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SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASEIN

CALIFORNIADURING1985

RichardWEmmonsMarilynMMilbyJohnDWalsh
WilliamCReevesEdmondVBayer LuciaTHui

JamesDWoodieandRobertAMurray

Thisisthesixteenthsince1969inaseries
ofannualreportsmadetotheCaliforniaMosquito
andVectorControlAssociationwhichsummarizes
thecooperativeeffortsonencephalitissurveillance
bylocalmosquitocontrolagencieslocalhealth
departmentstheCaliforniaDepartmentofFood
andAgricultureprivatephysiciansandveter
inariansandothergroupsrepresentedbythe
authorshipofthisreportormentionedinthetext
whichfollows Inlastyearssummarywere
portedtheunprecedentedoccurrenceofepidemic
St LouisencephalitisSLEvirusactivityin
majorurbanareasofsouthernCaliforniawith26
confirmedorprobablehumanSLEcases1fatal
thelargestoutbreakinthestatesince1959when
therewere40casesofSLEand2casesof

westernequineencephalomyelitis WEE This

eventpromptedmoreintensivemosquitosurveil
lanceandcontroleffortsincreasedmonitoringfor
evidenceofSLEandWEEviralactivityanda
morecomprehensivesearchforhumanandequine
casesofmosquitotransmittedencephalitisinthese
urbanareasofthestateaswellasinrural
traditionallyendemicareas Fortunatelythe1985
experiencewasnotassevereasin1984although

ViralandRickettsial DiseaseLaboratory
CaliforniaStateDepartmentofHealthServices

2DepartmentofBiomedicalandEnvironmental
HealthSciencesSchoolofPublicHealth Uni

versityofCaliforniaBerkeley

3Vector Surveillanceand Control Branch
CaliforniaStateDepartmentofHealthServices

4VeterinaryPublicHealthUnit Infectious

DiseaseBranchCaliforniaStateDepartmentof
HealthServices

5lnfectiousDiseaseBranchCaliforniaState
DepartmentofHealthServices

March16191986

viralactivityinurbansouthernCaliforniawas
againdocumented

Thehighlightsofthesurveillanceprogram
arebrieflysummarizedbelow NocasesofWEE

andonlythreehumancasesofSLEweredocu
mentedduringtheyear

1 a17yearoldboyfromLakeElsinore
RiversideCountywithmosquitoexpo
sureapparentlyathishomesite He

hadonsetofillnessJuly24washospi
talizedJuly29recoveredandreturned
homebyAugust10

2 a31yearoldmanfromtheNeedlesarea
ofSan BernardinoCounty probably
infectedbymosquitobiteontheAri
zonasideoftheColoradoRivernear
Needles HebecameillAugust16and
subsequentlyrecoveredcompletelyand

3 a61yearoldwomanfromtheNorth
HollywoodareaofLosAngelesCounty
apparentlyexposednearherhomewho
became ill August23and recovered

completely

Atotalof635patients85morethanin
1984weretestedserologicallybytheViraland
RickettsialDiseaseLaboratorythe5collaborating
CountyHealthDepartmentLaboratoriesFresno
LosAngelesOrangeSanBernardinoandSan
Diego andtheMicrobiologyReferenceLabora
tory Cypress California inordertodetect
thesethreecases TestsbytheVRDLforevi
denceofcurrentCaliforniaencephalitisCEviral
infectionin6patientsfromseveralcountieswhere
CEvirusisknowntobeactiveshowednocases
ofillnesswhichcouldbeattributedtothevirus
however1patienta16yearoldboyfromInyo
CountyhadstationarylevelsofIGGantibody
butnoIgMantibodyindicatingthatviralin
fection had occurred sometime in the past
FurthersearchforCEinCaliforniaiswarranted
Theviruswasfirstdiscoveredinthisstatebut
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Table1Numberofmosquitoesandpoolstestedduring1985bytheViralandRickettsiaDisease
Laboratorybycountyandspecies

Butte

Colusa
ContraCosta
Glenn

Imperial
lnyo
Kern

Lake

LosAngeles
Marin

Merced

Orange
Riverside

Sacramento

SanBernardino

SanDiego
Shasta

Sonoma

Stanislaus

Sutter

Ventura

Yolo

Yuba

TOTAL

Aedesmelanimon

Mosq Pools

100 2 200

1705

8877
42

36

205

1

Species

Culexpipiens
OtherSpeciesCulexpeus complex Culextarsalis Total

Mosq Pools Mosq Pools Mosq Pools Mosq Pools Mosq Pools

60 2

30 2 28

2494 54 1621

100 2

1755

1168

36 140

25 1017

87

12

450 9 533

1344

10724 244 6057 130 4982

CEdiseasehasnotbeenrecognizedheresince
the1940s

Therewere32clinicallysuspectequinecases
ofWEEreportedfrom17Californiacounties 15

oftheseweretestedserologically11weretested
forvirusinbraintissueand6casesweretested
bybothserologicalandvirusisolationmethods
butnoneofthemcouldbeconfirmedasWEE

Vectorsurveillancewasintensifiedin1985

ascomparedwiththe1984effort Atotalof

4417mosquitopoolsTable1weretestedin
sucklingmiceorbycellcultureinoculation1348
morethanweretestedin1984 Themajorityof
thesepoolswerecomprisedofCulextarsalisas
usual 3197 pools 724ofthetotal but

attemptswerealsomadetoincludeCulexpipiens
complex 155 Aedes melanimon 55 and

Culexpeus36 ingreaternumbersthanin
previousyears Virusesisolatedfromthepools
Table2included 30SLE28WEE18CE
group48Turlock122HartParkand2Main
Drain 248 isolates altogether As usual

4 3745 76 4045 82

227 5 227 5

292 6 292 6

597 12 597 12

11613 264 11673 266

223 8 1928 44

1 27898 616 36833 824

1017 21 1059 22

72 16198 382 6846 188 27159 696

13 1 562 12 675 15

632 14 632 14

7 4487 128 25322 594 31704 765

28 4380 97 16137 335 22702 485

5 14375 296 14462 301

1 1673 34 3514 74 5199 109

14 1182 30 4691 103 6856 156

1079 22 1079 22

29 167 4 3272 68 4783 101

99 3 158 6 257 9

3685 79 3685 79

5448 109 5448 109

13335 270 13335 270

1075 25 1075 25

161 28491 685 145 3197 195705 4417

Source MosquitoVirusPoolDataSystemVectorSurveillanceandControlBranchDepartmentofHealth
Services

nearlyalltheisolatescamefromC tarsalis

exceptfor15CEisolatesfromAmelanimon1
Turlockand2HartParkfromCpipienscom
plex1TurlockfromCulexerythrothorax2Main
DrainfromAedestaeniorhynchusand1 SLE

isolatedfromapoolofCpeusinEncinoLos
AngelesCounty afindingofspecialinterest
Adetailedlistingofindividualpositivemosquito
poolsisshowninTable3

Therewere5819serumsamplestakenfrom
chickensinthe55sentinelflocks10moreflocks
thanin1984whichwerebledmonthlyfromMay
throughOctober Theonlyseroconversionsfor
WEEorSLEantibodiesoccurredin6flocksat
southernCaliforniasitesasshowninTable4

Themosquitoandsentinelchickenlaboratory
testingprogramwassupportedentirelythisyear
bytheVRDLandbyastatecontractwiththe
CaliforniaPublicHealthFoundation8484428A
ratherthanhavingtoutilizespecialUniversityof
CaliforniaMosquitoControlResearchfundsasin
previousyears



Table2Numberofviralisolatesfrommosquitoestestedduring1985bytheViralandRickettsialDisease
Laboratorybyspeciescountyandagentisolated

Species

Aedes
Culex
Culex
Aedes
Culex
Culex

melanimon

erythrothorax
peus

taeniorhynchus
pipienscomplex
tarsalis

County WEE SLE Turlock

Kern

Orange
LosAngeles
SanDiego
Orange
Butte

Imperial
Kern

LosAngeles
Merced

Orange
Riverside
Sacramento
SanBernardino
Sutter
Yolo
ALL

1

21 15

3 8

4 6

28 29

TOTALISOLATES 28 30

In summary the surveillanceprogramin
1985asin1983and1984confirmedtheoccur
renceofSLEandWEEviralactivityalongthe
ColoradoRiverandinsouthernCaliforniaurban
andsuburbanareasnotpreviouslyknowntobe
endemicareaswherethepotentialforamajor
outbreak in heavily populated areas exists

Continuedsurveillanceandstudyoftheecology
ofviralpersistenceintheseareasandthemeans
formosquitocontrolandencephalitisprevention
areessential

ACKNOWLEDGMENTSWe thank Mary Ann

MahoneyCynthiaChanandOscarArmstrongfor
specialassistanceinthemosquitotestingand

1

1

3

25

9

1

4

1

1

2

46

California

Group HartPark MainDrain Total

15

3

3

48 18

2

4

53

7

1

37

1

7

3

7

120

15

1

1

2 2

3

4

39

81

7

1

46

13

11

11

4

9

2 226

122 2 248

Source MosquitoVirusPoolDataSystemVectorSurveillanceandControlBranchDepartmentofHealth
Services

chickenserosurvey wealsothankthemany
staffmembersoftheViralandRickettsiaDisease
LaboratorytheVectorSurveillanceandControl
Branch the Infectious Disease Branch and

othersintheCaliforniaDepartmentofHealth
Services allparticipatinglocalMosquitoAbate
mentagenciesandCountyHealthDepartments
theCaliforniaDepartmentofFoodandAgricul
ture privatephysiciansandveterinarians the

Microbiology Reference Laboratory and all

otherswhohelpedinthissurveillanceprogram

3
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Table3Viralisolatesfrommosquitopoolstestedduring1985bytheViralandRickettsialDisease
LaboratorycompiledchronologicallyandbyMosquitoAbatementDistrictPoolDataSystemVector
SurveillanceandControlBranch

DIST POOLNO SPECIES NUMBER

MOSQUITO

VIRUS MONTH DAY PLACE COUNTY

BUCO 23 CXTARS 50 HART JUL 1 GRIDLEY BUTTE

28 50 HART JUL 8 NORD BUTTE

34 50 HART JUL 8 NORD BUTTE

35 11 50 HART JUL 8 NORD BUTTE

CHLV 22 CXTARS 50 SLE JUN 20 MECCA RIVERS

26 50 SLE JUN 20 MECCA RIVERS

31 50 WEE JUN 20 MECCA RIVERS

44 50 TRLK JUL 18 MECCA RIVERS

49 50 SLE AUG 22 MECCA RIVERS

IMPR 76 CXTARS 50 TRLK APR 16 CALEXICO IMPERL

101 50 TRLK MAY 19 CALEXICO IMPERL

135 50 WEE JUN 11 HEBER IMPERL

139 50 WEE JUN 11 SEELY IMPERL

140 50 WEE JUN 11 SEELY IMPERL

145 50 WEE JUN 11 SEELY IMPERL

150 50 WEE JUN 11 SEELY IMPERL

152 23 WEE JUN 11 SEELY IMPERL

155 50 WEE JUN 11 SEELY IMPERL

156 50 WEE JUN 11 SEELY IMPERL

157 50 WEE JUN 11 SEELY IMPERL

158 50 WEE JUN 11 SEELY IMPERL

159 50 WEE JUN 11 SEELY IMPERL

160 50 WEE JUN 11 SEELY IMPERL

161 50 WEE JUN 11 SEELY IMPERL

162 50 WEE JUN 11 SEELY IMPERL

164 42 WEE JUN 11 HEBER IMPERL

166 50 SLE JUN 11 PALOVERDE IMPERL

173 50 TRLK JUN 11 LAGUNADAM IMPERL

188 50 SLE JUL 18 HEBER IMPERL

189
If 50 WEE JUL 18 HEBER IMPERL

191 50 WEE JUL 22 SEELY IMPERL

192 50 SLE JUL 22 SEELY IMPERL

193 50 WEE JUL 22 SEELY IMPERL

194 50 SLE JUL 22 SEELY IMPERL

195 37 SLE JUL 22 HEBER IMPERL

198 31 SLE AUG 8 SEELY IMPERL

201 50 SLE AUG 8 SEELY IMPERL

202 50 SLE AUG 8 SEELY IMPERL

203 50 SLE AUG 8 SEELY IMPERL

204
if 50 SLE WEE AUG 8 SEELY IMPERL

206 50 SLE AUG 8 SEELY IMPERL

208 50 SLE WEE AUG 8 SEELY IMPERL

209 50 SLE AUG 8 SEELY IMPERL

211 24 SLE AUG 15 HEBER IMPERL

212 11 SLE WEE AUG 15 HEBER IMPERL

KERN 5037 AEMELN 50 CALGP MAY 14 LOSTHILLS KERN

5135 CXTARS 50 TRLK JUN 10 ARVIN KERN

5152 50 HART JUN 11 BAKERSFIELD KERN

5159 AEMELN 50 CALGP JUN 13 LOSTHILLS KERN

5167 50 CALGP JUN 12 DELANO KERN

continued



Table3continued

DIST POOLNO SPECIES NUMBER

MOSQUITO

KERN 5172 CXTARS
5176
5179 II

5191 II

5198 AEMELN
5205 CXTARS
5207 I I

5208 I

5209 I

5223 AEMELN
5231 CXTARS
5235 II I

5236 II I

5237 II II

5238

5239 II

5241 I II

5255 AEMELN
5267 CXTARS
5268 I

5270 I

5271 it

5272 I II

5279 II II

5283 II

5296 II

5314 II

5320 II II

5321 II

5322 II I

5323

5324 II II

5326 II

5327 II II

5328 I I

5337 II I

5350

5351

5352 II II

5354 I I

5375 I II

5377 II II

5380 I

5394 II

5411 II

5416 I II

5418 II

5419 I

5421 II

5451 II II

5452 I I

5453 I

5465 I II

5472 I II

5476 II II

5477 II II

5513 II

5522 II II

5527 it

continued

VIRUS MONTH DAY PLACE COUNTY

5

50 HART JUN 17 ARVIN KERN
50 HART JUN 17 ARVIN KERN
50 HART JUN 17 ARVIN KERN
47 HART JUN 17 BAKERSFIELD KERN
50 CALGP JUN 19 LOSTHILLS KERN
50 HART JUN 25 ARVIN KERN
50 HART JUN 25 ARVIN KERN
50 HART JUN 25 ARVIN KERN
39 HART JUN 25 ARVIN KERN
50 CALGP JUN 26 LOSTHILLS KERN
50 HART JUL 1 BAKERSFIELD KERN
50 HART JUL 1 ARVIN KERN
50 TRLK JUL 1 ARVIN KERN
50 HART JUL 1 ARVIN KERN
50 HART JUL 1 ARVIN KERN
50 HART JUL 1 ARVIN KERN
50 HART JUL 1 ARVIN KERN
50 CALGP JUL 2 LOSTHILLS KERN
50 HART JUL 2 BAKERSFIELD KERN
50 HART JUL 8 ARVIN KERN
50 HART JUL 8 ARVIN KERN
50 HART JUL 8 ARVIN KERN
50 HART JUL 8 ARVIN KERN
34 HART JUL 8 BAKERSFIELD KERN
50 HART JUL 8 BAKERSFIELD KERN

9 HART JUL 10 BUTTONWILLOW KERN
50 HART JUL 15 BAKERSFIELD KERN
50 HART JUL 15 ARVIN KERN
50HART TRLK JUL 15 ARVIN KERN
50 HART JUL 15 ARVIN KERN
50 HART JUL 15 ARVIN KERN
50 TRLK JUL 15 ARVIN KERN
50 HART JUL 15 ARVIN KERN
50 HART JUL 15 ARVIN KERN
50 HART JUL 15 ARVIN KERN
50 HART JUL 16 BAKERSFIELD KERN
50 HART JUL 22 ARVIN KERN
50 HART JUL 22 ARVIN KERN
50 HART JUL 22 ARVIN KERN
50 HART JUL 22 ARVIN KERN
50 TRLK JUL 29 ARVIN KERN
50HART TRLK JUL 29 ARVIN KERN
25 HART JUL 29 ARVIN KERN
50HART TRLK JUL 30 BAKERSFIELD KERN
50 TRLK AUG 5 BAKERSFIELD KERN
50 TRLK AUG 5 BAKERSFIELD KERN
50 HART AUG 6 ARVIN KERN
50 HART AUG 6 ARVIN KERN
50 HART AUG 6 ARVIN KERN
50 TRLK AUG 12 ARVIN KERN
50 HART AUG 12 ARVIN KERN
50 HART AUG 12 ARVIN KERN
27 TRLK AUG 13 BAKERSFIELD KERN
50 HART AUG 13 BAKERSFIELD KERN
16HART TRLK AUG 14 BUTTONWILLOW KERN
50 HART AUG 14 BUTTONWILLOW KERN
50 TRLK AUG 21 ARVIN KERN
50 HART AUG 21 ARVIN KERN
50 TRLK AUG 21 BAKERSFIELD KERN
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Table3continued

DIST POOLNO SPECIES NUMBER

MOSQUITO

VIRUS MONTH DAY PLACE COUNTY

KERN 5560 CXTARS 50 HART AUG 26 BAKERSFIELD KERN

5564 50 TRLK AUG 26 BAKERSFIELD KERN

5598 AEMELN 50 CALGP AUG 28 LOSTHILLS KERN

5621 CXTARS 50 TRLK SEP 4 ARVIN KERN

5634
it ti 50 TRLK SEP 4 BAKERSFIELD KERN

5638 50 HART SEP 4 BAKERSFIELD KERN

5646 50 HART SEP 4 BAKERSFIELD KERN

5651 50 HART SEP 5 LOSTHILLS KERN

5655 AEMELN 50 CALGP SEP 5 LOSTHILLS KERN

5666 50 CALGP SEP 11 LOSTHILLS KERN

5667 50 CALGP SEP 11 LOSTHILLS KERN

5682 CXTARS 50 TRLK SEP 16 BAKERSFIELD KERN

5684 50 TRLK SEP 16 BAKERSFIELD KERN

5691 50 TRLK SEP 17 ARVIN KERN

5715 AEMELN 50 CALGP SEP 18 LOSTHILLS KERN

5716 50 CALGP SEP 18 LOSTHILLS KERN

5724 CXTARS 50 TRLK SEP 23 BAKERSFIELD KERN

5732 11 TRLK SEP 24 ARVIN KERN

5744 50 TRLK SEP 25 LOSTHILLS KERN

5745 11 TRLK SEP 25 LOSTHILLS KERN

5746 50 CALGP SEP 25 LOSTHILLS KERN

5747 50 CALGP SEP 25 LOSTHILLS KERN

5749 50 CALGP SEP 25 LOSTHILLS KERN

5771 AEMELN 50 CALGP OCT 2 LOSTHILLS KERN

5784 CXTARS 9 TRLK OCT 10 BAKERSFIELD KERN

5792 AEMELN 47 CALGP OCT 15 LOSTHILLS KERN

LONG 91 CXTARS 30 HART JUN 20 LONGBEACH LA

229 22 HART JUL 27 LONGBEACH LA

246 22 HART AUG 16 LONGBEACH LA

MERC 9 CXTARS 50 HART JUL 22 MERCED MERCED

NWST 97 CXTARS 50 HART JUN 25 CORONA RIVERS

ORCO 43 CXTARS 31 HART MAY 17 IRVINE ORANGE

83 43 HART MAY 22 IRVINE ORANGE

100 50 HART MAY 17 IRVINE ORANGE

144 48 HART JUN 5 IRVINE ORANGE

189 28 HART JUN 19 IRVINE ORANGE

199 50 HART JUN 19 IRVINE ORANGE

201 53 HART JUN 19 IRVINE ORANGE

202
It 50 HART JUN 19 IRVINE ORANGE

210 50 HART JUN 19 IRVINE ORANGE

211 50 HART JUN 21 SANCLEMENTE ORANGE

219 50 HART JUN 26 IRVINE ORANGE

263 50 HART JUL 6 IRVINE ORANGE

266 50 HART JUL 8 IRVINE ORANGE

267 12 HART JUL 8 IRVINE ORANGE

268 50 HART JUL 8 IRVINE ORANGE

271 18 HART JUL 8 IRVINE ORANGE

274 50 HART JUL 10 IRVINE ORANGE

276 50 HART JUL 10 IRVINE ORANGE

281 50 HART JUL 10 IRVINE ORANGE

282 20 HART JUL 10 IRVINE ORANGE

283 50 HART JUL 10 IRVINE ORANGE

286 50 HART JUL 10 IRVINE ORANGE

290 48 HART JUL 10 IRVINE ORANGE

297 49 HART JUL 10 IRVINE ORANGE

continued



Table3continued

DIST POOLNO SPECIES NUMBER

MOSQUITO

ORCO 353

449

455
460

462

486

528

531

536
537

538

593

595

596

619

648

652
654

665
672

674

683

702

705

710

725

continued

II n

II u

n n

n n

CXERYT
CXTARS
CXPIPS

II n

CXTARS
II n

II n

u n

CXPIPS

CXTARS
II u

II 11

II u

RVRS 7 CXTARS
16

19 11

20

22

23

26

VIRUS MONTH DAY PLACE COUNTY

50 HART JUL 16 IRVINE ORANGE
50 HART JUL 25 IRVINE ORANGE
50 HART JUL 31 IRVINE ORANGE
50 HART JUL 31 IRVINE ORANGE
50 HART JUL 31 IRVINE ORANGE
50 HART AUG 6 IRVINE ORANGE
50 HART AUG 13 IRVINE ORANGE
50 HART AUG 13 IRVINE ORANGE
50 HART AUG 13 IRVINE ORANGE
50 HART AUG 13 IRVINE ORANGE
50 TRLK AUG 13 IRVINE ORANGE
38 TRLK SEP 4 IRVINE ORANGE
22 HART SEP 4 IRVINE ORANGE
42 TRLK SEP 10 IRVINE ORANGE
45 TRLK SEP 11 IRVINE ORANGE
41 TRLK SEP 18 IRVINE ORANGE
12 HART SEP 24 IRVINE ORANGE
50 HART SEP 24 IRVINE ORANGE
50 TRLK SEP 24 IRVINE ORANGE
48 TRLK SEP 24 IRVINE ORANGE
20 TRLK SEP 24 IRVINE ORANGE
43 HART SEP 25 IRVINE ORANGE
50 TRLK OCT 2 IRVINE ORANGE
50 TRLK OCT 2 IRVINE ORANGE
50 TRLK OCT 2 IRVINE ORANGE
50 HART OCT 2 IRVINE ORANGE

50 SLE JUN 24 BLYTHE RIVERS
48 SLE JUN 24 BLYTHE RIVERS
50 SLE JUN 24 BLYTHE RIVERS
50 WEE JUN 24 BLYTHE RIVERS
50 WEE JUN 24 BLYTHE RIVERS
50 WEE JUN 24 BLYTHE RIVERS
50 SLE JUN 24 BLYTHE RIVERS

SACR 60 CXTARS 50 TRLK JUN 24 GALT SACRA
78 50 TRLK JUN 24 MERRITT YOLO

107 50 HART JUN 24 DAVIS YOLO
113 50 HART JUN 24 HERALD SACRA
198 50 HART JUL 8 ZAMORA YOLO
216 50 HART JUL 8 YOLO YOLO
248 50 HART JUL 15 WOODLAND YOLO
260 50 TRLK JUL 15 WOODLAND YOLO
270 50 HART JUL 15 DAVIS YOLO
271 50 HART JUL 15 DAVIS POLO
297 50 HART JUL 22 ELKGROVE SACRA
299 50 HART JUL 22 ELKGROVE SACRA
345 50 HART AUG 5 WOODLAND YOLO
419 50 TRLK AUG 19 RIOLINDA SACRA
437 50 HART AUG 19 ELKGROVE SACRA
439 it 50 HART AUG 19 ELKGROVE SACRA
478 50 HART AUG 26 WILTON SACRA
516 50 HART SEP 3 GALT SACRA
521 50 TRLK SEP 3 ELKGROVE SACRA
545 50 TRLK SEP 16 ELKGROVE SACRA

SANB 3 CXTARS 33 SLE JUN 6 GROMMET SBERN
6 50 WEE JUN 6 NEEDLES SBERN
8 50 SLE JUN 6 NEEDLES SBERN

7
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Table3continued

DIST POOLNO SPECIES NUMBER
MOSQUITO

Flocklocation

12flocks

KernCounty8flocks

aNB notbled

Noof

chicks

SacramentoValley

SouthernCalifornia

VIRUS MONTH DAY PLACE COUNTY

SANB 9 CXTARS 50 WEE JUN 6 NEEDLES SBERN

10 50 SLE JUN 6 NEEDLES SBERN

13 50 WEE JUN 6 NEEDLES SBERN

52
ti 50 WEE JUL 2 NEEDLES SBERN

61 50 TRLK AUG 28 NEEDLES SBERN

63 50 SLE AUG 28 NEEDLES SBERN

65 44 SLE AUG 28 NEEDLES SBERN

68
II II 50 SLE AUG 20 PARKERDAM SBERN

SAND 130 AETAEN 50 MAIN AUG 20 IMPERIALBEACH SDIEGO

132 50 MAIN AUG 20 IMPERIALBEACH SDIEGO

SOVE 96 CXTARS 50 HART MAY 25 HARBORLAKE LA

135 CXPEUS 18 SLE JUL 16 ENCINO LA

167 CXTARS 50 HART AUG 6 HARBORLAKE LA

177 11 11 50 HART AUG 7 WHITTIER LA

249
11 50 HART SEP 25 WHITTIER LA

SUYA 10 CXTARS 50 HART JUN 17 SUTTER SUTTER

16 1 39 TRLK JUN 17 EASTNICOLAUS SUTTER

36 11 HART JUL 22 EASTNICOLAUS SUTTER

44 50 HART JUL 22 EASTNICOLAUS SUTTER

Table4SerologicalconversionstoWEEandSLEvirusesinsentinelchickensCalifornia1985

PercentwithantibodyWEESLE

May June July Aug Sept Oct

0 0 NB
15flocks 295 0 0 0

SanJoaquinValley

223 0 0 0 0 0 NB

141 0 0 0 0 0 0

SantaBarbaraIslaVista 20 0 0 0 0 0 0

VenturaPtMugu 20 0 0 0 0 0 0

LosAngelesLaBrea 18 0 0 0 0 0 0

LosAngelesEatonCanyon 19 0 0 0 0 0 0

SoutheastHarborLakes 16 0 0 0 0 NB NB

SoutheastBalboaGolf 20 0 0 0 05 05 05

SoutheastElDorado 19 0 0 0 0 0 0

OrangeDuckClub 19 0 0 0 0 0 0

OrangeSanMateoPt 19 0 0 0 0 0 0

OrangeFeatherlyPark 20 0 0 0 0 0 0

WestValleyOntario 17 0 0 0 0 0 0

SanBernardinoNeedles 14 0 617 47140 4346 5057 NB

NorthwestCorona 10 0 0 0 0 0 0

CoachellaValleyMecca 17 0 0 0 06 06 06

ImperialPaloVerde 13 0 087 13100 15100 15100 NB

ImperialBard 17 0 0 078 083 082 NB

ImperialElCentro 16 0 1170 3614 6194 5694 NB

SanDiegoVista 17 0 0 0 0 0 0

SanDiegoLakeside 19 0 0 0 0 0 0

SanDiegoSanYsidro 16 0 0 0 0 0 0
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AFURTHEREVALUATIONOFCULEXMOSQUITOESINTHEGREATERLOSANGELES

AREAFORTHEIRABILITYTOVECTORSTLOUISENCEPHALITISVIRUS

JamesLHardyRichardPMeyer

WilliamKReisenandSallyBPresser

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

FollowingtheoutbreakofStLouisencepha
litisSLEintheGreaterLosAngelesareadur
inglatesummerandearlyfallof1984avector
competencestudywasundertakentocomparethe
abilityofCulexmosquitospeciesfromtheLos
Angeles area and Bakersfield area tovector

indigenous and nonindigenous strains of SLE

virusHardyetal1985 Theresultsindicated

thatCulexpeuswasthemostcompetentvectorof
allstrainsofSLEfollowedinorderbyCulex
tarsalisandCulexquinquefasciatus However
thepossibilityexistedthatAugustandSeptember
1984populationsofCx quinquefasciatuswere
morecompetentvectorsthanweretheNovember

1984populationsevaluatedforexperimentalvector
competenceorthatthegeographicalpopulations
sampledwerenotrepresentativeofotherpopu
lationsintheLosAngelesarea Furtherthe
unusuallyhighambienttemperaturesintheLos
AngelesareaduringAugustandSeptember1984
couldhaveenchantedthevectorialcapacityof
CxquinquefasciatusfemalesforSLEvirus With

thesethoughtsinmindamoreintensivevector
competencestudywasdoneinOrangeandLos
AngelesCountiesfromJunethroughSeptember
1985tofurtherevaluatethevectorcompetenceof
CulexspeciesforaLosAngelesstrainofSLE
virustocomparethevectorcompetenceofmos
quitoesincubatedat25Cversus30Ctodeter
mineifseasonalvariationsinvectorcompetence
occurredandtoevaluatethemosquitoinfectivity
and transmissibility oftwo 1984 Los Angeles
strainsofSLEvirus

Briefly theproceduresused toevaluate

vectorcompetencewereasfollows Lateinstar
larvaeandpupaewerecollectedatfieldsitesand
transportedtoaninsectaryinBakersfieldwhere
adults emerged Threeto7day old females

wereallowedtoingest50to200infectiousunits
ofvirusperfemalefromgauzepledgetssoaked
with sucrosesweetened defibrinated viremic
chickenblood Fedfemaleswereincubatedfor
1418daysat25Cor30Cbeforevirustrans
missionattemptsweredonebythecapillarytube
method Resultsofvirustestsoneachfemale
andhersalivarysecretionswereusedtodeter
mineinfectionandtransmissionratesrespective

Vectorcompetencetestsweredoneonatotal
of18collectionsmadeat9differentsitesinLos
AngelesandOrangeCountiesfromJune6to
September61985including9collectionsofCx
quinquefasciatus5ofCx tarsalis3ofCx
peusand1ofCulexerythrothorax Culexpeus

femaleswereclearlymoresusceptibletoperoral
infectionwithSLEvirusandmoreefficienttrans
mittersofvirusthanwereeitherCxtarsalisor
Cx quinquefasciatus females Culex tarsalis

femalesweresignificantly more susceptibleto
peroralinfectionwithSLEvirusthanwereCx
quinquefasciatus females butfemalesofboth

speciesthatbecameinfectedafteringestionof
viruswereequallyefficienttransmittersofSLE
virus The population ofCx erythrothorax
evaluatedwashighlyrefractorytoperosin
fection Nosignificantdifferenceswereobserved
inthevectorcompetenceofCulexmosquitoes
collectedinLosAngelesCountyversusOrange
County Incubationoffemalesat30Crather
thantheusual25Chadsurprisinglylittleaffect
onvirusinfectionandtransmissionratesforany
Culexspecies Theseasonalinfectionratesof
SLEviruswithCxtarsalisincreasedfrom30in
Julyto90inSeptemberhowevertransmission
ratesobtainedwithinfectedCxtarsalisfemales

remainedratherlow20to40throughoutthe
season Noseasonalchangewasobservedinthe
vectorcompetenceofCx quinquefasciatusfor
SLEvirus InterestinglytheSOUE4684strain
ofSLEviruswhichproducesminuteplaquesin
cellcultureswassignificantlylessinfectiousfor
Cxquinquefasciatusbytheperoralroutethan
wastheSOUE1684strain Incontrastthe
SOUE4684strainwasonlyslightlylessinfecti
ousforCxtarsalisfemalesthanwastheSOUE
1684strain BothSLEvirusstrainswereiso
latedfrompoolsofCxtarsaliscollected1week
apartinSeptember1984intheHarborLakearea
ofLongBeachandbothhadsimilarlaboratory
passagehistories
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theirgratitudetoGilbertLChalletandJames
WebbOrangeCountyVectorControlDistrict
andFrankW PelsueandJackE Hazelrigg
Southeast Mosquito Abatement District whose

significantcollaborativeeffectsmadethisstudy
possible ThisresearchwasfundedbyResearch
GrantAI03028fromthe National Instituteof

AllergyandInfectiousDiseasesandbyfundsfor
mosquitoresearchallocatedannuallythroughthe
DivisionofAgricultureandNaturalResources
UniversityofCalifornia
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USEOFTHEINSITUENZYMEIMMUNOASSAYFORTHERAPIDDETECTION

OFARBOVIRUSINFECTIONSINMOSQUITOESINCALIFORNIA

RobertRGrahamJamesLHardyandSallyBPresser

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

LlanoSecoLLSvirusisanorbivirusin
thefamilyReoviridaethatwasisolatedinitiallyin
1971fromapoolofCulextarsaliscollectedin
ButteCountyintheSacramentoValleyKara
batsos1985 Recentlywebecameinterestedin
determiningtheprevalenceofthisvirusinvari
ousmosquitospeciesandgeographicareasin
California Howeverthisvirusisdifficultto
isolateandstudyinthelaboratorybecauseitis
relatively avirulent and noncytopathogenic for

sucklingmiceandcellcultures respectively
whicharethelaboratorysystemsmostfrequently
used to isolate arboviruses from mosquitoes
Thereforewedecidedtoevaluatetheinsitu
enzymeimmunoassayEIAwhichcandetecttTie
presenceofvirusantigensininfectedcellcul
turesintheabsenceofcytopathology

TheinsituEIAwasmodifiedslightlyfrom
thatoriginallybyYongHeetal1984
andDrTFTsaipersonalcommunication
Analiquotofeachtrituratedmosquitopoolwas
addedtoeachoftwowellsina96wellpoly
ethyleneplateandastandardizedsuspensionof
C636Aedesalbopictuscellswasaddedtoall
wellsintheplate Thentheplateswereincu
batedfor96hrsat31Ctoallowanyvirus
presentinthemosquitopoolstobeamplifiedin
thecells Afterremovaloftheculturemedium
thecellswerefixedonthebottomofthewells

with10formalinbeforeastandardindirectEIA

wasdonetodetectLLSvirusantigeninthefixed
cells Forcomparativepurposes an indirect

immunofluorescentassayIFAwasdonesimul
taneouslywiththeinsituEIA TheIFAem

ployedC636cellsin8welltefloncoatedmi
croscopicslidesandwasadaptedfromapro
ceduredevelopedintheViralandRickettsia
DiseaseLaboratoryattheCaliforniaStateDepart
ment ofHealth Services Mr James Woodie
personalcommunication

TheinsituEIAandIFAwerefoundtobe

highlysensitivesincebothtestscoulddetect1to
2infectiousunitsofvirusper01mlofanormal
mosquitopoolsuspensionmixedwithstockLLS
virus Testswerecompletedon1614poolsof
Cxtarsalis 269poolsofAedesmelanimon 43

1Presentaddress DAD USAMRIID Ft

DetrickFrederickMaryland21701

ABSTRACT

poolsofCulexquinquefasciatusand16poolsof
miscellaneousmosquitospeciescollectedthrough
outCaliforniaaspartofthe1984encephalitis
surveillance program LLSlike viruses were

detectedinatotalof54Cxtarsalispoolsrepre
sentingallofthemajorgeographicalareasin
Californiawherethisspeciesoccurs 46pools
werepositivebybothinsituEIAandIFA8
poolsbytheinsituEIAonlyand1poolbythe
IFAonlyrthertestsneedtobedoneto
determineiftheLLSlikevirusesinCxtarsalis

poolsarestrainsofLLSvirusoroneoftheother
2antigenicallyrelatedorbivirusesUmatillaand
CV73thatareknowntooccurinCalifornia

InsummarytheinsituEIAwasfoundtobe
arapidandsensitivemethodforthedetectionof
LLSlikevirusesinmosquitoes Preliminarytests
indicatethatthistestmaybeequallyusefulin
thedetectionofwesternequineencephalomyelitis
andStLouisencephalitisvirusesinmosquitoes
Howeverfurtherevaluationsneedtobedone
before a recommendation can be made about

whetherthistestshouldreplacevirusdetection
systemscurrentlybeingusedintheencephalitis
surveillanceprograminCalifornia
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PROCEDURESFOREVALUATINGTHEVECTORCOMPETENCEOFMOSQUITOES

Withinthelastdecadeextensivelaboratory
testinghasrevealedthatthecapacityofafemale
mosquitotoeffectivelyvectoranarbovirusie
vectorcompetence isdependentuponcomplex
interrelationshipsbetweenvariousendogenousand
exogenousfactorsTakahashi1976Hardyetal
1983 Testsforvectorcompetencequantifythe
relativecapacityofafemalemosquitotobecome
infected and transmit an arbovirus by bite

Sincethese2parametersaremeasuredinfield
mosquitopopulationsoverbothtimeandspace
testing procedures should be standardized to

allowfordirectbiologicalandstatisticalcompari
sons Thispaperdescribesbrieflyisomeof
thetestingprocedurescurrentlybeingusedby
theArbovirusResearchProgramattheUniversity
ofCalifornia Berkeley toassess thevector

competenceofmosquitoesforarbovirusesandii
recentimprovementsintestingproceduresthat
willprovideamorereliableandsensitivesystem
fordeterminingthevectorcompetenceofmos
quitoesinCaliforniaTable1

Astandardvectorcompetencetestconsists
of6majorsteps 1collectionandorlaboratory
colonizationoffieldmosquitostrains2exposure
offemalestoanarbovirussource3extrinsic
incubationtoallowvirustoreplicatewithinthe
femalevector4invivoorinvitroassessment
ofvirustransmison 5 arassays to

detectthepresenceandtiterofvirusand6
dataanalyses Eachofthesestepswillbedis
cussedbrieflyemphasizingtheproceduresused
bytheArbovirusResearchProgram

SourceoffemalemosquitoesAdultfemale
mosquitoes tested for vector competence are

usuallyobtainedbyoneofseveralmethods field

collectionbyCOattractanttypetrapsartificial
andnaturalsheltersrearingfrommaturelarvae

1This research was funded by Research
GrantAI3228DfromtheNational Instituteof

Allergy and Infectious Diseases Biomedical

ResearchSupportGrant5S07RR05441fromthe
NationalInstitutesofHealthandbyspecialfunds
frommosquitoresearchallocatedannuallythrough
the Division of Agriculture and Natural

ResourcesUniversityofCalifornia

2ArbovirusFieldStationPO Box1564
BakersfieldCA93302

FORARBOVIRUSES1

RPMeyerJLHardySBPresser
andWKReisen

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

andpupaeorfromestablishedlaboratorycolon
ies When2ormorefieldstrainsaretested
simultaneously female mosquitoes should be

collectedbythesamesamplingmethod Dif

ferencesintheperoralsusceptibilitytowestern
equineencephalomyelitis WEE and St Louis

encephalitisSLEviruseshavebeendemonstra
tedforfemaleCulextarsalisCoquillettcollected
atthesamefieldsitebyCOtrapsoraspupae
Meyeretal1983a

Exposureoffemalestoanarbovirussource
Innaturefemalemosquitoesnotinfectedtrans
ovarially are infected perorally by ingesting
viruspresentinthebloodofaviremicvertebrate
host Thisprocessisreproducedinthelabora
torybyallowingfemalemosquitoestofeedonan
experimentallyinfectedviremichostoronamix
ture ofvirus and sweetened 25 sucrose
defibrinated whole rabbit blood presented in

cottongauzepledgets Thelattermethodof

peroral infection hasmetwithmixedresults
ComparativetestswithSLEvirushaveshownthat
mosquitoesinfectedperorallyonasuspensionof
mousebrainderivedvirusinsweeteneddefibrina
tedrabbitbloodarefrom10to100foldless
susceptible to infection than females infected

perorallyfeedingonviremicchickensMeyeret
al1983b RecenttestswithSLEvirushave

shownthatexperimentalinfectionratescomparable
tothoseobtainedbyfeedingmosquitoesonvire
michostscan beobtained when femalesare

allowedtoingestsweeteneddefibrinatedviremic
chickenbloodpresentedinpledgets Sincethe
viremias producedby individualchickens may

varyby10to100foldtheuseofpooledde
fibrinatedviremicchickenbloodiedefibrin
atedviremicbloodpooledfromalargeseriesof
infected wet chickens is operationally more

advantageoustowardsmaintainingtestingcontinu
ity The pooled defibrinated viremicchicken

bloodcanbeproducedinquantitystoredat
70Canddilutedtotheappropriateconcentra
tionjustpriortomosquitofeeding Thispro
cedureeliminatestheneedforproducingviremic
chickensforeachvectorcompetencetestand
allowstheingestionofauniformviruschallenge
amongtests

Extrinsicincubationtoallowvirusreplication
withinthefemalevectorAfteranarbovirushas

beeningestedbyafemalemosquitoitmustfirst
replicateinandescapefromthemidgutandthen
infectandreplicateinthesalivaryglandsin

11
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Table1Sequenceofproceduresusedtodeterminetheexperimentalvectorcompe
tenceofmosquitoesforarboviruses Methodologieslistedundernewprocedures
willbeincorporatedintothevectorcompetencetestingprogramattheUniversityof
CaliforniaBerkeley

StandardProcedure NewProcedure

1 Sourceoffemalemosquitoestestedforarboviralvectorcompetence

Femalemosquitoescollectedbyattractanttypetraporfromrestingshelters
rearedfromfieldcollectedlarvaepupaeorobtainedfromlaboratory
colonizedstrains

2 Exposureoffemalemosquitoestoanarbovirussource

Virusingestedwhilefeeding
onasuspensionofinfected
mousebraindilutedin
sweeteneddefibrinatedwhole

rabbitbloodorwhilefeeding
onaviremicchicken

3 Extrinsicincubationtoallowthevirustoreplicatewithinthefemalevector

Femalesincubatedata

ataconstanttemperature

of25and30degreesfor
1014Indor21days
postfeeding

4 Invivoorinvitroassessmentofvirus

Femalesingestingvirusare
allowedtofeedonnormal

hostsinvivoaftera
suitableperiodofextrinsic
incubation

5 Arboviralassaystodetectthepresenceandor

Mosquitoinfectiondetermined
bycellcultureassaysystems

Arbovirustransmission

determinedbyviremia
developmentorsero
conversioninchickensfed

uponbypotentiallyinfected
mosquitoes

6 Dataanalyses

Mosquitosusceptibilityto
peroralinfectionexpressed
quantitativelyasan
infectionratesusceptibility
profileandorID50

Arbovirustransmission

expressedquantitativelyasa
transmissionrateandor
transmissionindex

transmission

Virusingestedwhilefeeding
onpooledsweetened
defibrinatedviremic
chickenblood

Femalesincubatedusing
simulatedcycling
environmentalair

temperaturesfora
specifiednumberofdegree
days

Femalesingestingvirusare
allowedtosalivateintoan

artificialmediuminvitro
afterasuitableperio
extrinsicincubation

titerofvirus

Mosquitoinfectiondetermined
byinsituimmunoassay

Arbovirustransmission

determinedbyinsitu
immunoassay

Influenceofvariationsin

environmentalairtemperature
onthequantitative
expressionofmosquito
susceptibilityandarbovirus
transmissionparameters



ordertobetransmittedbybite Thetimere

quiredforinfectedfemalestobecomeinfective
iecapableoftransmittingvirusisreferred
toastheperiodofextrinsicincubation The

timethatisrequiredforafemalemosquitoto
becomeinfectiveislargelydependentuponmos
quitogeneticfactorsandenvironmentaltempera
tureHardyetal1983 Mosquitoestestedfor
vectorcompetenceareusuallyincubatedatcon
stanttemperaturesie25or30Cforperiods
rangingfrom 1021 days postfeeding before

femalesaretestedfortheirabilitytransmitvirus
Standardized incubation temperatures and ex

posuretimesarenecessarytomaintaincontinuity
betweenexperiments Howeverexposureofex
perimentallyinfectedmosquitoestoaconstant
temperaturedoesnotprovidedatathatisrelevant
tothedurationoftheextrinsicincubationperiod
innature Studiesarecurrentlyinprogressto
determinetheeffectsofnaturallycyclingdailyair
temperaturesontheextrinsicincubationofWEE
andSLEvirusesinCxtarsalis Theimmediate

objectivewillbethedevelopmentofatemperature
modelforextrinsicincubationthatsimulatesthe

cyclicchangesindailyambientairtemperature
thatoccurinnatureiemosquitohabitatsin
KernCountyCaliforniaduringeachmonthof
theyear Thismodelwillbebaseduponan
understandingofthetemporalrelationshipbe
tweenthemosquitodailyactivitycycleandcon
currentchangesinambientairtemperatureFig
1 Thedailyactivitycycleofanocturnally
activespeciessuchasCxtarsalisexposesthe
adultfemaleto 2distinctlydifferentthermal
environments 1 theair temperatureofthe
diurnalrestingshelterand2theairtemperature
ofthespaceoccupiedbymosquitoesatnight
Vectorcompetencedataobtainedbyincubating
femalemosquitoesunderstimulatedconditionsof

