelengthofthecarinalsuturethatlongitudinally
dividesthecarapace Larvalmosquitosizewas
definedasthedistancefromtheanteriorendofthe

headcapsuletothebaseoftheairsiphonPupal
mosquitosizewasmeasuredasthedistancefrom
theanteriorendoftheheadtothebaseofthe

paddles
TadpoleshrimppredationuponimmaturePs

columbiaewasstudiedusingfloatingcagesMulla
etal1974whichhadscreenedopeningsonthe
sidestoallowwaterflowandwerethenplacedinto
astyrofoamringforbuoyancyThecontainersheld
about500mlwhenimmersedinwaterandhada
surfaceareaof90cmThreeimmaturemosquito
densities510and20larvaeorpupaepercage



wereexposedtosingleTPSforonehoureachday
postfloodingEachmosquitodensitywasreplicated
threetimesAllmosquitoesandTPSusedinthis
studywerecollectedfromthesamerowandwere
thussynchronouslydevelopingPercentconsump
tionwascalculatedforeachlarvaldensityandeach
daypostflooding

ThecapacityofTPStofeeduponvariousPs
columbiaelarvalinstarsandpupaewasstudiedon
thefourthdaypostfloodingusingthefloating
containersasdescribedaboveInthistestsetsof
tensecondthirdandfourthinstarlarvaeandpupae
wereeachexposedtosingleTPSforonehour
Fourreplicatesweremadeforeachpreycategory
Inthistestsecondandthirdinstarlarvaewere
collectedfromthesamerowasthetadpoleshrimp
Thepercentconsumptionwascalculatedforeach
preycategory

InSeptemberof1989furthertestswere
performedinthesamedategardenInthisstudy
theeffectofexcludingTPSfromrowswas
comparedtorowswhereTPSwerepresent
Tadpoleshrimppopulationsweremaintainedin
fourrowsandeliminatedfromfourrowsbyasingle
cypermethrintreatmentperrowat121ghausing
a1gallonsprayerBGEquipmentCoPlum
steadvillePAandTeejetnozzle0006 The

eightrowsusedinthisstudywerefloodedinseries
andthusatapproximatelythesametime Ps

columbiaeabundancewasassessedineachrowby
takingtendipsusinga400mldipper The

approximatenumberofimmaturemosquitoesper
dipwasrecordedbeforereplacementTherows
werethussampledeachmorningofthefifthday
postflooding Waterdepthandwidthofeach
floodedrowwasmeasuredintheafternoonofthe

second to fifth days postflooding Water

temperaturewasmeasuredusingamaximum
minimumthermometer

ResultsandDiscussion

EfficacyofTPSagainstCulexIntheOasisponds
Crtarsaliswasthedominant 95 mosquito
speciesbutPscolumbiaeandCxquinquefasciatus
werealsodetected LarvalandpupalCulex
populationsinpondscontainingTPSweremuch
lowerthanthatofcontrolpondsThisdifference
wasinpartduetosignificantlyP005moreegg
raftsincontrolpondsthaninTPSpondsduringthe
secondtofourthweekspostfloodingFig1
Duringthefifthtoseventhweekspostfloodingwhen
therewasnosignificantP005differencein
mosquitoeggraftabundancebetweenTPSponds
andcontrolsdepressedlarvalandpupalCulex
abundanceinTPSpondsmayhavebeenprimarily
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duetoTPSpredationassumingothernatural
enemiesare evenlydistributed inthe two

treatments

Larvalandpupalabundancewasgreatly
reducedinpondswithTPScomparedtocontrol
ponds Thereductionoffirstsecondandthird
instarCulexlarvaewas 95duringthefirstweek
postfloodingTable1Fourthinstarlarvaeand
pupaewerereduced 95duringthesecondand
thirdweekspostfloodingrespectivelyTable1

ThemaximumabundanceofTPSwas52

TPS2Dnetsamplesonthesecondweek
postfloodingrapidlydecreasingto10TPS2Dnet
samplesduringthefourthandfifthweeksandabout
twoTPS2Dnetsamplesonthesixthandseventh
weekspostfloodingTadpoleshrimpgrewtoabout
46mmcarapacelengthduringthefirstweek
postfloodingandgraduallyincreasedto600mmin
sizeduringthefollowingsixweeks

Watertemperatureofthepondsvariedfrom
17to30Cduringthesevenweekspostflooding
Table2
EfficacyofTPSagainstPscolumbiaeThe
densitiesofPscolumbiaeandTPSwerefoundto

havedramaticincreasesduringthecourseofthe
floodingperiodSincewaterlevelsoftheaqueous
habitatrecededatratesof10cmdayduringthe
1988studyand7cmdayduringthe1989study
increasesinsynchronouslydevelopingmosquitoand
TPSdensitiescanbeattributedtodecliningwater
volumeIn1988onthesecondthirdandfourth
dayspostfloodingPscolumbiaedensitiesaveraged
249590and1088larvaeandpupaemrespec
tively DuringthesamefloodingTPSdensities
averaged4644and149TPSmonthesecond
thirdandfourthdayspostfloodingrespectivelyIn
1988onthefifthdaypostfloodingremainingwater

6

3

0

2 3 4 5 6 7

WEEKSPOSTFLOODING

Figure1CulexeggraftabundancetSEinponds
withandwithoutn4eachtadpoleshrimpduring
sevenweekspostfloodinginOasisCalifornia