ACTIVEr1NIGHTA
RESTING

DAY VACTIVE
iNIGHT

INGRESS

0100 SR

MOSQUITODAILYACTIVITYCYCLE

ENVIRONMENTALTEMPERATURE

RESTINGSHELTER

TIME

cyclingdailyairtemperaturesaspresentedby
themodelwilleventuallybeusedtoevaluatea
degreedaymodelforquantifyingtheextrinsic
incubationofarbovirusesundervariousseasonal

temperatureregimens
Invivoor invitroassessmentofvirus

transmissionUntilrecentlytheabilityoffemale
mosquitoestotransmitWEEandSLEviruseswas
determinedexperimentallybyallowingpotentially
infectivemosquitoestofeedindividuallyona
normalweekoldchickenandsubsequentlymeasur
ingviremiadevelopmentorantibodyconversionto
thevirusinthosechickensfeduponbyinfective
mosquitoes Althoughthismethodprovidedthe
bestdefinitivemeasureofvectorcompetence
procedural problems frequently precluded the

testingofadequatenumbersofinfectivefemales
inordertoobtainstatisticallyreliablesample
sizes During the infection process female

mosquitoesingestbloodfromaviremichostor
bloodsoakedpiedgetcontainingvirusandbecome
gravid within several days Unfortunately
gravid femalesseldom refeed untilafterovi

position Furthermoregravidfemalesobtained
from field strains ofsome mosquito species
includingCxtarsalisandCulexpeusSpeiserdo
notovipositreadilyincaptivity Accordingly
testingfieldstrainsofthesespeciesfortheir
abilitytotransmitarbovirusesexperimentallyhas
metwithlimitedsuccess

Takahashi 1976 andAitken 1977 both

developedinvitromethodsfordeterminingmos
quitotransmissionofarboviruses Virustrans

missionwasdeterminedbyinsertingtheproboscis
ofapotentiallyinfectivefemalemosquitointoa
capillarytubecontainingaartificialmediumthat
induced salivation and protected virus from

immediateinactivation Themediumwasthen

testedforthepresenceofvirusbystandard

EGRESS

OPEN
AIR

1200 SS 2400

Figure1Ambientairtemperaturemodelfortheextrinsic
incubationofarbovirusesinanocturnallyactivemosquito
vectorbaseduponcyclicalchangesinenvironmentaltempera
turesassociatedwithdiurnalrestingsheltersandnocturnal
flightactivitiesSR sunriseandSS sunset
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assayprocedures Theadvantagesprovidedby
theseinvitromethodsare2fold 1alarge
numberofmosquitoescanbeevaluatedrapidlyfor
virustransmissionpotentialand2therequire
mentforovipositionisnolongernecessary We

arecurrentlyevaluatingseveralinvitromethods
todeterminethemostsensitiveandreproducable
methodforroutineuseinourtestingprogram

Arboviralassaystodeterminethepresence
andortiterofvirusDeterminingthepresenceof
anarbovirusreliesuponsensitiveinvitroandin
vivoassaysystemsthatarehighlyspecificfor
Tedetectionofinfectiousvirusvirusantigen
orvirusneutralizingantibody Thetimere

quiredtodetectvirusorneutralizingantibody
eitherdirectlyorindirectlyisdependentupon
thetypeofassaysystememployed Currently
thetimerequiredtodeterminevirusinfectionand
transmissionbyplaqueassaysincellcultures
rangesfrom1to3weeks Althoughourcurrent
testingproceduresthatutilizeplaqueassaysin
variousdiagnostictissuecultures eqvero
cellsarerelativelyrapidspecialhandlingre
quirementsstillseverelylimittheoverallnumber
ofmosquitoesandorsalivasamplesthatcanbe
testedsimultaneously Weareintheprocessof
convertingourexistingassaysystemtoanewer
insituenzymeimmunoassayEIAthatutilizes
Microcell cultures grown in 96 well plates
YongHeetal1984Grahametal1986 For

thissystemaliquotsofapotentiallyinfected
mosquitosuspensionorcontentsofacapillary
tubeareplacedin2wellseachina96wellplate
andallwellsareseededwithasuspensionof
susceptiblecellsandthen incubatedat36C
Thecellsarethenfixedwithmethanolandas

sayedforvirusantigenbystandard indirect
EIAs Thissystemshowsmuchpromiseforthe
rapiddetectionofWEEandSLEvirusesinexperi
mentallyinfectedmosquitoes Onceoperational
thein situEIAshould increaseourpresent
laboratoryvirustestsbyatleast2fold

Data analysesPeroral susceptibility to

infectionwithanarbovirusisquantifiedasan
infectionratecalculatedasthepercentageof
femalestestedthatbecomeinfectedaftersome

periodofextrinsicincubationorasanexperi
mentalIDlogprobitinfectiondose50cal
culatedbyeitherprobitanalysesorextrapolated
fromadosageresponsecurve Experimentally
theIDrepresentstheconcentrationofvirus
ingestedthatwillinfect50ofthefemalestested

Theabilityofaninfectedfemalemosquitoor
amosquitopopulationtotransmitanarbovirusby
biteismeasuredquantitativelyasatransmission
rateortransmissionindex respectively The

transmissionrateiscalculatedasthepercentage
ofinfectedfemalesthattransmitvirusaftersome
periodofextrinsicincubation Bycomparison
thetransmissionindexiscalculatedastheper
centage oftotal females tested that transmit
virus

Asdiscussedpreviouslymosquitoesexperi
mentallyinfectedwitharbovirusesareincubated
atconstantratherthanundernaturalcycling
environmentaltemperatures Weintendtodevelop

degreedaymodelsforWEEandSLEvirusesthat
willprovidethermalsummationdataessentialto
determining precisely the period of extrinsic

incubationofbothviruses Hurlbut1973has
developedadegreedaymodelforSLEvirusin
CulexquinquefasciatusSay Ourmodelsinitially
willbedevelopedbydeterminingtheoptimaltime
forsusceptiblelaboratorystainsofCxtarsalisto
becomeinfectiveatdifferenttemperatures The

numberofdegreedaysrequiredforfemalesto
becomeinfectedandortransmitvirusbybiteisa
constant calculated from the rate of thermal

summationatorabovethelowesttemperatureC
thatdoesnotprecludethereplicationofvirus
Fig2A Sincetherateofviralreplicationis
temperaturedependentthetimemeasuredinreal
daysatwhichfemaleswillbecomeinfectivein
naturewillvary in accordancewithseasonal

changesinambientairtemperature Therefore
thenumberofdegreedaysbaseduponthecon
stantratewillbeaccruedatafasterrateduring
thesummerwhendailyambientairtemperatures
arewarmerandmoreslowlyduringthespringor
fallwhendailyairtemperaturesarecoolerFig
2B

REPLICATIONNO

REPLICATION

B

TEMPERATURE

INFECTION
THRESHOLD

TIMEINDAYSABOVEC

TRANSMISSION
THRESHOLD

Figure2ARoleofambientairtemperatureon
therateofarbovirusreplicationinmosquitoes
BThepotentialeffectsofseasonalvariationsin
environmentaltemperaturesonthelengthofthe
extrinsicincubationofanarbovirusinmosquitoes
withsimilarmidgutinfectionthresholds



Thechangesinourvectorcompetencetest
ing program presented herein hopefully will

provideamorerealisticandefficientsystemfor
assessingthevectorcompetenceoffieldmosquito
populationsforarboviruses Seasonaltempera
tureeffectsontheextrinsicincubationofWEE
andSLEvirusesultimatelywillbeincorporated
intoaepidemiologicalmodelthatcloselydepicts
thedynamicsofarbovirustransmissioninnature
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Iwouldliketoopenthisaddressbytouch
ingbrieflyonthehighlightsoftheearlyhistory
ofmosquitoresearchandcontrolinCalifornia
eventhoughsomeofyouintheaudienceare
quitefamiliarwiththestory Itissuchan

illustrioushistoryofthedevelopingpartnership
involvingtheUniversitythemosquitoabatement
districtsandtheStateDepartmentHealthSer
vicesthatitdeservesalittlerepetition

Thehistorybeganonlytwoyearsafterthe
turnofthecenturyduringaperiodwhentwo
landmarkhumanmedicaladvancesweremade
firstthediscoverythattheAnophelesmosquito
transmitted human malaria and second the

developmentofexperimentalevidencethatyellow
feverwastransmitted by the Aedes aegypti
mosquito ItwasalsoaperiodwhenGorgas
duringtheconstructionofthePanamaCanal
demonstratedthatmalariaandyellowfevercould
becontrolledandpreventedbytakingmeasures
toeliminatemosquitoes Anotherdevelopmentby
EntomologistL0Howardduringthisperiodwas
theuseofoilformosquitolarvalcontrol

Whilethesegreateventsweremakingmedical
historytheUniversitywascopingwithaserious
malarial problem in Californias great Central

Valley Italsobecameinvolvedinasaltmarsh
pestmosquitoproblemintheSanFranciscoBay
Area in 1904 with research undertaken by

EntomologyProfessorsLWoodworthandHJ
Quayle of UC Berkeley Their research

constitutedoneofthefirsttwomosquitoresearch
andcontrolprojectsinthenation Theother

wasasaltmarshmosquitoprojectinNewJersey
Theoutstandingeventofthisperiodwasthe

launchingofa10yearantimalarialcampaignin
the Central Valley in 1910 by Professor

WHerms UC Berkeley assisted by Stanley

FreebornandEngineerHaroldFGray Freeborn

wasoneofProfessorHermsstudentswhomany
yearslaterafteranillustriouscareerinmosquito
researchbecametheProvostoftheDaviscampus
oftheUniversityofCalifornia

TheMalaria Campaign together with the

saltmarshprojectlaidthegroundworkforthe
1915passageoftheMosquitoAbatementActby
theStateLegislature By1921endemicmalaria
waseliminatedinCaliforniabytheeffortsofthe
Hermsteamandthehalfdozennewlyformed
Mosquito Abatement Districts However the

vectorsofmalariaarestillpresentandwestill
seeanoccasionalcaseofindigenousmalaria
Anotherhistoricaleventwasthediscoveryin1930
of mosquitoborne encephalitis It replaced
malariaasthedominantvectordiseaseproblemin
California

InthisearlyperiodoftheCaliforniamos
quitoresearchandcontrolprogramstheseeds
were planted for a partnership between the

PARTNERSINMOSQUITORESEARCHANDCONTROL

JamesBKendrickJr

VicePresidentAgricultureandNaturalResources
UniversityofCaliforniaOfficeofthePresident

MosquitoAbatementDistrictstheUniversityand
theStateDepartmentofHealthServices The

MosquitoAbatementDistrictUniversitylinkwas
apparent55yearsagowhenAgricultureHallnow
knownasWellmanHallatUCBerkeleywasthe
siteforthefirstannualconferenceoftheCal
ifornia Mosquito ControlAssociation For 18

successiveyearsthereafterAgricultureWellman
Hall was the home of the CMCA Annual

Conference Thereafter theconferenceshave

been held in more commodious surroundings
suchastheSheratonstheMiramarstheHoli
daystheHiltonsandtheRedLionInns

Letusnowlookatthepostwarperiodof
pesticidedominanceinCaliforniamosquitocontrol
alsoagriculturalpestcontrolIhavelearned
thatbeforetheendofWorldWarIIin1945the
basictoolsofthemosquitocontrol profession
consistedofahanddippertocollectlarvaefor
mosquitosurveysthepickandshovelforditch
ing and draining breeding places the hand

sprayerforapplyingmosquitooilandthefish
netandbuckettocollectandcarrymosquitofish
tostockmosquitobreedingplaces Itwastruly

anintegratedcontrolprogramofphysicalchemi
cal andbiologicalcontrol butalsoa labor

intensiveone

WhenDDTthemiracleorganochlorinein
secticidebecameavailableattheendofWorld
WarII thesemultipleapproachestomosquito
control were rapidly displaced by near total

relianceonDDTapplicationsforcontrolofT
insect Itmademosquitocontrolcosteffective
for the new and expanding mosquito control

districtsbeingformedinCalifornia WithDDT

districtswereabletosatisfyquicklythemany
communitydemandsforprotectionfrommosquitoes
inruralandurbanareas ThefactthatDDT

was an environmental contaminant destroying

beneficialorganismsaswellasdiseasevectors
wasnotfullyappreciatedatthetime Adecade

later Rachel Carlsons book Silent Spring

popularizedthefoodchaininteractionfromDDT
environmentalcontaminationandtheuseofDDT
intheUSAcametoanend

ButirrespectiveofCarlsonsbookthefragile
mosquitowasnotsoeasilydauntedbythemiracle
insecticide Ithadsurvivedmillionsofyearson

thisplanetanditwasnotabouttogiveupto
DDT ResistancetoDDTdevelopedrapidlyuntil
theinsecticidebecameworthlessevenatheavy
uneconomicaldosagerates Forawhiletheonly
alternativeusedwastoreplaceDDTwithanother
syntheticinsecticidewhichwassoonfollowedby
resistancetoitandtheneedforanotherreplace
ment Thistreadmillsceneriowasrepeatedabout
everytwotothreeyearswithnoendinsight

Bythemid1960sthetimehadcometoget
offthetreadmillandtorethinkand redirect



mosquitocontrolstrategies Theneedforex

traordinarymeasureswaseloquentlyexpressedby
thelateRichardFroIlimanageroftheKings
MosquitoAbatementDistrictatthe1969Annual
ConferenceoftheCMCA Hesaid Theseare

crucialtimesourpesticidesarefailing Our

basicsolutionsformosquitocontrolaredying
Theresistancephenomenonhasmatured The

pasture mosquitoes and the encephalitis mos

quitoeshavetriumphedoverspraysinmanyparts
ofCalifornia Wemustchangeourbasicstrate
gywemustchangeourbasicsolutionswemust
changeourdistrictimagestoonesotherthan
spraydistrictsifwearetobeeffectiveinmos
quitoabatement InmanycountiesoftheState
chemicalspraysarenolongereffectiveatsafe
legaleconomicalrates After25yearsofcontin
uous spraying the mosquitoes have become

immuneormultiresistanttoallcommonpublic
healthmosquitotidesincludingmalathionpara
thion EPN fenthion ABATE VAPONA DI

BROMDURSBANandothers
FroIlisaiditallinafewwords Itwasa

rallyingcryforachangelongoverdue
Thesituationinthelatesixtieswasacri

sisinmosquitocontrolbecausepracticalalterna
tivestothesyntheticpesticideswerenotavail
able Apartfrommosquitofishbiologicalcontrol
hadnotadvancedbeyondthelaboratorystage
Ourknowledgeofmosquitobiologyandecologyin
relationtopredatorsparasitesandpathogens
wassuperficial Moreoverresearchonbiological
controlhadlaggedseriouslyduringthe20year
preoccupation with chemical insecticides Re

searchonnarrowspectruminsecticidesthatwould
killselectivelyresistantmosquitolarvaewhile
sparingthenaturalenemieswasstill inthe

exploratory stage Methods for counteracting
resistanceinthefieldwereneeded

TheeventsleadinguptothepresentUni
versityofCaliforniamosquitoresearchprogram
havebeenclearlydescribedbyProfessorReeves
inhispaperontheHistoryofMosquitoControlin
Californiapublishedinthe1984AnnualReporton
theUniversitysMosquitoResearch Henoted

thattheexistingprogramresultedfromtheState
LegislaturesdirectedtransferoftheDepartment
ofHealthServicesmosquitoresearchactivitiesto
theUniversityinJuly1965inordertoachievea
singlestatesupportedprogramofmosquitore
search Thisintentionhoweverwasnotfully
implemented until 197273 when a legislative
appropriation of 300000 supported by your

associationtogetherwiththeStateDepartmentof
HealthServiceswasenacted Thejointsupport
wascrucialtothesuccessoftheappropriation
Thissumtogetherwith100000fromtheState
WaterFundprovidedthebasicfundingforthe
Universitys mosquito control research To

achievecoordinatedoversightandadviceforthe
programtheUniversityappointedanadvisory
committeeconsistingofrepresentativesofthe
StateDepartmentofHealthServicesTheCali
forniaMosquitoandVectorControlAssociation
andanumberofUniversityofCaliforniarep
resentativesincludingpublichealthprofessionals
andexperimentalentomologists Ichairedthis
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committee To achieve improved cooperation
betweenallpartiestheUniversityalsocreated
themosquitoprogramcoordinatorposition Iam

informedthatofallmosquitoresearchprogramsin
thisnationandinternationallythiscooperative
partnershipofsupportandoversightisunique

InBillHazeleursletterofinvitationforme

toaddressthisconferenceheaskedthatIclarify
thereasonfororganizingtheprogramasaUni
versitywidecoordinatedgoalorientedactivity

Thoseofusresponsibleformanagingthe
mosquitoresearchandoutreachendeavorsfeltthe
objectiveoftheprogramshouldbethedevelop
mentofimprovedstrategiesmethodsmaterials
andequipmenttocontrolmosquitoproblemsin
California Todosoweknewwouldrequirethe
resources ofa number ofrelated specialities
withintheUniversitynotnecessarilyallfoundat
asinglecampus

TheideaofaUniversitywideorganization
wasbasedontheneedtoassembleamultiagency
multidisciplinarymakeupofstudiesleading to

mosquito control Public health aspects are

prominent in the program because mosquitoes
affectpeople Theycarrydiseaseaswellas
irritateandannoy peopleoftentimesbeyond
tolerance Alsomosquitoesarebornfromwater
andwaterisessentialtoagriculturetoindustry
tocitiestorecreationtoenvironmentalenhance
mentandeverythingrelatedtohumanexistence
andactivity Thestudyofthemosquitoesthem
selvesbyentomologistsisessentialasarespe
cialtiesofmanyotherdisciplinessuchassoiland
water sciences engineering animal science

parasitologygeneticsvirologyandbacteriology
Theprogramsmultiagencylinksincludeinaddi
tiontothemosquitoabatementdistrictsstate
federalandinternationalhealthagencieswater
resourcesagenciestheDepartmentofAgricul
tureEPAandFishandWildlifeagencies

Coordinationwasconsideredessentialifwe

weretokeepallofthediverseelementsunited
andworkingeffectivelytowardtheoverallgoal
Webelievewehavedevelopedabalancedstudyof
theproblemwithbasicaswellasappliedresearch
coveringdifferentcategoriessuchas vector

diseaseinteractionsbiologyandecologyofthe
mosquitoandbiologicalchemicalphysicaland
culturalcontrolmethodologies Coordinationis

achievedbyadministeringtheprogramcentrally
andsubjectingresearchproposalstopeerreview
by technical and advisory committees The

mosquitoprogramcoordinatorfacilitatescommuni
cationmobilizesresources monitorsprogress
assistsandservescommitteesinevaluatingre
searchimplementsresearchrecommendationsand
isresponsibleforreportsonresearchprogress

Research fundingPresident Hazeleuralso

askedabouttheprogramsfundingwithreference
tothecontinuingsecurityofthespecialfundnow
thatitispartoftheregularUniversitybudget
insteadofappearingasanannuallineitemstate
appropriation In1985theamountwas527000
upfromtheoriginal1973allocationof300000
Sotheattritionfrominflationhasnotbeentoo
severe Thisspecialfundisonlypartofthe
totalresearchfinancialpicture Itisgreatly
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augmentedfromothersources100000fromthe
statewaterfundandabout1millionfromthe
Universitys general funds In addition re

searchers in the program have attracted ar

additional12millionfromstatefederaland
internationalsourcesforatotalof26million

Thefundingwhileimpressivecomparedwith
theoriginalallocationisstillinsufficienttosup
portallofthehighprioritymosquitoresearch

Getting back to Bill Hazeleurs question
aboutmaintainingtheintegrityofthespecialfund
formosquitoresearchIknowthataslongas
suchahighdemandformosquitoresearchfunds
existstherewillbenoreasontoevenconsider
divertingittootherresearchneeds Further

moreaslongasthefundisresponsiblyadminis
teredbytheOfficeoftheVicePresidentAgri
cultureandNaturalResourcesIamsurethatit
willmaintainitsintegrity

ResearchcommitteesAtthebeginningofthe
coordinatedprogram threeresearchcommittees

wereappointed

1 TheUniversitywideAdvisoryCommitteeon
MosquitoResearch isa multiagencybody
presently chaired by the Assistant Vice

PresidentofAgricultureandNatural Re

sourcesDrLowellLewis TheCommittee

isprincipallyconcernedwithmosquitore
search policy campus and interagency
coordinationandoutsideparticipationinthe
program Itaddressesbroadissuesand

questionsregardingfundingand research

emphasisresearchprogressandnational
andinternationaldevelopmentsinmosquito
research

2 TheMosquitoResearchTechnicalCommittee
isaninterdisciplinarybodyofsevenUC
scientistseachwithexpertiseinatleastone
or more of the disciplines involved in

mosquitoresearchandcontrol Thecommit

teereviewsandevaluatesresearchproposals
forscientificmerit relevancefeasibility
andpotential Itthenrecommendstothe

Coordinatortheproposalstobeconsidered
forfunding Thereviewishelpinconjunc
tionwithatwodaysymposiumwhereall
mosquitoresearchassembletopresentpro
posals and progress reports which are

critiqueinanopensession

3 TheCMVCAResearchCommitteeparticipates
inthereviewprocessandrepresentsthe
research interestof the Association It

reviewsandevaluatesallresearchproposals
withspecialreferencetorelevanceofthe
research tomosquitoabatementdistricts
Thechairofthecommitteeisamemberof
theUniversitywideAdvisoryCommitteeand
submitstheresearchrecommendationsofthe
CMVCA committee to the Universitywide
Advisory Committee and to the mosquito
ProgramCoordinator

ProgressAnotherquestionraisedbyyour
Association concerned research progress and

accomplishments Thelegislaturehasalsoraised
asimilarquestioninthepast Iamremindedof

threedefinitionsapplicabletoresearchprogress
Ifathousandthingsadvance andnine

hundred and ninetynine retreat that is

progressRussFontaine
Allprogressisprecariousthesolutionto

oneproblembringsusfacetofacewithanother
problem MartinLuther

Therearenogainswithoutpains Adlai

Stevenson

Thequestionisnotaneasyonetoanswer
becausewefindthatresearchresultsareoften
negativeratherthanpositiveortheyrepresent
only incremental advances ratherthan break

throughs Howeverwemustrememberthatboth
positiveandnegativeresearchinformationisof
valueindesigningstrategiestocontrolmosquito
populations

Onedramatic statisticwhichdemonstrates

progressisthereduceduseofbroadspectrum
syntheticinsecticides Thereductionamountsto

morethan75percentsince1972 Thisreduction

inchemicaluseisnottoimplythattheneedfor
chemicalcontrolhasdiminishedbutitreflectsa
changing emphasis from primary reliance on

chemicalcontroltotheutilizationofavarietyof
controlstrategieswhichtogethermakeupthe
integratedmosquitocontrolprogram

Anothermeasureofprogressisthefactthat
themajormosquitobornediseaseencephalitishas
beeneffectivelysuppresseddespitethepresence
ofthevirusinbirdsandmosquitoesexceptfor
anoutbreakofSaintLouisencephalitisin1984in
metropolitanLosAngelesandOrangeCounties

Otherexamplesofimportantresearchpro
gressarenotedin

thedevelopmentofindoorsystemsfor
overwinteringmosquitofish

thedevelopmentofthemosquitoselective
andtheenvironmentallysafebiorational
insecticideBacillusthuringiensis

thedeterminationoftheefficacyofenvi
ronmentallysafe selectedinsectgrowth
regulators

theformulationofstrategiestoavoidor
suppress the development ofmosquito
resistancetoinsecticides

theincreasedunderstandingofcanine
heartwormdiseasetransmission

theachievementofenvironmentallyac
ceptablemarshmanagementformosquito
control

thedevelopmentofrapiddiagnosticfield
tests for detection ofwestern equine

encephalomyelitisvirusinmosquitoes

andthedevelopmentoffieldapplicationofthe
fungusLagenidiumgiganteumforpotentialcon
trolofthericefieldmosquito



Whataboutthefuture ItwasEinsteinwho

saidIneverlookintothefutureItwillcome
soonenough Neverthelessalookatthefuture

isessentialforplanningourresearch10and20
yearshence Inthe1985annualreportofthe
Mosquito Research Program this topic was

addressedbymosquitoabatementdistrictmana
gersandbyUCresearchers Mostoftheviews

expressedindicatedthatchangewasnecessary
becauseofthecontinuedgrowthinpopulation
resultinginanexpansionofurbanizationand
industrialactivities Agricultureandmosquito
populationshavealwaysbeenintimatelylinked
AlthoughagricultureinCaliforniaisnotlikelyto
expandintheshorttermthenatureofcropping
patternsmaychangeforavarietyofeconomic
reasons Decreasing irrigation water supplies
wouldcauseachangeaswouldtheincreasing
problems associated with salinity and toxic

wastes Lackofdomesticandforeignmarketsfor
a numberofCaliforniagrowncropswillalso
influencethepatternofcroppingactivities

There is alsothe potential ofenlarging
mosquitoproblemsbycreatingnumerousshallow
evaporationreservoirsintheSanJoaquinValley
toreceivesalineandtoxicagriculturaldrainage
waterinordertoreducerunoffofirrigation
wastewaterintonatural basins suchasthe

KestersonReservoir

Thereisincreasingevidenceofagreement
thattherisingdemandforwatercanonlybemet
by water conservation measures and through
reclamationandreuseofwastewaterfrommunici

palindustrialandagriculturalsources The

processesinvolvedinreclamationarefrequently
primesources ofmosquitobreeding grounds
Alsotheusesmadeofwastewaterforcreationof

wetlandsmarshlandsparklandsandpondsfor
environmentalenhancementarepopularattractions
forcitydwellers birdsandaquaticwildlife
Thesearealsorichsourcesofencephalitisvector
mosquitoesaswellasthenuisancemosquitoes
Thistrendofenvironmentalenchancementhas

strongpublicsupportanditisnotlikelyto
diminish Researchontheintricatebiologicaland
ecologicalprocessesinfluencingmosquitoproduc
tioninthesenewandexpandingusesofwaste
waterisunderwaybutunderfunded

Thewastewaterrelatedmosquitoproblemis
seenasthehighestpriorityneedformosquito
researchforthefinalyearsofthiscenturyand
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possiblyduringtheearlyyearsofthetwen
tyfirstcentury Thechallengeistocontrol
mosquitoeseffectivelyandeconomicallyutilizing
measureswhichdonotalteradverselytheen
vironmentsandthebiotaofthesewastewater
reservoirs

IstheprogramenteringanewphaseThe
foregoing discussionshould indicatethatCal

iforniasneedforresearchinmosquitocontrolis
notabouttodiminishinthefuture Theout

breakofSaintLouisencephalitisin southern

Californiaslargesturbanareahasexposedseri
ousgapsintheknowledgeofencephalitistrans
missionandinthebiologyecologyandbehavioral
traitsofthesuspectedurbanvectors

Thedynamicandvariablenatureofmosquito
problemsinCaliforniareflecttheinfluenceof
continuous populationgrowth and thehuman

needanddesireforwaterinallaspectsofour
dailyexistence

MosquitocontrolmeasuresinCaliforniamust
notbepermittedtosuccumbtocomplacencyand
adoptionofmonotomousroutinesandcookbook
solutions becausethewileymosquitocanbe
countedupontoresistextinction

QuotingfromBillReevestalkbeforeyour
annualconferenceof1985hesaidIfonecom
parestheprojectscurrentlybeingcarriedout
withthosecarriedoutin1978itisobviousthat
theresearcheffortisconstantlychanging its

focusinanefforttofacetodaysproblems
Therearesignsthatmosquitocontrolis

enteringanewphaseinitslonghistory The

periodofpesticidedominanceofcontrolisover
Theresistanceproblemhasdiminishedandwill
continuetowaneasthenewenvironmentallysafe
mosquitoselectiveinsectgrowthregulatorsbecome
available

Thebondofthepartnershipbetweenthe
UniversitytheMosquitoAbatementDistrictsof
CaliforniaandtheStateDepartmentofHealth
Serviceshasbeenoneofthegreatstrengthsof
themosquitoresearchprogram Theprogress
andsuccesswehaveachievedtodaterepresents
a collaborative efforts of many people and

agencies AllCalifornianswhethertheyrecognize
itornotareendebtedtooureffectivepartner
ship Iamproudtohaveplayedapartinits
development Iwishitandallofyouwellasyou
strivetostrengthen thisrelationshipforthe
challengesofthefuture
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COMMITTEEACTIVITIESOFTHECALIFORNIAMOSQUITOAND

VECTORCONTROLASSOCIATIONINC

January1985 January1986

CharlesPHansen
SanMateoCountyMosquitoAbatementDistrict

1351RollinsRoad

BurlingameCalifornia94010

BIOLOGICALCONTROLRLCoykendall
Chairman Our1985Committeechargewas to

disseminateinformationonbiologicalcontrol to

Associationmembers Tofurtherthesegoals
workwasinitiatedonaseriesofonesheethand

outsonvariousbiologicalcontrolagentswhich
werenamedBioNotes Bytheendoftheyear
finaldraftsofthreeBioNoteshadbeencom

pleted DraftsoftheseBioNotesonmosquito
fishguppiesanddragonflieswerereviewedby
committeemembersandforwardedtothePublica

tionsCommitteeforfinaleditingandprinting
WorkonotherBioNoteswillbecontinuedin
1986 AdditionallyBioBriefs ourCommittee

newsletterwaseditedthisyearbyCraigDowns
oftheContraCostaMADandthreeissues

werepublishedanddisseminated Onemeetingof
ourCommitteewasscheduledforMontereyon
April251985butnocommitteememberswere
abletoattend Consequentlyfurthercommittee
businesswasconductedthroughinformaltele
phoneconversations Werequestinthefuture
thatDistrictshavingpersonnelservingonthis
Committeeauthorizetheirtravelandifnecessary
lodgingsowemayconductCommitteebusiness
moreeffectively

CHEMICALCONTROLCOMMITTEEL Lino

LunaChairman TheCommitteestaskwasto

workwiththeMosquitoborneEncephalitisVirus
SurveillanceandControlProgramSteeringGroup
onencephalitisvirussurveillanceandcontrolto
identifyinsecticidesandmeansofapplicationfor
encephalitismosquitocontrolineachregionofthe
StateconsiderifthefindingsofthisCommittee
shouldbemadeapartoftheCaliforniasMos
quitoborneEncephalitisVirusSurveillanceand
Control Programmanual keepabreastofall
chemicalsbeingusedandinturninformmember
agenciesofsuccessfultestsandvariedformu
lations

The Committee developed a Questionnaire

consistingofsixquestionspertainingtoourtask
Thesurveywasmailedtothe46MADVCDslisted
inthe1985CMVCAYearbook Atotalof45

MADVCDsoneCountyHealthDepartmentand
oneServiceArearesponded OnlyoneMADdid
notrespond

Therespondentsindicatedadditionalwork
wasdesirableuponthefollowing rankingofthe
majormosquitospeciesinorderofimportancein

1Vice President California Mosquito and

VectorControlAssociationInc

eachagencyandthelistingofthespeciestested
forresistancetowhatchemicalsaswellasthe
magnitudeorextentoftheresistanceproblemif
known

ThereforetheCommitteerecommendsthat
considerationbegiventotheabovetwopoints
Theresultsofthesurveyandquestionnairewere
publishedaspartoftheCMVCAminutesdated
January 24 1986 Foradditional information

pleasecontacttheNorthwestMAD
COOPERATIVEPLANNINGCharlesHDill

Chairman OverthepastyeartheCommitteehas
continuedtopushfordistrictimplementationof
theCooperativeAgreementwithCalFish Game

Oneofthestumblingblockstogeneralacceptance
seemstobethatthereisnoreciprocalresponsi
bilitiesfortheResourcesAgency Concernwith

thisisunderstandablebutourphilosophywasto
takethefirstgiantstepbyagreeingtoreport
ouractivitiesandwork for reciprocity later
Welllaterisnow BrainHunterRegionII
RegionalManagerforCalFish Gamecontacted

theChairandstatedthathefelthisagency
shoulddonolessthanoursinstrivingfora
higherlevelofcooperation Hewantstowork

withtheCommitteetoincludeaprotocolforCal
Fish Gamessreportingofacquisitionaland
restorativeprojectssothattheCoastalRegion
MADscanhaveinputthatwouldpreventmos
quitoproblems Iwouldhopethatwecanhavea
workingmodelfortheCMVCABoardinshort
order

Additionallythisyearwiththeableassis
tanceofDonWomeldorfandJackWalshwehave
reestablishedtheWildlifeManagementMosquito
Suppression Committee The Committee has

decidedthatweshouldsetupatravelingroad
showtovisiteachregion conveneameetingof
eachmemberagencyscolleaguesforthepurpose
ofdiscussingaproblemoflocalimportanceeg
saltmarshesduckclubswetlandsetc The

firstregionweplantovisitistheSacramento
ValleyTheproblemofwetlandssuchasthe
ButteSinkwouldbetheprimarytopicandrice
fieldconversiontoduckclubsasecondaryone

Inthecomingyearthenewlyappointed
Committee should meet regularly in orderto

betterpushfor Federal involvementwiththe

CooperativeAgreement MrFelixSmithrepre
sentingUSFish WildlifeServiceontheWMMS

Committeestatedatourlastmeetingthathewas
continuingtopushforacceptanceoftheAgree
mentbytheServiceinCaliforniaandheneeds
ourencouragementandsupport



ENTOMOLOGYRESEARCHJEHazelrigg
Chairman In1985 RussellE Fontaine Co

ordinatorofMosquitoResearch Universityof
Californiasentacalltoapproximately40Univer
sityofCaliforniaresearcherstosubmitresearch
proposalspertinenttoCaliforniamosquitocontrol
Overthirtyproposalswerereceivedforreview
TheCommitteeERCfirstmetinDavisMarch
1213tobegintheinitialreviewofthesepro
posals

Thesubmittedproposalscoveredabroad
baseofstatewidemosquitoproblemsbothbasic
andapplied Theprincipalresearchcategories
werechemicalcontroltestingandenhancement
mosquitobiologyecologygeneticsandethology
techniques and strategies with mosquitofish
vectordiseasecontrolmarshlandandwastewater
managementandotherfishasbiologicalcontrol
agents Allproposalswerereviewedwiththe
relevancetotheneedsofCaliforniamosquito
controlandthatwhichhasneartermprospects
forappliedusesinmind TheCommitteewas

moresupportiveofresearcherscollaboratingwith
otheragenciesparticularlylocalmosquitoabate
mentdistrictsorwhosoughtadditionalorout
sidefundingorwerehistoricallyproductiveand
goodatmeetingresearchcommitmentsanddissem
inatingresults

AsusualtheERCcompileditsreportof
comments ratings and recommendations The

reportincludedanaveragenumericalratingof
fundingprioritycommentsandrecommendations
oneachofthesubmittedproposals TheReport
madeavailable tothe Mosquito Research and

TechnicalCommitteeoftheUniversityofCali
forniaisusedintheirsubsequentreviewofthe
sameproposals Thisreportwassubmittedtothe
BoardofDirectorsoftheCMVCAinmidyear

EQUIPMENTClaudeL Watson Chairman

TheCommitteemetonseveraloccasionsthispast
yeartodiscussvarioustypesofequipmentthat
maybeofinteresttomosquitoandpestabatement
districtsthroughoutthestate

After extensive discussion the Committee

membersfeltthatitwouldbeworthwhiletoput
togetheranequipmentshowaroundthefirstweek
ofApril1986

Thiswouldgiveeachdistrictachanceto
lookatallofthedifferenttypesofequipment
currentlyinuse

Theequipmentshowwasagreatsuccess
TheCommitteewishestothankallwhoattended

LEGISLATIVEAllenRHubbardChairman
Someofthe primary activities the Committee

workedonin1985includedthefollowing Health

andSafetyCoderecodificationtheexoticvector
importationbillsupportforHealthandSafety
Code cleanup language drafted by Peter

Detwilderreviewandproposedchangestothe
KatzbillkeptinformedontheSouthernCali
forniaEncephalitisbillAB2537andtheamend
menttotheFairLaborStandardsAct Inaddi

tiontheCommitteereviewedlegislationthatcould
potentiallyhaveanimpactonmosquitoabatement
districtsaswellasuponlocalgovernment
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PHYSICAL CONTROLDennis D Beehe
Chairman PresidentHazeleurchargedtheCom
mitteewithcompilingmosquitopreventioncriteria
thatcouldheusedbymosquitoandvectorabate
mentdistrictsthroughoutthestate

ForthatpurposetheCommitteerecommends
thattheGuidelinesStandardsandChecklistsfor
VectorPreventionavailablethroughtheCalif
ornia Department of Health Services Vector

SurveillanceandControlBranchheadoptedby
theCMVCAastheguidelinesformosquitopre
ventioninCalifornia

Theseguidelineswerecompiledbyajoint
committeeoftheCaliforniaConferenceofDirec

torsofEnvironmentalHealthCaliforniaMosquito
andVector ControlAssociationandCalifornia
State Department of Health Services Vector
SurveillanceandControlBranch

PUBLICATIONSJohnCCombsChairman
The Committee met once formally and fre

quentlyinformallyonawiderangeofediting
andpublicationsplanningassignments Among
the accomplishments of the Committee were

productionoftheProceedingsandPapersand
Yearbookonschedulethesettingupofthe
SalarySurveyontheFileProcomputerpro
gramandplansfortheproductionoftwonew
majorpublishingundertakingstheReevesmono
graphandcompletelyrevisedtrainingmanuals

STATEWIDE ACCREDITATIONCharles P
HansenChairman ThisCommitteehasbeenin

existenceonlyoneyearbutitexperienceda
verysuccessfulandproductivebeginning Three

outofthefiveCMVCAregionsprovidedcontinu
ingeducationprogramsin1985withtheothertwo
regionsworkingonthestartupdetails Someof

themajortopicscoveredwere mosquitobiology
andidentificationpesticideworkerandsafety
cholinesterasetesting CMVCA conference and

scientific workshops mosquitoes ofCalifornia
theirbehaviorand habitats mosquitocontrol
researchprojectsinCaliforniaandgeneralsafety
andfirstaid Ourgoalwastohaveallfive
regionsprovidingcontinuingeducationprogram
by1986anditappearsthatgoalwillbemet
TheCommitteeisalreadyworkingonexciting
programsfor1986 Anothermajorgoalofthe
Committeeisthecoordinationofastandardized
statewideprogram Itisourhopethatwithinthe
nextthreetofouryearsthisprogramwillbein
placeandinfulloperation
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EFFICIENCYANDCOSTANALYSISOFCHEMICALVSINTEGRATED

CULEXTARSALISCONTROLINCENTRALCALIFORNIARICEFIELDS

IntegratedpestmanagementIPMhasad
vancedduringthelastdecadesfromtheoryto
actualapplicationspracticedbybothpublicand
privateinstitutionsaswellastheacademia Its

concepthasbeenaroundforevenmoreyearsand
itsacceptancenowseemstobegenerallyperva
siveamongthoseresponsibleforpestcontrol
Huffaker1971WorldHealthOrganization1982

Sincetherearemorethingstodoinorder
toimplementitonecandeducethatitwillneces
sarilycostmore Howeveritistheobjectiveof
thispapertoshowthattheimplementationofone
IPMstrategyinrelationtomosquitocontrolin
ricefields notonly achieves moredesirable

resultsbutalsomonetarilycostslesstocarry
out

BACKGROUNDANDMETHODSInpastyears
about10to15thousandacresofricewereplant
edannuallywithinthejurisdictionoftheFresno
WestsideMosquitoAbatementDistrictFWMADin
central California Rice fields normally were

floodedduringthetwomonthperiodbetween
April15toJune15

Twomaincontrolstrategiesbiologicaland
chemicalhavebeenusedtocontrolricefield
mosquitoeswithinthedistrict Thegoalofthe
districtistoabateimmaturestagesofmosquitoes
especially Culex tarsalis Coquillett larvae by
stockingfieldswiththemosquitofishGambusia
affinis BairdandGirard Thismethodhas

beendemonstratedtobeeffectiveinreducing
mosquitolarvaldensitiesDaveyetal1974Hoy
etal1971HoyandReed19701971andis
easytoapplybecausethemosquitofishmultiply
anddispersethemselvesthroughthefieldDavey
andMeisch1977 Otherfishhavebeentested

Daveyetal1974Washino1968Washinoetal
1967butGambusiaisadaptabletoawiderrange
ofadversehabitatsandenvironmentalconditions

Emerick1942HarringtonandHarrington1961
Mulliganetal1983Sjogren1972

1FresnoWestsideMosquitoAbatementDis
trictPostOfficeBox125FirebaughCalifornia
93622

TMiuraDEReedandRMTakahashi

UniversityofCalifornia
MosquitoControlResearchLaboratory

9240SRiverbendAvenue

ParlierCalifornia93648

ABSTRACT

LarvalcollectiontreatmentandcostrecordsforthecontrolofCulextarsalisinFresnoCountyrice
fieldswereanalyzedtocomparecostandbenefitsbetweenchemicalcontrolandintegratedcontrolstrate
gies Resultsindicatedthatintegratedcontrolhadcostlessandwasmoreeffectivethanchemicalcontrol
alone Integratedcontrolreducedtheaveragenumberofchemicaltreatmentsnecessaryforcontrolas
wellasthedensitiesofmosquitolarvae

When possible rice fieldswere normally
stockedwithmosquitofishatarateof02Ibsper
acre 200 to 400 fish 7 to 10 days after

permanentlyfloodingthefieldsfortheseason
HoyandReed1971 Wheremosquitofishwas
notabletoheplantedandormosquitolarval
ieCx tarsalis3rdand4thinstarcounts

equalledorexceeded01perdipsampleHoyand
Reed 1971 chemical control strategies were

considered Whenthismethodwasusedasan

adjuncttobiologicalcontrolintegratedcontrol
wascreatedinpart Thedensityandspeciesof
mosquitoessampledthedensityofpredatorsand
potentialharmtothehumanandwildlifewere
considerationsdeliberatedbeforechemicaltreat

ments were initiated either alone or as an

adjunct Whenthiscoursewasdecidedhowever
aerialPiperPA36300Braveapplicationsof
parathionat01acrewasthemethodofchoice
becauseempiricallythemethodkillsquicklyand
effectivelyandapparentlyisnotdetrimentalto
fishatlowratesusedformosquitocontrolDavey
andMeish1977

thericeplantsbrokethewatersurface In

spectionsweremadeattwoweekintervalsby
spotsamplingfieldswithastandardmosquito
dipper Whenlarvaewereobservedinadipthey
weresavedinahandheldconcentratorReed
1970and9additionaldipswerecollectedfroma
transect inthe immediatevicinity Reed and

Bryant1972 Theconcentratedsampleswere
thentransferredtovialscontaining50alcohol
preservativeandtransportedtothelaboratoryfor
identification Theprocedurewasthenrepeated
alongtransectsindifferentpartsofthefield
Thedatacollectedwerethenanalyzedtoestimate
mosquitopopulationdensitiesfromwhichcontrol
strategieswereplanned

Theassembledrecordsof2controlstrategies
chemicalandintegratedin1984affordedusto
examineandcomparethedifferencesinthecost
andbenefitbetweenthetwo Duringthe1984
season7130acresofricefieldswerestocked

withmosquitofishand19259acresweresprayed
withchemicalstocontrolCxtarsalislarvae

Efficacyofmosquitocontrolwasdetermined
bycomparinglarvalcollectionrecordsbetweenthe



integratedandchemicalcontrolfields Thedata

weregroupedandcalculatedtodeterminewhich
fieldtypehadhigherdensitiesoflarvaeand
higherincidencesofpositivelarvalcollections
duringinspections Percentageswerecalculated
withineachtypefortheformer

Monetarycostswerecalculatedfrommoney
actuallyspentduringthe1984season Treatment

acreswerecalculatedbymultiplyingthenumber
ofacresinfieldsbythenumberoftimesthey
weretreatedandsummingtheproducts

RESULTSTable 1 shows that a higher
percentage within unstocked fields generally
requiredmoremultiplechemicaltreatmentsthan
thefieldsstockedwithmosquitofish Theaver

agenumberoftreatmentsnecessaryforcontrolin
stockedfieldswas16perfield Theaveragefor
theunstockedfieldwas23perfieldorabout
15timesmorethanthefieldswithfish

InTable2 bottom therewasa larger
percentagewithinchemicalcontrolfieldswhich
hadhighlarvaldensitiesofmosquitothaninte
grated control fields Moreover the chemi

calonlyfieldsproduced85morepositiveobser
vationsduringinspections Thisreinforcesthe
notion that mosquitofish can reduce mosquito
populationseventhoughmoststudiesshowthat
crustaceanschironomidsandsmallcorixidsare
themostabundantinvertebratesintheGambusia

dietAhmedetal1970Farley1980Miuraetal
19791984Washino1968WashinoandHokama
1967

Theactualnumberofinspectionsrequired
forintegratedcontrolfieldsweregreaterTable
2simplybecausethereweremoreofthem The

averagenumberofinspectionsperfieldwasabout
thesamebecauseallfieldsneededtobechecked

whethertheywerestockedwithfishornot

Table1Comparisonofmultiplechemicaltreatmentsrequiredforfieldsstock
edwithmosquitofishandunstockedfields

No

Treatments

0

1

2

3

4

5

6

No

Fields

19

42

23

22

StockedFields

7

0

0

AveTreatmentField 16

of
Treatments

0

23

25

36

16

0

0

Table3showsanitemizationoftheactual

costsneededduringthe1984seasonusingthe
twocontrolstrategies Thecostperacrefor
chemicalcontrol516acrealonewasabout15
timesmorethanforintegratedcontrol422
acre

DISCUSSIONANDSUMMARYIntegratedpest
managementinvolvesmuchmorethanwehave
sketchedabove Socioeconomicenvironmental
politicalphilosophicalaspectsaswellaslong
termgoalsarealsoconsideredinplanninginte
gratedcontrolstrategies Neverthelesswehave
presentedseveralimportantaspectsofthisrather
complexsysteminveryconcreteterms

Integratedcontrol combining mosquitofish
andchemicaltreatmentssavedthedistrict094
peracreforatotalsavingsof6715duringthe
1984season Hadintegratedcontrolbeenableto
beusedthroughoutthedistricts9528acresof
ricethepotentialsavingscouldhavebeenabout
9000 Integrated control also reduced the

averagenumberofchemicaltreatmentsaswellas
thedensitiesofmosquitolarvae Shortageoffish
supplyandsomericeculturalpracticesnotcon
ductiveforfishsurvivalhaveprecludedtheuse
offishonsomefields

Itwasnotintendedtofocusonlyonthe
monetarycostaspectofintegratedcontrolsince
theamountsavedissomewhattrivialwhencom

paredtothetotalnormaloperatingbudgetsfor
mosquitoabatementdistrictsnorwasitintended
tostrictlytesttheefficacyofanymethod What

wasintendedwastogenerallydemonstratethe
advantagesandfeasibilityofintegratedcontrolin
Californiaricefieldsoverusingchemicalcontrol
practicesalone Theresultsofthisanalysis
indicatedthatintegratedcontrolhadcostlessand
wasmoreeffectivethanchemicalcontrolalone

UnstockedFields

No of
Fields Treatments

6

5

9

11

5

1

1

23

0

6

20

38

23

6

7

23



Table2Comparisonofnumbersofinspectionsandlarvaldensitiesbetween
integratedandchemicalcontrolfieldsintheFWMADduring1984

Totalduring1984

NoofFields

AvgPerField

PercentPositive

02

0102

01

0

CostFactor

Integrated Chemical

Inspections

6490

1130

57

436

LarvalDensity

165

185

102

564

1900

380

50

521

397

168

05

479

Table3CostofmosquitocontrolstrategiesintheFWMADduring1984

Rate ChemicalControl IntegratedControl

ChemicalParathion 025acre 174925 306555

AirsprayPlaneLabor 149acre 1042553 1827040

GroundsprayVehicleLabor 810hour 19400 37900

FishStorage 000 000

FishHarvest 000 000

FishStocking 000 000

Total 1236878 3008090

Acres 2398 7130

Costacre 516 422
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GROUNDANDAERIALAPPLICATIONOFTHEFUNGUSLAGENIDIUMGIGANTEUM

INCALIFORNIARICEFIELDS

JamesLKerwinandRobertKWashino

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

TheaquaticfungusLagenidiumgiganteumproducesbiflagellatemotilesporeseithersexuallyor
asexuallywhicharecapableofrecognizingencystinguponandinfectingmosquitolarvaeinavarietyof
habitats Bothreproductivestageshavebeenculturedinvitrousingyeastextract basedmediain12
literfermentationtanks Duringthe1985mosquitobreedingseasoninthenorthernSacramentoValleythe
funguswasappliedin400mplotsusingbackpacksprayersandin1hectareplotsbyaerialspraying
Ineithergroundoraerialtreatmentstheasexualstageresultedinimmediatelarvalmortalityasmoni
toredusingsentinelmosquitoesanddippingoftheindigenouspopulation Somedegreeofrecyclingof
thefunguswasdocumentedforseveralmonthsfollowingasingleapplication Activationofthesexual

stagetheoosporewaserraticbutresultedinsignificantmortalityofCulextarsalisandAnopheles
freeborniwhenoosporesweredriedinthefieldratherthaninthelaboratorypriortoapplication

Subsequentmodificationsinthegrowthmediausedtoculturethefungushaveunexpectedlyresulted
inenchantedgerminationofbothreproductivestages Furtherinvestigationoftheprecisefactorsinthe
complexculturemedianowbeingusedwhichregulatesporeproductionandactivationwillleadtoen
chancedyieldsandpredictablegerminationofthesporesresultingintheavailabilityofaneffectiveand
economicalalternativetochemicalcontrolofmosquitoes



FIELDEVALUATIONOFBACILLUSTHURINGIENSISVARISRAELENSIS

INVARIOUSHABITATSOFSUTTERYUBAMOSQUITOABATEMENTDISTRICT

MichaelRKimballSusanDBauerandEugeneEKauffman

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95992

INTRODUCTIONTheSutterYubaMosquito
AbatementDistrictencompassesamajorportionof
SutterandYubaCountiesCaliforniaandcon
tainsapproximately660squaremilesofprimarily
agriculturalland Withinthisareathereisa

diversityofmosquitohabitats Thesehabitats

include rice approximately 120000 acres in

1985 twomajorwaterfowlrefugesandnumerous
irrigatedpastures

Presentlywideareaadulticidinqisbeing
usedasacontrolmethodintheseenvironmentally
sensitiveareas Thereis agrowingconcern
abouttheuseofULVchemicalsandtheassociated

driftintonontargetareas Withtherecent

insurancecoverageproblemsandliabilityinvolved
withtheuseofthesechemicalsthereisadesire
attheSutterYubaMosquitoAbatementDistrictto
focusanincreasingamountofattentiontoward
thebiologicalcontrolofmosquitoes Atthistime

themosquitofishGambusiaaffinisisourmajor
biologicalagent Howeverthereexistsaneed
foradditionalbiologicalagentsand integrated
managementmethods

Toaddressthisneedtheoperationalappli
cationofBacillusthuringiensisvarisraelensis
Btiwasinitiatedatthebeginningofthe1985
mosquitoseasononalimitedbasisforfieldeval
uation Theobjectivesofthisstudywereto
examinetherelationshipsbetweenefficacyand
applicationratesenvironmentalfactorsandtiming
oftreatments Thecosteffectivenessofthis

treatmentforourDistrictwasthendetermined
MATERIALSANDMETHODS SprayEquip

mentFortheaerialapplicationofBtiitwas
necessarytocontractforapilotandairplane
Consideringtheextremelyhighcostofaerial
applicationwithconventionalaircraftatwopas
senger PiperSuperCub and an experienced
agriculturalpilotwerechosenatacostof122
perhour

TheairplanewasfittedwithtwoMiniMicron
airrotaryatomizersattachedatbothsidesof
thecraftoneoneachwingstrut Therotary
atomizerconsistedofapropellerdriven20mesh
wiregauze Asmaterialimpactedthewiremesh
theliquidwasshearedintofinedroplets The

pitchofthebladeswasadjustablewhichpermitted
therpmoftheatomizertobevaried Thefaster

thisunitspunthefinerthedropletsbecame A

MiniMicronairpropellerdrivenpumpwasmount
edinfrontofthestationarylandinggear The

outputofthepumpcouldbeincreasedbyadjust
ingthepitchofthepropellerblades A15gal
lonplasticbarrelwasstrappedunderthefuselage
betweenthelandinggeartoserveasaspray
tankfromwhichthepumpdrewmaterial Two

valvesweremountedwithineasyreachofthe
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pilotinlinebetweenthepumpandtherotary
atomizers Onevalvewasasimple onoffflow

regulator Theothervalvepermittedveryfine
pressureadjustmentinthesystem Apressure
gaugewasinstalledinlinebetweenthepressure
adjustmentvalveandoneoftheatomizerseasily
visibletothepilot Aflowregulatorwitha
rotatingplatehavingsixdifferentorificesettings
wasinstalledinlineimmediatelyprecedingeach
atomizer Figure 1 Another interchangeable
platecouldbeselectedallowingatotalof12
differentorificesettingsforflowrateadjustment
Afterinitialtestingitwasdiscoveredthatthe
smallestorificesettings 13 cloggedeasily
withcertain Bti formulationsavailabletothe
District A40meshcartridgefilterwasin
stalleddownlinefromthepumpalleviatingthe
problem

Fuelcapacitylimitedthedurationofflights
to25hourswhichallowedthesprayingof
approximately600acres Atacostof122per
hourthebasiccostfortheairplaneandpilot
was050peracre

StudyAreasThestudyareaincludedvaried
mosquitohabitats intheSutterYubaMosquito
Abatement District with an emphasis on rice

agriculture Onehlockofricefieldslocatedin

SutterCountycontainedapproximately4000acres
andencompassed50fieldswhichrangedinsize
from20130acres Anareathissizewaschosen

topermitsamplingofeachfieldonceaweekbya
crewofsixtosevenresearchpersonnel All

fields in thisblockweresampledfor larvae

commencinginmidJune Fieldsindentifiedas

havinglarvaepresentatapreselectedthreshold
ofaleasteightlarvaeper100dips008dip
wereplacedrandomlyintothreetreatmentre
gimes asingleapplicationofBtiinJunean
applicationofBtiinJuneimmediatelyfollowedby
stockingwithmosquitofishatarateof02Ibs
peracreandanapplicationofBtiinJunefol
lowedwithaJulyapplicationofBti Allthree

treatmentregimesandthecontrolwerereplicated
threetimes Selectedcontrolfieldshadlarvae

occurring atorabovethe008dipthreshold
level Treatmentdateswerechosentocoincide

withhistoricalpeaksinthenumbersofCulex
tarsalisandAnophelesfreeborni respectively
Samplingsiteswereestablishedforeachfieldand
25dipsweretakeninasemicircularrouteateach
siteusingastandardwhiteplastic473m1dipper
Stewartetal1983 Thenumberofsampling
sitesrangedfromthreeforthesmallestfieldto
eightforthelargestfield Oneachsampling
dateinstaranddensityofCxandAnlarvae
wererecordedaswerericeheightswatertem
peratures and water depths Sampling was
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ROTARYATOMIZER

PRESSUREVALVE

ONOFFPRESSUREADJUSTER

conductedonaweeklyschedulefromJune10
thruAugust231985 Ricefieldstohetreated

weresampledthedaybeforeandthedayafter
treatmentstoassesstreatmentefficacy Addi

tionalcagedsentinellarvaewereusedinapproxi
mately33ofthefieldstreated Sentinelbuckets

weresetoutatleast30minutesbeforetreatment
usinglabrearedsecondandthirdinstarCulex
tarsalislarvaewith5larvaeperbucket This

densitywaschosentoapproximatethenatural
densityoflarvaeusuallyfoundclumpedinthe
fieldandtoreducethepossibilityofcompetition
amonglarvaeforBtipersonalcommunicationDr
Richard Garcia UC Berkeley Lids were

placedonthebucketsonehalfhouraftertreat
menttoexcludepredators Bucketswereleftin

thefieldfor24hoursatwhichtimelarvaewere
numeratedtoobtainmortalityresults

Ricefieldsthroughoutthedistrictthough
not included in the aforementioned research

blockweresampledduringtheseasonbyopera
tionalfieldtechniciansontheirindividualsched
ules Fieldslocatedwithlarvaeoccurringabove
a008dipthresholdweretreatedasaircraft
availabilityandfundingpermitted Fieldswere

sampledbeforeandaftertreatmentstoassess
treatmentefficacy Cagedsentinellarvaewere
employedinasmallpercentageofthefields
Districtwideatotalof6251acresofricewere
treatedin1985

RefugeStudiesStartinginmidAugusteach
yearpondsinboththeSutterWildlifeRefuge
andGraylodgeStateWildlifeAreaarefloodedfor
migratingwaterfowl Thetworefugesarecapable
ofproducinglargenumbersofAedesnigromaculis
andAedesmelanimonwhichoftenimpactnearby
residentialandagriculturalareas

Seventeenpondswithinthesetwowildlife
areaswereselectedfortreatmentbasedonavail

abilityofBtiaircraftandfunding Theponds
weresampledbyfieldtechniciansbeforeandafter
applicationstodetermineefficacy

Figure1

FLOWREGULATOR

PasturesStudiesOnlyoneirrigatedpasture
innorthSutterCountywas selectedfor Bti
treatment Therehadbeenlimitedsuccesswith

adulticidingthereduetolimitedaccessibilityfor
terrestrial vehicles and highly variable wind

patterns Twotreatmentswhichtotaled360acres

weremadeduringtheseason Thepasturewas
sampledbyfieldtechniciansbeforeandafter
applicationstodeterminetreatmentefficacy

TheBtiusedduringtheseasonwasprovid
ed by four manufacturers They included

AbbottLaboratoriesVectobacAS 600Interna

tionaToxicUnitsmg BiochemProductsBacti

mos1000ITUmg MicrobialResourcesSke
etal1400ITUmg andSandozTeknar 600

ITUmgandTeknarHPD 1200ITUmg All

formulationswereanaqueoussuspensionofBti
VectobacASwasusedexclusivelyontheintens
ivelysampledblockofriceinSutterCounty

TreatmentsAdeterminationofswathwidth

wasmadeusingTeejetpraycardsandcupsof
labrearedthirdinstarCulexpipienlarvae The

aircraftmadepassesoverthecardsandlarvaeat
both 25and 50footaltitudes using orifice

setting3at20lbspressure Theresultsofthe

testsusing larvaeshowedaneffective swath

widthof100feetatbothaltitudes Thewind

conditionsduringalltestswerecalm Itwas

notedonseveralreplicationsthatthespraycards
showednosignofmaterialimpingementwhilethe
cupsoflarvaeimmediatelyadjacenttothespray
cardsshowedveryhighmortality Thespray
dropletsizefor theBtimaterialswasnever

measured Adropletsizeforwaterof70to110
micronsindiameterwasestimatedfromtablesin

theMicronairhandbookusingtheaircraftspeed
bladepitchoftherotaryatomizerandflowrate

Theapplicationratewasdeterminedoneach
treatmentdatebyloadingaknownamountof
materialintothespraytanksettingthedesired
orificesizeontheflowregulatoradjustingthe
systemtoagivenpressurethensprayinga



knownacreage Afterthetreatmentthespray
tankandlinesweredrainedandtheamountof

remaining material was measured A simple
mathematical calculation yielded the application
rate Temperaturehumiditywindspeedand
winddirectionweremeasuredandrecordedfor
eachtreatment

ThefirstBtitreatmentsforthericefields

dividedintothethreetreatmentregimesoccurred
onJune20and221985andinvolvedfieldsinall
categories Afterreviewingthemortalitydatafor
theJune20treatmentstheapplicationratesfor
theJune22treatmentswereincreasedTable1
ThesecondBtitreatmentsoccurredonJuly17
1985andinvolvedthefieldsthatweretobe
treatedtwice Anapplicationrateof45ozacre
waschosenforthesetreatmentsassatisfactory
controlhadbeenachievedatthisrateinother

areasoftheDistrictduringthesummer
RicefieldsthroughouttheDistrictexclud

ing the aforementioned group were treated

betweenJuly11andAugust23andtotaled4882
acres Applicationratesrangedfrom20ozacre
to57ozacre

Btitreatmentsinrefugehabitatstookplace
between August 12 and September 10 1985

Applicationratesrangedfrom82ozacreto160
ozacreTable2

ThetwoBtitreatmentstothepastureoc
curredonJuly29andAugust221985 The

applicationrateswere75ozacreand70oz
acrerespectivelyTable2

RESULTSANDDISCUSSIONOveralltreat

mentmortalityforthegroupofricefieldsdivided
intothreetreatmentregimeswasencouraging
OnthefirstdayoftreatmentsinJunea766
mortality rate was calculated from pre and

posttreatmentdippingdataanda520ratefrom
sentinelbucketdataTable1 Therewerewind

gustsupto12mphduringtheapplicationswhich
causedsomedriftproblems Subsequenttreat
mentswerecancelledwhenwindspeedsexceeded
5mph Inadditiononeoftherotaryatomizers
jammedcausingreductionsinmaterialdelivery
duringthetreatmentofthelastthreefieldsone
ofwhichcontainedsentinelbuckets Mortality
ratesmighthavebeenhigherhadtheseproblems
notoccurred Theseconddayoftreatmentsin
Juneresultedin954mortalitycalculatedfrom
preandposttreatmentdippingdataand983
mortalityfromsentinelbucketdata Theapplica
tionsinJulyfieldstobetreatedtwiceduring
thesummerresultedin729mortalityasin
dicatedbypreandposttreatmentdippingdata
and992mortalityinthesentinelbuckets The

riceheighthadreached30inchesinmanyfields
bythistime ItwasencouragingthattheBti
wasabletopenetrateacanopyofthisheight

ThenumberofCxtarsalisandAnfree
bornilarvaeoverthesamplingperiodfromJune
toAugustdidnotdiffersignificantlyttests
amongtreatmentregimesandcontrolsFigures2

3 InthecaseoftheBtiandmosquitofish
treatmentsthiswascontrarytoresultsfrom
othersimilarstudiesStewartetal1983a It

appearsthattheDistrictswideareaadulticiding
programwithsprayroutesthroughoutmuchof
thestudyareadepressedthemosquitopopulations
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significantly Consequently this may have

minimizedanydifferencesamongtreatmentre
gimes Onestudyfieldinthecontrolgroup
completelyoutsidetheadulticidingareahadmuch
highernumbersoflarvaethroughoutthesummer
incomparisontocontrolfieldslocatedinsidethe
adulticidingarea

Anotherfactorinfluencingtheseresultswas
thetimingofBtitreatmentsinJuneandJuly
ThetargetedCx tarsalislarvalpeakinJune
actuallytookplacetwoweeksbeforeourJune20
and22treatments Thesetreatmentswerelate

duetolackofsamplingpersonnelandtheinabili
tytosamplemostricefieldsduetoshallowwater
levelsforherbicideapplications OurJuly17
treatmentsprecededtheactualmidAugustpeak
in numbers of An freeborni larvae These
treatments were performed early because of

concernabouttheabilityofthematerialtopene
tratethetallextremelydensericestandsin
Augustandunfoundedgrowersconcernsthatthe
materialwoulddisruptthefloweringprocessesin
ricethattakes placeatthis time Another

explanationforthedepressedlarvalpopulations
CxtarsalisinJunemaybeaperiodofvery
hotweather101109FfromJune6toJune18
1985 Thismayalsoexplainwhythecontrol
fieldsdeclinedalongwiththetreatedfields

FinallytheBtiformulationsappliedhave
littleresidualactivityandonlylastfrom3648
hours Thislackofresidualactivitymayneces
sitate more frequent applications to effect a

measurablechangeinoverall larval population
densities

Treatmentmortalities for ricefields not

includedinthegrouptestwiththethreetreat
mentregimeswerealsoencouraging Application
ratesaslowas20ozacre1200ITUwereused
withmortalityinsentinelbucketsaveraging788
00incontrols Thepilotinitiallyfeltuncom
fortableapplyingthematerialatthislowrate
becausethematerialwasnotvisibleasitexited
therotaryatomizers ApplicationsonJuly17at
arateof57ozacre600ITUresultedin903
mortalityinpreandposttreatmentdippingand
950mortalityinsentinelbucketsTable1

ThemortalityresultsaspresentedinTable2
arehighlyvariableinrelationshiptoapplication
ratesandtheirassociatedtoxicity Thereare

twofactorsweexperiencedthataffectthisrela
tionship Atagivendosageratethegreater
thedensityoflarvaeandorthemoreadvanced
thelarvaethelowertheresultingmortality
Thisisespeciallytrueinourrefugehabitats
wheregreaterthan50larvaeperdiparefound
pretreatment Thesecondfactoristhepresence
orabsenceofdrygrassesandotherorganic
material TheaqueoussuspensionofBtiadsorbs
readilyintheseconditions Recommendationsfor

futuretreatmentswouldbeanapplicationrateof
160ozacre 600 ITU ormoreforthetwo

conditionsmentionedabove

Mortalityforthetwopasturetreatmentsare
presentedinTable2 OntheAugust22applica
tiontheairtemperaturewas84F Itwasnoted

duringthetreatmentthattheBtimaterialwas
crystallizingonthegauzeoftherotaryatomizer
Thisraisedthequestionastowhetherthemater
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ialwasactuallyreachingthetargetedpasture
possiblydriedparticleswerebeingblowndown
wind Subsequentapplicationswerediscontinued
whentheairtemperaturereached80Fwithmost
workbeingdoneintheearlymorning

Asmentionedpreviouslytherewereprob
lemswiththerotaryatomizersbinding This

situationoccurredseveraltimesduringthesum
mersprayoperations Usuallyacopiousapplica
tionoflightoilaroundthesealedbearingallevi
ated this problem The recommendation from

MicronairIncwastoremoveanddiscardthe
metalshieldononesideofthebearingthen
replacethefalsegreasenipplewithastandard
nipple Theunitcouldbelubricatedwithone

strokeofagreasegunafteronetotwodays
operation

Duringthetreatmentofpondsatthetwo
wildliferefugeswaterfowlweresometimesaprob
lem Theaircraftstruckandwasdamagedbya
duckduringonetreatment Attemptsweremade
todiscouragewaterfowlfromtargetedpondswith
littlesuccess Whenloudnoisesfromtruckhorns

orpercussiondeviceswereusedthewaterfowl

wouldretreatonlyashortdistanceandusually
flew to another location on the same pond
Treatments under these potentially hazardous

conditions were sometimes cancelled atthe

pilotsdiscretion
Theresultsoftheworkdoneduringthe

1985seasonwerefavorable Futureplansforthe
useofBtiin1986includethetreatmentofap
proximately80000acresofricealongwitha
smallamountofwildliferefugeandpasturemos
quitohabitat
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SAMPLINGOFCULEXSPPLARVAEINURBANCATCHBASINSANDTHEIRCONTROL

USINGBACILLUSTHURINGIENSISSEROTYPEH14

RussellBParman

KernMosquitoAbatementDistrict
PostOfficeBox9428BakersfieldCalifornia93389

ABSTRACT

Apresenceabsencesamplingprocedurewasdevelopedwhichprovidedweeklyindices
spppopulationsinurbancatchbasinsandwasmoreamenabletostatisticalanalysis
counts Weeklytreatmentsusing50mlperlitertankmixesofBacillusthuringiensis
formulationswereaseffectiveasGB1356forlarvalcontrol

INTRODUCTIONDuring1984theKernMos
quitoAbatementDistrictevaluatedseveralBacillus
thuringiensisserotypeH14commerciallarvicidal
formulations under various rural operational
conditionsandfoundthemtobebothefficacious

and economical especially for ground based

operationsParman1985 Costreductionsof73

pertreated sourcewereachievedwhenthese

compoundswereusedinplaceofGoldenBear
1356 larvicideoil However urbanoperators
reported control failures against Culex spp

larvaeincatchbasinswhenusing25mlIliquid
concentrateLCBtH14tankmixes2pts
10gal Sincerecordsoflarvalpopulationsin
catchbasinshadnotbeenkeptthepresent
study was undertaken to develop a simple
samplingprogramforurbanCulexlarvalpopula
tionswhichcouldbeutilizedbyfieldpersonnel
andtocomparethecontrolefficacyofBtH14
vsthatofGB1356LO

METHODS AND MATERIALSWeekly larval

samplingwasconductedin32catchbasinsdivided
equallyamongthetreatmentzonesofeightopera
torswithintheBakersfieldCaliforniacitylimits
Basins were chosen which could be sampled
directlyfromtheircurbentrance Ineachbasin

threedipsweretakenconsecutivelyfromleft
rightandcenternexttothebasinwalls Num

bersofimmatureswererecordedasinstarsI11
111IVpupaeandeggrafts Toevaluatetreat

menteffectssamplingwasconductedfivetosix
daysaftercurbingoperationswithineachofthe
eightoperatorzonesforaperiodofeightweeks
duringlateMaytoearlyJuly Thetwocontrol

agents werealternated at twoweek intervals
betweenzones14and58 BothGB1356LO

andBtH14wereappliedtoguttersandcatch
basinsusingvehiclemountedsprayerswithan
averageoutputof68litersmin Bt H14

Teknar Sandoz Inc VectobacAS Abbott

Laboratorieswasappliedasaqueoustankmixes
of50mlliter4pts10gal

Analysisofpreliminarysamplesindicateda
negativebinomialdistributionElliott1977with
verylowmeanvaluesandkapproximately005
Taylorspowerlawandlog1transformations
failedtosatisfybasicANOVAassumptionsSokal
andRohlf1969sodipswereevaluatedinstead
aseitherpositiveornegativeandproportionsof
theseclassesforeachtreatmentwereanalyzed
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oflarvalCulex
thanstandard

serotypeH14

using 2x2 chisquare contingency tableswith

Yatescorrectionforcontinuity
RESULTSAnalysisoflarvalcountsovera

13weekperiodindicatedagoodcorrelationbe
tweentheproportionofdipspositiveandthe
meanvalueInstars111r 79x 1598p
052n 13 Instars111IVr 85x 1585

p 005n 6 Estimatedmeanvaluesforthe

entire1985seasonarepresentedinFigure1
Pupaeandeggraftsweretakeninverylow
numbersandwerenotpresented

Weeklymeanvaluesofinstars111inzones
14and5689weresignificantlycorrelated
r 510p01n 27whenpartialcontrolor
controlfree periods Figure 1 arrows were

included Whentheseperiodswereexcludedfrom
theanalysisweeklymeanvaluesforthetwo
zonesweresignificantlycorrelatedthroughAu
gustr 680p02n 13butnotthrough
theentireseasonr 301p01n 20

Treatment comparisons are presented in

Table1 Therewerenodifferencesbetweenthe
effectsofBtH14andGB1356oneitherinstar

groupduringtheeightweektestperiod Signif
icantlymoredipswerepositivefollowingpartial
control orcontrolfree periods than following
controlperiods Estimatedmeanvaluesfiveto

sixdaysposttreatmentwere62and75lower
than those following controlfree periods for

instars111andIIIIVrespectively
Theuseof50mlItankmixesofBtH14

resultedina41savingsinmaterialcostwhen
comparedwithGB1356LOwithcostsaveraging
086and145curbingmileforthetworespec
tivelymaterials TotalvolumeforBtH14tank

mixesandGB1356LOaveraged11 and09

galcurbingmilerespectively
DISCUSSIONThepresentstudy indicated

that50mllitertankmixesofBtH14LCwere

aseffectiveasGB1356LOincontrollinglarval
Culexspppopulationsincatchbasins Twenty
fivemlItankmixesappliedlaterintheseason
appearedtobeeffectivealsobutdatasuggested
agreaterproportionofdipspositiveforinstars
IIIIVwhencomparedtoGB1356LO treated

basins

Pfunter1978reporteda23dayresidual
activityforGB1356intwocatchbasinswhen
appliedat15mlbasin Ourvehicleappliedan
estimated111to354mlbasinbutthelarger
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Table1Numberofpositiveandnegativedipstakenfromcatchbasins
duringthetestperiodAandfortheentireseasonB

A TREATTNT

BTH14

GB1356

ABED
14

5689

was
14

58

B St2ARISA
TREATED

UNTREATED

III

36 348

41 343

46 338

31 353

37 347

40 344

P 005

numberofbasins introducedamuchgreater
degreeofvariabilityinwaterflowanddebris
content ItwasnotexpectedthatBtH14and
GB1356treatedbasinswouldshowsimilarinstar
distributionssincetheformer productis not

consideredtohaveresidualactivitybeyond24
hours Howeveritwasestimatedthattheinitial
concentrations of BtH14LC within basins

rangedfrom2175ppmdependinguponbasin
watervolume40 2000litersandsprayvolume
appliedperbasin111 354ml Theseinitial

concentrationsarewellabovethoseachievedona

perareabasisBtH14appliedtooneacrefoot
at23litershaproducesapproximately08ppm
Thusitisconceivablethatinsomebasinssuffi
cient residual may be present 24 hours

posttreatmenttocausemortalityinnewlyhatched
larvaeevenassuminga99lossoftoxin

Thepresenceabsencesamplingusedduring
thisstudyholdsseveraladvantagesoverconven
tionallarvalcounts Timerequiredtogainmean
values is reduced especially as populations
increase Wherelargeamountsofsiltordebris
arepresentonlyoneindividualneedstobe
observed Inadditionthetypeofdatagenerat
edaremuchmoresuitableforstatisticalanalysis
thanarecountsAndersen1965demonstrated
thatwhenmeanandkofthenegativebinomial
distributionwerelowx3andkapproaching
zero thattransformationswereinadequate to

satisfytherequirementsforanalysisofvariance

INSTARS

CHISQUARE

0003

28291

IIIIV

6 378

A5Z 5 379

CHISQUARE

7 377

4 380

11 373

0 384 92230

217 1658 62 1813
125 369 x85661 63 431 685393

Southwood1978providesadetailedaccountof
presenceabsencesampling

WeeklyurbansurveillanceofCulexlarvae
provides two important piecesofinformation
Firstsamplingfirstandsecondinstarlarvaefive
tosixdaysposttreatmentpresumablyprovides
anindexofthegravidfemaleadultpopulationso
longassamplingoccursafteranyresidualactivi
tyoftreatmenthaspast Thepositiveinterzone
correlations observed posttreatment through
Augustindicatedthatthesameseasonalpopu
lationtrendswererecordedfromseparateurban
areas DuringSeptember treatmentschedules

wereerraticduetopersonnelchangesanditwas
difficulttoadherestrictlytotheposttreatment
sampling schedule Preliminary studies using
manurebaitedovitrapsfailedtoshowapositive
correlationbetweennumbersofeggraftsintraps
andnumbersofinstars111incatchbasinsbut

thenumberoftrapsused 8 wasrelatively
small

Secondly failure to treat catch basins

consistentlyproduceddistinctincreasesinlarval
counts Anycontrolfailuresduetoinsecticide
resistanceorproductdeficienciesshouldthusbe
readilydetected

Theneedfortheabovekindsofinformation

is underscored bycurrenttrendstowardin
creasedurbanizationandbytherecentStLouis
encephalomyelitis cases in metropolitan Los

AngelesReeves1985 FurtherstudyinKern
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Figure1MeannumbersofCulexspplarvaeperdipinurbancatchbasins
Valueswereestimatedfromactualcountsstarsandfromtheproportionof
lines Arrowsindicatesamplesfollowingpartialornoncontrolperiods

CountywillincludetheuseoflowerBtH14
ratesandanevaluationofDimilin5WPforlarval
control SurveillanceofadultandlarvalCulex

spp populations using manurebaited ovitraps
andcatchbasinsamplingwillalsobeexpanded
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IMPACTOFCARBAMATEINSECTGROWTHREGULATORS

ONTHESELECTEDAQUATICORGANISMS APRELIMINARYSTUDY

TMiuraCHSchaeferandRJStewart

In recentyears several newcarbamates

whichhavedifferentmodesofactionsuchas
insectgrowth regulators have received much

attentionaspotentialmeansofcontrollingvarious
insectpestsKrameretal1981Robertson1982
Parrellaetal1982 Schaeferetal1985re

ported that R0161294 2pmchlorophenoxy
phenoxyethyl ethylcarbamate and R0161295

2pmfluorophenoxyphenoxy1ethylethylcarba
mate were highly effective against immature

mosquitoesAedessppandCulexspp Mulla

etal1985reportedthatfenoxycarbethyl24
phenoxyphenoxyethylcarbamate showed very

highefficacyagainstmosquito larvaeinboth

laboratoryandfieldtests Theobjectiveofthis
reportistoevaluatetheimpactofthesecom
poundsonselectedaquaticorganismscommonly
foundinmosquitobreedinghabitats

MATERIALSANDMETHODS Chemicaland

ConditionToxicantsusedwereR0161294R016
1295andfenoxycarbsuppliedbyMAAGAgricul
turalResearchandDevelopment Forlaboratory
testsserialdilutionsweremadefromtechnical
materialsinacetonesolutionusingtemperature
adjusted271Ctapwaterasdiluent Thetest

chambers6literglassaquariawereheldat
271Cunderaphotoperiodof1410LDregimes
ForfieldtestsECformulations125gliterwere
used

Laboratory TestsThe mosquitofish used

werefromlaboratorycolonies FortestingR016
1294andR0161295adultandjuvenilefishwere
separatelyexposedtothechemicals Adultfish

used averaged 27cmSLand 029g weight
sexesweremixedwitharatioof2malesto5

females Juvenilefishusedwere2to3weeks

oldaveragesizewas12cmSLand004gin
weight Treatmentratesusedforadultfishwere

10056032018and01ppmbutforjuve
nilestheywere01007002and001ppm
Tapwaterandacetonecontrolswerepreparedfor
alltests Totestfenoxycarbmaleandfemale
fishwereseparatelyexposedtotreatmentratesof
1001001and0001ppm Foreachtest5

fishwereusedintestchamberandrepeated2
times Observationsweremadedailyfor4days

UniversityofCalifornia
MosquitoControlResearchLaboratory

9240SouthRiverbendAvenue

ParlierCalifornia93648

ABSTRACT

StaticacutetoxicitytestswereconductedtodetermineeffectsofR01612942pmchloro
phenoxyphenoxyethylethylcarbamateR0161295 2pmflurophenoxyphenoxyethylethylcarbamate
andfenoxycarb ethyl24phenoxyphenoxyethyl1carbamateonmosquitofish Concentrationsusedin

thetestsrangedfrom10to0001ppm Therewasnomortalityoffishineithertreatedandcontrol
chambersat96hobservationexceptsomemortalityathighertreatmentratesofR0161295 Attherates

of0015002and003lbacreappliedfenoxycarbdidnotexhibitanyapparenteffectsoncladocerans
copepodsostracodsandmayflynymphsinthetreatedpastures

aftertreatment Thecriteria for effectwas

deathdefinedasalackofbodyandopercular
movementandfailuretorespondtoprobing

LaboratorycoloniesofAmphipodsHyallela
azteca and field collected damselfly nymphs
IshnurasppwerealsoexposedtoR0161294at
ratesof101001and0001ppm

Field TestsVarious sized pastures in

ModestoareaweretreatedwithECformulation

125gliteroffenoxycarbagainstAedesnigro
maculisbyaircraft Proceduresusedareex

plainedindetailbySchaeferetal1975 In

brieffixedwingaircraftwasused Thespray
systemswerecalibratedtodeliver2galacre
Spraywasdonebyapilotandaircraftofthe
EastSideMAD Instructionsweregiventothe
pilottoapplythematerialaswouldnormallybe
doneunderoperationaluse Applicationswere
madeduringtheearlymorninghourstoavoid
windsover5mphandhighertemperatures

Effectsonaquaticnontargetorganismswere
monitoredbytaking10dipspriortotreatment
andatindicatedintervalsduringtheposttreat
mentobservationperiod MiuraandTakahashi
1975

RESULTS AND DISCUSSION Laboratory
TestsR0161295 Table1summarizestheresults
ofthestatictestswithadultfish Attreatment

of10ppm40offishexposedwerekilledbut
nomortalitywasobservedat01ppm Juvenile

fishexposedat01ppmorbelowshowedno
mortalityat96h

R0161294 Noeffectofthechemicalon

adultfishwasfoundat96hinanyofthetreat
mentsofcontrolsTable1 Occasionalobser

vationsmadebeyond96hrevealednomortalityto
168h Theratestestedforjuvenilefishwere
safetofishnonoticeablechangeswereobserved
duringthetestperiod Nodeleteriouseffectwas

observedineitheramphipodsordamselflynymphs
duringthe4dayobservationperiod

Fenoxycarb Nochemicalcausedmortality
wasseenduringthe9dayobservationperiod

FieldTestsAtallrates0015002and
003lbacreappliedfenoxycarbdidnotexhibit
anyapparentdeleteriouseffectsonaquaticnon



Table1EffectsofR0161295andR0161294onadultmosquitofishastatic
testa

Concentration

10
056
032
018
010
0

ppm

aNumbersindicatemortality inpercent

Table2Effectsoffenoxycarbonnontargetorganismsappliedagainstpasture
mosquitoAedesnigromaculisJuly201985

Organism

AiL larvae

Posttreatmenth Posttreatmenth

24 48 72 96 24 48 72 96

R0161295 R

20 40 40
0 10 20
0 10 10
0 10 10
0 0 0
0 0 0

July

161294

0
0
0

0
0

0

19 20 21 22 23

SorrentinoPasture Rate003lbacre

Cladocera 198 258 394 500 350
Copepod 8 16 13 20 56
Ostracod 2 6 14 10 55
Mayfly 28 22 20 20 15
TropisternusLa

0 0 1 3 3

HollowmanPasture Rate002lbacre

Cladoceran 1 1 15 30
Copepod 1 123 182 260
Ostracod 90 58 66 222
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target organisms prevailing in the irrigated
pastures Table2 Thedominantorganisms
foundinthetreatedpastureswerecladocerns
copepods ostracodsandmayfly nymphs No

mortalityorabnormalbehavioralchangeswere
observedduringthestudyperiod

SUMMARYOverallassessmentis thatthe

chemicalsR0161294 R0161295andfenoxycarb
aresafetomosquitofishandotherorganisms
commonlyfoundinirrigatedpastures Therate

of002to001ppmrepresentsahighlyeffective
rateformosquitolarvalcontrolSchaeferetal
1985Muliaetal1985 Itwouldbeexpected
thattheuseofthesecompoundstomosquito
controlprobablyposenoproblemsontheen
vironment
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APPLICATIONOFDIFLUBENZURONSANDGRANULESFORCONTROLLINGCULEXTARSALIS

Applicationof05diflubenzuronandgranulestocottonfieldsinAugustandSeptemberallowed
controlofCulextarsalisimmatureswhenliquidsprayscouldnotpenetratethevegetativecanopy No

detectableresiduesoccurredonthevegetationevenfollowingsixmultipleaerialapplications

INTRODUCTIONDiflubenzuron or Dimi

Iiniswellestablishedasamosquitocontrol
agentinCaliforniaextensivefieldtestshave
shownhighdegreeofefficacyata rateof

0025IbAlacreSchaeferetal1975 Studies
on the chemical persistence of diflubenzuron

showedthatdepositsonvegetationfromaqueous
spraysarerelativelylonglastingbutsuchresi

Table1SummaryofTreatmentsofCottonFieldsTreatedwith
Diflubenzuron05SandGranules

Field

SVGA

SVG

SVG

SVG

SVG

SVG

LARVAEBREEDINGUNDERMATURECOTTONSTANDS

CHSchaeferHLClementWHWilder
FSMulliganIllandEFDuprasJr

UniversityofCalifornia
MosquitoControlResearchLaboratory

9240SouthRiverbendAvenue
ParlierCalifornia93648

No

AcresTreated

70

70

70

70

76

76

76

76

76

76

ABSTRACT

827

93

95

910

815

820

827

93

95

910

aSVGisShafter VegetablesGrowers

1Kern Mosquito Abatement District Post

OfficeBox9428BakersfieldCalifornia93389

duescanbeavoidedbyusinggranularformula
tions Schaeferetal 1976 1977 In1985
diflubenzuronbecameavailableforusebyCali
fornia mosquitoabatement districts on limited
sources

Eventhoughdiflubenzuronisregisteredfor
theapplicationofaqueousspraysoncottonfor
controlofthebollweevilthecompoundisnot

Date ActualTreatmentRate
1985 lbAIacre

0039

0039

0027

0034

0036

0027

0039

0039

0027

0034
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Table2SummaryofCottonLeafSamplesTreatedwithDiflubenzuron
05SandGranules

Date Area75leaves Residuesfound

Field 1985 Samplingtime in ngin

Sill 827 preNo1 26374 NDa

Sill 828 24hrspost 23930 ND

Sill 93 preNo2 22361 ND

Sill 94 24hrspost 20894 ND

Sill 95 preNo3 21682 ND

Sill 96 24hrspost 25892 ND

Sill 910 preNo4 26519 ND

Sill 911 24hrspost 24124 ND

SVGb 814 preNo1 23385 ND

SVG 815 24hrspost 21416 ND

SVG 820 preNo2 21707 ND

SVG 821 24hrspost 20715 ND

SVG 827 preNo3 19745 ND

SVG 828 24hrspost 20149 ND

SVG 93 preNo4 20773 ND

SVG 94 24hrspost 21055 ND

SVG 95 preNo5 19830 ND

SVG 96 24hrspost 22606 ND

SVG 910 preNo6 22948 ND

SVG 911 24hrspost 25850 ND

aNDisnotdetectedlessthan0000009ngin

b SVGisShafterVegetableGrowers



approvedforuseonthiscropformosquitocon
trol AsthebreedingofCulextarsalisbeneath
densecottonstandsisanannualprobleminthe
SanJoaquinValleyastudywasconductedto
determinetheefficacyofdiflubenzurongranules
forcontrollingthissourceandmeasurementswere
madetodeterminetheextentofanyresiduesthat
mightresultfromthetreatments

MATERIALS AND METHODSTwo cotton

fieldsinwesternKernCountywereselectedto
representbothfurrowandsprinklerirrigation
conditions The Shafter Vegetable Growers

SVGfieldwaslocatedonrollinggroundand
wasirrigatedbysprinklersstandingwaterwhich
wasretainedinthelowerareasresultedinthe

breedingofCulextarsalisduringAugustand
September Asecond levelcottonfield Sill

fieldwasirrigatedbyfurrows Thislatterfield

wasnotknowntoallowbreedingofmosquitoes
butwasusedasacomparisonforresidueswhich
mightresultfromtreatmentsintheabsenceof
anysprinkling

Diflubenzurongranules05 wereprepared
asfollows a200Iblotof16meshsandwas

placed in acementmixerandmixed for30

minuteswith20fluidozofGoldenBear1356
larvicideoil4Ibsof25diflubenzuronwettable
powderwasaddedandmixingwascontinuedfor
15minutes025IbofamorphoussilicaHiSil
wasaddedasadryingagentandthemixingwas
continuedforanadditional15minutes

For aerial application the Kern MAD

AyresThrushwasequippedwithaSwathmaster
spreaderandflownat130mphatanaltitudeof
30feet Thisprovidedaneffectiveswathwidth
of60feetandanapplicationrateofca8Ibs
granuleacreforadesired doseof004 Ib
Alacre For each application preweighed
granuleswereplacedintheaircrafthoppereach
passwasflaggedandthegranulesremainingwere
collectedandreweighedtoallowcalculationof
theactualrateapplied Theimmaturepopulation
ofCulextarsalisintheSVGfieldwassampledby
dippingbeforeandthendailyforseveraldays
following treatment In addition six water

sampleswerecollectedfromtheSVGfieldbefore
and following each treatmentand these were

bioassayedwithlaboratoryrearedfourthinstar
Culexquinquefasciatuslarvaetoverifybiological
activity

TheSillcottonfieldwastreatedfourtimes
andtheSVGfieldsixtimesallduringAugust
andSeptember1985

Beforeand24hoursfollowingeachapplica
tionarandomsampleofcottonleaves23Ib
lotwascollectedfromeachfield Thesewere

placedinanicechestandtransportedtothe
laboratorywheretheywerestoredat20Cor
loweruntilanalysisfordiflubenzuronresidues