Table1Meanweeklyreduction ofimmatureCulexmosquitoesbytadpoleshrimpassampledfrom
fourfieldpondsinOasisCalifornia

Stage

L1

L2

L3

L4

P

1

100 100 100

99 100 98

96 100 99

74 99 99

a
86 98

atreatmentandcontrolequalzero
btreatmentequalszero

wasconfinedtosmallpuddlesinthecattle
hoofprintsandhumantrackswherePscolumbiae
andTPSwerehighlyconcentratedAfterseveral
hoursthesepuddleshaddisappearedandlarge
numbersofpupaeandTPSwereobservedinthe
softmudOnthefifthdaypostfloodingofthe1989
studyonlyonerowlackedwaterwhiletheother
sevenrowsremainedflooded

InbothyearsPscolumbiaeprogressedto
thirdinstarlarvaeontheseconddayfourthinstar
larvaeonthethirddayandbothfourthinstar
larvaeandpupaeonthefourthdaypostflooding
Fig2Thelarvaegrewslightlylargerduringthe
secondyearperhapsduetoslightlyhigherwater
temperaturesWatertemperaturesrangedfrom20
to31Cduringthe1988studyand22to32C
durinithe1989study

Table2MinimumandmaximumweeklywatertemperaturesCoffourfieldponds30minOasis
CaliforniaPondswereinitiallyfloodedonSeptember261988

1 2

Minimum 21 19

Maximum 30 29

Weeklyreductionpercent

2 3 4 5
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97

94

92

87

100

6 7

94 84 100

92 86 90

85 92 93

66 83 92

O 82 100

Tadpoleshrimpgrowthratesweresimilar
duringbothyearsofthestudyFig2Duringthe
firstyearmeanTPSsizeSEwas1200925
018and40015mmonthesecondthirdand
fourthdayspostfloodingrespectivelyDailysize
duringthesecondyearaveragedSE22032
25023and46034mmonthesecondthird
andfourthdayspostfloodingrespectively

PredationbysingleTlongicaudatusonlarval
Pscolumbiaeinfloatingcagesforonehourwere
initiallylowbutincreasedslightlywiththe
progressionofthefloodingperiodFig3The
highestconsumptionwasforpupaeonthefourth
daypostfloodingFig3Overalltheconsumption
wasverylowespeciallyduringthesecondandthird
dayspostfloodingwhentheTPSaveragedlessthan
30mmincarapacelength

Weeklywatertemperature

3 4 5 6

18 21 19 18

29 29 29 28
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1

WhendifferentPscolumbiaeinstarsand

pupaewereexposedtoTPSmuch higher
predationrateswererecordedConsumptionrates
onsecondandthirdinstarlarvaeweremuchhigher
thanthatoffourthinstarandpupaeFig4
Consumptionofsecondandthirdinstarlarvaenot
normallyaccessibletoTPSonthefourthday
postfloodingaveraged92and62 respectively
whereasthatoffourthinstarlarvaeandpupae
developingsynchronouslytotheTPSaveraged15
and5 respectivelyThusitispossiblethatthe
majorityofPscolumbiaelarvaeescapeTPS
predationbyrapiddevelopmentbeforeTPSwere
largeenoughtoeffectivelycaptureandhandle
them

NoreductioninPscolumbiaepopulations
wasdetectedwhencomparingtheirabundancein
rowswithTPStorowswheretadpoleshrimpwere
eliminatedFig5 Thesedatasuggesttadpole
shrimpmaybeineffectualbiologicalcontrolagents
ofPscolumbiaebutfurthertestingiswarranted

Reproductive strategy and immature

developmentalratesofCulexandPscohunbiae
bothinfluencethedegreeoftemporaloverlap
betweenmosquitoandTPSandsubsequentlythe
efficacyofTPSinreducingtheirpopulationsSince
Culexmustdepositeggraftsinfloodedareasto
initiatelarvaldevelopmenttimeisneededfor
locatingovipositionsitesandforhatchingofeggs
duringthistimeTPSachievedlargersizes40
mmcarapacelengththatareknowntobemore

2 3 4

DAYSPOSTFLOODING

225

0 Pcolumbiae89

Pcolumbiae88

Tlongicaudatus89

Tlongicaudatus88

5

Figure2GrowthoflarvalPscolumbiae SEandTlongicaudatus SEduringthesecondtofourthdays
postfloodinginadategardenintheCoachellaValleyCalifornia

effectivepredatorsofCulexmosquitoesTietzeand
Mulla1989IncontrastPscolumbiaeeggswere
ovipositedpriortofloodingandhatchedupon
hydrationthelarvaedevelopedtosizemuchtoo
largeforthispredatorFig4

Thisstudydetectedlargedifferencesinthe
rateofdevelopmentbetweenCulexandPs
columbiaelarvae Thetimeneededforinitial

Culexpupationtooccurwasninedayspostflooding
whilethatofPscolumbiaeoccurredfourdaysafter
flooding Thedifferencesinrelativesizeof

predatorandpreywerepartlyresponsiblefor
differencesinlarvalreductionLackofoviposition
deterrencemayhavecontributedtothefailureof
PscolumbiaereductionbyTPSinthetestplots
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