Forresidueanalysisthecottonleaveswere
thawedatroomtemperatureandgroupsof75
leaveseachwerecarefullyrinsedbothsides
withredistilledhexane Thecombinedtotalleaf

surfaceareawasdeterminedbypassingeach
groupofleavesthroughaportableareameter
LiCorModelLI3000 Thehexanerinsefrom
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eachgroupwasreducedtodrynesstheresidue
wasdissolvedinacetonitrileandanalyzedby
highpressure liquid chromatography using a

PerkinElmerseries400liquidchromatographand
theproceduresdescribedbyvanRossumetal
1984

RESULTSANDDISCUSSIONAsummaryof
thetreatment schedules forthesetwocotton
fieldsisshowninTable1 Inallcasesthe

actualratesappliedwereclosetothesuggested
doseratefordiflubenzuronagainstmosquitoes
002004IbAlacre

Bioassayofthewatersamplesafterapplica
tionofthegranulestotheSVGfieldshowed95
to100activityfollowingthetreatments The

dipper sampling confirmed thebioassay data
whilenumerouslarvaewerepresentduringthe
treatmenttimestheydidnotsuccessfullydevelop
tothepupalstage Thusthetreatmentsresult
edinoperationalcontrolofthesepopulations

Dataontheleafsamplesaresummarizedin
Table2 Nomeasurableresidueswereobserved

afteranyofthesixapplicationsontheSVGfield
norafterthefourapplicationsontheSillfield
Therewasnorainfallduringthecourseofthe
studyperiod Thus05sandgranulesofdi
flubenzuroncanbeappliedinmultipleapplications
inordertoachievereductionsofCulextarsalis
immaturepopulationsandnoapparentresidueson
cottonfoliageresult
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MICROMETEOROLOGICALINSTRUMENTATIONTOASSIST

WITHEFFECTIVEMOSQUITOCONTROL

NormanBAkessonandRichardGibbs

Universityof

Thedispersionofmosquitocontrolmaterials
releasedintotheatmospherefromaircraftor
groundequipmentbecomeshighlydependenton
localweatherconditions These includewind

directionandvelocitytemperatureandtempera
turedifferencewithheightandtolesserextent
humidityormoisturecontentoftheatmosphere
Barometricpressureismoreatoolforprojecting
weatherpatternsonanareawidescaleandas
suchcanaidthemosquitodistrictpersonnelin
predictingfavorableweatherpatternsorpossible
significantchangesinanormallocalpatternthat
wouldaffecttheiroperation

Figure1 showsadiagramofthetypical
summerdailypatternoftemperaturedifference
withheightthatoccursintheCaliforniainterior
andcoastalvalleys Thistemperaturedifference
orinversionwithwarmerairoverheadisessential
tosuccessfulaerosolapplicationsandwillalso
greatlyinfluencethedispersionoflargerdrop
sizesprays Thisdiagrammerelyshowshow
temperature difference taken at two heights
changeshorizontalscalelowerisfortemp
verticalscaleisheightduringa24hrdaily
period Thenormaldecreaseintemperaturewith
heightisshownastheslightlytiltedverticalline
passingthroughtheapexoftheseverallinesand
downthroughnoonand5pmonthecircular
scale Betweenapproximatelythesetwopointson
thedailycircletotherightthegroundlevelis
warmerthanatahigherelevationindicatingthat
airismovingupwardandcirculatinganyairborne
materialsreleasedatgroundlevelintotheupper
air Asweprogressonthetopcircularroute
from10amtotherightwepassnoonand
2pmto4pmwheremaximumlapsewarmair
nearthegroundconditionsnormallyoccur Now

aswemoveonthebottomcircletotheleft
passing5pmto6pmwebegintoseethe
temperaturedifferenceshifting towarmer air

overheadwhichcorresponds toa temperature
inversion Undertypicalvalleyconditionsthis
inversionmaymaintainitselfthroughoutthenight
andwillbreakuporchangetolapsesometime
duringtheperiod8to10amthefollowing
morning

Thechangethatoccurseachdayinthe
temperaturedifferenceisrelatedtoandaccom
paniedbyasunriseandsetbwinddirection
andvelocityandcoccurrenceandmovementof
areawide synoptic atmospheric pressure

changes Heatingoftheearthbythesunand
coolingbyradiationtoacoolskywillchangethe
temperatureofthegroundandairclosetothe
ground Thisheatingandcoolingalsoaidsin
producingmountainslopewindscausingairto
moveupslopeinthedaytimeanddownslopeat
night Largescalehighsandlowsofatmospheric
pressureproduceclockwiserotationoftheair

CaliforniaDavis

aroundahighandcounterflowaroundalow
Thisinteractsstillfurtherwithhillsandvalleys
andalongwiththedailyheatingandcooling
patternhelpstomovecoastalcoolmarineairinto
thevalleyduringtheafternoonandeveningand
outatnightandearlymorning Allofthese

combinetoproducethestrongtemperatureinver
sionconditionsintheeveningandearlymorning
widelynotedinCaliforniavalleys

Thetwobasicweatherfactorsthatidentify
goodmosquitocontrolapplicationweatherarethe
temperatureinversionsandthewind velocity
Thesetwoelementsmaybecombinedintoasingle
numbercalledthestabilityratioorBaradNumber
whichisgraphedinFigure2 TheSRissimply
thetempdiffattwoheightslowertempis
subtracted from the upper divided bywind
velocitysquaredathalfwayinheightbetween
thetemperaturesensors Theunitsaremetric

degreescentigradeandvelocityincmsecand
requiremultiplicationby10tobringintowhole
numbers

InordertoeffectivelyuseFigure2ac
curatewindvelocityto mihrandtempdiff
01degreeFshouldbeavailablewhichrequires
rather sophisticated meteorological instrumenta

tion ObviouslyFigure2isalsolimitedtoinver
sionconditionsandlowwindswhichofcourse

againdefinetheuseful weatherfor mosquito
controlwork Asanexampleoftheuseof
Figure2thetempdiffislocatedontheverti
calrightscaleeitherinForCdegrees For

theexampleshownat29Fwemovetotheright
untiltheobservedwindvelocitylowerhorizon
talscaleprojectionlineupwardisnoted We

havetakenasanexample38mihrwhichthen
intersectsthetempdiffattheslantedline5
which isthestabilityratiounderthesecon
ditions Forsuitableapplicationweathercon
dtionstheSRshouldbegreaterthan0andin
ordertohavethisthewindvelocityshouldnot
exceed5mihrandthetempdiffbegreater
than 01F Averypracticalwaytoobserve
temperatureinversionandwindvelocityaswellas
directionistocreateasmokeyfireinwhich
velocitycanbeobservedmovingdownwindaswell
ashowrapidlymixingistakingplacevertically

Figure3showsanactualaerosolorcoldfog
releasedatground levelandgraduallybeing
dispersedalongthegroundaswellasupwardby
the breaking of the temperature inversion

Obviouslymosquitoesintheairandgrassunder
suchapplicationconditionsarenotgoingtobe
contactedbythematerialcontainedinthevisible
cloud Howeverduetothewiderangeofdrop
sizesinherentlyproducedbyallofthecustomary
applicationmachines aportionofthecloud
largelyinvisibledoessettletowardtheground
andwillprovideacertainamountofairborne
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contactaswellasfalloutonthegroundunderthe
cloud Detailsontheeffectofweatherconditions

onmosquitocontrolandmeasurementsofairborne
andfalloutarediscussedintheaccompanyingtwo
papersbyAkessonandYoshimura

INSTRUMENTATIONAconsiderablevariety
ofweather station systemsarebeing offered

commercially butaswouldbeexpectedthese
rangefromthelowpricedhomeandhobby
machineswhicharegenerallyminimalforwind
velocityandtempdifftohighlysophisticated
and expensive systems suited for accurate

weathermeasurement Figure4showsatypical
utilityorminimalstationwiththevisualreadout
consolewhichcanbelocatedrelativelynearto
theweathersensors Thewindvanevelometer
andonetempunitshieldedareshownaswell
Thedegreeofaccuracyorminimumthreshold
responseforthelowcostinstrumentsisofthe
orderof12mihrand1Fwhichisquiteade
quateforutilityusebutcanbeimprovedfora
nominalcosttogoto05mihrand01Fthe
lattergenerallyrequiringamatchedthermistor
bridgecircuit

Figure3AerosolCloud

Figure5showsaportablefieldtypestation
suitablefortransporttoaspecificspraysitefor
close and accurate monitoring of application
weatherconditions Theunithasathresholdof

05mihrvelocityand02Ftempdiff Data
arecollectedfromthesensorsandstoredina

microchipunitfromwhichtheycanberetrieved
anddeliveredtoasmallcomputercoupledprint
er Thisunithasstorageforabout24hrsof
data Thisunitaswellasanyoftheutilityor
moresensitiveinstrumentscanbecoupledtoa
telephoneorradiotransmittermodemsothatthe
stationcanbeleftinthefieldanddataphoned
backonrequestbyahomebasedtelephone
Datacanbedumpedintoacomputerandinturn
usedtoproducehardcopyoftheinformation
gathered

Figure6shownsacloseupviewofthesolar
powereddoublecylinderaspiratorusedonthe
weathertowerofFigure5 Someformofpowered
aspirationisneededinordertokeepairmoving
overthesensorandtoinsurethatthesunheat

willnotaffectthetempreading Thegravity
flowunitshowninFigure4isminimalinthis



Figure4Utilitytypestation
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Figure5Sensitiveweatherstation

respectandisoneoftheshortcomingsofthe
customary utility station However powered
aspiratorscanbepurchasedandshouldbeused
forincreasingtempdiffaccuracyinallweather
stationsystems

Insummaryinordertodevelopanefficient
andeffectivemosquitocontrolprogramespecially
ifitinvolvesaerosolapplicationitisessentialto
haveweathermonitoringstationswhichprovidea
leastminimalthresholdaccuracytobothaidin
predictionandtoprovidehardcopymonitoring
ofactual weather conditions during a given
application Such equipment has long been

Figure6Solarpoweredaspirator

available from the wellknown meteorological
instrument manufacturers but has also been

costlyfordistrictofficestouseandmaintain
Therearenowatleastahalfdozenmanufacturers
ofutilityorhobbytypeinstrumentswhichcan
providethebasicrequirementsatminimalsensi
tivity Todaythemicrocomputerhasaddedanew
dimensiontousefulnessofweatherstationequip
mentandalongwithbasicweathersensorscanbe
purchasesasofftheshelfunitswhichwillaid
greatlyinincreasingeffectivenessofmosquito
controloperations



Fieldstudiesrelatingtheapplicationfactors
offormulationsdropsizeandweatherconditions
havebeenmadeforseveralyearsbytheAgricul
tural Engineering Dept ofthe Universityof
CaliforniaatDaviswiththecooperationofmos
quitocontrolentomologistsatDavisandvarious
CaliforniaMosquitoControlDistrictpersonneland
California Dept ofHealth Bureau ofVector

Controlpersonnel Applicationequipmentboth
aircraftandgroundhasbeenusedwithavari
etyofformulationschemicalandbiologicalwith
differentdropsizesproducedvariousrelease
ratesandunderaconsiderablerangeofweather
conditions Thebasicobjectivesofthesetests
wereto1evaluatetheusefulnessandcapabil
itiesofvariousapplicationmachinesformosquito
control2todeterminedispersioncharacteristics
andeffectivenessofdifferentdropsizes3to
determinethedispersionandmosquitocontrol
effectiveness inrelationtoweatherconditions

duringapplicationand4 tocorrelateallof

theseapplicationfactorsanddetermineinasfar
aspossiblehowtheyaffectbothlarvaeandadult
mosquitocontrol

Dropsizeandeffectonmosquitoeswith
differentformulationsofwidelyusedchemicals
hasbeenstudiedformanyyearsattheUSDA
Gainesville FloridalaboratoriesbyMountand
WeidhausandmorerecentlybyHaileandothers
Theirworkaswellasthatofotherobservershas
indicatedthatdropsizesofvariouschemical
materialsof1015micronsmicrometersdiameter
aremosteffectiveincontrollingadultmosquitoes
forbothfieldandlaboratorytesting However
theirworkisbasedheavilyonwindtunnelor
confinedatmospheretestingwhichleavesacon
siderablegapforcorrelationwithaircraftapplica
tion Thuswehaveviewedthepracticalmini
mumsizeasbeingsomewhatlargerorinthe
2030microndiameterrangewhentheoverall
operationalsystemincludingweatherconditions
havetobeconsidered

Butthathasonlybeenoneelementofthe
problemofconductingfieldscaleteststocorre
latematerial dropsizeweather factorsand

mosquitocontrol Thereareonlythreeknown
atomizerdevicesthatwillproducedropsbelow
about75micronsasavolumemedianvmdsize

range Theseare1twofluidairandliquid
atomizers2vorticalnozzlecoldfoggersand
3 certain high peripheral velocity rotating
devicessuchastheMicronX Testsrunona

numberofdistrictcoldfoggersbothshopbuilt
andcommercialshowedthatmanyofthesewere
beingoperatedwithhighflowratesthatproduced
dropspectrainthe5060vmdmicronrange
whilemostaircraftequipmentwasbeingoperated
inthe100150vmdmicronrange Onthisnote

wedecidedtoseeifstudiesusingsmallerdrop

OPTIMIZINGAPPLICATIONCONDITIONS

FORMOSQUITOCONTROLWITHSCOURGED

NormanBAkessonNancyRaubachandRichardGibbs

UniversityofCaliforniaDavis
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sizemightnotbeworthpursuingtofindif
possible what theoptimum size for different

applicationsmightbeandspecificallytoseeif
CaliforniaDistrictsmightbeusingtoolargedrop
sizeforoptimumresults

Ourfirstlargescalecorrelationstudieswere
madeintheGooseValleyBurneyBasinMAD
in1977 Theseweredonewithacommercialcold

foggergroundrigapplyingDursbanatabout4
ozacreandwereconductedunderbothmorning
andeveninginversionconditions Wedidnotget
ourdropsizeParticleMeasuringSystemsunit
untilsometimeafterthesetests1980 butdata

onsamplescollectedandcountedfromcoated
glassslidesand KromKote paper indicated a

probablesizerangeof1520micronsvmd Later

testswiththePMSconfirmedtheseresults
Theresultsofthese3testsof24passes

eachonasinglelinegaveusagoodcorrelation
ofdownwindaerosoldispersionandcagedadult
mosquitocontroltoadistanceof2000ftfromthe
applicationline Wewereabletonotethateven

ingtestsprovidedtemperature inversioncon

ditionsofgreatertotaltimewhichhoweverdid
notshowupanydifferencesinrelationtocontrol
ofnativeorcagedmosquitoes Althoughwe
learnedagooddealaboutdispersionofaerosols
wewerentsatisfiedthatourneedforcorrelation

tomosquitocontrolwasmet
Anotherlargeplotstudywasconductedin

1982 with the material Bacillus thuringiensis
israelensis formulated as Teknar Here we

againtriedtorelatedropsizedispersionweath
erfactorsandcontrol effectivenesswithBti

whichwasappliedtoaricefieldareaforlarval
control Threedifferentmachineswereusedin
thesestudies Thefirstwasanaircraftflying
ten50ftswathstocoveranareaof500ftwide

by milelong Six8004LPnozzleswereused

producinganapproximatedropsizeof300mi
cronsvmdandapplying3galofTeknaraito30
acresorat01galac Thesecondmachinewas

anaircarrierorblowerrigwhichweoperatedon
asinglepathalongtheupwindsideofourrice
paddyplot Twopassesweremadeonasingle
linewiththismachineat5mihrapplying325
galofTeknarai FourD213typehollowcone
nozzleswereusedproducingdropsizeofabout
150micronsvmd

Thethirdmachinewasacoldfoggerunitof
shopbuilttype Thedropsizeproducedwasof
theorderof50micronsvmdand6passeswere
madea5mihrtoreleaseatotalof4galTeknar
ai Localweatherwasmonitoredforallruns

madeonthesameeveningand showedgood
inversionconditionsandlowbutpositivewind
drift

TheresultsofthesetestsFigure1were
impressivetousinthatcontroloflarvaeincups
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placedatricelevelwas100at125ftdownwind
and80outtoabout400ftwiththeairblower

andthecoldfoggermachines Italsoshowsthat

resultswiththeaircrafteventhoughwemade
ten50ftswathwidthpassesoutto500ft
wereerraticouttoabout250ftbutroseto95
orbetterfrom300to450ft Figure1showsa
graphicalpictureoftheresults Theresponseof
thelarvaeincupsforthe3runsisshownas
solidaircraftdashedcoldfoggeranddotdash
aircarriernarrowwidth Wealsotriedtoget
correlationtodropscaughtonKromKotecards
placeddownwindforeachtestwithlimitedre
sults Theseareshownasdashedaircraftand

solidaircarrierheavylines Onlyonepoint
wasfoundwithdropsfromthecoldfoggershown
asacircleat50ft Eventhoughwecouldnot
getreliabledropscollectiondatatheeffective
controlonlarvaepromptedustopursuethese
testswithanewmaterialScourgefor1984and
1985seasons

1984ScourgeTestsOurthirdandfourth
largefieldplottestswererunwithScourgesa
resmethrinmaterialmixed19withcottonseedoil
inour1984testsandwithWitcoGoldenBearoil
in1985 Actualaiwas0151 Ibsgalofthe
formulatedmix Theaircraftweusedwasa

GrumanAgcatbiplane450hpengineflownat
about20ftelevationat100mihr Weusedthe

MicronXrotarycupatomizerFigure2whichis
drivenbyasmallmultibladefan Dropsizewas
controlledbyusingflowratecontrolwithdiffer
entflowdiscsinthelinebehindtheatomizers

Fromsmallest1015micronvmddropsa15
discheldtheflowrateatabout3ozmin15
Ibinpressureforeachofthe40spinners A
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32discatabout25Ibinwasusedoneachof
10spinnerstoobtainaflowrateof12ozmin
120oztotalanddropsizeof2030micronsvmd
Alldosageratesfrom1984wereaimedat0035
lbsac Figure3showsthedropsizecharact
eristicsfortherotaryMicronXatomizer Small

estdropsarenotshownherehencethisfigure
onlygivesageneralpictureofdropsizerpm
andflowrateforthisdevice Therelationship
betweenrpmandbladeangleisalsoshownwe
usedthefasterspinning20bladeforourtests
andobtainedthedropsizeresultsasnoted
operatingthespinneratabout25000rpm

Thefirsttestwasdonewithcagedsentinel
mosquitoes applying twodropsizesatsame
applicationratestotwodifferentplots From

thesetestswedeterminetheswathwidthobtained

whichshowed1000ftforthesmallerdropsand
about600ftforthelarger Weatherwasmoni

toredandindicatedslightlyturbulentnoinver
sionweather Wealsotookfalloutmylarsheets
6x18inandairsampler25ftminon4dia
glassglassfiberfiltersinformationwhichcon
firmedswathwidthsforthetwodropsizesas
indicatedbythecagedmosquitoes

The2ndtestwasagainrunwithtwodrop
sizeswithsinglepassesontwodifferentplots
Confirmationofthe9001000ftswathfor1015
micronsvmdand600700ftforthe2030micron
vmd

The weather was variable and although
controlofsentinelsintheareawasgoodthe
controlofnativemosquitoeswhileshowinga
sharpdropforabout24hrswasthenrapidly
reinfestedandpopulationswentup

The3rdrunwasmadeagainwiththetwo

40oz

1185ml
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dropsizesandtheMicronXrotaryatomizers
Herewehadgoodstronginversionweatherand
wemadethreepasseswitheachtesttoseeifa
largerarea wouldgive usa longer residual

effectivenessoftheScourge Butdatatakenby
Yoshimuraseepaperfollowingonlegcounts
andinEVStrapsshowedrapidmosquitoreinfes
tationwithin24hrstime Dropsizedifference
werestillofthesameorderwithsmallerdrops
producingwiderswath

Ourlasttestfor1984Oct25wason
adifferentbasisthanthepreviousthreetests
Hereweoperatedoverasingleapplicationline
applying10passeswiththeaircraftallowingthe
materialtodriftdownwind Theweatherwas

verygoodwithastrongtemperatureinversion
andaTightbutpositivebreeze Theresultsare
shown in Figure 4 Thesentinel mosquitoes
pickedupafteronepassoftheaircraftwere
placeddownwindat8stationsasshown0to2640
ftdistantfromtheaircraftpath Onlythelarge
2030micronsvmddropsizewasusedandas
canbeseenthecontrolofthesentinelswas

above80outto660ftanddroppedtoverylow
responseonoutto2640ft Itisinterestingto
notetheairsamplerdatawhichwascollectedat
ambientairspeedonglassfiberairfiltersat5
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stationsfrom165ftoutto2640ft Theeffect

onsentinelmosquitoesisparalleledbythecol
lectionofresmethrinontheairfilters The

otherinformationisshownasfalloutdataunder
theaircraftanddownwindto2640ft Herethe

levelremainshighallthewayouttotheendof
thesampledarea

1985TestswithScourge Duringthe1985
season three further tests were run with

ScourgeandGBoil19mix Thesameaircraft

wasusedandonlythesmalldropsize1015
micronsvmdwasapplied Hereweagainhad
sentinelmosquitoesoutincagesinthesprayed
areaandalsotookairandfalloutsamplesdown
windfromthelastaircraftpass

Thefirsttestwasmadewith8passesap
pliedtoabouta320acreplottheweatherwas
slightlyturbulentnoinversion Wetook100ft
swath intervals and calculated the resmethrin

dosageatabout001Ibsacrein08ozac Air

andfalloutsamplesweretakenandsentinelsas
wellasEVStrapdata Effectoncagedmos
quitoeswashighbutverylittleeffectonnatives
wasobservedseeYoshimurapaper

OursecondrunsetAugust291985was
onalargerplotofabout885acres Fivepasses
weremadewiththeaircrafton1000ftpass

AIRCRAFTAPPLICATIONSCOURGESINGLESWATH

Ocr251984

MYLARAIRFILTERSENTINALS

FALLOUTRESIDUE

FTDOWNWIND

Figure4
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width Weatherdataindicateswehadlapseno
inversion type weather conditions Sentinel

mosquitocageswereplacedinthesprayareaat5
stations0to1100ftfromthewindedgeofthe
sprayedfield Airsamplersandmylarfallout
sheetswereplacedonthedownwindedgeofthe
fieldoutto2000ft Figure5showstheplotsof
theresultsoftheAugust29lapsetestsaswell
asforourlastrunin1985onOctober16 This

lattertestwasrunonthesamefieldasAugust
29withanextra1000ftpasswidthonthedown
windNorthwideforatotalof6passes The

sentinelswereagainsetoutinsidethesprayed
fieldfromoneedgeupwindtothefarthermost
downwindedge Airsamplersandfalloutsheet
dataarealsoshownandwereplaceddownwind
fromthelastaircraftpassandnotinthesprayed
field

Noteablehereistheeffectoftheinversion

typeweatherwhichprevailedfortheOctober16
test Notethealmost2Xlevelsofresmethrin

foundintheairsamplersforthelapse829vs
theinversion 1016 tests Thefalloutdata

shownnextdoesnotshowthisstronganeffect
butonlyasmallincreaseforinversionabovethe
lapserun EffectonsentinelmosquitoesIsalso
verypositivefortheinversionrun Herethe
firstcageat500ftshowsabouta75mortality
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5000ft

buttheremainingcagesoutto5000ftshow94
to100controlfortheinversionrun Thelapse
runhadcagesonlyto1100ftbutshowedan
erraticpatternwhichcanlogicallybeattributed
tothepoorerlapsetypeweatherwhichdispersed
theaerosolsizedrops

SUMMARYAlloftheapplicationsmadefor
thesetestsonapplicationmachineandweather
functions were made with oil base except
Teknar typematerialswhichminimizesevapora
tionanddropsizeshrinkage Effectsofweather

factorsarepositiveshowingparticularlytheneed
forinversionweatherinordertoobtainoptimum
results Thedropsizestudiesshowlittlecorre
lationtotheBtitestsrunswitharangeof50to
300micronsvmdused WiththeScourgeruns
smalldropswillproducewidereffectiveswathson
sentinelcagedmosquitoes Buttheresultswith
resmethrin on native mosquitoes is extremely
variableandnoclearrelationshipcouldbeestab
lishedbetweeneffectivenativepopulationcontrol
anddropsizeorweatherconditions

The effectiveness of small drops 1030

micronsvmdintermsofdispersionandcoverage
haswidelyacknowledged Forourteststhere
wasnoreduction insentinel mosquitocontrol
observedbecauseofuseofsmalldropsandin
factotherresearchersbelieveincreaseddropsize
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wouldlikelyreduceeffectiveness Wehaveno

difficultyobtainingthe1030micronvmdwith
properlyoperatedground cold foggers But

thereisnoaircraftaerosolsystem presently
availablewhichcanadequatelyproduceevena
6075micronvmdaerosol Thiswouldincludethe

MicronXunitsweusedwhichalthoughthey
producedthesmalldropsizerangewerefound
tobeinadequateintermsofdurability Noother

commercialspinningdeviceshavebeenfoundto

producethesmallsizerange Untilasuitable

aircraft mounted atomizer is found aircraft

applicationsofcoldfogoraerosolswillremain
lessthanoptimal

Scourgeappearstobeusefulasarapid
knockdownmaterialforadulticidingbutthereis
virtually no residual effect beyond 24 hrs

perhaps less For further comments on the

ScourgetestsseeYoshimuraspaperfollowing



INTRODUCTIONOutbreaks of encephalitis
inCanadaMandyetal1979Sekla1982and
TexasMitchelletal1969havebeensuccess
fullysuppressedthroughreductionoftheadult
mosquitopopulation Inpreparationforsuchan
eventasoccurredinKernCountyin1952and
morerecentlyinLosAngelesandOrangeCounties
in1984studiesutilizinglowvolumeapplication
equipmentandinsecticideshavetakenonanew
perspectivein California Reisenetal 1985
Schaeferetal1985

Ithasbeenshownwhattheoptimumdroplet
spectrashouldbeforadulticidingMountetal
1970Lofgrenetal1973andthatthereisa
directrelationshipbetweenthedropletsizeand
theinsecticideusedwhichaffectstheresultant
mortalityoftheadultsWeidhaasetal1970
Toattainthisbalancetheapplicationvolumeand
typesofspraynozzleshavealsobeentested
Yatesetal1984 Thetheorybeingthatwith
equipmentcapableofproducingsmallerandmore
uniformdropletsizesoftheeffectiverangethere
wouldalsobeabetterdispersionandcoverageof
the treatment area by the insecticide The

equipmentandinsecticidesusedineachcasemay
havediffered butresearchstillcontinuesin
tryingtofindthecombinationthatismosteffec
tive

Thisportionofthereportdealswiththe
impactoftheinsecticideScourge M

onmosquito
populationswhenaeriallyappliedatlowvolume
ratesusingtheMicronX rotaryatomizernoz
zles

STUDYAREASTSGlideTuleRanchThe
studyareaattheTS GlideTuleRanchis
locatedintheSYoloBypassca9milesSEof
DavisCA The920acresofpasturesonthe
ranchpropertyrangeinsizefrom5to116Awith
a4070AduckclublocatedintheNWcornerof
theranchproperty Theacreageoftheduck
clubvariesasitisalsousedasanirrigation
holdingpondforthosepastureswithinitsvicini
ty

HeidrickFarmsHeidrick Farmsis located

ca7milesNEofbavisintheNYoloBypass
andisprimarilyaricegrowingregion Afallow

fieldwasusedtoconfirmtheswathwidthofthe
2030micronVmddropletsastheweatheris
generally more conducive for low volume

applicationsthanintheSYoloBypass
CFKearneyRanchThe320Astudyarea

oftheCF KearneyRanchthatwastreated
consistedof160Aofirrigatedpastures70Aof
duckclubandtheremaining90Aoflandleftin
itsnaturalstate Thepastureswereborderedon
thewestandsouthbycornfieldsandonthe
northbyfallowground Althoughthepastures
producedveryfewmosquitoestheadjoiningduck
clubwhichreceivedtheirrigationrunofffromthe

EFFICACYOFSCOURGE
M

ONMOSOUITOPOPULATIONS

GlennYoshimura

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815
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pastureswastheprincipalsourceofthemosquito
problem Kearneysislocated intheSYolo
Bypassca8milesSEofDavis

Thefirstthroughthirdtestswereconducted
attheTSGlideRanchwhilethefourthtestwas
doneatHeidrickFarmsduring1984Thefirst
andfourthtestswerestrictlytodeterminethe
effectiveswathwidthwiththeuseofadultmos
quitoesheldindisposablecages Thefieldtests

wereconductedattheGlideandKearneyRanches
during1985

METHODSANDMATERIALSScourgea
pyrethroidmanufactured byPenickBioUCLAF
Corporation consistsofamixtureof1 part
resmethrinand3partspiperonylbutoxide It

wasdilutedwithcottonseedoilata19ratiofor
thetestsconductedin1984andwithGoldenBear
1356mosquitolarvicideoilatthesameratiofor
the1985tests

Laboratoryrearedadultmosquitoesindis
posablecagesTownzen Navtig1973wereused
assentinelsfortheswathwidthdeterminations
Organophosphate susceptible and OPresistant

populationswereusedsimultaneouslytocompare
differencesinmortalityifanyoccurred Approx
imately20adultsofeachpopulationwereplaced
separatelyindisposablecagesthatweresus
pendedfroma4footstake Anhourafterthe

aircraftsprayedthesentinellinethecageswere
retrievedandindividuallyplacedinaplasticbag
containingadamppapertowel Theadultswere

heldinthismannerinthelaboratoryuntilmortal
itycountswererecorded24hoursposttreatment
Theeffectiveswathwidthwasthendeterminedby
interpolationofthemortalitynotedcomparedto
thedistanceofthesentinelsfromtheflightpath

TheefficacyofScourge
M

duringthe1984
fieldtestswasmonitoredwiththeuseofmodified
CObaitedCDCtrapsandlegcountstakenpre
andposttreatment TheCO2baitedCDCtraps
andsentinelcagescontaininglaboratoryreared
andnativemosquitopopulationswereusedduring
1985 Percentreductionofthefieldpopulation
inTableswasbasedontheformulabyFleming
andRetnakaran1985 SpeciesotherthanAedes
collectedintheCObaitedtrapsduringthe1984
fieldtestswereeliminatedfromthecountsas
comparisonswithlegcountscouldnotbemade
Assessmentofcontrolthroughtheuseofleg
countswasdispensedwithfor1985asitwasfelt
thatbitingactivityvarieswiththetimeofday
andthereforeisnotindicativeoftheeffectthat
theinsecticidehasonthefieldpopulation

FIELDTESTSANDRESULTSTest1 1984

TheswathwidthtestsusingScourgewere
conductedonJuly24 Twolinesofsentinel
stakeswithcagescontainingca20adultmos
quitoesweresetoutinaNSdirectioncaper
pendiculartothewinddirection Theaircraft
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FIG 1SENTINELMORTALITYOFCAGEDADULTS

2100

2100

flewoveraflaggedflightpathatanaltitudeof
20feet Thesentinelstakeswerespacedat0
503006001200and2100feetdownwindfrom
thelineofflightwitheachstakehaving2cages
onecontainingCulextarsalisCoquillettandthe
otherCxpeusSpeiseradults Theresultsof

theapplicationsFig124hoursposttreatment
wereasfollows withthe1015pdropletsthere
washardlyanymortalityinthesentinelsbeneath
theaircraftbuttherewas100mortalityupto
the600footsentinelstake Atthe1200foot
staketherewas474mortalityoftheCxtar
salissentinelsand75mortalityoftheCxpeus
sentinels Nomortalitywasnotedinthecages
located2100feetdownwindfromtheflightpath
Fromtheresultsobtaineditwasdecidedthata
1000footswathwidthwouldbereasonablefor
adequatecoverageofatreatmentarea

Therewas100mortalityofbothspeciesup
tothe300footsentinelstakewiththe2030u
droplets At600feet themortalityofCx
tarsalisadultswas80andforCxpeuswas
100 Mortalityat1200feetwas47forCx
tarsalisand0forCxpeus Nomortalitywas
notedatthe2100footsentinelstake The

mortalityforCxpeuswascorrectedusingAb
bottsformulaastherewasa47mortalityinan
untreatedcageusedasacheck Withthelarger
dropsaswathwidthof600feetwaschosen
Fig1

Test2 1984PresamplingoftheAedes
adultmosquitopopulation usingmodifiedCO
baitedCDCtrapsstartedonJuly24forthefirst
fieldtest Sixtrapswereusedtomonitorthe
populationineachofthetestplots Trapcounts
inthe60Aplotdesignatedasplot1forthe
1015tidropsaveraged1961femalestrapnight
overa3nightcollectionperiod Countsinthe

40Aplotplot2forthe2030pdropsaveraged
1773femalestrapnightoverthesamecollection
period Fourtrapswereusedtomonitorthe
adultpopulationinanuntreatedarealocatedto
thewestofplot2 Theaveragenumberof
mosquitoescollectedwas2409femalestrapnight
Thespeciesthatemergedfromthe3sampling
areaswereAedesmelanimonDyarandAenigro
maculisLudlow

PriortotreatmentonthemorningofJuly
27legcountsweretakeninall3plots Pre

treatmentcountsatdesignatedstationsinplot1
showedatotalcountof117femalesthecountfor
plot2was147femalesandthecountforplot3
theuntreatedareawas22females Anhourafter

the2plotsweretreatedlegcountsweretaken
todeterminetheefficacyofScourge

M
Plot1

hadatotalcountof31femalesora74re
ductionplot2acountof96femalesora45
reductionandplot3atotalcountof10femalesor
a55reduction



TrapcollectionsonthenightofJuly2728
showedanaveragecountof144femalestrapin
plot1 a926reductionanaveragecountof
1819femalestrapinplot2 anincreaseofa

littleover1andanaveragecountof208fe
malestrapinplot3 a914reduction The

numberofadultscollectedintheuntreatedarea
showedagreaterreductionthanthatachievedin
plot2treatedwiththelargerdropletsizesTable
1

ContinuedtrappingonthenightofJuly
2829showedaresurgenceoftheadultpopulation
inplots1and2 Theaveragecountsinplots1
and2exceededthepretreatmentcountswith577
femalestrapand16738femalestraprespective
ly Theuntreatedareahadanaveragecountof
1432femalestraporapproximately405Tess
femalescollectedthanatpretreatmentlevels

Test3 1984Thethirdfieldtrialsfor

Scourge commenced on August 6 Four

CObaitedtrapswereusedtomonitortheadult
femalepopulationsinthedesignatedtreatment
plotsand2trapswereusedinthecomparison
area Plot1forthe1015pdropapplication
consistedof80Awhileplotforthe2030pdrop
applicationwas135A

Pretreatmentcountsinplot1averaged5590
Aedesfemalestrapnightplot2averaged3568
femalestrapnightandthecomparisonareaaver
aged3305femalestrapnightovera2 night
samplingperiod PriortotreatmentonAugust8

Table1ComparisonofadultmosquitocontrolonfieldplotstreatedwithScourge Mat2different
dropletspectra July271984

Plot11015i

Piot22030p

Untreated

AvgNo99trapnt

Pre

1961

1773

2409

Post

144

1819

208

Table2ComparisonofadultmosquitocontrolonfieldplotstreatedwithScourge Mat2different
dropletspectra August81984

Plot1 1015u

Piot22030u

Untreated

AvgNo99trapnt

Pre

5590

3568

3305

Post

30655

2906

2616

legcountsweretakeninthe3plots Plot1had

atotallandingcountof354femalesplot2a
countof272femalesandplot3atotalof750
females Countstakenanhouraftertreatment

showedthatplot1hadalandingcountof30a
92reductionplot2acountof93a66re
ductionandthe untreatedcomparison areaa

countof500orapproximatelya33reduction
PosttreatmenttrapcollectionsonAugust89

forplot1hadanaverageof30655Aedesfe
malestrapa452reductionfrompretreatment
levels Plot2anaverageof2906femalestrap
an186reductionandthecomparisonareaan
averageof2616femalestrap a209reduction
Table2 Onceagaintheuntreatedareahada
greaterreductioninnumbersthanplot2treated
withthelargerdrops TrapcollectionsonAu
gust910showedaresurgenceofadultsinplots
1and2whichmorethandoubledthepretreatment
countaverages Plot1hadanaverageof11357
femalestrapplot2anaverageof7095females
trapwhiletheuntreatedareahadanaverageof
2182femalestrap

Test4 1984Thefinaltestof1984was
runontheeveningofOctober25atHeidrick
Farms TwostrainsofCxppipiensLadults
wereplacedinsentinelcagestochecktheswath
widthofthe2030pdropapplication Eight
sentinelstakeseachwithcagesofanOPsus
ceptibleandanOPresistantstrainofadultswere
spacedoveramileintervalinanNSdirection

red

19

1084

red

31

2

Legcounts

Pre Post

117 31

147 96

22 10

Legcounts

Pre Post

354 30

272 93

750 500

red

59

0

red

87

49
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Aftertheaircraftsprayedthesentinellinethe
cagesofadultswereretrievedandhandledasin
thefirstswathwidthdeterminations Mortality
countsat24hoursindicateddriftoftheinsect
icideouttothe660footstakedownwind Mor

talityoftheOPsusceptiblestrainat660feetwas
100whilethemortalityoftheresistantstrain
was864 Therewasnotmortalityinthecages
locatedbeyondthe660footsentinelstake

Test1 1985Pretreatmentsamplingofthe
adultmosquitopopulationattheKearneyRanch
withCObaitedCDCtrapsstartedonJuly22
Sixtrapswerelocatedwithinthe320Astudy
areaand3trapswerelocatedfrom to1mile

upwindinanuntreatedarea Thenumberof

mosquitoescollectedduringthe3daysampling
periodaveraged9149femalestrapnightinthe
designatedsprayareaand12456femalestrap
nightinthecomparisonarea Thespeciescol
lectedindecreasingorderofprevalencewere
AemelanimonAe nigromaculisCx tarsalis

CxerythrothoraxDyarCxpipiensAnfree
borniAitkenandAedorsalisMeigen

PriortosprayingonJuly25asentinelline
wasestablishedinthemiddleofthetreatment

zonewiththesentinelstakesspaced530feet
apartinaNSdirection Eachstakeheld2

cagesofadultsthefirstalaboratoryreared
OPsusceptiblestrainofCx pipiensandthe
secondfieldcollectedAemelanimonThesen

Table3PopulationmonitoringandsentinelmortalityattheCFKearneyRanchsprayed

withScourge MonJuly251985

Spray 9149

Untreated 12456

Distance

StationNo Downwindft

l

2a

3b

4b

5c

6c

Untreated

Avg

Pretreatment

0

530

1060

1590

2210

2650

No99trapnt

tinelmosquitoeswereusedtocorrelatetheef
ficacy of Scourge

mused
sprayed under

unfavorableweatherconditions Thefirst2sen

tinelstakesontheupwindsideofthetreatment
zonespacedat0feetordirectlybeneaththe
flightpathoftheaircraftandat530feetre
ceivedatsingletreatmenttherestofthesen
tinelslocatedfurtherdownwindreceivedmultiple
treatmentswiththeoverlappingswaths Results

after24hoursshowedthattherewasnomortality
inthesentinelsat0feet Thewindgustingto
10mphatthetimeofapplicationdidnotallowthe
dropletstosettledirectlybeneaththeaircraft
Mortalityofthesentinelsat530feetshowedalow
of336withAemelanimontoahighof586
with Cx pipiens Mortalityofthe sentinels

receivingmultipletreatmentsrangedfrom684to
100withthehighestmortalitybeingfurthest
downwind

PosttreatmenttrapcollectionsonJuly2526
yieldedanaveragecountof6748femalestrap
withinthesprayzoneand4583femalestrap
withinthecomparisonarea Althoughthenumber
ofadultscollectedwaslessthanpretreatment
levelsthereductionismorelikelyduetothe
windyconditionsthatprevailedTable3

Test2 1985Thepretreatmentsamplingfor
thesecondadulticidingtestcommencedonAugust
26attheTSGlideRanch Pretreatmenttrap
collectionsaveraged55648femalestrapnighton

Posttreatment

6748

4583

Aemelanimon

0

34

68

77

100

93

9

Sentinelmortality

a singletreatmentbandc multipletreatmentsfromoverlapping
swaths sentinelmortalitycorrectedbyAbbottsformula

red

101

Cxpipiens

0

59

81

76

94

96

0



Table4PopulationmonitoringandsentinelmortalityattheTSGlideRanchsprayed
withScourger MonAugust291985

Spray

Untreated

27503

55648

AvgNo99trapnt
Pretreatment Posttreatment

4082

125576

Sentinelmortality

red

356

Distance
StationNo Downwindft Aemelanimon Cxpipiens

1 10 82 35

2 250 100 100

3 500 100 100

4 750 85 70

5 1000 85 69

6 1220 71 30

3 0Untreated

sentinelmortalitycorrectedbyAbbottsformula

Table5PopulationmonitoringandsentinelmortalityattheTSGlideRanchsprayed

withScourgeonOctober161985

Spray

Untreated 20927

StationNo

1

2

4

5

6

Untreated

AvgNo99trapnt
Pretreatment Posttreatment

913

sentinelsomittedfromstation3

3018

6697

red

3

Sentinelmortality

Aemelanimon Cxpipiens

0 0

92 96

100 91

100 100

91 58

0 0

57
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the Glide Ranch while the comparison area

averaged27503femalestrapnight Thespecies
collectedwerethesameasintheprevioustestat
Kearneys

Approximately 885A were designated for

sprayingwiththeaircraftmaking5passesat
1000footintervals Thecomparisonareawas
theKearneyRanchatwhichtheprevioustestwas
held

AsentinellinewassetinaNSdirectionon

August29withthestakesspacedat10250500
750 1000and1220feetdownwindfromthe
flightpath EachstakeheldacageofOPre
sistantCxpipiensandfieldcollectedAemel
animon Theresultsofthe24hourcountsareas
follows at10feetmortalityrangedfromalow
of345forCxpipienstoahighof821for
Aemelanimon Therewas100mortalityofall
sentinelsat250and500feet Sentinelmortality
decreasedpastthe500footmarkwithalowof
688forCxpipienstoahighof852forAe
melanimon At1220feetthemortalityrange
was297forCxpipiensand714forAe
melanimon

Posttreatment trapping on August 2930

resultedinanincreaseinthenumberoffemales
collectedinthesprayzone Thenumberof

femalestrapaveraged125576 Thenumberof

femalescollectedinthecomparisonzonedecreased
toanaverageof13607femalestrapTable4

Windconditionswerewithinrangeforeffec
tivesprayingbutthelowairtemperaturewhich
waslessthan63degreesFahrenheitatthetime
ofsprayingmighthaveaffectedtheflightactivi
tyoftheadultsBidlingmayer1985thusde
creasing exposure There was alsoa lapse
conditionornoinversionatthetimeofspray
ing

Test3 1985Thethirdpretreatmentsampl
ingcommencedonOctober14attheGlideRanch
Trapcollectionsforthetwoprespraysampling
nightsaveraged 913femalestrapnightatthe
GlideRanchand20927femalestrapnightatthe
comparisonareawhichwasaduckclublocated
mileSofGlides

SentinelcagescontainingCxpipiensand
fieldcollectedAemelanimonadultswerelocated
at5ofthesamplingstationsinthesprayareaon
October16tocheckonspraycoveragerather
thantheswathwidth Asentinelstakewas

omittedfromasamplingsiteascattleweremoved
intothepasturelocation

Theacreagesprayedwasca1000Awith
theaircraftmaking6passesat1000footin
tervals Weatherdataatthetimeofspraying
showedatemperatureinversionof9degreesF
astabilityratioof17winddirectionpredomi
nantlyfromtheWSWandwindvelocitywhich
variedbetween0to64mph Relativehumidity
averaged517

Swarmingactivityofadultshadstartedat
1755handwasstillinprogresswhentheaircraft
madeitsfirstspraypassat1825h Theaircraft

sprayedinaWEdirectionatanaltitudeof20
feetwiththesixthandfinal passendingat
1840h

Thesentinelcageswereleftinthefield
overnightandretrievedthefollowingmorning

Finalmortalitycountstaken36hposttreatment
showedfairlyconsistentcoveragethroughoutthe
sprayarea Theonlysentinelswithnoorlow
mortalityoccurredatthestationthatwassituated
beneaththecanopyofeucalyptustrees Thereis

adiscrepancyinthedatawhencomparingmortali
tyofthesentinelstotheposttreatmenttrap
results

Posttreatment trapping on October 1617

showedadecreaseinthenumberofmosquitoesin
boththesprayandcomparisonareas Therewas

areductionof67inthetreatedareawhilethat
oftheuntreatedareawas68 Thenetresultis

anegativesuppressionoftheadultpopulation
duetothesprayeffortTable5

DISCUSSIONThe concept of low volume

applicationsofinsecticideswhileintheoryisa
goodone thefeasibilityoftheprocedurein
actualfieldtreatmentsmaybelimitedbythe
conditionsthathavetobemetforasuccessful
program Thefactorsthathavetobeconsidered
which affect any insecticide application are

1themeteorologicalconditionsatthetimeof
application 2the vegetative canopy 3the

biologyofthetargetspeciesand4theinsecti
cidebeingapplied

Whendealingwithsmalldropletsizeswind
velocityatemperaturegradientorinversionthe
relativehumidityandthewinddirectionbecome
criticalfactorswhichaffecttheoutcomeofthe
insecticideapplication Theweatherconditions

shouldbeoptimaltogetmaximumcoverageonto
thetargetarea

Thesecondfactoristhevegetativecanopy
Althoughitwasnotamajorfactorinourfield
trialstheheightanddensityofthevegetation
mayimpedepenetrationoftheinsecticidetothe
targetarea

Thetimingofinsecticideapplicationinthe
caseofadulticidingshouldalsobeconsidered
Thepeakactivitywouldbetheprimetimefor
applicationoftheinsecticide Unfortunatelythe
durationoftheseactivitieswhenanaircraftis
capableofsprayingisminimal Theadultpopu
lationthatisnewlyemergedengorgedeither
withasugarorbloodmealorfemalesthatare
gravidmayberestingorinharborageatthetime
ofsprayingtherebylesseningitschancesto
insecticideexposure

Insecticidesthatdegraderapidlydecrease
thechancesofexposuretothesegmentofthe
populationthatisinactiveatthetimeofapplica
tion Multiple insecticide treatments over a

periodoftimeincreasingthedosagerateoran
insecticidewithgreaterresidualactivitymayhave
tobeusedtoreducetheadultpopulationto
tolerablelevels
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INTRODUCTIONOrganophosphorusOPre
sistance surveillance of larval Culex tarsalis

mosquitopopulationshasbeenapriorityactivity
ofthisagencysincetheresistancesurveillance
programwasrestoredin1984 Ourobjectivehas
beentotestrepresentativeCxtarsalispopula
tionsfromlocalcontrolagenciesineachgeo
graphicregionoftheState

ThereisaneedtoidentifyOPresistance
trendswhichmayhaveoccurredsincetestingwas
discontinued in 1978 Data are essential to

planninginadvanceofadiseaseoutbreakin
California Applicationoftheinformationgather
edbysurveillanceispertinentatboththelocal
agency level wheredisease transmitting mos

quitoesarebeingcontrolledandattheState
leveltoprovideinformationneededtocoordinate
activitiesoflocalcontrolprogramsifitbecomes
necessarytoavertadiseaseoutbreak

Table1isreproducedasitwaspublishedby
ZborayandGutierrez1979andisthestandard
towhichcurrentresistancelevelswillbecom

pared Thistablesummarizesthesusceptibility
ofCxtarsalispopulationsfrom46controlagen
ciesduring1963through1978

Thepurposeofthisreportistopresent
resistancelevelsobtainedduring198385andto
comparethesefindingstolevelsdocumentedin
Table1 Testdatafromtwiceasmanyagencies
areneededtoidentifycurrenttrendsandto
completethisprojectconsequentlysurveillance
willbecontinuing

METHODSANDMATERIALSBioassayswere
performed asdescribedbyGilliesandWomeldorf
1968 Datawereevaluatedbygraphicorprobit
analysistoobtainestimatesofLCandLC
Testswereconsideredinvalidif therewere

fewerthanthreedatapointsifmortalityabove
orbelow50waslackingtherewasgreaterthan
10mixedspeciesorpupation ortherewas

statisticallysignificantheterogeneityofthedata
points

RESULTSANDDISCUSSIONAlthoughmany
bioassaysmayhavebeencompletedatanagency
onlythehighestLCforeachOPislistedfor
thatagencyinbothTables1and2 Thismethod

oforganizationenablesreviewoftestdataby
meansoftheworstpossiblescenarioaslaboratory
determinationsarepresentedintheirmostresis
tantprofile

INSECTICIDESUSCEPTIBILITYOFMOSQUITOES

INCALIFORNIA STATUSOFORGANOPHOSPHORUS

RESISTANCEINLARVALCULEXTARSALIS

THROUGH1985

MalcolmAThompson

CaliforniaDepartmentofHealthServices
VectorSurveillanceandControlBranch

714PStreetRoom616SacramentoCalifornia95814

Table2listsbyagencythehighestresis
tancelevelofthepresentsurveytogetherwith
thehighestrecordedthrough1978fromTable1
forcomparison TheyearthehighestLCwas
obtainedandtheresistancestatusofthatLC50
arealsoincluded Resistancestatusisdeter

minedbycriteriapreviouslysetforthThompson
1985 BrieflyLC50sarecategorizedassus
ceptibleincipientorresistantdependingupon
thresholdsandtheLC90LC50ratio However

forthepurposeofdiscussionandcomparisonsin
this report theLCvaluesofTable2are
segregatedintoonlytwocategoriessusceptible
orresistant IftheLCisgreaterthan01
ppmformalathion0005ppmforparathionand
fenthionor00025ppmfortemephosandchlor
pyrifositisresistant

AlthoughthepurposeofTable2istodis
playthehighestLCobtainedateachagency
manyoftheseLCfallwithinthesusceptible
range ExamplesarethefourcurrentLC50s
reportedforConsolidatedMAD These nicely
susceptiblevaluesdocumentreferencesofbaseline
susceptibilitywhichcouldbeusedforcomparison
totheLCofotherlarvalCxtarsalispopu
lations AllfourLCcamefromasinglelarval
populationcollectedfromspringsourceslocatedin
theSierraNevadafoothillsapparentlyisolated
fromtheinfluenceofOPpressuredpopulationsof
theSanJoaquinValley

IncontrasttotheConsolidatedMADdata

Table2providesmanyexamplesofhighlyresis
tantCxtarsalispopulations Ofnotorietyisa
onceheavily pressuredand nowoperationally
resistantpopulationreportedforNorthwestMAD
OPlarvicideswouldbeineffectiveagainstthis
populationifappliedattheirrecommendeddosage
rates

Table3contrastspresentsurveyresultsto
thosereportedthrough1978bycomparingper
centagesoftheLClistedinTable2whichare
resistantOnlytheagenciesofTable2listinga
currentLCtogetherwithanLCfromthe1978
tablearereferredtointhiscomparison Of

significanceisthedecreaseinthenumberof
fenthionresistantlarvalpopulationsencountered
inthepresentsurvey 71to43 andan

increaseinchlorpyrifosresistantpopulations33
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Table2Highestlaboratorydemonstratedlevelsoforganophosphorousresistanceinppmandresistance
statuslofCulextarsalislarvalpopulationsrecordedthrough1978comparedtohighestrecorded1983
through1985

AGENCY M4IATHICN PARATHI04 FENIHI11 QRDRPYRIIOS

YearLC Status YearLC Status Yearle591L90 Status YearLC Status

grinSonoma 19850092084 I 1985000420012 I 19850001800028 S

BurneyBasin 198400250069 S 19840002500082 S 19840003800092 S 19840001400046 S

197400150034 S 19740002600042 S

Shasta 19850069022 I 1984000210003 S 1984000960032 R 198500030011 R

1967008710 I 1977000200036 S 197700130032 R 1977000280014 R

TeheneCo 19840058053 I 19840004200096 S 1984000360012 I

19680053053 I 19641003100058 S 1971000560011 R 197200005300008 S

ButteCo 19840001200005 S 198400006100016 S

196601075 I 1972000450011 I 1971000790022 R 1968000028000042 S

Consolidated 19850010021 S 198500020003 S 19850001600021 S 198500008800015 S

1969024061 R 197000230056 R 197000530081 R

Kings 198400120043 R 198400140037 R

197207564 R 19720054016 R 197200401 R B7200270077 R

Northwest 198402705 R 19840044016 R 19840084021 R 1984011025 R

197100160029 S 19710001600025 S 19710002600038 S 1971000024000054 S

OasisValley 198500170034 S 19850003300057 S 19850001300021 S

196900260035 S 1972000590012 R 1969000045000061 S

CoachellaValley 198400110028 R 1984000520015 R

19720073014 S 197000160042 R 1972000860039 R 19710026011 R

SanBernardinoCo5 198404419 R 19840056011 R 1983000930039 R

197200670096 S 19720001800058 S 1972000430022 I 19720000400006 S

RiversideCo 198400180058 R

19720097058 I 1972000540014 R 1972000680017 R

1iraiia1Co5 1985014038 R 198300090024 R

1972021036 R 197200180036 R 197200170004 R 1972000820041 R

1 S SusceptibleI IncipientR Resistant

2 Zborayetal1979

3 Localmosquitocontrolagencydata1984and1985

4 Localmosquitocontrolagencydata1984unpublished

5 Unpublisheddata1972



Table 3Comparison of larval Culex tarsalis

populationsfromsameagenciesbypercentageof
LCindicatingresistancetospecifiedlarvicides

Larvicide

Malathion

Parathion

Fenthion

Chlorpyrifos

Table4ComparisonoftheLCoflarvalCulex
tarsalispopulationsofTable1recordedthrough
1978bypercentageofthoseindicatingresistance
tospecificlarvicides

Larvicide

Malathion

Parathion

Fenthion

Chlorpyrifos

196378 198385

AllAgencies PresentSurvey
Agencies

32

31

59

31

25

50

71

33

25

50

71

33

38

60

43

67

to67 Percentagesformalathionandparathion
remainreasonablysimilarthusnorealchange
hasoccurredsince1978

MostofthelarvalCxtarsalispopulationsof
thepresentsurveyaresusceptibletomalathion
38 andfenthion43 whereasmostareresis

tanttoparathion60 andchlorpyrifos67
Howevertheresistancetrendsidentifiedin

Table3areapplicableonlytotheagenciescom
prisingthepresentsurveythoseofTable2as
specified andmaynotreflectthe resistance

profileoftheentirestate Forexampleofthe
LCrecordedthrough1978thepercentageof
thosewhichareresistantfortheagenciesofthe
present survey did not follow the statewide

REFERENCES

63

percentagesofall46agenciesintheZboray
Gutierrez table Table 4 illustrates these

differences ThoseagenciesinTable1involved
inthepresentsurveyasagrouphadsubstanti
allymoreparathionresistantpopulationsanda
greaterpercentageoffenthionresistantpopula
tionsthantheentiregroupof46agenciesatthe
conclusionoftestingin1978 Itwouldbeunwise

toassumethatpresentfindingswouldreflect
currentstatewideresistancelevels

CONCLUSIONFurthertestingofCx tar

salisinsomeareasoftheStateisnecessaryto
fillindatagaps Targetedareasincludemetro
politansouthernCaliforniathebayareaandthe
SanJoaquinValley Whendatahasbeengather
edrepresentativeofallmajorregionsoftheState
probablyduringthe1986mosquitoseasonthis
surveywillbecomplete Itssummarywillpro
videaskeletaloverviewofcurrentworstcase
Cxtarsalisresistancewhichcanbeusedfor

comparison to past information and between

geographicregionstoidentifytrendswhichmay
havebeeninoperationsince1978 Itwillalso

giveusinformationonwhatmaterialsareavailable
forcontrolintheeventofanencephalitisout
break

ACKNOWLEDGMENTIwouldliketothank

agencymanagersforprovidingourprogramwith
theassistancethatIhaveneeded Iamgrateful
tothestaffofthoseagencieswhosuppliedthe
datanotedinTable2

GilliesPAandDJWomeldorf1968Metho
dologyemployedintheCaliforniamosquito
larvicide resistance surveillance program
VectorViews154550

ThompsonMA1985Insecticidesusceptibility
ofmosquitoesinCaliforniaStatusoforgan
ophosphorus resistance in larval Culex

tarsalisthrough1984withnotesonrestora
tionofsurveillanceprogram ProcCalif

MosqandVectorContrAssoc537173
ZborayEPandMCGutierrez1979In

secticide susceptibility of mosquitoes in

California Status of organophosphorus
resistanceinlarvalCulextarsalisthrough
1978withnotesonmitigatingtheproblem
ProcCalifMosqandVectorContrAssoc
472628
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Oilshavelongbeenreliedupontocontrol
mosquitolarvae Anearlydescriptionoftheuse
ofoiltocontrolmosquitolarvaewasfoundinan
editorial in theAmerican Daily Advertiserof

Philadelphia Itstatedasfollows

Asthelaterainswillproduceagreat
increaseofmosquitoesinthecitydistress
ingtothesickandtroublesometothosewho
arewellIimagineitwillbeagreeabletothe
citizenstoknowthattheincreaseofthose

poisonousinsectsmaybemuchdiminishedby
averysimpleandcheapmodewhichacci
dentdiscovered Whoever will take the

troubletoexaminetheirrainwatertubswill

findmillionsofthemosquitoesfishingabout
thewaterwithgreatagilityinastatenot
quitepreparedtoemergeandflyoff

Agillofoil4ozpouredintoacommon
rainwatercaskwillquicklydiffuseoverthe
surface and byexcluding theair will

destroythewholebrood

Theoccasionwasayellowfeveroutbreakin
Philadelphia Thedate August291793 This

recommendationwaspublished100yearsbefore
Dr L 0 Howard recommended kerosenefor

mosquitocontrol Althoughcreditfordeveloping
and promoting kerosene is attributed to Dr

Howardtheideaanddemonstrationofoilfor
mosquitocontrolbelongstotheeditorofthe
AmericanDailyAdvertiserRichards1941

Ourdistrictreliesheavilyonlarvicidingoils
formosquitocontrolinfactwedependonoilfor
approximately95ofourcontrolwork

Duringtheearlywinterof1981ourtechni
ciansreportedproblemsoffieldfailureswithGB
1356whenappliedattherecommendedrateof5
galsacreagainstamixedpopulationofAedes
squamigerCoquillettandCulisetainornataWillis
ton ThelocationKavanaughfieldinEastMenlo
Parkwasa40acresite abrackishwater

marshcomposedofpickleweedandbrassbuttons
Becauseoftheuneventerrainunstableblocky
soilandthedensevegetation anallterrain

vehiclewithapowersprayerwasutilizedforthe
application Thewatertemperaturewas50Fand
theairtemperaturereached56F

A48hourposttreatmentinspectionofthe
siterevealedthattheCulisetainornatapopulation
wastotallyeliminatedwhiletheAedessquamiger

1Witco Chemical Company Bakersfield
California

GB1356 FIELDANDLABORATORYFAILURES

RobertSchoeppner

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

larvaewereobservedmovinguneffectedbeneath
theoilslick

AsecondapplicationofGB1356at5gals
acrewassprayedonthemarshtocontroltheAe
squamiger Thisapplicationrepresentedatotal
of10gallonsoflarvicidingoilperacreand
reflected an approximate material cost of

1800acreexclusiveoftheadditionalapplication
costs Thisoperationwascompletelyunsound
economically Idealweatherconditionsfreeof
wind or rain prevailed throughout the test

period Theconsiderationofapplicationtechni
queorincompletecoveragewasruledoutwhen
weobservedthesecondapplicationofGB1356

Againa24hourposttreatmentinspection
revealeduneffectedAesquamigerlarvaemoving
beneathanoilslick

AthirdapplicationthistimewithFenthion
70ECat2ozsacreproducedthedesiredtotal
mortality

Routinely posttreatment inspections had

beenconductedatallbreedingsitesthathad
beentreatedwithinsecticidesotherthanpetrol
eumoils Baseduponpreviousexperienceand
toothemodeofkillingbypetroleumoilspost
treatmentinspectionsofoiltreatedbreedingsites
wasconsideredunwarranted Baseduponour
experienceofrecentfieldfailureswithAesqua
migerIwouldsuspectthatinpreviousyears
manypopulationsofadultmosquitoescameoff
fromthoseoiltreatedbreedingsites

FollowingourcontrolfailureswithGB1356
otherdistrictswithinthecoastal regionwere
askedtoconductfieldtrialsusingGB1356at5
galsacreagainstAe squamiger Similarfield

failures were exhibited Where integrated
populationsofAesquamigerandCsinornata
wereencounteredonlytheCsinornatalarvae
werekilledwithGB1356

The influence ofsalinity to reduce the

effectivenessoflarvicidingoilswastestedusing
GB1356attherateof5galsacreinthelabora
torystartingwiththeambientwater12parts
perthousanddilutionsto63and15parts
perthousandweremadeusingtapwaterasthe
diluentTable1 Eachdilutionwasreplicated
twicewith20 2ndthrough4thinstarlarvaeper
sample Anevaluationofthepercentmortality
after24hoursindicatedthatsalinityhadlittle
influenceupontheeffectivenessofGB1356asa
larvicidingoiltocontrolAe squamigerwhen
maintainedinthelaboratoryat72F

Additionalproblemswereencountered In

January 1982 our technicians reported field

failureswithGB1356whenappliedattherecom
mendedrateof3galsacreagainstAeincrepitus
Dyarinfreshwatermarshes



Table1Theinfluenceofdecreasedsalinityupon
AesquamigerwhentreatedwithGB1356at5
galsacre

Salinity

120

60

30

15

tapwater

3rd 4thinstarlarvae

A24hourposttreatmentcheckrevealedthat
Aeincrepituslarvaewererelativelyuneffected
bytheGB1356 WhereCsinornataoccurredin
mixedpopulationstheoilaffectedacomplete
mortalityoftheCsinornatapopulation

The breeding sites were retreated with
Fenthion 70 at 2 ozsacre A 24 hour

posttreatmentinspectionrevealedtotalmortality
oftheAeincrepituspopulation

Table2Threepetroleumoilstestedagainstlarvaeofthree
Aedesspecies Testsmaintainedat52F

OilandRate

GB1356

3gals
6gals

GB1111

3gals
6gals

FlitMLO

3gals
6gals

PercentMortality

60

45

62

52

58

3ExxonOilCompanyHoustonTexas

PercentMortality
Ae

squamiger

117

167

183

333

217

200

124hour posttreatmentinspection

2Witco Chemical Company Bakersfield
California

At this point laboratory studies were

consideredessential ThreeoilsGB1356GB
1111andFlitMLOusedattheratesof3and6
galsacreweretestedagainstAe squamiger
AeincrepitusandAesierrensisLudlow Ae

sierrensiswasincludedintheseriestodetermine
whetherittooexhibitedsimilarresistancetooil
asshownbyAesquamigerandAeincrepitus
Eachtestreplicatedthreetimesconsistedof20

3rdand4thinstarlarvaepersample The

serieswasmaintainedintheincubatorat52Fa
temperature that closely corresponded to the

temperatureofthewaterinwhichthelarvae
developedTable2

Theoilstestedatratesof3and6galsacre
failedtoprovideevenmarginallevelsofcontrol
whenusedagainstthethreeAedesspeciesdis
cussed Fromthedataitappearsthatdoubling
theapplicationratedidnotprovideacomparable
increaseinthepercentmortalityparticularlyas
indicatedbyFlitMLOagainstthethreespecies

Asecondseriesoftestsweretreatedina
similarmannerandmaintainedinthelaboratoryat
72FTable3 GB1111andFlitMLOexhibited
anincreasedmortalityagainstAesquamigerand
Aeincrepitus GB1356ateitherratefailedto
offerincreasedmortalityof72Frelativetothe
52Ftrials Aesierrensisbasicallywasunef
fectedbyeitheroftheoilsorinfluencedby
temperaturevariationsatwhichtestswerecon
ducted

Unfortunately Ifailedtorecognizeuntil

Ae

increpitus
Ae
sierrensis

300 25
367 50

183 33
517 83

583 292
667 158

65
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Table3Threepetroleumoilstestedagainstlarvaeofthree
Aedesspecies Testsmaintainedat72F

OilandRate

GB1356

3gals
6gals

GB111

3gals
6gals

FlitMLO

3gals
6gals

PercentMortality
Ae

squamiger

133

267

650

717

950

983

124hourposttreatmentinspection

midwaythroughthestudy thatlatterinstar

mosquitolarvaeexhibitedanincreasedsuscep
tibilitytooils Insomecasesmortalitydatawas
irregularparticularlywheresamplescontainedan
abundanceof4thinstarlarvae TestswithAe

nigromaculis Ludlow and Ae dorsalis Meigen
treatedwithGB1356at3and6galsacreand
maintainedat72Fprimarilyutilized4thinstar
larvae Asaresultthepercentmortalityinthe
sampleswasrelativelyhigh

InthelaboratoryafteroiltreatmentAedes
larvaewereobservedtomoverapidlyupand
downinthewatercolumn Severalhourspost
treatmentthelarvaebecamequiescentonthe
bottom many restingwiththeirventral side

upward Inthefieldthissurvivaladaptation

Ae

increpitus
Ae
sierrensis

317 50

317 58

567 142

625 41

867 50

867 200

permittedAedeslarvaetoavoidcontactwiththe
watersurfaceforlongperiodswhenunfavorable
surfaceconditionsexisted Culexpipiensand
Cs inornatalarvaedidnotexhibitthissame
avoidancemechanismtolarvicidingoils

Asaresultofourlaboratoryandfieldtests
ourdistricthascompletelydiscontinuedtheuse
oflarvicidingoilsagainstlarvaeofanyAedes
species

REFERENCES

RichardsJrAG1941Differentiationbe
tweentoxicandsuffocatingeffectsofpe
troleumoilsonlarvaeofthehousemosquito
CulexpipiensLTransAmEntSoc
67161196



LARVICIDALACTIVITYOFPLANTEXTRACTSINPONDS

INTRODUCTIONMosquito populations are

ofteninfluencedbyvegetationassociatedwiththe
mosquitohabitatBates1949 Plantssometime
physicallyrestrictovipositionwhileinothercases
theycontributetothesuccessordemiseofthe
immature stages Plants conceal and protect
immatureformsfrompredatorsaswellasinflu
encewater temperature evaporation rateand
chemical contentofthe water Angerilli and

Beirne1974 Substancesreleasedfromcertain
plantsincludingthebladderwortUtricularia
stonewortCharaandduckweedLemnaare
toxictoimmaturemosquitoesBoyd1949 Ob

servationsofnaturalandexperimentalpondsin
whichcontainElodeanuttallishowfewermosquito
larvaethanpondswithoutplantsorwithother
speciesofplantsSherifandHallunpublished
data

Inthelaboratoryextractsfromafresh
waterfloweringplantElodeanuttalliiamarine
algaMacrocystispyriferaandaterrestrialsage
brushArtemisiacanaproducehighlarvalmortali
tySherifandHall19841985

Aresuchextractslarvicidalinfieldcon
ditions also Reported here are preliminary
studiesofextractsfromfourplantsonmosquito
populationsinnaturalponds

METHODSANDMATERIALSPondsinRiver
sideCountyCaliforniawithanaveragesurface
areaof4manddepthof5mandknownto
supportbreedingofmosquitopopulationswere
chosen

Fourplants ArtemisiacanaPurshElodea
nuttalliiPlanchMacrocystispyriferaLinnaeus
andSpriogyranitida Dillw werecollectedin

southernCaliforniawashedseveraltimeswithtap
water driedat 60 Cand powdered The
powderwasthenrefluxedfor8hwithabsolute
methanolandpetroleumether31volvol The

eluatewascollectedandevaporatedtodryness
Anaqueousextractofeachplantwaspre

paredbydissolvingdriedplantpowderinwater
Thesolutionwasfilteredandfreezedried

Onegofeachaqueousandmethanolpetro
leumetherextractwasdissolvedin10mlof
acetoneanddilutedtooneIwithdistilledwater

Eachextractsolutionwassprayedonthesurface
ofthreepondsrandomlychosen Threecontrol

pondsreceivedonlywatercontainingthesame
amountofacetoneasusedtopreparetheextract
solutions

ThecommerciallarvicidesGoldenBear1356
1114000mandAltosidtablet9mwere
appliedtoanotherthreepondseach

Watersampleswerecollectedwitha400ml
dippereveryother day beginning fourdays
beforetreatmentandcontinuingfor24days
Mosquitolarvaldensitywasdeterminedforeach

AbdessalamSherifandRGHall

SchoolofMedicineLomaLindaUniversity
DepartmentofPhysiologyandPharmacology

LomaLindaCalifornia92354

pondbycollectingfivedipsfouraroundthe
edgeandonefromthemiddleofeachpond

RESULTSANDDISCUSSIONThemajorityof
larvaecollectedfromthepondswereidentifiedas
Culexspp

ExtractsfromElodeaArtemisiaandMacro
cystisgave80ormoremortalitywithintwodays
oftreatmentFigure1 Themethanolpetroleum
etherextractsweremore larvicidal than the
aqueousextracts Thetoxicityofthemethanol
petroleumetherextractsofElodeaandMacro
cystisaswellastheaqueousextractofMacro
cystisremainedhighthroughthe24dayperiod
followingtreatment

GoldenBearoilproducedamortalitynear
100within2daysfollowingtreatmentbutthen
the numberof mosquitoes began to increase

rapidlywith4to6daysoftreatmentFigure2
PondstreatedwithAltosidshowedalargede
creaseinlarvaldensitybeginning8daysfollow
ingtreatmentbutwithinanother8daysthe
numberoflarvaeinthesepondsincreasedrapid
ly

Thenumberoflarvaeinthecontrolponds
remainedhighandrelativelyconstantthroughout
theexperimentalperiod

Thisstudysubstantiatesourpreviouslabo
ratoryfindingsthatextractsofseveralplantsare
larvicidal Themostencouragingfindingisthat
theactivityofsomeoftheseextractsremain
highlyactiveforupto24daysorpossiblylonger
underfieldconditions Thissuggeststhepos
sibilityofcontrolwithlessfrequentapplication
thannecessarywithpresentlyusedlarvicides
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Artemisiacanaextractonthedevelopmentof
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Figure2Numberofmosquitolarvaecollectedfromnaturalponds
treatedwithGoldenBearoil andAltosid41untreatedcontrolsO
Eachpointisthemeanof15dips5dipsperpondX3replicates
Treatmentswereappliedonday4
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plantingredientsasaidsinmosquitocontrol
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PHOTOTOXICITYOFHEMATOPORPHYRINDERIVATIVEINLARVAE

OFCULEXQUINQUEFASCIATUS

JToskAbdessalamSherif

RGHallandBenjaminHSLau

INTRODUCTIONHematoporphyrinderivative
HPDisaphotosensitizingdyewhichexhibits
phototoxicityinseveralbiologicalsystems13
Thissubstancehasbeenusedinconjunctionwith
photoirradiationinthetreatmentofcancerbe
causeofitsabilitytolocalizeintumorcellswhich
aresubsequentlyrenderedphotosensitive35
ThestructureofHPDisshowninFigure1 The

mechanismofHPDinducedphototoxicityappears
toinvolvethegenerationofsingletoxygenupon
photoirradiationviathetripletphotoexcitedstate
ofthedye26 Thispathwaytotheproduc
tionofsingletoxygenisillustratedinFigure2

Photosensitization of mosquito larvae has

beenreportedbyKaganetal7whoemployed
25diphenyloxazolePOPand14bis5pheny
loxazol2ylbenzenePOPOPasthephotosensi
tizersinAedesaegyptilarvae Kagansgroup
foundthatPOPandPOPOPexhibitedsignificant
toxicityinthedarkaswell HPDappearstobe
nontoxicexceptinthepresenceoflight

InthepresentstudywehaveexposedCulex
quinquefasciatuslarvaetoHPDinthedarkand
observedpotentphototoxicityuponsubsequent
exposuretoincandescentandsolarirradiation

MATERIALSANDMETHODSCuexquinque
fasciatuslarvaewereobtainedfroma labora

toryrearedcolony Adultswerefeda10glu
cosesolutiononcottonpadsandlarvalstages
werefeda31mixtureofratchowandbrewers

yeast HPDwassynthesizedaccordingtoLipton
etal8 Secondinstarlarvaeweretreated
withvariousconcentrationsofHPDdissolvedin

freshtapwaterfor18hoursinthedarkpriorto
photoirradiation Foodwaswithheld fromthe

larvaefromthetimeofHPDexposureuntilafter
photoirradiation Controllarvaewereexposedto
HPDwithoutsubsequentphotoirradiation Addi

tionalcontrollarvaewereirradiatedwithoutprior
exposuretoHPD Justpriortophotoirradiation
thelarvaewereremovedfromthewatercontain

ingHPDandtransferredtofreshtapwater Ten

larvaewereirradiatedpertreatmentintriplicate
Photoirradiationwas performed using eithera

quartzhalogenlampwithanincidentintensityof
20mWcmorviasolarirradiation Afterphoto
irradiationalllarvaewerereturnedtothedark

andfed Viabilitywasdeterminedat24hourin

DepartmentsofBiologyPhysiologyandMicrobiology
LomaLindaUniversity

LomaLindaCalifornia92350

ABSTRACT

ThecombinedeffectsofhematoporphyrinderivativeHPDandvisiblelightonthesurvivalofCulex
quinquefasciatuslarvaeweredetermined ItisobservedthatthecombinationofHPDandphotoirradiation
istoxictothelarvaeasafunctionofHPDdosageandphotoirradiationtime

tervaisfollowingirradiation
RESULTSANDDISCUSSIONThephototoxi

cityofHPDinthemosquitolarvaeisshownin
Figure3asafunctionofHPDdosage Itwas

observedthatthelowesteffectiveconcentrationof

HPDwas1ugmlwithaconstantphotoirradiation
timeof20minutes Thesurvivaltimewasob
servedtodecreaseastheconcentrationofHPD

wasincreased AtanHPDconcentrationof20

ugmltherewasnotsurvivalat2hoursafter
irradiation Photoirradiationalonewasnontoxic
tothelarvae

Figure4illustratesthephototoxicityofa
constantconcentrationofHPD20ugmlwith
subsequentsolarirradiation020min Inthis

experimentitwasobserved thatthesurvival
decreasedastheirradiationtimewasincreased

Itisimportanttonotethatateventhehighest
dosageofHPDstudied20ugmlnotoxicity
wasobservedwhenlarvaeremaininthedark

Thisstudypointsthewaytowardanovel
method ofmosquitocontrol via agents which

photosensitizethelarvae HPDisofinterestin

thisregardasitappearstoexhibitnotoxicityof
itsownunlessthereissubsequentphotoirradia
tion Ataminimumeffectivedoseof1ugmlone
mightbeconcernedthatthisconcentrationishigh
whencomparedwithconventionalmosquitocontrol
agents Thisishoweverapreliminarystudy
andothersubstancesareunderevaluationwhich

appeartopossessevengreatedpotencyasphoto
sensitizerstowardmosquitolarvae

WearealsostudyingtheeffectsofHPDon
adultmosquitoeswhichwerechallengedwiththis
substanceas larvaeandreared inthedark

Thisisanimportantquestionasthesituationmay
befoundinthefieldwhereadultswillemerge
fromlarvaewhichgrewinlowlevelsoflight
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HATCHERYMANAGEMENTTECHNIQUESFORGAMBUSIAAFFINIS

INTRODUCTIONManyofthedistrictsfish
sourcesbecameunreliableandmanyotherswere
lostcompletelywith theadditionofthenew

RegionalSewageTreatmentPlant Thedistrict

purchasedtheoldElkGrovesewerpondsin1978
todevelopadistrictmosquitofish hatchery
Herewecouldhavecontrolofwaterquality
evaluate pond design production and

overwinteringparameters
In thespringof1984 testingofwater

qualityinallofthebestproducingmosquitofish
sourceswasbegun pHNHNHpondfertility
turbidity water temperature and dissolved

oxygenwerechecked Thecollectionofzoo

planktonwasbegunforidentification
Thehatcherypondswerenotproducingas

wellasmanyotherfishsourcesSoilandwater
samplesweretakentotheSacramentoCounty
DepartmentofAgricultureforanalysisLaguna
Creekwaterwasnottestedbecauseitwasnot
static Stormdrainsaswellasagriculturalwaste
watercontributedtoitsflowchangingpHand
ammonialevelsthroughouttheday

TheCountyDepartmentofAgriculturefound
highconcentrationsofheavymetalsinourhatch
ery soil Cr338ppm Cu192ppm Pb42

ppm Thewellwaterwasfreeofheavymetals
andothertoxins

Unsureofwhattodoabouttheheavymetals
inthesoil theDepartmentofFishandGame
WaterPollutionControlLaboratorywascontacted
MrKimMcCleneghantheWaterQualityBiolo
gistsuggestedthatatapHof82 88inthe

rearingpondsnoneofthemetalsshouldenter
solutiontoxicityresultsfromdissolvedmetals
Themetalsshouldallremaininacompiexedform
unavailabletofish

MATERIALSANDMETHODSInthefallof

1984allofthepondsweredrained thefish

WernerPSchon

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815

ABSTRACT

ObservationandcarefultestingofthehestmosquitofishsourcesintheSacramentoCountyYolo
CountyMosquitoAbatementDistrictprovidedmuchoftheinformationrequiredforrearingmosquitofish
Waterqualitysimilaritieswereusedasguidelinesinourhatcherypondsaswellasdensezooplanktonand
phytoplanktonpopulations

UsinganaturaldrainLagunaCreekformuchofourpondwaterwebuiltandevaluatedafiltering
systemtoremovegamefishandtheireggs

HeavymetalconcentrationsinoursoildictatedthatweincreaseandmaintainahighpHinour
hatcheryponds ThroughtheuseofbuffersSodiumBicarbonate andphytoplanktonbloomswewere
abletodoso

Chemicalandorganicfertilizerswereusedwithvaryingapplicationratescombinationsandthen
evaluated

Zooplanktonwerecollectedfromourmostproductivefishsourcesidentifiedandculturedinour
pondsbeforeaddingfishinthespring Zooplanktonandphytoplanktonpopulationswerealsoevaluated
inouroverwinteringponds

Pondproductioninpoundsoffishharvestedperpondwasdifficulttodeterminebecauseallponds
wereconnectedwithculverts Thisallowedthefishtomovefrompondtopondfreelyinthespring

Theculvertsgoingbetweenpondswerescreenedwith18hardwareclothtobetterevaluateover
winteringdata Waterlevelsintheoverwinteringpondsweremaintainedwithourdeepwellpump

removedandthe remainingwaterchlorinated
Thechlorinewas usedtokillanyremaining
gamefishtheireggstadpolesfishparasitesand
pathogens Thechlorinewasveryeffectiveat
5ppm Allofthedistrictshatcherypondsare
drainedandchlorinatedatleastonceayear
someinlatesummerandtheothersinearly
spring

Atotalof20pondswereusedforproduction
inthespringof1985 Eighteenofthemwere
approximately1surfaceacrestwoofthemwere
26surfaceacres Atotalof232surfaceacres
and785acrefeetofwater

Whenfillingtherearingpondsthewater
wasbufferedwithsodiumbicarbonate40lbsacre
footofwater Phytoplankonbluegreenalgae
from Knight Landingsewer ponds werealso

added 150gallons 1200gallonsperpond
Thepondswerefertilizedinhopeofmaintaining
thealgaebloomandthusourrightpH All

pondswerefilledwithwellwateratapHof74
Twodaysaftertherearingpondswerefull

thecollectionofzooplanktonfromtwoofthebest
producingfishsourcesCourtlandsewerponds
andBrytonStationvernalpond wasbegun
ThecrustaceanscollectedfromCourtlandsewer

ponds were Daphnia Cyclops and Hyalella
BrytonStationprovidedDaphniaCyclopsEu
cyprisandBranchinecta Phytoplanktonaswell
aszooplanktonwerecollectedfrombothsources

Bryton Station plankton provideda poor

phytoplanktonbloomeventhoughthepondswere
fertilized with organic chicken manure and

inorganic 20205 fertilizers with varying
applicationrates BrytonStationdidprovidea
veryabundantzooplanktonbloominallponds
Daphnia numbered over 30liter and Cyclops
22literafteronly19days Additionallywithin
thesametimeframetheSecchiDiskexceeded



Table1BondRoadFishHatchery1985

POND

1
2
4
5
6

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

DATE

319

319

315
319

319

328

328

328

41

41

41

51

51

51

51

51

411

401

411

STOCKINGRATELBS

40

48

20

20

20

20

20

20

40

20

20

2

2

2

2

2

0

2

20

20

LBS
LBS
LBS
LBS

LBS
LBS
LBS

LBS

LBS
LBS
LBS
LBS
LBS
LBS
LBS
LBS
LBS
LBS
LBS
LBS

TOTALSTOCKED 340LBS

themaximumponddepthof36
TheCourtlandsewerpondsprovided the

bestphytoplanktonbloom After19dayspond
fertilityturbiditywaseightincheswiththe
pondshavingabrightgreencolor

Combination plankton source introductions

providedafairphytoplanktonbloomaveraging16
in19days

Afteraddingthefishtothepondsthe
zooplanktonpopulationsdiminishedquicklyandall
pondshadaphytoplanktonbloomof6 12inches

after30days
Infourofthepondsthatwereslowto

greenwedevelopedafilamentousalgaeproblem
Intwoofthepondsthealgaewasphysically
removedandrefertilizedThisworkedverywell
Thepondswerequicktodevelopagoodphyto
plankton bloom The other two ponds were

treatedwithAquazineSimazineaccordingto
thelabel Thefishquicklyleftthosetwoponds
andneverreturnedduringthatseason The

Aquazinewasalsoveryslowincontrollingthe
filamentousalgae

Allofourhatcherypondswereoriginallyof
along racewaytypedesign25ftwideand
280ftlongwithanaveragedepthof45ft
Theslopeofthepondswas11 Theseponds
wereverydifficulttoseineandprovidedlittle
harborageforfryfromtheadultfish

DATE

629

629
622

624
629

621

621

71

71

71

624

624

624

624

624

71

622

622

1 PondstreatedwithAquazinealgicideforcontroloffilamentousalgae

FISHHARVESTEDLBS

216LBS
224LBS
124LBS
88LBS
22LBS
38LBS
38LBS
44LBS
54LBS
52LBS

70LBS
62LBS

110LBS

54LBS
62LBS
0LBSt

118LBS

58LBS
60LBS
0LBS

75

TOTALHARVESTED 1494LBS

Thefirsttwoexperimentalpondswerebuilt
byremovingthecenterleveefrombetweentwo
racewayponds Theslopewaschangedfrom11
to41makingitmucheasiertoseinefishand
maintainlevees A3to6riverrockripwrap
wasusedtoprovideharborageforfry These

pondsareverysimilartosewageoxidationponds
buttherockisrakedoutapproximately18from
thebankprovidingshallowwarmareasinthe
pondsforthefish Asmentionedbeforeall
pondshadopenculvertsbetweenthemallowing
thefishtomovefreelyfrompondtopond Pond

designproductioncouldnotbeevaluatedaccu
rately Thiscomingseasonallpondshavebeen
separatedandthisponddesignwillbebetter
evaluated

InPond1alowpressureairlinewasused
commencingSeptember141985Theairlinewas
120longplastic38tubing Thepumpwasset
onatimerandranfrom400am 800am

sevendaysaweek AlthoughPond1hadthe
airlinedissolvedoxygenandpHlevelswere
almostalwayslowerthaninPond2

Bothpondswerestockedwith250lbsof
fishfromthesamesourceandonthesame
dates OnFebruary81986bothpondswere
pumpeddownandseined Pond1wasseined82

lbs or328ofstockingrate Pond2was

seinedfor127Ibsor508
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CHEMICALANDORGANICFERTILIZERAPPLICATIONRATES

CHEMFERTILIZER

MIME

POUNDS

POND1 2 4

CHEMFERTILIZER

POUNDS

POND1

ORGANICFERTILIZER

9

GALLONS

9 10

ORGANICFERTILIZER

GALLONS

60DAYS

90DAYS

1
Figure1

PONDFERTILITY

I
ININCHES

PONDFERTILITY

1 1
ININCHES

PONDPh

11 13 14 15 16 17 15 19 20 21

I
LIE JP

91785 821 69F 18 871 69F

92685 883 25C 12 902 25C

100285 843 18C 21 10 894 18C 42

100885 824 20C 34 12 872 20C 41

101585 816 19C 12 823 19C

102285 803 16C 45 12 851 15C 50

110585 810 16C 46 10 883 16C 72

111285 857 100C 68 10 980 95C 95

111885 797 10C 111 11 966 10C 119

112185 819 9C 101 9 928 9C 114

112585 820 10C 72 9 948 10C 76

120485 836 11C 97 9 914 11C 95

121285 849 11C 90 10 842 11C 79

121285 861 9C 72 12 849 8C 76

122285 812 10C 107 12 961 9C 107

010386 855 12C 85 13 876 11C 94

011386 889 9C 15 972 9C
012386 855 13C 101 15 961 13C 114

013086 851 14C 914 13 951 14C 107

020286 849 14C 90 14 965 14C 101

PONDPh

POND1 2 4 7 9 9 0 11 12 13 14 5 16 17 9 19 20 21

POND2

WEEKLY DO DO
DATE pH TEMP PPM FERTILITY pH TEMP PPM FERTILITY

LOWPRESSUREAIRLINE CONTROLPOND

16

10

7

10

10

13

9

10

10

10

9

9u
12

13

11

17

15

14

13

13



Zooplankton cultured in Pond 3 were

pumpedintoPond2twiceduringthewinter
monthsonDecember51985andonJanuary3
1986 Pond 2 still had good Daphnia and

Cyclops populations when we seined it on

February81986 Inallofourzooplanktonfed
pondsoverwinteringsuccesswas betterthan
50 Adensephytoplanktonbloom6 12was

notasignificantfactor Pond31wasneverless
than 26 Overwintering success in this

zooplanktonfedpondwas68 Pondfertilityof
Pond20wasneverlessthan22 Overwinter

ingsuccessinthiszooplanktonfedpondwas
132Ibsor528

RESULTS AND DISCUSSIONMosquitofish
productioninalloftheSacramentoCountyYolo
CountyMosquitoAbatementDistrictsmostpro
ductivesourceswasalwaysaccompaniedbydense
zooplanktonpopulations

Phytoplankton bloomswerealsofound in

manyofourfishsources Thesewestimulatedin

ourhatcherywithchemicalandorganicfertil
izers Phytoplanktonanimportantpartofthe
pondfoodwebwasalsousedtocontrolaquatic
plantsandfilamentousalgaethatwouldinterfere
withtheseiningofourponds
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PARAMETERSFORDETERMININGHATCHERYPONDPh

NH3NH4LEVELSRANGED

FROMLESSTHAN1ppmto
67ppm

135

33

L
82 85

490

Therockponddesignwillprovidespawning
areasforthegravidfemalesaswellasharborage
forthenewlyspawnedfry Mosquitofishproduc
tioninPonds1 2rockpondsfor1985
indicatesthatwearemovingintherightdirec
tion

Beforebreakinggroundforanyfishhatch
erycompletesoilandwateranalysesshouldbe
done The SacramentoCounty Departmentof
Agriculturewasverycooperativeanddidanalyses
forthedistrictonseveraloccasions

Whendevelopingamosquitofishhatcherydo
notbeafraidtoseekguidance Findoutwhat

problemsothershavehadandwhereandhow
theywereovercome Everyonewespoketowas
eagertohelp

ACKNOWLEDGMENTSSuccess in the dis
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ponddepth DebbieThompsonSeniorAgricul
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Gameprovidedsoilandwateranalysis Mike

CockranCentralValleyFishHatcherystressed
theimportanceofzooplanktonpopulationsuseof
chlorine to sterilize ponds Charlie Young
districtemployeehelpedwiththedesignofthe
filteringsystem KimMcCleneghanWaterPollu
tionControlLaboratorysuggestedhighpHfor
keepingheavymetalsoutoffoodweb
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ASURVEYOFMOSQUITOFISHGAMBUSIAAFFINIS

PARASITESINSACRAMENTOCOUNTY

SAWrightandKWBoyce

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815

MosquitofishhealthisofcriticalimportancetotheGambusiaaffinisaquaculturist Waterqualityand
nutritionareofprimaryimportanceinraisingfishbutknowledgeofparasitismisalsoimportantin
maintainingthehealthofculturedfish Inthisstudymosquitofishhavebeensampledfromthreeheavily
populatedsourcesinSacramentoCounty Parasiteinfectionlevelswerefoundtobehigherinthefall
samplethaninthespringsampletakenfromthethreesites Itwasalsonotedthatparasiteinfection
levelswerehigherandmorepersistentinculturedpondsites From180Gaffinisdissectedfiveproto
zoanssevenhelmenthesandonesaprophyticfunguswerecollected Outsidethesampletwoother
protozoansandacrustaceanparasitewerefoundinfectingmosquitofish

INTRODUCTIONParasites are character

isticallyefficientorganismsthatgenerallydonot
kill theirhosts in natural conditions Itis

possiblehoweverthatthesituationisdifferent
forthemosquitofishGambusiaaffinisBairdand
Girard in confined cultured environments

Excessivehandlingabradesthefishesnatural
protectivemucuscoatingleavingthemespecially
susceptible to repeated exposure of parasitic
eggslarvaeandbacterialinfectionsassociated
withovercrowding

Theobjectiveofthisstudywastocollectthe
varioustypesofparasitesfoundinfectingmos
quitofishnotingtheirsitelocationandhabitat
Ourpurposewasalsotoidentifyandcompare
theseparasitesusingourownobservationsand
thoseofothers Itishopedthatthisinformation
maybeusefulinthefutureforthoseworking
withculturedGaffinisindiseasepreventionand
parasitecontrol

SITEDESCRIPTIONCollectionsweremade

fromthreedifferentlocationsrepresentingthree
distincthabitattypes SamplesitesinSacra
mentoCountywereasfollows 1MorrisonCreek

nearFlorinRoad2RioLindaWaterTreatment
pondsonRioLindaWayand3TheFisherya
catfishhatcheryonElkGroveFlorinRoad

RioLindaandthecatfishhatcheryareboth
pondenvironmentswithturbidwaterandsome
vegetationcoveringthebottoms Themarginsof
thepondsareallheavilyvegetated TheRio

Lindapondsareabouthalfthesizeandaremuch
shallowerthan thehatcheryponds Morrison

Creekisfairlyswiftrunningandhasrelatively
clearwaterwithlittlevegetationalongthebot
tom ThewateriscolderatMorrisonCreekthan

ateitherRioLindaortheFisheryponds
TheFisheryacoopcatfishandsturgeon

hatcheryconsistsofeightapproximatelyoneacre
manmade impoundments adjacent to FlorinElk
GroveRoad Thepondsaredesignedtoserveas
pondenvironmentstorearcatfishandarealso
heavilypopulatedwithGaffinis Temperature
fluctuationswerefoundtobelessintheseponds
during the winter months relative to other

environmentssampled

ABSTRACT

ThesmallerRioLindapondsconsistofthe
remainsoftheRioLindawastewatertreatment
andreclamationpondsandarenowrentedforG
affinisrearingbytheSacramentoCountyYolo
CountyMosquitoAbatementDistrict Temperature
levelswerefoundtobelowerduringthewinter
intheseponds likelyduetotheir shallower
watersandsmallersize

MorrisonCreekispresentlyusedasacity
streetdrainrunoffandfloodcontrol During
summermonthsmovementisreducedtoanear
stagnantstate Inthewintermonthswater
rapidlymovesthroughthedrainsystemthough
remainingrelativelyshallow Watertemperature
remainedrelativelyconstantduringwinterdespite
fluctuationsinambienttemperatures

Presentlyallthreesitesareusedforthe
rearingandcollectingofGaffinisforbiological
controlprojects

Otherfishpresentinthecollectionsites
includecarpCypriniscarpoLgoldenshiner
Natemigonus crysaleueas Mitchell flat head

PimpephalesoromelasRafinequeTuichubGila
bicolorGirardspeckleddaceRhinichysosculus
Girard and bluegill Lepomis macrachirus

Rafineque
MATERIALSANDMETHODSFishwereob

tainedbyseiningandnettingwithaquaticnets
Capturedfishweretransportedtothelaboratory
inbucketscontainingwaterfromthesiteof
collection Uponreturntothelaboratoryfish
wereheldinaquariums

InOctober198530fishfromeachsitewere
examinedandinFebruary1986asecondsetof
30fishfromeachsitewereexamined Specimens
were randomly selected from the aquariums
sexedandgivencarefulexternalandinternal
examinations Thefishwerekilledbypithing
just prior to examination Intestine liver
spleengallbladderkidneyandgonadswere
examinedfresh Thescalesmucusandintes
tinalliningwereinspectedfromscrapings Gill

lamellaewereexamineddirectlyundercoverglass
andviewedusingaphasecontrastmicroscope
Measurementsweremadeusinganocularmicro
meterscale Dissectionwasaccomplishedusing

79



80

ICHTHYOPHTHIRIUS56

TOTALPERCENTAGEPARASITEINFECTIONOFGaffinis
TABLE1

GYRODACTYLUS11

COSTIA331

TRICHOOINA1671

MXY0B0LUS061

SAPROLIGNIA56

DACTYLOGYRUS350

PHILONEMA061

BOTHRIOCEPHALUS391

CLEIOOOISCUS89

DIGENEFLUKES94

EUSTRONGYLIDES150

irisscissorstocutashortsectionventrallyfrom
anteriorjustundertheoperculumtothevent
posteriorly Dissecting needles wereused to

tease free the organs from the peritoneal
mesentaries Theperitonealcavitywascarefully
washedoutwithwaterandalsoexamined

RESULTS AND DISCUSSIONSCompiled in

Table1aretheresultsoftheexternalandin

ternalexaminationsofGaffinisalongwithper
centageevaluationofdatafromnumbersoffish
withparasites Dataconcerningparasitesrepre
sentonlyinfectedindividualfishanddonotshow
numbersofindividualparasitescollected Male

andfemalefishwerenotseparatedandtherefore
cannotbeusedforanyevaluationsasunequal
numbersweredissected

Atotalof180fishwereexaminedforpara
sites Fromthose114werefemalesand66were
males Ninetyone point two percentof the

femalefishand803ofthemaleswereafflicted

withsometypeofparasite Overall872ofthe
fishexaminedcontainedorharboredsometypeof
parasite

Fromthe180fishexaminedthirteentypes
ofparasiteswerecollected Fiveprotozoanand7
helmenthicparasiteswererecoveredalongwitha
fungalsaprophyte

Table1representsthepercentageofpara
sitesfoundinfectingGaffinis Bothsingleand
multipleinfectionsareincludedinthispiechart

Monogenetictrematodeparasiteswerebyfar
themostprevalent Ofthosefishparasitized
556wereinfectedwiththisectoparasiticfluke
Themostcommonlycollectedoftheseflukeswas
Dactylogyrus sp Diesing which represents
over35ofallparasitevarietiesfound Gyro

dactylus sp Nordmann was discovered on

117andCleidodiscussp Mueller theeast

commonexistedinsmallbutpersistantnumbers
makingup89

Thenematodeparasiteswerethemostre
markable Both varieties encountered were

peritonealencysters Byfarthemostcommon
wasEustrongylidessp Jagerskioldinfecting
almost150Philonemasp KuitunenEkbaum
wascollectedinonlyonefishwhichrepresents
only06ofthoseinfected

Peritonealdigenetictrematodeswerecollected
injustover9ofthefish

The cestode Bothriocephalus sp Blan
chard wasinfrequentlycollectedinonly39of
thoseinfectedthoughusuallyexistinginmulti
plesperfish

Fromtheavailabledatacollectedonproto
zoanparasitesinfectionnumbersappeartooccur
asisolatedintimeandlocation Twogoodex
amplesare 1theoutbreakofTrichodinasp
Ehrenbergrepresenting167oftheoverall
butoccurringonlyatonesiteandonlyduring
one season and 2 Ichthyophthirius sp

Fouquetat56 alsooccurringonlyatone
placeandtime

Theseandothernotedprotozoanoutbreaks
occurredinthespringafteralongwinterwith
reducedwatertemperatures

ThephycomycetesSaproligniaspNeesVon
Esenbeckrepresentedonly56ofthoseparasi
ticinfectionsnotedhoweverthisfunguswas
alwaysassociatedwithpreviouslyinfectedfishof
poorhealthandissuspectedtobetheultimate
causeofmortality

InTables2 7springandfallcollections
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areseparatedforeachsiteandshowpercentage
differencesinGaffinisparasitism

Table 2 graphs horizontally the results

collectedatRioLindainthefallof1985col
lection Themostpredominateparasitecollected
wasthevisceraldigenetictrematodewhichwas
foundin30ofthefishexamined Theperi
tonealnematodeEustrongylidesandthegillfluke
Dactylogyruswerebothcollectedin67 The

cestodeBothriocephaluswasfoundin33ofthe
fish AlsonotedwastheSaproligniafungusin
67ofthefish

InTable3theRioLindaspring1986sample
isgraphed Therewerenonematodesorinternal

flukescollectedbuteveryfishinthissample
washeavilyinfectedwiththeectoparasiticproto
zoanTrichodina TheepithelialtrematodeGyro
dactyluswasfoundtocover70ofthefish
surveyedandSaproligniawasfoundon20

ShowninTable4istheBeerFisheryfall
1985sample Allthefishcollectedfromthese

pondswereparasitizedbythemonogeneticgill
flukeDactylogyrus Mostfishhosteddozensof
thesetrematodes Thesesamefishwerealso

infectedat167withthenematodeEustronq
ylidesaswellasthevisceralflukesalsoat167

Table5showsanincreaseinparasitismat
theBeer Fisheryin spring1986 Thesame

parasitesarerepresentedasthosecollectedfrom
thesiteinthefallsample Anewmonogenetic
trematodeCleidodiscuswasfoundonthegillsof
533ofthefishwhileDactylogyruswasstill
foundon40ofthefish Thedigenetictrema
todeinfection level droppedto10afterthe
winterwhiletheEustrongylidesparasitepopu
lationincreasedto366 Therewasalsonoteda

fairlyheavymixedprotozoaninfestation

25 30 35

300

81

Table6outlinesthefallparasiticlevelfrom
theMorrisonCreeksampletakeninOctober1985
Amajorityofthefishover63 wereinfested

withDactylogyrus Thesefishwerealsoparasit
izedwithEustrongylidesat167ofthesample
FishwerealsofoundtocontainBothriocephalusin
167ofthesample ThefallMorrisonCreek

samplecontainedtheonlyspecimenofPhilonema
collected Asmall percentofthefish were

infectedwithSaprolignia
InTable7thespringsampletakenfrom

MorrisonCreekshownsachangeinthevarietyof
parasitescollected Twoprotozoanswerecol
lected Ichthyophthiriusinfectionwasfoundto
be333andonefishwasinfectedwithMxyoblus
sp Butschli TheEustrongylides levelwas

foundtobelowerat167aswellastheBothri

ocephalusinfectionlevelat33
InTables8 11thefourmajorheimenthic

parasitevarietiesarecomparedspringandfallfor
allthreesites Theverticlebargraphsshow
percentageinfectionlevel

InTable8thetwogillmonogenetictrema
todesDactylogyrusandCleidodiscusarecombined
andgraphed Thecombinedpopulationsofthese
twoflukeswasalwayshigherinthefalldecreas
ingtozeroatbothMorrisonCreekandRioLinda
sites WinterconditionsattheBeerFisherywere
lessseverethantheothertwositesandgillfluke
populations were observed to drop only 10

throughthewinter

Table 9 shows thesamecomparison for

Bothriocephalus Inthetwositeswherethis

cestodewascollecteditwasfoundthatpopu
lationlevelsdecreasedfromfalltospring There

werenocestodescollectedattheBeerFishery
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PERCENTAGEOFPARASITEINFECTIONOFG
MORRISONCREEKSPRING1986

TABLE7

0 5 10 15 20 25 30

affinis

35 40

SAPRQLIGNIA
00

MXY080LUS

133
TRICHODINA

00

ICHTHYOPHTHIRIUS

333
COSTIA

00
GYRODACTYLUS

00

DACTYLOGYRUS

00

CLEIDODISCUS

00

DIGENEFLUKE

00

EUSTRONGYLIDES

1133
PHILONEMA

00

BOTHRIOCEPHALUS

133

Table 10 graphs the frequency of the

digenetictrematodecollectedattwosites Once

again thesamplesites showedadeclineof

parasitepopulationthroughwinter AtRioLinda

theflukepopulationdeclinedfrom30infectionin
thefalltozerointhespring Alessdrastic
declineoccurred atthe Beer Fishery where

infectionleveldroppedfrom166to10over
winter

InTable11thefrequencyofEustrongylides
collectedisgraphed Intwoofthethreesites
MorrisonCreekandRioLindatheEustrongylides
populationsdeclinedthroughwinter Morrison

Creekdeclinedfrom167inthefallto133in

thespring RioLindafellfrom66tozeroafter
winter ButthistrendwasbrokenattheBeer
Fisherywherethenematodepopulationwerefound
inincreasebyover100

AsseeninTable12whichcomparesallfour
ofthesehelmenthicgroupsthereappearstobea
relationshipbetweenthewintermonthsandthe
reduction of fish which contained helmenthic

parasites Thisrelationshipmaysuggestthatthe
pressuresofparasitismandwinterstressescould
contributetofishmortality Thoughthisobser
vationmaynotbecompletelyreflectedbythe
Eustrongylidesnematode

Afew parasiteswereexcluded fromthe

abovestatisticsduetotheirinfrequentnumbers
butwarrantmentionheretocompletethelistof
organismsfoundtoparasitizeGaffinis

ProtozoansAmbiphrya sp Raabe were

foundonthegillsoffourfishdissectedfromthe
springsampletakenatRioLinda

One fish collected from Morrison Creek

containedspecimensofVohlkamphiaspChatton
andLaLungBonnaire

Afewfishwerefoundtohostinfestationof

lchtyobodospformerlyCostiaspfromthe
BeerFishery

AsinglefishcollectedfromMorrisonCreek
wasfoundtobeinfectedwithanunidentified

microsporidian
CrustaceaNofishcontainedinthesample

inspectedwereinfectedwiththeparasiticcopepod
Lernaea sp L however five mosquitofish
collectedwiththesamplewereinfected Lernaea
is an important fish parasite and therefore

warrantedmentioninthisstudy
CONCLUSIONSAn overall view of the

statisticsshowlowerparasitepopulationdynamics
in cultured pond environments An overall

higherparasitepopulationlevelwasobservedin
culturedpondsrelativetonaturalcreekorsmall
overwinteringpondenvironments

Thisobservationsuggeststhatthosepopu
lationssubjectedtothenaturalstressesofover
winteringlosethosefishofpoorhealthincluding
thoseparasitized Thiscleansingofthefish
populationassuresastrongreproductivepopu
lationforthespring

Inthe cultured pond environmentwhere

normalwinterstressesarereducedfishofill
healtharemorelikelytosurvivethewinter
Survivalofthehostfishallowstheparasiteto
continue its lifecyclethus reproducing and

contributingtotheincreaseinparasiticpopu
lation

83



84

m

WJ
CD

H

LL

C1n
9H

uID0
pH

OWJ
LLU

0O
Z

rW

ZH

W
Li

13

1 i 1I 1 i1t
b H 0 CO ID c N

0

00

0

m

ID

to

ID

0

0

0

0

0

O

0

CC

NH

co
co

0

oa

J

0

6

aa

11W
OH
J

ID
CC

CJ1

O

Z

0 CH
W N
1

H

In

wymo
co

U

WO

Z0
111
I In

WW cn1

ZH
LL

CD

F

W
UQ
WCL

U1W

JLL

UH
FLU
ZW

H0

T1
H

toN

r4V
ID0

CD

U0

Z0
H1 m

cn

WLL
ZH O

WVD
F

W

CCW
CI

V 0 I 0 N N ti O 117

f

0

LO

ID

O

Ti

0

0

0

0

0

0

0

5
N

00s



Therichnessofparasiticorganismsonfish
isevidentwheneventhesmallestofsamplesare
taken DeterminationoftheextentofwhichG
affinisisparasitizedhasonlybeenstartedwith
thissmallsample Howeverfromthisstudyit
maybesuggestedthatparasitismplaysanimpor
tantroleinthegrowthand reproduction of

healthyfish Itisalsoquiteapparentthatthe
importanceofparasitismbecomesfargreaterin
thecultivationoffishesinconfinedenvironments

Inthissurveywehaveonlyrecognizedsome
oftheparasitesinfectingG affinis Further

dissectionsshouldbedonetonormalizethese

statisticsandthebeginningofinvestigationsinto
thecontrolofparasitesthroughinterruptionof
theirlifecyclesshouldbepursued
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INTRODUCTIONThemosquitofishGambusia
affinishasbeenusedinmosquitocontrolfor
manyyearsHaasandPal1984 Duetotheir

chronicshortageduringpeakmosquitobreeding
seasons artificial cultureofmosquitofish has

beenemployedwithvariousresults
Cultureinpondshasmetwithlimitedsuc

cess Coldwatertemperaturesbirdpredation
andtheneedforpersistentaquaticweedcontrol
are major constraints Fortunately intensive

culturesystemshaveshownpromise
Importantgrowthfactorsforintensivecul

ture ofmosquitofish have been investigated
Systemsstockedatonefishperliterofwater
haveoptimalfishbiomassgainDrazbaandGall
1980DownsandBeesley1983 Mosquitofish
grownatawatertemperatureof25Cexhibit
optimalgrowthefficienciesWurtsbaughandCech
1983 Downs and Beesley 1983 and Sawasa

1974reporteda1311LDphotoperiodtobe
optimalforgrowthwhileGall1983reports168
LDtobeoptimalforgrowthandreproduction
Thoughrecentstrideshavebeenmadeininten
sivecultureotheraspectssuchasreproduction
stillneedexamination

Ourintentistodevelopoperationaltechnolo
gyformosquitofishproduction Aproduction
systemwillhavetwocomponents Onecomponent
beingabroodstocksystemtoproducegravid
femalestheotherahatcherytoobtainfryfrom
gravidfemales

Thebasicparameterstoinvestigatefora
broodstocksystemaresexratiosofbroodstock
andbroodstockdensity Thisworkfocuseson

thefirstparameter Thepropersexratiois
importantasfertilizationofallbroodfemalesmay
nottakeplaceiftheratioofmalestofemalesis
toolow Converselyiftheratioistoohighthe
possibility ofmalemale aggression Itzkowitz
1971mayinfluencemalefemaleinteraction

MATERIALS AND METHODSMosquitofish
wereharvestedfromalocalstockpond Large
femaleswhodidnotpassthrougha5mmbar
grader were excluded from spawning trials

1ContraCostaMosquitoAbatementDistrict
ConcordCalifornia94520

2UniversityofCaliforniaDavisCalifornia
95616

OPERATIONALMOSOUITOFISHPRODUCTION

BROODSTOCKMANAGEMENT

CWDownsCBeesley REFontaine

andJJCechJr

ABSTRACT

Maturemosquitofishwereheldatthreesexratios11 1215malestofemalesfor95days
Femaleswereinducedtodropyoungat65and95daysandfryproductionrecorded Fishheldatthe

ratioof11producedmorefrythantheothertworatios

Selectedfemaleswereseparatedintothreegroups
of256 Eachgroupwasindividuallyisolatedin
spawningbasketsinseparatetanksinthehatch
erydescribedbelow

The hatchery consists of two identical

systems Eachsystemconsistsoffourfiberglass
culturetanks91mx213mx46mone
cylindricalpolypropylenefilter208litersfilled
with5cmplasticbioringsandfiberglasssump
56m

Waterwascirculatedviaa110hppump
andtook21hourstocyclethroughthesystem
A10gallonwaterheatermaintainedwatertemper
atureat25Candwaterlossduetoevaporation
wasreplacedviaafloatvalve A1410LD

photoperiodwasmaintainedbyoverheadfluores
centlights

Thespawningbasketsareplasticstrawberry
basketslinedwith8x8meshfiberglassscreen
Thesebasketsretainfemaleswhileallowingnew
bornfrytoescape

Maturefemalesvoidoffertilizedembryos
weredesiredtobegintheexperiment Toensure

thisfemaleswereinitiallyisolatedforoneweek
inthehatcheryandinducedtodropfryby
raisingthewatertemperatureto30C They

werethenmovedtoagreenhousesystemfor
threeweekstofurtherdevelopova Theywere

isolatedforoneweekinthehatcheryasecond
timeandtheprocesswasrepeated

Thegreenhousesystemconsistsofapost
andtrussgreenhouse1525mx549mcovered
withgreenhousecorrugatedfiberglass Contained

withinarethreefiberglasscirculartanks366m
x91mconnectedtoacommonbiofiltertwo
cylindricalpolypropylenetanks568litersfilled
with75cmbioringsanda107mwoodensump

Watertemperaturewasmaintainedat24C2
bya125000BTUswimmingpoolheater A

1410photoperiodwasmaintainedwithfluorescent
lights Waterwascirculatedat303litersper
minutebya4hpsump

Nofrywereobservedinthehatcheryafter
thesecondisolationnordidfemalesshowany
signsofbeinggravid Theywerenowintro
ducedtomalestobeginthematingtrials

Maturemaleswereintroducedintothegreen
housetanksatratiosof1112and15males
tofemalesTable1 Fishwereallowedtomate

forthreeweeksfemaleswerecollectedplacedin
thehatcheryandtheabovespawningprocedures
wereused Numberofmalesinthegreenhouse



wererecordedateachisolation Afteroneweek

inthehatcheryfemaleswerereturnedtothe
greenhousewiththemales Fryproductionwas
recordedandthecyclewasrepeatedforone
additionalspawn

Fishwerefedsixtimesdailybyautomatic
feedersatadailyrateof5oftheirbiomass
SalmonstarterRangenMfgwasusedthrough
outthetrials

Alltankswerescrubbedandsiphonedmonth
lyaccountingforapproximately50makeupwater
beingaddedmonthly

AHachDRELwaterqualitykitwasused
weekly to monitor ammonia nitrate nitrite
dissolvedoxygenpHcarbondioxideandchlo
rinelevelsinthegreenhouse

RESULTSNumberoffryproducedineach
groupwasdirectlyrelatedtotheratioofmalesto
femalesTable1 Thefirstisolationproduced
17641604and1248fryatthesexratios1112
and15respectively Thesecondisolationpro
duced520450and400fry Whethertherewas

ahigherproportionofgravidfemalesinthe11
grouporindividualfemalesactuallydroppeda
higheraveragenumberoffrywasnotdeter
mined Onthebasisofinformalobservationsit

issuspectedthattherewasahigherproportion
ofgravid females Regardless therewas a

directrelationshipbetweenthenumberofmales
pertankandthenumberoffryproduced

Mortalityoffishovertheexperimentwas
greaterthanexpected Femalesurvivalwas61

70and66forthesexratios11 12and15

respectively Malesurvivalwas46 64and
64

Water quality was good throughout the

experiment Ammonia levels varied between

0237mg1 Dissolvedoxygenrangedbetween
73 108ppm Nosignificantvariationsin
waterqualitywerenotedbetweentanks

Femalesaveraged88gatthestartofthe
experimentandaveraged15gattheconclusion
Malesremainedrelativelythesamesize30gat
thestartand38gattheend Thistranslates

toadailygrowthrateof12forfemales Male

growth rates are insignificantas theycease
growthuponmaturationKromholtz1948

days

0premating

35malesintro

651stisolation

952ndisolation

Survival

11

m f fry

256

219 219

162 196

104 162 520

47 63

DISCUSSIONThegoalofthemosquitofish
aquaculturefacilityistoproducethemaximum
numberoffish Thefemalemosquitofishheldat
a11ratiowithmalesclearlyproducedthemost
fry Basedonourpreviousfishdensityresearch
DownsandBeesley1983itisprojectedthat
ourgreenhousesystemcansupport35timesthe
numberoffemales Iffryproductionforeach
sexratioismultipliedbythisfactorthediffer
enceinfryproductionbetweentheratiosbecomes
moresignificant Itisexpectedashatchery
efficiencyisimprovedthisdifferencewillbeeven
greater

Thehighmortalityrealizedinthisexperi
mentmaybeduetosenescence Weoriginally
startedthisexperimentwithfemalesretainedby
the5mmbargraderx 13grams Afterone
month50ofthefemaleshaddiedwhentherewas
no indication of infection and water quality
parameterswereexcellent Wethereforeselected
smaller females toalleviatethe possibilityof
senescenceyettheirgrowthwassufficientto
exceedthatofourprevioussetup Therapid
growthandreproductiondemandplacedonthese
fishmayburnoutthefishfasterthannormal
whichmayleadtoacontinualneedtoreplace
broodstockeverytwotothreemonths There

wasnowaytodetermineageofmalesselected
andmortalitymaysimplybeattributedtotheold
ageofmalestockweselected

Onthebasisoftheabovedataandour
statedgoalofmaximalfryproductiona11male
femaleratioseemsdesirable Futureworkwill
focus on brood stockdensities brood stock

mortalityfemaleisolationfordroppingfryand
broodstockreplacementschedules
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COMPARATIVEMOSOUITOPREDATIONEFFICIENCYOFMOSQUITOFISHAND

JUVENILESACRAMENTOBLACKFISHINEXPERIMENTALRICEPADDIES

JosephJCechJrandAlisonLLinden

Twentyoneexperimentalricepaddies305
mx35mattheUCDRiceResearchFacility
werestockedatthetimeofthefirstpermanent
waterwitheithermosquitofishGambusiaaffinis
orSacramentoblackfishOrthodonmicrolepidotus
orwithbothspeciesinvariouscombinations
Threepaddieswerestockedwith1320Sacramento
blackfishthreewerestockedwith10mosquito
fishthreewith30mosquitofishthreewitha
3030combinationonewitha64blackfish 30

mosquitofishcombinationthreewitha300hlack
fish 30mosquitofishcombinationandfivecon
trolshadnofishstocked Inthedataanalysis
datafromthe6430combinationwerecombined
withthosefromthe3030combination Three
thousandto10000culturedCulextarsalismos
quito larvae were stocked weekly into each

paddy Dippersamplesformosquitolarvaewere
madeweeklyduringthericeseason60dipsper
paddytwodaysaftermosquitostockingbut
countswerelowielessthantenlarvaeper60
dipsuntilthelasttwoweekswhenmanywild
Anopheles freeborni larvae were also found
Larvalcounts andvolumetric measurementsof
filamentous algae Cladophora Spirogyra and

Zygnemaweremadethreetimesweeklyduring
thelasttwoweeks Attheendofthe12week

sessionpaddiesweredrainedandtheremaining
fishandvisibleinvertebratescounted

Data from the last four dippersampling
datesshowthehighestnumberofmosquitolarvae
intheSacramentoblackfishstockedricepaddies
p 005ANOVA Meanlarvalnumberswere
lowest in the heavily stocked mosquitofish
paddies57 22SEMandthenextlowestin
the3030combinationpaddies74 22these
numberswerenotsignificantlydifferentfromthe
controlpaddies82 20the30300combination
paddies89 25orthelightlystockedmos
quitofishpaddies104 25 Thislowlarvi

vorousabilityofblackfish mayconcerntheir
rapidgrowthtoca70mmSLandaconsequent
shifttoafilteringmodeoffeeding Thequantity
ofalgaewasinverselyrelatedtothenumberof
mosquitolarvaeinthericepaddies Withthetwo

paddiesattheendsoftheexperimentalricefield
excludedfromtheanalysistherewassignificant
lymorealgaeintheheavilystockedmosquito
fishpaddiesthaninanyoftheotherpaddy
categoriesp 005ANOVA Thelowestmean
algaevolumewasfoundintheSacramentoblack
fishpaddiesthenextlowestalgaevolumewas
foundintheheavilystockedblackfishplus
mosquitofish combination paddies Thus the

DepartmentofWildlifeandFisheriesBiology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

89

paddiescontainingthemostblackfishseemedto
growtheleastalgae Itispossiblethatjuvenile
blackfishknowntogrowonstrictlyplantbased
dietscroppedalgaeintheirricepaddies

Attheendoftheexperimentthecontrol
fieldswerevirtuallydevoidoffishindicating
thatourinflowandoutflowscreensandlevees
hadremainedintact Itwasalsonotedthat
blackfishpopulationswereatonethirdtoone
halfoftheirstockedlevels Incontrastmos
quitofish populations increased to very high
levelspaddiesstockedwith30mosquitofishand
thosestockedwith30mosquitofishplus30Sacra
mentoblackfishhadthemost 1720and1840
respectively Mosquitocontrolseemedtobea
functionofspeciesratherthanjustthenumberof
predatoryfishbecausetherewasnosignificant
differencebetween total fish numbers in the

blackfishpaddiesandboththe30030combination
paddiesandthelightlystockedmosquitofish
paddiesyetmosquitolarvalnumbersweresigni
ficantlyhigherintheblackfishpaddies

Thelowernumberoflarvaeinthecontrol

paddiescomparedwiththeblackfishpaddiesmight
be attributable to the predatory invertebrate

communitiesthatdevelopedthere Thecontrol

andblackfishpaddieshadsignificantlymorewater
stridersthanallotherpaddiesp 005by
ANOVA Importantlythecontrolpaddieshad
significantlymorenotonectidsthanall ofthe

otherpaddiesincludingtheblackfishpaddiesp
005by ANOVA Notonectidsare known

invertebratepredatorsonmosquitolarvaeand
mosquitofishareknowntopreyuponnotonectids
Itseemsthatthenotonectidsprovidedpredation
equivalenttothatofthemosquitofishandcom
binationpaddiesintheseexperiments
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GREENSUNFISH FRIENDORFOEOFRICEFIELDMOSQUITOES

LeonBlaustein

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

StudiesoverafouryearperiodindicatethattheimpactofgreensunfishLepomiscyanelluson
mosquitoabundanceinricefieldsdependsonfactorssuchasabundanceofalternativepreyabundanceof
greensunfishthesizeofgreensunfishthespeciesofmosquitoandthepresenceofthemosquitofish
Gambusiaaffinis

Correlationalinformationsuggeststhatalternativepreyisveryimportant Whenalternativeprey
suchasostracodscladoceransandchironomidsdensitieswerehighsunfishfailedtoreducepopula
tionsofeitherCulextarsalisorAnophelesfreeborni Whenalternativepreydensitieswerelowimmature
greensunfishwereeffectivepredatorsofCtarsalisbutwereineffectiveatreducingAfreebornipopu
lationsexceptwhengreensunfishimmaturedensitieswereveryhigh Largegreensunfishca8cmTL
didnotreduceabundancesofeitherspeciesofmosquito

Greensunfishdepressedmosquitofishandinvertebratepredatorpopulations Greensunfishpopula
tionswerealsodepressedbymosquitofish Despiteareductionofmosquitofishandinvertebratepredator
populationsanddespitebeinganinefficientpredatorofAfreebornitheadditionofgreensunfish
enhancedcontrolofAfreeborniprovidedbymosquitofish Inthepresenceofgreensunfishmosquito
fishrestrictedthemselvesmoretothericestandwheremosquitoesarepresentandspendlesstimein
theborrowpit ThisalteredhabitatutilizationmaybeamechanismtoexplainhowcontrolofA
freeborniinricefieldsbymosquitofishisenhancedwhengreensunfisharepresent



THEINFLUENCEOFMOSQUITOCONTROLDITCHESONTHEGEOMORPHOLOGY

OFTIDALMARSHESINTHESANFRANCISCOBAYAREA

EVOLUTIONOFSALTMARSHMOSQUITOHABITATS

JoshuaNCollinsLaurelMCollinsLuna BLeopold
andVincentHResh

ABSTRACT

91

GeomorphicstudiesofPetalumamarshalargeremnantofthehistoricaltidalmarshlandsofSan
FranciscoBaysuggestthatditchingtocontrolmosquitoescaninfluencebasic processesofmarshdevel
opmentandmaintenance Inunditchedmarshlanddynamicinteractionsbetweentheerosionandsedi
mentationofsmallnaturalchannelsandthemarshsurfaceadjustthegeomorphologyofthemarshto
accommodateregionalchangesinsedimentandwatersupplies Theadditionofditchestotidaldrainage
systemsdisruptsthesenaturalprocessesofgeomorphicadjustment Theprimaryeffectsofditchingare
substantialdecreasesintidalheightsandcurrentsinsmallheadwardchannels Secondarilyditching
preventstheheadwarderosionofsmallchannelsreducestherateoftidalinundationofinteriormarsh
plainsandacceleratestheretrogressionofsmallchannelsintonewsaltmarshmosquitohabitats Ditch

inggenerallyexemptsthemarshsurfacefromthedirectgeomorphicinfluenceofthetidesandpromotes
thesedimentionoftheheadwardreachesoftidalchannelnetworks Theseeffectsofmosquitocontrol
ditchesandthecostsofditchmaintenancecanbeminimizedifnaturalgeomorphic processesarecon
sideredinditchdesign

INTRODUCTIONThecontinuedsuccessof
mosquitoabatementprogramsfortidalmarshes
dependsupontheadditionandmaintenanceof
ditchesthatconvey tidal water toand from
mosquitohabitat Ditchingproducesrapidresults
andismorecosteffectivethanchemicalcontrol
methodsinbotheconomicandenvironmentalterms
BailingandResh1983a

InthetidalmarshlandsofSan Francisco
Baymosquitocontrolditchesareextensionsof
naturalchannelsystems Ditchesaredugme
chanicallyareuniformly45cmwideand60cm
deepbutrangefromjustafewmeterstomore
than100minlength Theyconnectsmallnatural
channelstoisolatedsitesonthemarshsurface
thatotherwiseretainwaterandtendtosupport
larvalpopulationsofthesaltmarshmosquitoes
AedesdorsalisMeigenandAsquamigerCo
quillet Abatementisachievedbytidaldis
ruptionofovipositionsubstrateReshandBalling
1983 exportation oflarvaeduring ebb tide

Smith1904andpredationbyfishthatgain
accesstositesthroughditchesFerrignoand
Jobbins 1968 Since mosquito habitats are

abundant ditches are necessarily numerous
Even ifthenumberofditches isminimized

1Division ofEntomologyand Parasitology
UniversityofCaliforniaBerkeleyCA94720

2Department of Geology and Geophysics
UniversityofCalifornia Berkeley CA94720
Present address East Bay Regional Park

District11500SkylineBlvd OaklandCA94619

3Department of Geology and Geophysics
UniversityofCaliforniaBerkeleyCA94720

ditchingwillmorethandoublethetotallengthof
allexistingchannelsinsomemarshes

Environmental studiesofmosquitocontrol
ditchesinBayAreamarsheshavemainlyex
aminedtheecologicaleffectsofditching Pat

ternsofabundanceanddistributionofterrestrial
vascularplantsBallingandResh1983binter
tidal algae Barnby et al 1985 terrestrial

invertebratesGarciaandSchlinger1972Balling
andResh1982BarnbyandResh1984aquatic
invertebrates Barnbyetal 1985 intertidal
fishesBallingetal1980andresidentbirds
Collinsand Resh 1985 maybeaffectedby
ditching Thesepatternsvarywithditchage
distance from ditch banks sitespecific tidal

regimenandtimeofyear Perhapsthemost
fundamentalfactthatcanbeinferredfromthe
literatureaboutecologicaleffectsofditchingis
thatatleastintheshorttermtheseeffectsare
restrictedtoditchmargins Baseduponthese
ecologicalstudiesReshandBalling1983for
mulated recommendations for ditch design to

reducedisturbances Geomorphiceffectswere
notconsideredinthesedesigns Whereasecolog
icaleffectsappeartobelocalizedgeomorphic
effectsofditchingareexpectedtobemuchmore
extensivebecauseditchingmodifiesthedistri
butionoftidalflowsthroughenvironmentsthat
areessentiallyintertidalinnature

Recentinvestigationsofthegeomorphology
ofPetalumaMarshan1100haremnantofhistor
icalestuarinemarshlandlocatedalongthePeta
lumaRiverabout10kmnorthofSanFrancisco
Bay have begun to reveal the evolutionary
historiesofavarietyofcommonphysiographic
featuresCollinsetalinpress Suchstudies

canprovideabasistopredictthelongterm
functional relationships between ditching and
natural processes of marsh development and
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maintenance Thepurposeofthispaperisto
introducethegeomorphicconceptsthatareprin
cipallyinvolvedintheanalysisofditcheffects
andtodescribehowtheevolutionofmosquito
habitatscanbeinfluencedbymosquitocontrol
ditches Thefollowingdiscussionsarelargely
baseduponunpublishedinformationfromongoing
studiesoftidalmarshgeomorphologyintheSan
FranciscoBayarea Thedocumentationofthese

topicswillbeincludedinfuturepublications
THE DYNAMIC NATURE OF TIDAL

MARSHESEstuarinemarshesasphysicalsystems
tendtomaintainquasiequilibriumbetweentidal
iemarineandnontidalieuplandinflu
ences Anexactequilibriumcannotbeachieved
becausethefactorsthatinfluencemarshesare
dynamic Forexamplethroughoutatidalmarsh
therateandmagnitudeoftransportandstorage
ofwaterandsedimentadjusttoregionalchanges
insedimentsupplyandtidalregimen Continuous

adjustmentsonasmallscaleoverlongperiodsof
timecausesubstantialchangesinmarshstructure
iethesubstrateandassociatedsessileorgan
ismsandconfigurationietheoverallform
sizeandspatialarrangementsofstorageand
transportfeatures Youngmarshesgainele
vationmorerapidlythanmaturemarsheswhich
throughmilleniatendtomaintainthesameaver
age elevation relative to sea level Mature

marshescontinuetobuildupwardassealevel
risesunlesslimitedbyinsufficientpeatproduc
tionoruplandsedimentsources

A

B

CHANNEL

SAN

ASE

Thephysiographyoftidalmarshesisboth
thecauseandalsotheresultofthedistribution
oftidalenergy Forexamplethechangesin
channelmorphologythatarecausedbyerosion
transportanddepositionareaccomplishedbythe
tidalenergythatchannelsconvey Thisenergy
enters and departs a tidal drainage system

throughasingleterminousreferredtoasthe
tidalsource Foreachtidalcycletheenergy
potential and the potential for morphological
change isproportionaltothetidalamplitude
Overtimetheaveragepotentialisproportionalto
theaveragetidalrange Thereforetheamount
oftidalenergythatisavailableforgeomorphic
worktendstobegreatestatthemarshmargins
wheretidalrangeislargestandleastatthe
marshinteriorwheretidalrangeissmallest In

contrast the relativegeomorphic influenceof

nontidal factorsincreaseswithdistanceaway
fromatidalsourcesuchthatinteriormarsh
plainsbetweendrainagesystemsaretransitional
betweentidalandnontidalinfluencesFigure1
Inthissense theheadward regionsoftidal
drainageswithinamarshareanalogoustoatidal
marshasawhole

EVOLUTION OF MOSQUITO HABITATS

Zones oftransition between antagonistic geo

morphicprocesses suchaserosionandsedi

mentation are subject to frequent physical
change Inthemostheadwardregionsofnatural
tidal drainages substantial changes in

sedimentaryprocessesareinitiatedbystructural

MARSHSURFACE

WATERSURFACE

J

0

WATER

SURFACE

DISTANCE

Figure1Schematicdiagramoftherelativeinflu
encesoftidalandnontidalprocessesonestu
arinemarshgeomorphology Ageneralizedtidal
drainagesystemisshownAincrossectionand
Basviewedfromaboveieinplanform
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patternispresumablygovernedbyphysiological
rhythmsofthespeciesaswellasreactionsto
cycleoflighttemperatureandhumidity

Inadditiontothesegeneralfactorsthat
influencebloodfeedingtherealsomustbespe
cificstimuliwhichleadthemosquitotoitshost
Itisclearthatsomehostsespeciallypeopleare
bittenmorefrequentlythanareothers Odor

ageracehealthandproximitytoamosquito
breedingsitearejustsomeofthereasonsgiven
to explain these differential biting rates

LounibosReyandFrank1985
Landingcollectionsalthoughnoteconomical

intermsoftimedoassesstheimportanceof
putativevectorspeciesintermsoftheirrelative
attractiontoman Althoughwehavenoabsolute
measureofthesizeofpopulationsstudieditis
clearthatlandingcatchesparticularlyforCx
quinquefasciatuscouldbeespeciallyusefulfor
adultmosquitosurveillanceinareasofurban
transmissionofStLouisencephalitisvirus

CuexerylhrolhoroxN13811

Cuexlorsolis N303

CulexquinquefosciolusN202

Anopheessp N562

1 I

2300

FIGURE2
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activityaround0300whileactivityoftheother
threespeciesissuppressedatthistime

ThebitingpatternoftheAnophelesisquite
differentFigure2 Thirteenpointfivepercent
werecapturedat2000onehourbeforepeak
activityofthethreeotherspecies Asecond

peak125 occurredat2300twohoursafter

1

Culexerythrolhorox
N138II

Anopheessp
N562

Culextorsalis

N303NMNINN

Culexquinquefosciolus
Ns202

111

peakactivityofthethreeotherspecies Biting
wasthenreducedtoalevelbelowtheother

species until 0500 when maximum Anopheles
activityoccurred Twentytwopercentofthe
totalAnophelescollectedweretakenatthishour

Every mosquito species characteristically
bitesatcertaintimesofday Thisactivity
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INTRODUCTIONThebloodfeedinghabitof
mosquitoesparticularlyinreferencetoparasite
transmissionhasbeenthesubjectofaconsider
ableamountofstudy Yetourknowledgeisstill
incompleteespeciallyinregardtospecificstimuli
thatgovernhostattractionandbitingbehaviorof
particularspecies

Culextarsalisand Culexquinquefasciatus
havebeenimplicatedasvectorsofseveralarbo
viruses including St Louis encephalitis and

Westernequineencephalomyelitis Monath1980
ReevesandHammon1962 Ifweareinterested

inthetransmissionofdiseaseproducingagentsto
manortheannoyanceofmanbyvectorsitis
imperativethatwestudytheattractionofvectors
toman Thisstudywasdesignedtoassessthe
relativemanbitingbehaviorofvariousmosquito
speciespresentinasouthernCaliforniafresh
watermarsh

STUDYSITETheareachosenforstudywas
theSan JoaquinMarsh in Irvine California

locatedapproximately45milessoutheastofLos
Angelesand125milesupstreamfromtheUpper
NewportBay This202acrewildlifereserveis

hometoover200speciesofbirdshalfofwhich
aremigratory24speciesofmammalsnumerous
reptilesandamphibiansandroughly160species
ofplants

Themarshcontains5naturalpondsand13
shallowduckpondsdesignedtoattractwaterfowl
Asystemofearthfilldikestoppedbytrails
separates the 18 ponds and provides access

throughoutthesite Depositsofdenselypacked
peatandfineclayunderliethepondsystem
providingahighlycompressiblebarrierthatlets
throughlittlewater Drybluffswithremnant
coastal sage community and numerous rodent

burrowsliejustnorthandwestofthereserve
METHODSWeeklycollectingtripsweremade

tothemarshfromJune3toSeptember301985
Oneachtriptwoworkers sittingonstools
approximately10metersapartalongaroadmade
bareleg collections ofmosquitoes landing on

themCollectionsweremadefor15minuteseach
hourofthenightfrom1900hoursuntil0600
hoursthenextmorningforatotalofsixcol
lectinghourspernight Temperatureandhumid
ityweremeasured bypsychrometerforeach
collectingperiod Mosquitoesweremouthaspir
atedtransferredtoholdingvialsplacedonice
andtakentoourlaboratoryattheUCLASchool
ofPublicHealthwheretheywereidentifiedand
counted

HUMANBAITCOLLECTIONSOFMOSQUITOESINA

SOUTHERNCALIFORNIAFRESHWATERMARSH

StantonECopeARalphBarrMichaelJBangs

AmyCMorrisonandPensriGuptavanij

SchoolofPublicHealth

UniversityofCalifornia
LosAngelesCalifornia90024

RESULTS AND DISCUSSIONA total of

14899 mosquitoes representing five different

species was collected with an average per

collectingnightof828Table1 Therangeper
collectingnightwas372084whiletherangeof
one15minutecollectingperiodwas0893

Table1LandingcollectionsSanJoaquinMarsh
1985

Totalmosquitoescollected
Averagepercollectingnight
Rangepercollectingnight
Rangeone15minuteperiod

14899

828

372084

0893

Only 21 Culiseta inornata females were

collected sothisspecieswill notbe further

consideredinthispaper Culexerythrothorax
Figure1topgraphshowingabimodalbiting
patternaccountedfor13811or927ofthe
totalcollected Peakbitingactivityoccurredin
earlyeveningfollowedbyrelativelylowerlevels
from2200until0400andfinallyasmallerpeak
at0500

FivehundredsixtytwoAnophelesFigure1
middlegraphwerecollectedwhichrepresent38
ofthetotal Wearecurrentlycallingthismos
quitothesouthernformofAnoccidentalis This

speciesexhibitedatrimodalbitingpatternwith
smallpeaksaround2000and2300reducedactiv
ityfrommidnightuntil0400andthenasharp
peakat0500hours

Culextarsalisaccounted for20ofthe

total or 303 mosquitoes Figure 1 bottom

graph Thisspeciesexhibitedastrongpeak
around2100followedbyarelativelyconstant
bitingratethroughoutthenightuntil0600

Culexquinquefasciatuswithatotalof202
mosquitoesor14 alsoshowedapeakaround
2100Figure1bottomgraph Thebitingthen
declinedshowlyuntil0100peakedagainaround
0400andthendroppedoff

Figure2showstherelativeproportionsof
thetotallandingcatchforeachspeciesbyhour
ofcapture Cx tarsalis erythrothorax and

quinquefasciatus all show peakbiting activity
around2100with19 17 and166ofeach

speciesrespectivelybitingatthistime Cx

quinquefasciatus also shows increased biting
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Figure 2Mean density of Chydoridae num
berminthepresenceopencagesandab
sence closed cages offish Vertical lines

indicateonestandarderror
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Figure3MeandensityofSimocephalusvetuus
numberminthepresenceopencagesand
absenceclosedcagesoffish Verticallines

indicateonestandarderror
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AswithtotalCladoceratherewasatrendto
wardsincreaseddensityofbothChydoridaeand
SimocephaluswhenfishwereremovedFigures2
and 3 Again this effect was statistically
significantonlyatthelargestspatialscalefor
Chydoridaettestp 005andnearlysignifi
cantforSimocephalusp 006

Oneexplanationfortherelationshipbetween
sizeofexclosureandthestrengthofmeasured
responseistheincreasedinfluenceofedgeef
fectsduetothehigherratioofexclosuresur
faceareatovolumeatsmallerspatialscales
Forexampletherelativelylargemeshsizeofthe
screenwallsallowedsmallersizeclassesofclado
ceranstomoveintooroutoftheexclosures

Highratesofemmigrationorimmigrationofprey
couldmaskthepositiveornegativeeffectsof
predatorremovalon localpreydensity Allan
1983 Thus statistically significant effects

might be measured only above a minimum
thresholdsizeofexclosure Belowthisthreshold

sizeanydensityresponsetopredatorremoval
couldbeobscuredbythefluxofpreythrough
thewallsoftheexclosure

Insummarytheimportanceofspatialscale
mustbeconsideredinthedesignoffieldexperi
ments Theappropriateexperimentalscalevaries
withthebiologyofthespeciesunderstudyand
thenatureofthequestionbeingaddressedWiens
etal 1986 Theresultsofourexperiment

TOTAL CLADOCERA

3

SPATIALSCALEm

9

Figure1MeandensityofCladoceranumberm
inthepresenceopencagesandabsenceclosed
cagesoffish Verticallinesindicateonestan
darderror
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suggestthatthefollowingruleofthumbmaybe
appropriate forstudyingthe efficacyoffish
predatorsasmosquitocontrolagentsinfresh
watermarshes usethelargestpossiblesizeof
experimentalunitwithintheconstraintsimposed
bypracticalconsiderationsoftimelaborand
expense
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Table1Effectsofcagetreatmentsonrelativeabundanceoffish Numbers

givenaremeannumberoffishtrappedin24hwith1standarderrorinpa
rentheses Onlydatafromthelargescale9mplotsareincludedn 3
resultsweresimilarforsmallandmediumscaleplots

Species

Cottusasper
pricklysculpin

Cyprinuscarpio
carp

Gambusiaaffinis

mosquitofish

Gasterosteusoculeatus

threespinestickleback

Lepomismicrolophus
redearsunfish

ClosedCage OpenCage

15 107

11 12

0 0

0 0

0

0

0

0

0

0

cageeffectsthatcanaffectthedensityofpred
atorsandpreyBenkeetal1982 Cageeffects
weremeasuredbycomparingtheabundanceof
fishandpreyintheopencagetreatmentwith
uncagedcontrolplots Fishwerepresentinboth
theopencageanduncagedcontrolplotsthusif
any differences in cladoceran densities were

observedbetweenthetwotreatmentsthiswould

beduetotheinfluenceofthecageitselfiea
cageeffect

Theinfluenceofthesizeorspatialscale
ofexperimentalunitontheoutcomeofthefish
removalexperimentwastestedbycrossingthe
threetreatmentsdiscussedabovewiththreesizes

ofplots orcages 1m 1mx1m 3m
173mx173mand9m3mx3m The

resultingninetreatmentcombinationswereeach
replicatedthreetimesusingarandomizedblock
designZar1974

Theexperimentbeganon 24June1985

Invertebratesweresampledon2325July The

relativeabundanceoffishwasmeasuredon29

July 1Augustusingminnowtrapslinedwith
galvanized window screen A smallerversion

001mofthepullupsamplerdescribedby
Bailing and Resh 1984 wasusedtocollect

invertebratesinthewatercolumnandpondweed
canopy Threesamplesweretakenperplotwith
thelocationofsamplesdeterminedbyrandomly
chosencoordinates Toreducetheinfluenceof

potentialedgeeffectsnosamplesweretaken
within10cmofcagewalls Sampleswerepro
cessedfollowingthemethodsgiveninLamberti
andResh1984 Twoofthethreesamplesfrom
eachplotwererandomlyselectedforidentification
andenumerationofCladocera

RESULTS AND DISCUSSIONClosed cages

wereeffectiveinexcludingfish onlyafew
sculpinswerefoundinthethesecagesTable1
Fishdensitiesandspeciescompositionintheopen
cagesweresimilartothoseintheuncagedcontrol

33

12

173

79

227

64

NoCage

58

14

02

02

38

13

280

137

215

116

plotsTable1 suggestingthatfishmovedfreely
throughtheverticalopeningsinthewallsofthe
opencages Therewerehoweversignificantly
moreCottuscaughtintheopencagesthaninthe
uncagedplotsttestp 005 Theincreased

relativeabundanceofCottusintheopencage
plotsshouldhavehadaminimaleffectonclado
ceranpopulationsfortworeasons 1Casper
isabottomdwellingfishthatfeedsprimarilyon
midgelarvaeDiptera Chironomidaeandother
benthicinsectsCook1964Cooketal1964
McGinnis 1984 and 2 the higher relative

abundanceofCottusinopencageplotscompared
withuncagedplotsrepresentedlessthan10of
thetotalnumberoffishpresent

Therewerenosignificantdifferencesbe
tweentheopencagetreatmentandtheuncaged
treatmentinthedensitiesoftotal Cladocera
ChydoridaeorSimocephalusatanyofthethree
spatial scales This lack ofsignificantcage
effectsindicatesthatthisexperimentaldesignwas
effective Suchinformationconcerningtheef
fectsofcagesonpredatorandpreydensitiesis
importantwhenevaluatingtheimpactofpredators
onpreypopulations Interpretationofthere
sultsofpredatorremovaloradditionexperi
mentsandtheextrapolationoftheseresultsto
naturalconditionsisdifficultunlessthemagni
tudeofcageeffectsinknown Theuseofthe

threecagingtreatmentsclosedcageopencage
anduncagedplotsallowedclearevaluationof
bothcageeffectsandtheeffectsofpredator
removal

Theremovaloffishresultedinincreased

densityofCladoceraatallthreespatialscales
Figure1 Thiseffecthoweverwasstatis
ticallysignificantonlyatthelargestspatialscale
ttestp 005 TheresponseofCladocerato
fishremovalandspatialscalewasanalyzedfur
theratthefamilylevelChydoridaeandatthe
specieslevelDaphnidae Simocephalusvetulus



SPATIALSCALECONSIDERATIONSINPREDATORPREYEXPERIMENTS

INTRODUCTIONTheuseofgeneralpreda
torsespeciallythemosquitofishGambusiaaffinis
canbeanimportantcomponentofmosquitocontrol
programsBay1976Galletal1980Legnerand
Sjogren1984 Thedegreeofcontrolprovided
bygeneralpredatorsisaffectedbyavarietyof
factors includingthetypeandabundanceof
alternativepreyavailable Thusknowledgeof
theinteractionsbetweenmosquitopredatorsand
alternativepreyunderfieldconditionsisoften
essentialinthedesignofasuccessfulcontrol
program Fieldexperimentsaregenerallythe
bestmeansofacquiringthistypeofinformation

Giventheneedtoconductsuchfieldexperi
mentshowdoesonedeterminetheappropriate
scaleofstudy Bothspatialandtemporalscales
mayaffecttheoutcomeofthestudyandour
abilitytoperceivetherelevantprocessesinvolved
Wiensetal1986 Todatemostemphasishas
beenplacedontheinfluenceoftemporalscaleon
experimental design ofpredatorprey studies

Howeverthesizeandlocationofexperimental
plotsisalsoofcriticalimportanceindesigning
thesestudies

This paper focuses on the influence of

spatialscaleinassessingtheoutcomeofpreda
torremoval experiments In particular we

discusspreliminaryresultsfromanexperiment
designedtoassess 1 theimpactofanas
semblageoffishspeciesontheabundanceof
invertebratesthatarealternativepreyformos
quitopredatorsand2theinfluencethatthe
spatial scaleofexperimental manipulation may
haveontheoutcomeofsuchpredatorremoval
experiments

STUDYSITETheexperimentwasconducted
atCoyoteHillsMarshFremontAlamedaCounty
Californiaamanmadefreshwatermarshlocated
alongthesouthwesternmarginofSanFrancisco
Bay Theinteriorofthemarshisdominatedby
sagopondweedPotamogetonpectinatuswhich
formsadensefloatingcanopyfromlatespringto
earlyautumn Ballingand Resh 1984 This

canopyofpondweedprovideshabitatforavariety
ofinvertebratesincludingAnophelesandCulex
mosquitoes Collinsetal 1983 Lambertiand

BruceKOrrandVincentHResh

DivisionofEntomologyandParasitology
UniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT
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AfieldstudyconductedatCoyoteHillsMarshAlamedaCountyCaliforniademonstratedthatspatial
scalecaninfluencetheoutcomeofpredatorremovalexperiments ThedensitiesofseveraltaxaofCla

docerathedaphnidSimocephalusvetulusChydoridaeandalltaxaofCladoceracombinedwhichare
importantalternativepreyformosquitopredatorsegGambusiaaffinisandGasterosteusaculeatus
increasedwhenfishwereremoved Howeverstatisticallysignificantincreasesinthedensityofthese
preytaxacouldonlybedemonstratedatthelargestofthespatialscalesexamined Edgeeffectseg
highratesofpreymovementacrosstheboundariesofexclosuresmaymasktheeffectsofpredator
removalatsmallerspatialscales Theseresultsillustratethatspatialscalemaybeasimportantas
temporalscaleiethedurationoftheexperimentinthedesignofpredatorpreyexperiments

Resh1984 Inadditionfivespeciesoffish
CottusasperCvprinuscarpioGambusiaaffinis
GasterosteusaculeatusandLepomismicrolophus
occurinthepondweedcommunityatthestudy
site MicrocrustaceaespeciallyCladoceraand
midge larvaeDiptera Chironomidaearethe
dominant invertebrates in the pondweed
community These invertebratesareimportant
previnthedietsoffishatCoyoteHillsMarsh

FlemingandSchooley1984BKOrrunpub
lished data Additional information on the

physicalandbiologicalcharacteristicsofCoyote
HillsMarshcanbefoundinCollinsetal1983
Ballingand Resh 198 Lamberti and Resh

1984CollinsandResh1985Collinsetal
1985andFeminellaandResh1986

METHODSTheimpactoffishpredatorson
selectedtaxaofalternativepreyChydoridaethe
daphnidSimocephalusvetulusandtotalnumbers
ofCladocera inthepondweedcommunitywas
assessed by comparing fish and invertebrate

densitiesincagedplotshereafterreferredtoas
closedcagetreatmentorexclusioncages that

excludedfishwiththoseinopencageplotsin
whichfishwerepresent Exclusioncagescon
sistedof1mhighpanelsoffiberglasswindow
screen1mmmeshsizesuspendedfromafloat
ingframeworkof1PVCpipe Thebottomedge
ofeachscreenwallwasweightedwithironre
inforcingbarandembeddedatleast10cminto
thesediment Retainingcornerpostskeptthe
floatingframeworkinposition Thescreenwalls
oftheclosedcagesexcludedfishbutallowed
wateryoungcladoceransandothersmallprey
tomoveintooroutoftheexclosures Minnow

trapswereusedtoremovefishfromexclusion
cages

exclusioncagesexceptthatfishcouldentereach
cagethrough25cmwideverticalopeningsthat
werecutineachsideofthecageatthebegin
ningoftheexperimentthenumberofopenings
perwallvariedwithsizeofcagesothatthetotal
amountofscreenremovedwasequaltoabout25
ofthetotalsurfaceareaofeachwall Theuse

ofcagesinfieldexperimentsmayresultinun
wantedchangesinenvironmentalconditionsie
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Figure1Effectsofcrayfishexclusiononamountofmosquitorefugepond
weedandmosquitolarvalabundance9 17July1985 Exclusion plots

wherecrayfishwerepreventedfromgrazing Control plotswherecrayfish

hadfreeaccesstopondweed Stemdensityandmosquitoabundanceineach
plotrepresentxsoffivesubsamplesN 6 Differencesbetweenexclusion

andcontrolplotsforbothpondweedandmosquitodensityweresignificant
p 005MannWhitneyUTest

higherdensitiesofAnoccidentalis44 14

larvaedipx SEthantheopencontrolplots
003 003larvaedip x SE p 005

MannWhitney U Test Figure 1 Mosquito
densitiesinthecrayfishexclosuresweresimilar
tothosefoundinthedensepondweedbedsofthe
marshinterior

DISCUSSIONRedswampcrayfishatCoyote
HillsMarshreducepondweeddensityandmost
likelyareresponsibleforthehalozonethat
formsatthemarshperiphery Theextentof

pondweedreductionandwidthofthiszonemay
varywithcrayfishdensity Forexampleduring
August1984thehalozonecomposed10ofthe
totalmarshsurfacewhereasinAugust1985when
crayfishdensitywas40higherJ Feminella

unpublisheddata70ofthemarshwascleared
ofpondweed Reductionsinaquaticvegetation
are frequently associated with high crayfish
densitiesAbrahamsson1966Rickett1974Lodge
1984andinsomecasescrayfishmaycompletely
clearmacrophytesfromlittoralzonesoflakes
Dean1969

Mosquitopopulationswereessentiallyelim
inatedinareaslackingsurfacecanopiesofpond
weed IntensepredationbyGaffinisandG
aculeatuswaslargelyresponsibleforthesere
ductionsinlarvaldensities Inlaboratorypre
dationtrials Curtin et al 1984 foundan

inverserelationshipbetweenpondweedabundance
andGaffinisandGaculeatuspredationrates
onAnoccidentalis Similarassociationsbetween

Control

aquaticvegetationandanophelinemosquitoeshave
beenreportedHessandHall1943Rozeboomand
Hess1944BallingandResh1984

Otherlargeherbivoreshavebeenshownto
beimportantinregulatingmosquitorefugeat
CoyoteHillsMarsh Dabblingducksegmal
lardsgadwallspintailscanalsodisruptthe
surfacecanopy and accelerate pondweed sen

escencedramaticallyreducingmosquitohabitat
Howeverbecausetheseherbivoresmigratetheir
abilitytoregulatethishabitatwilldependupon
thedegreeofsynchronizationbetweenmigratory
patternsandpondweedphenology Collinsand

Resh1984 IncontrastPclarkiiandother
benthicherbivores whichareyearroundresi
dents ofaquatic systems are perhaps more

effective in longterm management programs

designed to control macrophytes that shelter

mosquito populations Furthermore P clarkii

grazes a wide variety of submersed aquatic
plantshasahighreproductiveoutputandcan
tolerateextremeenvironmentalfluctuationsPenn
1943HunerandBarr1984 Thusthisspecies
has high potential for use in vectorcontrol

programsinavarietyoffreshwatermarshes
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resultofacooperativeeffortamongpersonnelof
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EFFECTSOFCRAYFISHGRAZINGONMOSQUITOHABITAT

ATCOYOTEHILLSMARSH

JackWFeminellaandVincentHResh

DivisionofEntomologyandParasitology
UniversityofCalifornia

BerkeleyCalifornia94720

INTRODUCTIONIn freshwater systems
reductionsinmosquitonumbersmayresultfrom
directegpredationorindirectsourceseg
lossofhabitatfromherbivory Theimportance
ofpredatorsinmosquitocontrolhasbeenwell
studiedMiuraetal1978Farley1980Bence
andMurdoch1982whereastheinfluencethat
aquaticherbivoresmayhaveinreducingmosquito
habitathasreceivedconsiderablylessattention
AtCoyotehills Marsh Coyote Hills Regional
ParkAlamedaCountyCaliforniatheintroduced
redswampcrayfishProcambarusclarkiioccurs
in high densities and readilyconsumes sago
pondweedPotamogetonpectinatusasubmersed
macrophytethatformsadensefloatingcanopy
andfunctionsasanimportanthabitatforlarval
Anophelesoccidentalis Thisreportsummarizes
experimentalstudiesconductedduring1985that
weredesignedto1 determinetheeffectsof
crayfishgrazingonmosquitohabitatpondweed
and2assesstheeffectsoflossofthishabitat
ondensitiesofmosquitopopulations

STUDYAREACoyoteHillsMarsh located
nearFremontCaliforniaisamanmadefresh
waterbasinwhichwasoriginallyatidalsalt
marshpriortoconstructionofdikesanddiversion
sionoflocalstreamwaterCollinsetal1983
Althoughsalinesoilsandsomesalttolerantvege
tationpersisttheprimaryaquaticplantsare
typical freshwaterspecies including emergent
cattailsTyphasppbulrushesScirpussp
and spikerushes Eleocharis sp along the

shallowmarshedgesandsagopondweedinthe
deeper 1minteriorportionofthebasin
BeginninginMaythepondweedsurfacecanopy
coversmostofthewatersurfaceandpersists
untilOctoberBallingandResh1984 During
this period pondweed doesnotoccurwithin
13m ofthe marsh margin this openwater
perimeterwhichwehavetermedthehalozone
composed10byareaofthetotalmarshsurface
inAugustof1983and1984

MATERIALSANDMETHODSTodetermineif
crayfishgrazingwasresponsibleforthecreation
of this peripheral halo zone we began an

ABSTRACT
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ThedensesurfacecanopyofsagopondweedPotamoaetonpectinatusis animportanthabitatfor
larvalAnophelesoccidentalisatCoyoteHillsMarshAlamedaCountyCA Todetermineifherbivorous
crayfishProcambarusclarkiicanregulatebiomassofpondweedcrayfish wereeliminatedfromselected
quadratsalongmarshmarginsusing3mexclosures Theexclusionofcrayfishresultedina sixfold
increaseinpondweedstemdensitycomparedwiththatofadjacentcontrol areaswherecrayfishgrazedfreely Inadditionpondweedinexclusionplotshadmosquitodensitiesthatweresignificantlyhigherp 005thaninopencontrolareas44larvaedipcf003larvaedip Theseresultssuggestthat
Pclarkiiispotentiallyusefulinthemanagementofmosquitohabitatinfreshwatermarshes

exclusion experiment in spring 1985 before
pondweedgermination Six plywoodsidedex
closuresdimensions24x12x12menclosed
area 3mwereusedtoeliminatecrayfishfrom
selected areas where the halo zone normally
formedapproximately1mfromtheTyphazone
Anycrayfishthatremainedintheexclosures
afterinstallationwereremovedwithDframenets
orwithbaitedcylindricalcrayfishtrapsGees
minnow traps modified bywidening theen
trance Theexclosures hadopentopsand
bottomswhichwhencompletelysubmergedal
lowedcolonizationbyvariousinvertebratesand
insectivorousfishGambusiaaffinisGasterosteus
aculeatusbutpreventedcrayfishentry Control
plotsofequalarea3mdelineatedwithwood
encornerpostswerealsoestablishedimmediately
adjacenttotheexclosures crayfishhad free

accesstothepondweedintheseplots Pondweed
density stemsm and mosquito abundance

usingastandardonepintdipperweremeasured
inexclusionandcontrolplotsinmidJuly1985
atimewhenpondweednormallyreachesitshigh
estbiomassinthemarshBallingandResh1984

RESULTSBeginninginmidMayaconspic
uoushalozoneformedalongthemarshperiphery
surroundingtheexclosuresthisopenwaterarea
graduallyexpandedtowardthemarshinterior
isolatingthedensecentralpondweedbedsfrom
the Typhazone Areaswherecrayfishwere
excluded had significantly higher pondweed
biomassasindicatedbystemdensitythanareas
wherecrayfishcouldgrazefreelyp 001
MannWhitneyUTestFigure1 Eventuallythe
pondweed mats within exclusion plots became

completely isolated from the large interior

pondweedbedsFigure2 Crayfishdamageto
pondweedasindicatedbyfreshdetritusandcut
stemscouldbeobservedatthemarginsofthe
recedingpondweedbed Thesepondweedis
lands within the exclosures persisted until
October thetime when pondweed senescence

normallyoccurs

Thecrayfishexclusionplotsnotonlyhad
denser pondweed they also had significantly
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onlycertaintrapsforanalysisneedstobedone
infurtherstudies Thecorrelationbetweenthe
trendsofAenigromaculisabundanceinthese2
districtsover32yearswashighlysignificant
Weexpectthesamewillbetrueformostofthe
CentralValley

In California Ae nigromaculis wasfirst

foundin1937inShastaCountyAitken1940
By1939specimenshadbeencollectedthroughout
theCentralValleyasfarsouthasGreenfieldin
KernCounty Itwaspostulatedthatthisnew
specieswouldtakeoverbreedingsitesusually
associatedwithAemelanimon Indeedthe2
speciesarefrequentlyfoundtogetheralthough
studiesKlieweretal1964showedthatAe
nigromaculisweremoretolerantofhightempera
turesbutwerelesscommonthanAemelanimonin
waterofhighsalinity

TheseasonalaverageNewJerseylighttrap
indicesforAemelanimonareshowninFigure2
Exceptfortheunusuallyhighpopulationin1966
forwhichtheoperationof5newtrapswas
responsibletheperiodofmaximumAemelani
monabundanceinKernCountywasinthemid
1970sabout4yearsaftertheAenigromaculis
peak Weplantolookattemperaturedatato
determineifthepreferenceofAemelanimonfor
lowertemperatureswillexplainthislag The

early1970salsosawhighpopulationsofAe
melanimon intheSutterYubaareaalthoughthe
declineinabundancesincethenhasnotbeenso
dramaticasinKernCounty

By1970insecticideresistancewaswide
spreadinbothCxtarsalisandAenigromaculis
throughouttheCentralValleyWomeldorfetal
1971 Pasturemosquitoesseemedtobeoutof
controlandwerethesubjectofapanelatthe
1971conferenceoftheCMVCA Onepartici
pant blamed insecticide resistance Kauffman
1971 anotherblamedacombinationofinsecticide
resistanceandpoorlymanagedpasturesSilveira
1971 andathirdblamedtheclimateorenviron
mentbywhichhemeanttheattitudesofthe
landownersMurray1971

Weexamined data on permanent pasture
acreageinKernandSutterYubaCountiestosee
iftherehadbeenadecreaseinrecentyears
whichmightaccountforthedecreaseinAedes
abundanceFigure3 Therehasbeenade

creaseinpastureacreageinbothareas The

correlationbetweenpastureacreageandAedes
populationlevelsisnotstatisticallysignificant
andisinsufficienttoexplainthedeclineinmos
quitopopulations Itseemsthatdespitethe
doomsayersof15yearsagoeffectivecontrolof
Aedesmosquitoesisbeingachievedinthese2
districts

PopulationtrendsofCxtarsalisFigure4
havehadaverydifferentpatternfromthe2
Aedesspeciesorperhapsnopatternatall In

KernCountytherewerepeaksin1958and1969
bothfollowingverywetwinters The1975peak
isdifficulttoexplainasrainfallinthe197475
winterwasonlyslightlyabovenormal However
oneinterestingassociated phenomenon is that

therewasvirtuallynoWEEorSLEvirusactivity
inKernCountyintheearly1970sbutaresur

gencewasseeninthelate1970sfollowingthe
highpopulationpeakin1975 AstheCxtar

salispopulationshavefallenoffagainsohas
virusactivity Therehavebeennoisolationsof
WEEorSLEvirusesfrommosquitoesinKern
Countyin1984or1985 Only1sentinelchicken
outof8flocksdevelopedWEEantibodiesverylate
inthe1984seasonandtherewerenoserocon
versionsin1985

Perhaps wecould blame the passageof
Proposition 13forthe19781980peakinCx
tarsalispopulationsintheSutterYubadistrict
Againthereisahighlysignificantcorrelation
betweentherelativeabundanceofCxtarsalisin
theKernandSutterYubadistrictsoverthistime
span Therehasbeen noevidenceofvirus

activityintheSutterYubadistrictsince1981
despitethepresenceofCxtarsalispopulation
levelswhichhistoricallysupportedtransmissionof
viruses

Theseanalysesarenotcomplete Inaddi

tiontoaddingrecordsfromotherdistrictsand
eliminatingdatafromtrapswhichoperatedfor
onlyashortperiodweplantoconsideraddi
tionalfactorssuchasinsecticideusageagricul
turalpracticeswatermanagementandweather
data
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CHANGESINTHERELATIVEABUNDANCEOFAEDESNIGROMACULIS

AEDESMELANIMONANDCULEXTARSALISINTHECENTRALVALLEYOFCALIFORNIA

MMMilbyandWCReeves

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

SeasonalaveragerelativeabundanceofAedesnigromaculisandAedesmelanimonfemalesintheKern
andSutterYubaMADsasmeasuredbyNewJerseyTighttrapspeakedintheTate1960sandearly
1970sandhasdeclinedsince TheannualrelativeabundanceofCulextarsalisinthese2districtshad
noconsistenttrend ThecorrelationbetweenacresofpermanentpastureandAedesabundancewasnot
statisticallysignificant Otherfactorsneedtobeexaminedtoexplainmosquitoabundancepatterns

Inarecentreviewofourfilesonmosquito
abundanceintheCentralValleywenotedthat
collectionsofAedesnigromaculiswhichformerly
werequitehighthroughoutmostoftheValley
seemedtohavedeclinedtorelativelylowlevelsin
recentyears In 1985 yearly average Ae

nigromaculislighttrapcountsexceeded10per
trapnightatonly2of35sitesreviewedinthe
CentralValley GreyLodge177andanun
controlledareanearWilliams153

A review of the Proceedings of the

CMVCA forthepast20yearsseemedto
indicateageneraldecreaseinconcernregarding
Aenigromaculis Thenumberofpapersthat
discussedAenigromaculisdroppedfrom27in
1973toonly2in1984 AndyetMiuraand
coworkers1968calledthismosquitooneofthe
mostabundantandnoxiousmosquitoesinCentral
California We initiated an analysis ofthe

detailedlighttraprecordsfromseveraldistricts
toseeifwecoulddetectlongtermtrendsinthe
abundanceofthisandothermosquitospecies If

suchtrendswerefoundwewouldattemptto
correlatethechangesinabundancewithother
factors

OuranalyseshavebeenbasedonNewJersey
lighttraprecordsfromtheKernandSutterYuba
MADswhicharetheonlydistrictsforwhich
wehadimmediateonlinecomputeraccesstoall
collectiondatasincetheearly1950s Weplanto
expandthisstudytoincludeatleast2additional
districts Deltafromwhichwehavereceived

operational reportsdatingback to 1951 and

another district from the Sacramento Valley
probablyButtebecausewealreadyhavetheir
lighttrapdataforthesametimeperiodonIBM
cardsortape Lighttrapcollectionsmaynotbe
thebestmeasureofabundanceforsomespecies
Husbands1Reed1969Bidlingmeyer1985but
wefeeltheyprovidethemostreliableindication
oftrendsinaparticulardistrictoveraperiodof
time Thisisespeciallytruewhencollectionsare
averagedovera6monthmosquitoseasonfrom
AprilthroughSeptember

Wehavelimitedourexaminationsofarto3

species Aedesnigromaculisprovidedtheimpetus
forthestudyandcontinuestobeanimportant
pestinsomeareas Culextarsalisistheprimary
vectorofwesternequineencephalomyelitisWEE

ABSTRACT

andStLouisencephalitisSLEinCalifornia
andthespeciesonwhichmostofourresearch
has concentrated Aedes melanimon is the

primaryvectorofCaliforniaEncephalitis CE
virus theonly humandiseasevirusthatis

knowntobetransovariallytransmittedbymos
quitoesinthefieldinCalifornia Aedesmelani

monalsoisacompetentvectorofWEEvirusin
thelaboratory NumerousstrainsofWEEvirus

havebeenisolatedfromfieldcollectedadultsand
Ae melanimon seemstobeassociatedwitha

transmissioncycleofWEEvirusinjackrabbits
Theannualrelativeabundanceofthese3

speciesinNewJerseylighttrapsoperatedbythe
Kern and SutterYuba MADs is shown in

Figures12and4 Anaverageof50Aenigro
maculisfemalespertrapnightFigure11966is
veryhighespeciallywhenyouconsiderthatits
theaverageofalltrapsinthedistrictovera
6monthperiod Infactitsnearlytwiceas
highasanyotherannualindexfortheother2
speciesineitherMAD In1966theKern
MADoperatedtrapsat5newsites Oneof

thesetrapshadcollectionsofAenigromaculis
thatoften exceeded 1000femalespernight
These5trapsiteswerediscontinuedthefollowing
year

Theaddinganddroppingoftrapscompli
catesthetaskofanalyzingdatacollectedovera
longtimeperiod Weplantorefinethesefigures
bybasingouranalysesonlyontrapsthathave
remainedinaboutthesameplaceforlongperiods
oftime Eventhenatrapssurroundingscan
changeandalteritseffectiveness HoweverAe
nigromaculiswererecoveredasfaras28miles
eastoftheirreleaselocationina1955markre

leaserecapturestudyinKernCounty Smithet
al 1956 Itcertainlydoesnotseemtohe
necessarytohavetrapsnearbreedingsitesto
determineifAenigromaculisareinanarea

ThelargestcollectionsofAenigromaculisin
theKernMADwereinthelate1960sand

early 1970s and populationshavediminished
sincethen Thesameistruetoalesserextent
fortheSutterYubadistrict Thenumberof

trapswasreducedin1981 Thiswouldartificial

lyinflatetheannualdistrictwideindexifthe
trapswereinlocationswhichnormallycollected
fewAe nigromaculis Againtheselectionof



changesinsedimentandwatersupplies Such

adjustmentswillbemainlylimitedtothesedi
mentationofsmallheadwardchannelsandmos

quitocontrolditches
Biologicalresponsestoditchinginthelong

termmayinvolvedramaticchangesinthedistri
butionandabundanceofspeciesthataresensi
tivetochangesintidalregimen Thegreatest
percentchangeinregimenoccursattheupper
elevational thresholdofdirecttidal influence
whichcorrespondstothemarginsoflowgradient
marshplains Slightchangesintidalheightat
theseplainscauselargechangesintheextentof
inundationandthuscanaffectlargeareasof
surfacevegetation

Somegeomorphiceffectsofditchingrelateto
ditcharrangementanddesignratherthanditch
function Forexampleelevatedlinesofspoil
alongsideditchesthattraverseacrossnatural
drainage patterns can inhibit surface runoff

ReshandBalling1983a Watertrappedonthe
marshsurfacebehindthesespoillinespromotes
thedeathanddecayofsurfacevegetation In
somecases the lentic environments that are

producedinthiswaysupportsaltmarchmos
quitoesMillerandEgler1950 Morecommonly
thesefeaturesareprobablytoolargeandunpro
tectedfromwindandprolongeddesiccationto
serveasmosquitohabitat Theyresemblethe
earlydevelopmentalstagesofturfpansCollins
etalinpresswhicharelargecompartments
for water storage that evolve naturally on

drainagedivides Thesefeaturesarefunctionally
independentoftidaldrainagesystems

Preliminaryanalysisofthegeomorphicef
fectsofditchingsuggeststhatmanyofthese
effectscanbemitigatedbymodificationsofditch
ingtechniques Boththeamountofditchingand
theassociatedincreaseindrainagesystemcapaci
tycanbereducedifditchingislimitedtothe
excavationofancientchannelcoursesthatlink

togetherchannelpans Theancientwaterways
canbereadilyidentifiedonlowaltitudeaerial
photographs Where ditches are necessarily
numerousthedimensionsoftidalsourcesshould
beincreasedsuchthatflowsaresufficientto
retardtheprocessofchannelretrogression In

largemarsheswithtidalsourcesthatarewidely
separatedtidalschedulescandiffersubstantially
amongdrainagesystems Ditchesthatareadded

alongthehydraulicgradientsproducedbydiffer
encesintidalschedulecanbemaintainedby
naturalerosionandsedimenttransport Ifditch

esthatcrossdrainagedividesparallelthenatural
patternsofsurfacerunoffthentheeffectsof
spoillinescanbeeliminated ThismaybeTess
expensivethanspoilremovalorgrading Both
theeconomic and theenvironmental costs of

ditchingtocontrolsaltmarshmosquitoescanbe
minimizedbypracticesthatreflectanunderstand
ingofthefunctionalrelationshipbetweenditching
andtidalmarshgeomorphology
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additions that resist erosion The increased

structureisprovidedbyplantgrowththatisnot
directlyaffectedbythetides

Along the immediate margins of natural

channelsandmosquitocontrolditches where

tidalflushingreducessoilsalinitiesandincreases
aerationtallformsofvascularvegetationgrow
WhereverchannelwidthisTessthantwiceplant
height thevegetationthatcollapsesintothe
channelfromoppositebankstendstoproduce
fibrousbridges Astidalwaterflowsthrough
thechannelthebridgescollectsuspendedsedi
mentanddetritustherebyincreasinginmass
dimensionandresistancetoerosion Gradually
thechannelfillsfromthetopdownwardFigure
2 Thisnaturalprocessofdegradationisterm
ed channel retrogression Collins etal in

press Itbeginsintheheadwardreachesof
smallnaturalchannelsandmosquitocontrolditch
esandtendstoproceedslowlydownthechannel
gradient

Channelretrogressionistheprincipalcause
ofsaltmarshmosquitohabitats Sectionsof

retrogressingchannelsthataretoowideforthe
formationofplantbridgesexistforsometimeas
exposed potholes Collinsetal in press
whichhavesubterraneanchannelconnectionsto
tidal flows Eventually thechannelsbecome

completelyoccludedwithplantsandsediment
Theresultingfeaturesareisolatedlenticenviron
mentscalledchannelpansYappetal1917
whichcomposenearlyallthesaltmarshmosquito
habitatsinBayAreatidalmarshlands

Thevarioussuccessionalstagesofchannel
retrogression correspond to discrete positions
alonganelevationalgradient Theoldeststages
arechannelpansthatoccuratthehighestele
vations Mostofthemosquitohabitatsarethere
forerestrictedtotheheadwardreachesofdrain

age systems between exposed channels and

drainagedivides Manychannelpansarear
rangedinchainsthatindicateancientchannel
courses Figure2 In someplaces eroding
channelsparallelchainsofpans Thissuggests
thatrenewederosion inanareaofhistorical

retrogressiondoesnotnecessarilyresultinthe
exhumationoftheancientchannel

Althoughmosquitocontrolditchesaresubject
toretrogressiontheydonotevolveintomosquito
habitats Apparentlyditchesarenarrowenough
throughouttheirlengthstobeentirelybridged
byvegetation Nosectionsofditchesarewide

enoughtoremainexposedaspotholesorchannel
pans Alsothemaintenanceprogramforditches
includesoccasionalexcavationthatpreventsthe
ditchesfrombecomingcompletelyoccluded

Withinasingletidaldrainagesystemthe
erosionandretrogressionofchannelsmaybe
simultaneousandcompensatoryprocesses For

exampleunlessthevolumeoftidalflowthrough
thesystemisreducedatitssourcethesystem
mustsomehowaccommodatethetidalvolumedis

placedbyretrogression Preliminaryinvestiga
tionssuggestthattheflowsdisplacedfromretro
gressed channels are accommodated by other
channelsthaterode Thiswouldexplainthe

93

elongationofsomesmallchannelsinheadward
reachesofdrainagesystemswhereretrogression
alsoisobserved

Channelsinadjacentdrainagesystemsthat
erodeheadwardcancaptureeachotherattheir
commondrainagedivide Ifthetidalschedules
ie thepredictedtimesofslackhightidefor
thetwosystemsdifferthenthefloodtidesthat
flowthroughthetwoconnectedchannelswill
convergeawayfromtheplaceoforiginalchannel
capture Thezoneoftidalconvergencewillshift
inthedirectionofthetimelag Eventually
sedimentationmayproduceanewdivideatthe
newconvergencezonebutintheinterimthetwo
connectedchannelsarecontinuousbetweentwo
tidalsources Suchchannelsaretermedlooped
sloughsCollinsetalinpressandrepresenta
successionalstageinthereconfigurationofentire
drainagenetworksFigure3 Theselargescale
changesinmarshformhelptoexplaintheabun
danceofmosquito habitats throughoutmature
tidalmarshes

GEOMORPHICEFFECTSOFMOSQUITOCON
TROL DITCHESThe primary physical change
thatmosquitocontrolditchescauseinBayArea
tidal marshes isan immediateandsubstantial

increaseinthetidalcapacityofheadwarddrain
age systems Unlike marshland reclamation
whichtypicallyreducesdrainagecapacityand
causesremainingchannelstobeshallowthrough
outtheirlengths ditchingtendstoincrease
drainagecapacitywithoutchangingdownstream
channel dimensions Although the same tidal

flowsmovethroughadrainagesystembeforeand
afterditchingtheseflowsaredispersedthrough
alargersystemafterditchesareadded

Tidaldispersalcanprofoundlyaffectthe
physicalnatureofmarshesincludingtheevolu
tionofsaltmarshmosquitohabitats Ifthe

capacityofatidaldrainagesystemisincreased
artificially iewithoutan increaseintidal

flows thentheheightsofthetidesinthe
headwardreachesofthesystemwillbereduced
Thustheamountoftidalenergyconveyedby
smallchannelsandthefrequencyoftidalinunda
tionatinteriormarshplainswillalsobereduced
Less tidal energy in headward channels will

increasetheinfluenceofnontidalprocesseson
channelmorphology Thissuggeststhatditching
canacceleratechannelretrogressionandtherate
ofevolutionofmosquitohabitats Underrelative

ly natural conditions numerous channels in

PetalumaMarshhaveachievedadvancedstagesof
retrogressionincludingchannelpanformation
duringthelast100years Continuedmonitoring
isnecessarytomeasureanyaccelerationofthe
process that can be attributed to ditching
Mosquitoabatementprogramswillneedtocon
tendhoweverwithfuturehabitatevolution

Reductionsintidalheightandinundation
frequencywillinfluencesmallchanneldynamics
especiallyheadwarderosionandchannelcapture
Thus the compensatory relationship between

channelretrogressionanderosionofmarshplains
willbedisrupted Marshsurfaceswilllargelybe
exemptfromgeomorphicadjustmentstoregional
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Duringthesummerandfallmonthsof1984
SouthernCaliforniaexperiencedanoutbreakof
StLouisencephalitisthatresultedin26con
firmedcases oneofwhich wasfatal This

epidemicwasunusualinthatcasesoccurredin
urbanratherthanruralareas

Ithas been welldocumentedthat Culex
tarsalisisanimportantvectorofSLEvirusin
Californiabutthismosquitoismuchmoreabun
dantinruralthaninurbanareasalthoughitis
foundinurbanlocalitiesaswell Thegeneral
impressionisthatCxpquinquefasciatusan
importantvectorofSLEvirusintheCentral
UnitedStatesismuchmoreabundantthantar
salis intheurbanareasalthoughallofour
currenttrappingmethodsseemtobebiasedin
favorofoneortheotherspecies Inparticular
lighttrapstheusualmethodofsurveillanceof
mosquitopopulationsinCaliforniaseemtobe
muchmoreattractivetoCxtarsalisthantoCx
quinquefasciatus

Our objectives therefore were 1 to

sampleadultmosquitopopulationsbyfourdiffer
entmethodsinanattempttoassesstherelative
abundanceofthevariousspeciesand2to
assesstherelativemanbitingbehaviorofthe
variousspeciespresent Detailsconcerningthe
firstobjectivewillbepresentedhere

TheareachosenforthestudywastheSan
JoaquinfreshwatermarshinIrvineCalifornia
partoftheUCReserveSystem Thissitewas
specifically selected because 1 SLE virus

activitywaspresenttherein19842itslimited
accesstothepublicwouldhelptominimizepossi
blevandalismordisturbanceoftrappingequip
mentand3theconcurrentmonitoringofbird
andmosquitopopulationsforarboviralactivityby
theOrangeCountyVectorControlDistrict In

additionasentinelchickenflockwasalready
presentinthearea

Weeklycollectingtripsweremadetothe
marshfromJune3toSeptember30 Oneach

tripateamoftwoworkerssetupandoperated
thetrappingmethodsforapproximately12hours
onthatgivennight Themethodsemployedwere
asfollows bareleglandingcollectionsbyboth
workerssittingapproximately10metersapart3
lardcantrapsbaitedwithonefledglingchicken
apiece12onefootcubedredboxesservingas
artificialrestingsitesand3COtrapsoperated
withoutlight Thevarioustrapping methods
wereplaced atfixedstations throughoutthe
marshwitheasyaccessalongroadsorfootpaths
Themosquitoescollectedwereplacedoniceand
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takentoUCLAwheretheywereidentifiedandin
somecasesdissectedforparity

RESULTSTable1givestotalnumbersof
mosquitoes collected by each method Some
172000 mosquitoes were collected during 18

nightsinthemarshoverall942wereCx
erythrothoraxwiththenexthighestpercentage
being35forCxtarsalis Themostproductive
methodusedwastheCOtrapfromwhich90of
themosquitoeswerecollected Landingcatches
accountedforabout9ofthetotalthebaittraps
for1andrestingboxesforanegligiblepropor
tion TheAnophelesspecieswearecallingthe
southernformofAnoccidentaisatthistime

Thebargraphcomparesthevarioustrap
pingmethodsusingCxtarsalisasastandard
andexpressingtheabundanceofeachspeciesin
relationtothenumberofCxtarsaliscaptured
bythatmethod ForexamplecomparingtheCx
erythrothoraxwiththatofCxtarsalisweseethe
carbondioxidetrapcaptured292timesasmany
CxerythrothoraxasCxtarsalisthebaittrap
28timesasmanywhiletheredboxesonly08
timesasmany Inthelandingcollectionsthere
were456CxerythrothoraxforeachCxtarsalis
captured TheCOtrapandlandingcollections
thereforeseemtobeespeciallyusefulforthis
specieswhilebaitedlardcantrapsandresting
boxeswereunproductiveinthismarshhabitat

Cxquinquefasciatuswasconsiderablyless
abundant than Cx tarsalis for all trapping
methodsexceptlandingcollectionsindicatedas
67CxquinquefasciatusforeachCx tarsalis
captured This suggests that Cx quinque
fasciatuswasnearlyasattractedtohumansas
wasCxtarsalis Eventhoughwelackestimates
oftheabsolutesizeofthepopulationssampledit
isevidentthat landingcollections weremore

usefulforCxquinquefasciatussurveillancethan
weretheothermethods

InTable2ifwelookattheproportionof
eachspeciescollectedamongthedifferenttrap
pingmethodsweobservethattheCOtraps
accountedfor80to90oftheAnophelesCx
erythrothoraxCxtarsalisandCsinornatabut
only45oftheCxquinquefasciatus Thebait

trapscollected10oftheCxtarsalisbutonly0
to5oftheotherspeciesencountered Resting
boxesyielded13oftheCsinornatawhichwere
primarilymalesbutonly0to1oftheother
species

Landingcollectionsincluded48oftheCx
quinquefasciatusbutnomorethan17ofeachof
theotherspecies Fromthisitwouldappear
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Table1Collectionsummary totalnumbersofmosquitoescollectedbymethod

Species

Anophelessp
Cxerythrothorax
Cxtarsalis

Cxquinquefasciatus
Csinornata

TOTAL

CO Bait

2654

146432

5020

191

242

154539

Table2Proportionsofeachspeciescollectedby
method

Species CO Bait RQ Landing

Anophelessp
Cxerythrothorax
Cxtarsalis

Cxquinquefasciatus
Csinornata

82

90
84

45

80

00

01

10

05

01

00
01
00

13

17

09

05

48

07

thatlandingcollectionsareespeciallyusefulfor
surveillanceofpopulationsofCxquinquefasci
atusincomparisonwiththeothermethodstested
Although artificial resting sites have proved
usefulinotherstudiesthepooroverallcatches
isprobablyareflectionoftheampleavailability
ofnaturalrestingplacestulescattailsetc
inthemarshasawhole

SEASONALITYWiththeinformationthatwas
collecteditwouldbeinterestingtobrieflylook
attheseasonalityofeachspecies Whenthetotal

numberofCx erythrothoraxcollectedbyall
methodsisplottedovertimeGraph1 asteady
increaseinnumbersisseenduringJuneandJuly
withadramaticpeakonweek8July22 Over

30000Cxervthrothoraxwerecollectedinthis
weekoneweekafterthepeakaveragenighttime
temperaturewasrecorded Forthesecondhalf

ofthestudyperiodarapiddropinnumbers
collectedwasobserved

In Graph 2 Cx tarsalis produced low

numbersduringthefirstsevenweeksofbetween
50to300percollectionnightbutthenhada
precipitousrisewithinasingleweektopeakon
week8withover1600collected Afterwards

therewasasharpdropincollectednumbersuntil
week18 TheAnophelespresentedabimodal
distributionduringthefirsthalfofthestudy
thenagradualdeclinetonearzerointhesecond
half

InGraph3Csinornatahadpeakedearly
inthestudyonJune10andfromthenonout
continuedasteadydeclineuntilcompletelyabsent
fromcollectionsfrommidAugusttomidSeptem

1

1614

571

21

0

2207

RB Landing

CO2

38

5

60

6

41

150

NUMBERINRELATIONTOCulexlarsolls

Anophelessp

Culexerylhrolhorox

Culextorsolls

Culexquinquelasciolus

Culiseloinornolo

562

13811

303

202

21

14899

BarGraph

1111111111

RED
BOX

Total

3255
161862

5954

420

304

171795

ber TheseresultsreflectthefactthatCs
inornataisacoolerweathermosquitoandpresent
onlyinlownumbersduringthewarmermonths
Cxquinquefasciatuswasalsopresentinrelative
lylownumbersthroughoutthestudy Itlikewise

hadasteadydeclineinnumbersasthesummer
progressed

Theseasonalityofmosquitopopulationsis
influencedbyanumberofinterrelatedenviron
mental factors none the least temperature
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SEASONALITY SANJOAQUINMARSH1985

3June

humidityrainfallphotoperiodnumberofsuit
ablebreedingsitesthenaturalbiologiccycleof
givenspeciesinterandintracompetitionbetween
speciesandmanmadechanges

Withthisinminditshouldbenotedthat
spraycoverageinvolvingbothaerialadulticiding
usingasyntheticpyrethoidandBTIapplications
commencedonweek10andwererepeatedona
weeklybasisthereafter Inadditionnoappreci
ableamountofwaterwasaddedtothemarsh

batteries
out

IJuly

CulexquinquefosclolusN447

Culisetainornolo N301

spray

1
batteriesout

2 3 4 56 7 8 9101112131415161718

Week

5Aug 2Sept

70

65

60

55

eitherdeliberatelyorbyprecipitationsothesite
was in anearcontinual stateofevaporation
throughoutthestudy

Thegeneraldeclineinallmosquitospecies
numbershasbeenattributedtothecombined
effectsofthegradualseasonaltemperaturede
clinetheselectivedryingupofavailablebreed
ingsitesandtheweeklysprayandBTIapplica
tions
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TheadultmosquitoescollectedintheSan
JoaquinMarshStudydescribedinthepreceding
papersbyStantonCopeandMichaelBangswere
examinedbytheovariantracheationmethodfor
evidenceofhavinglaideggsDetinova1962
Theovariesweredissectedindistilledwaternot
salineandplacedonglassslidestodryafter
whichtheywereexaminedbydirectlightmicro
scopyatamagnificationof10or40diameters
Theparousrateisdefinedastheproportion
parous ofall femalesexamined Theoverall

parousratesofadultmosquitoescollectedbyall
methodsareshown inTable1 Thefigures
indicatethattheCulextarsalisandtheCxp
quinquefasciatuscollectedwereontheaverage
olderthanthespecimensoftheothermosquitoes
collected Inthetablespecimensfromallofthe
collecting techniques used have been added

together ThefindingthatCxtarsalisandCx
pquinquefasciatushadhigherparousratesthan
theotherspeciessuggeststhatthesespecieslive
longerinthefieldthandotheothers Thismay
beonereasonthatthesespeciesareimportant
vectorsofencephalitisviruses Assuming an

ovariancycleof5daysandasteadystatepopu
lationthe034parousrateofCulextarsalis
suggests a dailysurvival rateofabout 81
0806 0340oradailymortalityrateof19

Parousratesofthedifferentspeciescollect
edbydifferentmethodsareshowninTable2
Thestarredtotalsindicatethosegroupsinwhich
theparousratesofspecimenscollectedbythe
threecollection methodsdiffered significantly
Theparousratesformosquitoestakenlandingon
peopleweregreaterthanthoseofmosquitoes
takenincarbondioxidetrapsorbaittrapsfor
Culex erythrothorax Anopheles and Culex

tarsalisbutnotforCulexpquinquefasciatusor
Culisetainornata Theseresultssuggestthatthe
mosquitoestakenattackingpeoplewereolderon
theaveragethanthosetakenintrapsinwhich
carbondioxideorbirdsweretheattractantsat
leastforthethreespeciesindicated Therewas

nosignificantdifferenceinparityrateformos
quitoestakenincarbondioxidetrapsascontrast
edwiththoseinbaittraps

Theparousrateofeachspeciesasafunc
tionofdateisshowninTable3 Parousrates

werehighinmostofthespeciesduringthefirst
fiveorsixweeksofthestudyandthenlowfor
weeks7through10andhighonceagainfrom
weeks11onward Allofthespeciestabulated
overwinterintheadultstage Thedatasuggest
thatduringthefirstsixweeksofthestudy
throughthefirstofJulythepopulationwas
olderontheaverageperhapsbecauseofmore

overwinteredfemalesorcoolerambienttempera
turesatthattime Parousrateswerelowerfor

mostofthespeciesfromweeks7through10
indicatingincreasedmosquitobreedingorperhaps
higherambienttemperatureswhichpresumably
wouldshorten longevity Attheendofthe

seasonfromweeks11onmostofthespecies
againshowedhigherparousrates Afterweek10

themarshwastreatedwithBTIandScourge a

syntheticpyrethrininsecticidebecauseofthe
largenumberofmosquitoespresent Theparity
dataindicateanincreaseinparousrateatthat
time which suggests that the larvicide was

effectivebutnottheadulticide Therealsowas

Table1Proportionsofadultmosquitoesparous
allcollectingmethods

Species No Prop Signif
parous

Culextarsalis

Culexpquinquefasciatus
Culexerythrothorax
Anophelessp
Culisetainornata

ABCp05

Table2Parousratebytrappingmethod

Trappingmethod CE AN CT

Dryice
Baittrap
Landing

1574 34
149 32

2422 18
594 11
105 09

Species

A

A

B

C

C

CQ CI

15 08 35 33 09
17 00 27 58 00
25 15 40 29 09

Total 18 11 34 32 09

Heterogeneous

CE CxerythrothoraxAN Anophelessp
CT CxtarsalisCQ Cxpipiensquinque
fasciatusCI Cuincidens
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Table3Parousratebyweekofcollection

Species

1 2 3 4 5 6 7 8 9

Cxeryth 51 32 22 33 08 10 07 11

Anoph 08 13 04 18 14 02 00 20

Cxtar 47 28 51 50 06 17

Cxquin48 30 27 14 38 05 14

Cuinorn 00 08 13 09 07 00 08

nonedissected fewerthan5dissected

extensivedryingofthemarshatthattimewhich
mayhavecausedtheincreaseinparousratesat
leastinpart

Insummarytheascertainmentofwhetheror
notcollectedmosquitoeshadlaideggspreviously
gaveanadditional dimensiontodataon the

numbersofmosquitoescollected

Week

10 11 12 13 14 15 16 17 18 Total

10 21 12 32 11 16 14 13 28 18

02 16 31 03 20 10 29 11

19 29 51 54 59 82 73 41 38 34

22 60 22 32

REFERENCES

09

DetinovaTS1962 AgeGroupingMethodsin
DipteraofMedicalImportanceWithSpecial
ReferencetoVectorsofMalaria WldHlth

OrganMonSerNo47216pp



MOSQUITOBREEDINGINACATTAILTULEMARSHMANAGEDFORCLEANUP

OFSECONDARYSEWAGEEFFLUENT

CHSchaeferandTMiura

INTRODUCTIONEPA funding for sewage
treatmentplantsforsmallcommunitieswithless
than1milliongallonsperdayeffluentdischarge
hasbeengreatlyreducedinrecentyears There

isaneedtoidentifynovelmeansofsewage
treatmentwhichcanbeaccomplishedmorecheap
lythanwithsophisticatedtreatmentplantsfor
usebysmallercommunities Onepossibilityisto
utilizeplantrootsystemstopolisheffluentfrom
secondarydischargeponds Anexperimentat
theGustinesewagetreatmentplantdemonstrated
thatcattail rhizomes effectively reduced sus

pendedsolidsandalgaeinsecondaryeffluentto
thedegree required by the California Water

QualityControlBoard Unfortunatelythisdense
cattailstand irrigatedwithsecondaryeffluent
resultedinhighbreedingofCulextarsalislarval
samplingbypersonneloftheMercedMosquito
AbatementDistrictduring1983revealedpopula
tionswhichaveragedca 6 larvaedip This

populationdensityisregardedaswellabovethe
acceptablethreshold

Aseriesofmeetingswereheldincluding
personnel oftheStateWaterQualityControl
BoardtheRegionalWaterQualityControlBoard
theCaliforniaDepartmentofHealthServicesthe
MercedCountyHealthDepartment theMerced

CountyMosquitoAbatementDistricttheCityof
GustineandtheUniversityofCalifornia The

MosquitoControlResearchLaboratoryevaluated
mosquitobreedinginanexperimentalplotatthe
Gustinesewageplant Theprimaryobjectivewas
toattempttoslowthecattailstandredevelopment
afterharvestsothattheintervalbetweenrenova
tionscouldbelengthenedasmuchaspossible

METHODSTheexperimentalplotwasrectan
gular50x850feetandwascomposedofa
maturestandofcommoncattailsTyphalatifolia
ca95ofstandandtulesScirpusacutusca
5ofstand On72284thestandwasburned
thestubblewascuttoaheightofca2inches
andthedebriswasremoved Acentralstrip
lengthwisethroughplotwasrippedwithheavy
equipmenttoadepthof18inchestoremovemost
ofthecattailrhizomes Thephysicalchanges
were completed on 8984 and beginning on

81384theplotwascontinuouslyfloodedwith
secondary sewage effluent The growth and

developmentofthenewvegetativestandwas
monitored biweekly by measurements and by
colorphotographyduringthefallandspringand
monthlyduringthewinter Mosquitoimmatures
weresampledbydippingatthesameintervals

On92884theplotwasstockedwith2
poundsofmosquitofish Gambusiaaffinisand

MosquitoControlResearchLaboratory
UniversityofCalifornia

9240SRiverbendAvenue
ParlierCalifornia93648
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thispopulationwassampledwithminnowtrapson
10984

RESULTSVecgetationThe cattails quickly
redevelopedwithin2weeksaftertheirrigation
wasinitiatedtheyhadattained23feetinheight
andafter3monthstheywere67feet However
thecattailswereslowtoreoccupythecenter
stripthatwasripped Duringthewintermonths
DecMartherewasconsiderablediebackand
somelodgingca510oftotalareaoccurred
InAprilthedeadvegetationwasmostly2feet
highandbentoverbutinsomeareasthelodged
materialcoveredthewatersurfacecompletely
Thecattailtulestandreachedaheightof56feet
inApriland78feetinMay Duringthelatter
periodthelodgingextendedoverlargerareas
thecentralstripwasnowdenselycovered In

JuneandJulythepercentageoftheplotcovered
byflatdenselodgeddeadandgreenvege
tationincreasedtoca50

InsectPredatorsNumerousinsectpredators
developedinthecentralstripthatwasripped
aftertheinitiationofflooding Thoseorganisms
foundareshowninTable1 Numerousbeetle

larvaedevelopedduringthesummerandfallof
1984butthendisappearedduringthewinter
months Beetlelarvaereappearedinsmallnum
bersinApril1985andthesepopulationsincreased
slowlyuntilMaywhentheplotdriedupdueto
failureofapump Aftertheplotwasreflooded
thepopulationsofpredatororganismsdidnot
redevelopexceptinverysmallnumbers The

openwaterareasthatseemedtofavordevelop
mentofaquatic insectpredatorsearlierwere
minimalbythistime

MosquitoesMosquitolarvaeseeTable 1
wereoffoundintheexperimentalplotinlow
numbers006diporlessinthesummerandfall
of1984 Theydisappearedduringthewinter
monthsDecMarasisnormalandreappearedin
Aprilbutinlownumbers008diporlessin
Apriland004diporlessinMay Afterthe

plotdriedouttheydisappearedbutsoonafter
thewaterwasrestartedahatchofAedesmelani
monoccurredtheirnumberswerehighlyvariable
butupto44dipwerefound average67dip
Culexspp then reappearedwiththe largest
numbersoccurringbeneaththedense lodged
matsofvegetationaverage52dip6385with
alllarvalstagesandpupaepresent

OtherInsectPestsLargenumbersofchiro
nomidmidgeswerepresentinthefallof1984
ModeratenumbersofCulicoidesvaripennisthe
vectorofbluetongueinsheepwerealsopresent

MosquitofishThe mosquitofish planted on



120

Table1AquaticinsectsidentifiedfromcollectionsfromtheGustineexperi
mentalplot

Odonata

Hemiptera

Coleoptera

Diptera

Anaxjunius nymphs

Ceratopogonidae Culicoidesvaripennis larvae

Chironomidae Chironomisspp larvae

Syrphidae notfurtheridentified

Tabanidae notfurtheridentified

Tipulidae notfurtheridentified

Collembola Isotomidae notfurtheridentified

92884wereneverobservedagaininanyofthe
samplingsincludingfishtrapsandpresumably
died On61785thedissolvedoxygencontentof
thewatershowedonly06ppminshadedareas
and0708ppminwaterexposedtosunlight
measurementsweremadeat1000amwater
temperature245C Fishwillnotsurviveifthe

dissolvedoxygenlevelfallsbelowca10ppm
Note thedissolvedoxygencontentislowest
justpriortosunriseandshouldhaveachieveda
muchhigherlevelby1000am Duetothelow

dissolvedoxygencontentnofurtherplantingsof
mosquitofishweremade

DISCUSSIONAfter harvesting the cat

tailtulestandrecoveredquicklyexceptwherethe
rhizomeshad been rippedout Inthelatter

areaopenwaterpersistedforanextendedperiod
Figure1whichseemedtofavorthedevelopment
ofaquaticinsectpredatorsespeciallybeetles
Thenumbersofmosquitoesremainedlowduring
theperiodwhenlargenumbersofinsectpreda
torsoccurred Note maximummosquitonum
berswere006diporlesswhereasin1983they
averagedca60dip Diebackandlodgingof
thestandduringthewintermonthsinitiateda
vegetativematoverpartsofthewatersurface
Thismatincreasedduringthespringandearly
summerandbyJuly1985theplotwasbreeding
unacceptable numbers of mosquitoes Control

measureswerenotpossiblebecausethedensemat

Corisellaspp nymphs

Dytiscidae Hygrotuslutescens adults

Laccophilusspp adultsandlarvae

Thermonectusbasillaris adultsandlarvae

Berosusspp adults

Thropisternuslateralis adultsandlarvae

Tropisternisellipticus adultsandlarvae

Helophorusspp adults

Enochrusspp adults

Culicidae Culextarsalis larvae

Culexquinquefasciatus larvae

Culexerythrothorax larvae
Aedesmelanimon larvae

Hydrophilidae

wouldevenpreventthepenetrationofinsecticide
granulesnote thevegetativematwassothick
insomeareasthatonecouldwalkonitwithout
contactingthewaterbeneath Theoccurrence

ofmosquitoesbreedingbeneaththematsofvege
tationisinagreementwiththereportofBogaert
etal1985whostateLarvaewerecollected
only in habitats with emergent vegetation
SamplingsitesintheinteriorofpondsA1and
Bwhichwerecharacterizedbyextensivematsof
cattailhadthehighestpopulations

Itisapparentthatshouldstandsofcat
tailtulesbeusedforpolishingsewageeffluent
attheGustinesewagefacilityitwillbeneces
sarytoharvestthevegetationandremovethe
debriseverysixtoninemonthsinorderto
preventunacceptablelevelsofmosquitobreeding

Itappearsadvantageoustoseekalternate
plantspeciesforpolishingeffluentthatwould
havelesstendencyforlodgingandthedevelop
mentofdensematsabovethewatersurface
Effortstoidentifysuchspeciesarenowinpro
gress

Other possibilitiesincludeabandonmentof
themarshtypeofreclamationsystemforaman
agementschemethatmightbemoreexpensive
initiallybutmaybecheapertomaintainandhave
lesservectorbreedingpotentialegandover
landflowsystem



Figure1Central stripwhererhizomeswereremoved remainedopenfor
severalmonthsaftertherenovatedplotwascontinuouslyirrigated

Figure2CattailtulesheavilylodgedJuly1985
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ABUNDANCEANDDISTRIBUTIONOFIMMATURECULEX

TARSALISANDANOPHELESFREEBORNINRICEFIELDSOF

THESUTTERYUBAMAD IIFOLLOWUPSAMPLINGTODETECT

SIMILARITIESINLARVALDISTRIBUTION1984VS1985

DebraCaseLemenagerandEugeneEKauffman

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95992

INTRODUCTIONDuringthemosquitobreed
ingseasonsof1984and1985largeareasofrice
weresampledinordertodetectsimilaritiesin
larvaldistribution andabundance Themain

objectiveoftheongoingstudywastodetermine
ifthesamefieldsproducedhigh numbersof

larvaefromoneseasontothenextLemenageret
al1985 CulextarsalisandAnophelesfreeborni
aretheprimaryricefieldmosquitoeswithinthe
District Bothspeciesareresponsibleforthe
transmissionofdiseasesofpublichealthimpor
tanceandcanbethemajornuisancemosquitoesin
thearea Controleffortscouldbegreatlyen
hancedifmajorbreedinglocationsamongarearice
fieldscouldbemoreclearlydefined Earlier

investigationshaveshownthatlarvaldensities
candifferdramaticallyfromonericefieldtothe
nextwithonlyafewfieldsbeingmajorlarval
producers Miura et al 1983 and Case and

Washino1979 Duringthe1984ricegrowing
seasonthiswasfoundtobetrueLemenageret
al1985inDistrictricefields Thesamefields

wereresampledduringthe1985growingseasonto
determinesimilaritiesifanyinmosquitoproduc
tion

MATERIALS AND METHODSThe same 2

studyareassampledin1984weresampledagain
duringthe1985ricegrowingseason In1985
theYubaCountystudyareawaslocated mile

NEofMarysvilleCAandcontained2078acres
ofricewith186larvalsamplingsites9sites100
acresofrice In1984therewere3283acres
ofricewith208samplingsitesor6sites100
acresofrice TheSutterCountystudyareawas
locatedabout5mileswestofYubaCityCAand
had2872acresofricewith298samplingsitesor
104sites100acresofricein1985 In1984
therewere3937acresofricewith298sampling
sitesor8sites100acresofrice Samplingwas
thereforemoreintensivein1985thanin1984
havingapproximatelythesamenumberofsample
sitesbutconsiderablylessriceacreageapproxi
mately32less

Larvalsamplingsiteswerelocatedatthe
edgesoffieldsandwereusuallyaccessibleby
road Thesamplingmethodwasthesameasthat
usedin1984Lemenageretal1985exceptin
theSutterCountystudyarea Ateachsample
site3dippersamplesweretakenateachof8
stationsresultinginatotalof24dipssite The

genusandstageofeachlarvaepresentdipper
samplewasrecordedandthesamplereturned
Watertemperatureanddepthandriceheightand
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typeofstandopensparseaverageordense
wasrecordedateachsite TheSutterCounty
studyarea was dipped using asemicircular

patternStewartetal1983having1dipstation
withatotalof25stations

Datawereanalysedtoobtainmeanvaluesof
mosquitolarvaedipfield AstheSutterCounty
studyareawassampledbyanothergroupsampl
ingineachareawasallowedtoprogressevenly
throughouttheseason Dataineachstudyarea
werecomparedtothatof1984inordertodetect
anysimilaritiesorpatternsinlarvaldistribution
andabundanceamongfieldssampled Asinthe

1984studyathresholdlevelof08larvaedip
wasusedasacutoffpointtoseparatefieldsinto
thosethatproducedlargenumbersofmosquitoes
andthosethatproducedrelativelylownumbersof
mosquitoes

RESULTS AND DISCUSSIONWhen data

collectedduringthe1984seasonwerecomparedto
thatcollectedin1985itwasfoundthatitwould
bedifficulttopredictthatacertainfieldwould
producelargenumbersofmosquitolarvaefrom
oneyeartothenext Thefollowingdataare
showninTable1 IntheYubaCountystudy
areaatotalof27fieldswerecompared1984to
1985 ForCxtarsalisandAnfreebornilarvae
combinedallstagescombinedalso13fieldsor
48 ofthe27fieldshadsimilarnumbersof
larvaein1984and1985 Tenofthese13fields
77 hadnumbersoflarvaeaveraging 08dip
inbothseasons Theremaining3fields23
hadaverages 08dipinbothseasons Four

teenfields52 ofthe27fieldscomparedhad
differentnumbersoflarvaein1984and1985the
differencebeingthatinoneseasonbyfield
numbersoflarvaeaveraged 08dipwhilein
theotherseasonnumbersaverageds08dip
TheremainingpercentagesshowninTable1for
19841985representfieldsthathadnumbersof
larvaeaveraging k08dipforeachindividual
year ForCxtarsalis16fields60 ofthe27

fieldshadsimilarnumbersoflarvaein1984and
1985 Fifteenofthe16fields94 hadnumbers

oflarvaeaveraging 08dipforbothseasons
Only1fieldoutofthe166 hadaverages

08dipin1984and1985 Elevenfields40
ofthe27fieldscomparedhaddifferentaverages
for1984and1985 ForimmatureAnfreeborni
18fieldsoutof2767 hadsimilarnumbersof
larvaein1984and1985 Seventeenofthese18
fields94 hadnumbersaveraging 08dipfor
both seasons withonly 1 field 6 having
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Table1Comparisonoflarvalabundancebyfieldssampled1984vs1985

Percentageoffieldshavingsimilarnumbersoflarvae1984vs1985

2Percentageoffieldshavingdifferentnumbersoflarvae1984vs1985

numbersoflarvaeaveraginga08dipin1984
and1985 Ninefields33 outofthe27com

paredhaddifferentaveragesfor1984and1985
Aftercomparingthedatain1984and1985only3
fieldsoutof2711 provedtohavenumbersof
larvaeaveraging208dipinbothyears When

convertingthisfrombyfielddatatoacreage
only285acresrepresentedbythe3fieldsout
ofthe2078acressampledor14ofthestudy
areahadlarvaeoccurringinnumbersaveraging

08dipduringbothyears
IntheSutterCountystudyareaatotalof

25 fieldswerecompared For immature Cx

tarsalisandAnfreebornicombined14fields
56 ofthe25fieldssampledhadsimilarnumbers
oflarvaein1984and1985 Thirteenofthe14

fields93 hadnumbersoflarvaeaveraging
08dipforbothseasons Theremainingfield

7 hadlarvaeoccurringinnumbersa08dip
inbothyears Elevenfields44 outofthe25

comparedhaddifferentaveragesin 1984and

1985 ForimmatureCxtarsalis21fieldsoutof
the25sampled 84 hadsimilarnumbersof

larvaein1984and1985 Allofthe21fields

Table2ComparisonofaveragenumbersofimmatureCxtarsalisandAnfreeborni1984vs1985
foreachstudyarea

Indicatessignificantdifferencesbetweenaveragenumbersoflarvae1984vs1985ttest05

sampledhadnumbersoflarvaeaveraging 08

dipin1984and1985 Noneofthefieldsproved
tohavelarvaeoccurringinnumbersa08dipin
1984and1985forCxtarsalis Fourfieldsout

ofthe25fieldscompared16 haddifferent

averagesin1984and1985 ForAnfreeborni

larvaesampled 16fields64 outofthe25

sampledhadsimilarnumbersoflarvaein1984and
1985 Fifteenoutofthe16fields94 had

numbersoflarvaeaveraging 08dipin1984
and1985 Only1fieldoutofthe166 had

numbersoflarvaeaveraginga08dipin1984
and1985 Ninefields36 outofthe25sampled
haddifferentaveragesin1984and1985 Inthe

SutterCountystudyareaonly1outof25fields
4 provedtohavenumbersoflarvaeaveraging
a08dipin1984and1985 Whenconverting
frombyfieldnumberstoacreageonly75acres
representedbythe1fieldoutofthe1820
acressampledintheSutterCountystudyarea
or4ofthestudyareahadlarvaeoccurringin
numbersaveraging 08dipforboth years

Figures16showtheprecedingdatainbargraph
formbyfieldforeachstudyareaandmosquito



species1984vs1985
Table 2 shows significant differences in

averagenumbersoflarvaedipbystudyarea In

theYubaCountystudyareaforCxtarsalisand
Anfreebornicombinednodifferencewasseen
betweenaveragesfoundin1984and1985 The
samewastrueforCx tarsalisalonebutAn
freeborni proved to have significantly lower
numbersin1985 IntheSutterCountystudy
area significantly loweraverages werefound

overallin1985whencomparedto1984datafor
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CxtarsalisandorAnfreeborni
Otherobservationsmadeduringthe1984

seasonwerefoundtooccurin1985aswell In

1984itwasobservedthatimmatureCxtarsalis
werethemostabundantatthebeginningofthe
growingseasondroppingsignificantlyinnumbers
bymidAugust ImmatureAn freeborniwere

significantlyloweratthebeginningofthesummer
and were themostabundantbymidAugust
Thesetrendswerealsoobservedin1985

ll
16171819202128

K

2 1r S

293041424445495063

Figure1Histogramshowingdifferencesbetweenfieldsforaverage
numbersoflarvaedipseasonCxtarsalisandAnfreebornidata
combinedYubaCountystudyarea1984vs1985
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CONCLUSIONSInboththeYubaandSutter

Countystudyareasonlyasmallpercentageof
fields11inYuba4inSutterprovedtohave
numbersoflarvaeaveraging 08dipinboth
1984and1985 Whendisregardingthe08dip
thresholdlevelitwasfoundthattherewas
roughlya5050chancethatafieldwouldhave
thesamenumbersoflarvaefromoneseasonto
thenext Whenusingthe08larvaedipthresh
oldlevelnumbersoffieldsthatproducedlarge
numbersofmosquitolarvaefromoneseasonto
thenextwereverylow Severalofthefields
thatwere 08dipin1984wereunfortunately
fallowin1985 Itispossiblethatsomeofthese
fieldsmighthavehadhighnumbersoflarvaein
1985iftheyhadbeeninrice

Thesefindingswouldmakeitverydifficult
ifnotimpossibletopredictthatcertainfields
wouldbeproducersoflargenumbersofmos
quitoesseasonafterseason Thesedatarepre
sentonly2yearsofcomparisonsbut possibly
reflecttheactualsituationinthefield Itwould

bebeneficialhowevertocheckthe4fieldsthat
proved tohavenumbersof larvaeaveraging

08dipduringbothseasonsagainin1986 If

thesefieldsprovedtohave 08larvaedip3

DataforAnfreebornilarvae

08larvaedip

thresholdlevel

f
11121317182022242728303132353641424346

FieldsSutterStudyArea

Figure6Histogramshowingdifferencesbetweenfieldsforaverage
numbersoflarvaedipseasonAnfreebornidataSutterCountyarea
1984vs1985
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DEVELOPMENTALRATESOFMOSQUITOLARVAEINAWATERMANAGEMENTPROGRAM

Overtheyears our laboratoryhas been

involvedinmanyprojectsinvestigatingmosquito
larvalmortalityinnorthernCaliforniaricefields
Wehaveexaminedcommercialfieldsforagamutof
potentialfactorsinfluencinglarvalsurvivalin
cludingpredatorsparasiteswatertemperature
waterdepthwatersourceandfieldpreparation
Amajorproblemwithconductingexperimentsin
commercialricefieldsisthattheextremevaria

tionsinculturalpracticesintroduceanumberof
complicatingfactors

Thisyearfieldresearchwasdoneinco
operationwiththeUniversityofCaliforniaRice
IntegratedPestManagementprogramwhichpro
vided excellent logistical support that limited
variation in experimental parameters involving
culturalpracticesandallowedustoconcentrate
specificallyontheeffectsofvariablewaterman
agementandweedcontrolstrategiesonmosquito
larvalpopulations

MATERIALS AND METHODSThe primary
IPMstudysitewaslocatedinSutterCounty34
milewestofhighway99southofEastNicolaus
Thefieldwhichwaspreviouslyplantedinwild
ricewasdividedinto36plotseither100ftwide
x305ftlongnonweedcontrolor100ftwidex
410ftlongweedcontrolled Onesetof18

plotswastreatedwithherbicidefollowingthe
sameproceduresaswouldbeusedincommercial
production Noweedcontrolmeasuresweretaken
ontheotherset Of6watermanagementregimes
planned4wereutilizedforthisstudy Those

studiedincluded3continuousflood ashallow

waterlevel12induringfirst60daysandthen
raisedto68inchesbmedium35infor
first60daysandthenraisedto68inchesand
cdeep68inallseason Theotherwater

regimewasaddiscontinuousfloodiethe
waterwasdrained5daysaftersowingraisedto
35inchesuntil60daysandthenraisedto68
incheson8185fortheremainderoftheseason

Threereplicatesofthewatermanagementregimes
werestudiedforboththenonweedandweed
controlledareas

Dipsamplestomonitornativelarvalabun
danceweretakenon2occasions71085and
8685with3peopletaking30dipsapiecewitha
standardmosquitodipperineachplot Dipswere
takenonatransectperpendiculartothelevees
andparalleltothecanal Numbersoflarvaeand

numberperinstarwererecordedforeachdip
sample

Relative larval developmental rates were

evaluatedbyplacingfirstinstarmosquitolarvae
inpredatorexclusionbuckets Thebucketshave

meshbottomsandsideswhichallowforexchange
ofwaterbutexcludetheentryofpredatorsfrom
thericefields Cageswerecollectedatseveral
dayintervalsandlarvaewereplacedin95EtOH

SusanPalchickandRobertKWashino

UniversityofCalifornia
DepartmentofEntomology

DavisCalifornia

129

untiltheirdevelopmentalstageinstarcouldbe
determinedatalaterdate

Predatorexclusionsentinelbucketswereset

upintheSutterCountyfieldwithAnfreeborni
on 71285 collected 71885 and with Cx

tarsalison72485collected8585
Toassesstheeffectofwatermanagement

treatmentsontheinvertebrateandvertebrate

faunasofthericefieldsminnowtrapswere
placed in the fields for 24 hour periods
93859485and9108591185 Whentraps
werecollectedthecontentswereplacedin95
EtOHuntilthecontentscouldbecataloguedin
thelaboratory

ColusacountyIPMprojectAsimilarstudy
wasconductedinColusacounty Theplotswere
designedasin1984 Variationsabcandd
shallow moderate deep and discontinuous

floodrespectivelyweredippedonJuly1to
ascertainthenativeCxtarsalisandAnfree
bornilarvalpopulations Sentinelbucketswere

setouttomonitorrelativelarvaldevelopmenton
June25 Eachbucketcontained20firstinstar
Cxtarsalis Thesewereplacedinvariationsa
bcanddinrepIandinvariationsaband
cinrepII Bucketswerecollected2367
8and10daysafterplacement

AnothersentineltrialwassetuponJuly12
withCx tarsalisandAn freebornilarvaein
eachbucket Thistrialwasabortedwhenpara
thionwasinadvertentlyappliedattheinletboxes
onJuly19resultingin100mortality

Diversitywasevaluatedusingthemacro
invertebratescollectedindipsamples

RESULTSANDDISCUSSIONIntheSutter

fieldtherewasnosignificantdifferenceinthe
numberofCxtarsalisTable1orAnfreeborni
Table2collectedinthedipsamplesbetween
treatments replicatesorcomparingweedcon
trolledandnonweedbasins

There was less diversity of organisms
collectedintheminnowtrapsfromtreatmenta
than from other treatments on September 4

Therewasaslightdifferenceindiversityfrom
trapsintreatmentacollectedSeptember10
Table3 Itwasinterestingthatwhilethere
wereeitherGambusiaaffinisCarrassiusauratus
orCyprinuscarpieinallothertreatmentson
thisdatenofishwerefoundintreatmenta

whichwasheldattheshallowestwaterdepth
FortheAn freeborniFigure1onthe

lastcollectiondatetherewasahigherpercentage
oftreatmentalarvaestillinthesecondinstar

andthepercentageofthoseattainingthefourth
stagewassmallestforthistreatment

ThesametrendwasevidentoftheCx
tarsalis Onallcollectiondatesdays57and
13afterbeingplacedinthefieldsthedevelop
mentofCxtarsaliswasslowerintreatmenta
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Table1DipsampleevaluationofnativeCulextarsolislarvalabundance
inSuttercountywatermanagementfieldscomparedforweedtreatment
replicatesandwaterdepthvariations

MeanNumberofLarvae sd

weed

083 12

weedcontrolled

153 26

reeI reI repIII

088 12 12 17 15 28

A b c d

22 34 061 11 067 09 12 12

per45dips

Table2DipsampleevaluationofnativeAnophelesfreebornilarval
abundanceinSuttercountywatermanagementfieldscomparedforweed
treatmentreplicatesandwaterdepthvariations

a

29 32

64 64

MeanNumberofLarvae sd

weed weedcontrolled

31 31 55 66

revII repIII

51 53 13 10

c

55 55 59 75 36 32

per45dips

Table3PredatorscollectedfromminnowtrapsSuttercountywater
managementfieldsatregulatedwaterdepthsshallowmediumanddeep
withdrain

9385 9485

Waterlevel

A b c d

individuals 20 14 21 24

kinds 4 9 10 8

traps 8 8 6 8

individuals

kinds

91085 91185

Waterlevel

a b c d

27 29 55 42

7 9 10 11
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both in theweed and weedcontrolled plots
Figure2 Onthelastcollectiondatetreatment

acontainedthesmallestpercentageofthose
developingtopupaeandwastheonlyonewithout
Cxtarsalisdevelopmenttotheadultstage This

treatmentalsohadthegreatestpercentagestillin
thethirdlarvalstage

IntheColusacountyfieldallricechecks
werenegativeforbothmosquitospecieswhen
dippedonJuly1 Themacroinvertebratesfrom

thedipsamplesweretabulatedandthereap
pearedtobeagreaterdiversityoforganismsin
treatmentd thediscontinuousfloodtreat
ment

Onalldatesthatthesentinelbucketswere

collecteddays23678and10daysafter
beingplacedinthebasinssurvivorshipinthe
different treatments were similar Relative

developmentwascompared by looking at the

proportion ofthosemosquitoes survivingthat
reachedaparticularinstar Larvaeintreatment

ddevelopedfasterthaninothertreatments
withonlypupaeandadultspresentonthelast
collectiondateFigure3 Treatmentastill
hadsecondinstarlarvaeandnoadults

RelativeDevelopmentCulextarsalisColusaStudy

PA 1I II III IV
I

B

TREATMENT

Figure3AgecompositionofsentinelCulextarsalislarvae
beingplacedinthefieldsasfirstinstars

P A I 1 11 III IV

D

collected10daysafter

Thisyearssentinelresultsinbothcounties
supportlastyearsfindingsintheColusafield
wheredevelopmentwasslowestintreatmenta
orthelowestwaterlevel Thefindingsthatthe
developmentwasfastestinthediscontinuousflood
treatmentssuggestthatsomenegativefactormay
bebeingflushedoutwhenthefieldsaredrained
Theslowerdevelopmentinthelowestwaterdepth
suggeststhatsomenegativefactorismorecon
centratedormoreprevalentinthislowerwater
levelorthatthereissimplyalowernutrientlevel
inricecheckswithlesswater

These differences should be taken into
account when implementing water management
policies Elucidationoffactorsenhancingand
detrimentaltolarvaldevelopmentwouldbeof
greatinterest Itisalsonecessarytoevaluate
whetherthesedifferencesextendthroughthe
adultmosquitostagewithinfluenceonfecundity
andadultlongevity



SURVIVORSHIPANDGONOCYCLELENGTHOFANOPHELESFREEBORNI

ANDCULEXTARSALISINTHESACRAMENTOVALLEYOFCALIFORNIA

CPMcHughandRKWashino

Preliminaryresultsofa1984studyofan
adult population of Anopheles freeborni were

previouslyreportedMcHughandWashino1986
Inessencethe1984studyconsistedof23days
13 August through 7 September except the

morningsof13Septemberofsamplingtodocu
menttheabundancetrophicstatusparityand
hostselectionofAnfreeborniinasmallvalley
attheedgeoftheSierrafoothillsnearSheridan
California

Ofparticularinterestinthe1984studywas
the use ofa mathematical analysis technique
describedbyBirleyandRajagopalan1981 The

BirleyRajagopalantechniquedefines4estimators
uthelengthofthegonotrophiccyclePuthe
estimated survivorship per gonotrophic cycle
SEPuthestandarderroroftheestimateof
PuandRuandindexofthecorrelation
betweenthetotal numberandthenumberof
parous mosquitoes collected In the original
papertheirmethodofestimatingsurvivorship
Pu isonlyamodificationoftheparoustotal
ratiowhichhasbeenusedbymanyotherworkers
todescribemosquitosurvivorship Themain

distinctionofBirleyandRajagopalan1981from
theotherstudiesisthatcomparingthenumber
parousandthetotalnumbercollectedattimet
isnotacceptedascompletelycorrect Intheir

Parity

Nulliparous

1Parous

2Parous

3Parous

Total

Significantx2a 05

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616
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version the parous mosquitoes at time t

representsurvivorsofthetotalfromsomeearlier
time tu where u isthe lengthofthe
gonotrophiccycle

Apreliminaryanalysisofthe1984parity
dataTable1indicatedthattheparityrateof
bloodfedmosquitoeswassignificantlygreaterthan
theparityrateforemptymosquitoes Forthis

reasonweconsideredthedataforbloodfedand

emptymosquitoesseparatelyinsubsequentanaly
ses

Values for thevariousestimators Pu
SEPuandRuwerecomputedforvaluesof
ufrom0through6forbloodfedmosquitoesand
0through7foremptymosquitoesieuntila
peak in Ru was demonstrated Thebest

estimateforPuandthereforesurvivorshipis
thatvalueatwhichRuthecorrelationindex
ishighestTable2 ForemptyAnfreeborni
thisoccurswhenu theestimateofthelength
ofthegonotrophiccycleis6days Theestimat

edsurvivorshipoverthecycleis014givinga
dailysurvivorshipof072 Forbloodfedmos

quitoestheestimatedgonocyclelengthis4days
withadailysurvivorshipof075 Theadditional

2daysrequiredforemptymosquitoestocomplete
thegonotrophiccycleaswellasthelowerparity

Table1SummaryofagegradingdataforfemaleAnophelesfreeborni
collectednearSheridanCA19July 13September1984

TrophicStatus

Empty Bloodfed

Frequency Frequency
Column Column

3647 1416

901 635

393 764

97 342

7 44

02 20

2 7

005 03

4049 2231



134

Table2ParameterestimatesforfemaleAnophelesfreebornicollected
nearSheridanCA19July 13September1984

Estimator

u

Pu

SEPu

Ru

DailySurvivorship

Table3Summaryofagegrading datafor femaleCulex tarsalis

collectednearSheridanCA926July1985

Parity

Nulliparous

Parous

Total

Significantxa 05

ratereflectthetimenecessaryfornewlyemerged
femalestomatureandmatepriortotheirfirst
bloodmeal

Whiletheseestimatesofgonocyclelengthand
survivorship seem biologically plausible we

attempttocorroboratethemusingamarkre
leaserecaptureMMRandanintentrelease
UnfortunatelyneithertheMRRnortheintent
releasegavesatisfactoryresults Weareplan
ningadditionalstudiesin1986toconfirmthe
estimatesderivedfromour1984study

In1985weconductedasimilarstudyatthe
SheridanstudysitethistimefocusingonCulex
tarsalis wesampledfor18daysfrom926July
Initialanalysisofparitydataagainshoweda
significantdifferenceinparitybetweentheempty
ofbloodfedmosquitoesTable3 Themosquitoes
weregradedonlyasnulliparousorparousno
attemptwasmadetodeterminemultiparity

Parity data wereanalyzed for u 0

through9foremptymosquitoesandu 0

through8forbloodfedCx tarsalis Results

Table4indicateabestestimateof7daysfor
thegonotrophiccycleandadailysurvivorshipof

Empty Bloodfed

6

014

00071

063

072

TrophicStatus

760 346

625 566

457 265

375 434

1217 611

4

031

0011

065

075

Empty Bloodfed

Frequency Frequency
Column Column

086foremptymosquitoes Estimatesforblood

fedCxtarsaliswere5daysforthegonotrophic
cycleandadailysurvivorshipof084 Wedid

notattemptanyadditionalstudiesin1985to
corroborate survivorship or gonocycle length
estimates for Cx tarsalis Studies in Kern

countybyReisenetal1983andNelsonetal
1978usingavarietyofexperimentalandanaly
sistechniqueshaveprovidedestimateswhichare
inreasonableagreementwiththoseofthepresent
study

In boththeAn freeborniandtheCx
tarsalisthereisa2daydifferenceingonotrophic
cyclelengthbetweenemptyandbloodfedmos
quitoes Itisinterestingtonotethatintheir
originalstudywithCulexquinquefasciatusBirley
andRajagopalan1981didnotanalyzedatafor
these trophic states separately Their data

indicatedagonotrophiccyclelengthestimateof4
and6days Theyexplainedawaythis two

peakestimateandapparentlydidnotrealizethe
significanceofthedifference

A few possible problems exist with the

BirleyRajagopalantechnique Itisnotclearhow



Table4ParameterestimatesforfemaleCulextarsaliscollectednear
SheridanCA926July1985

Es

u

Pu

SEPu

Ru

DailySurvivorship

sensitivetheestimationtechniqueistochangesin
samplingefficiency Forexamplehowwillesti
matesbeinfluencedbyaredboxorother
samplingdevicewhichcollectsXpercentageof
thepopulationtodayand12or2X tom

orrow And inthecaseofautogenousmos
quitoessuchasCx tarsaliswhatimpactwill
autogeny have on gonocycle or survivorship
estimates Quantitativeanswerstotheseques
tionswillaugmentthebasicinformationprovided
here Theanalysistechniqueappearstowork
howeverandweencourageotherfieldbiologists
totestitwiththeirdatasets

Wewouldliketoacknowledgethehelpofthe
SutterYubaMADinboththe1984and1985
studies
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THENIGHTLYHOSTSEEKINGRHYTHMSOFSEVERALCULICINEMOSQUITOES

DIPTERA CULICIDAEINTHESOUTHERNSANJOAQUINVALLEYOFCALIFORNIA

RPMeyerWKReisenMEEberleMMMilby

The endogenous hostseeking rhythms of

Aedes melanimon Culex tarsalis and Culex

quinquefasciatusweremeasuredat3ruralFoc
ationsinKernCountyCaliforniaduring1983
and1984 Hostseekingfemaleswerecollected
from1900to0700hateachlocationbyatime
segregatedsamplerTSSthatpartitionedcollec
tionsinto12onehourcomponents TheTSS

operatedoneitherACorDCcurrentandbottled
COgasreleasedatarateof1literperminute
wasusedasanattractant

Hostseekingfemalesofall3specieswere
mostactivefrom14hoursaftersunset During
thelatespringMayJuneandearlyfallSep
temberOctober hostseekingactivitywasmost
prominentfrom12hoursaftersunset However
duringmidsummerJulyAugustwhenevening
airtemperatureswerewarmerpeakhostseeking
activitywasdelayedby14hours

Hostseeking activity patterns were not

entirelyuniformamongspeciesorlocations The

observedvariabilitymayhavebeenrelatedtoa
combination of factors including interspecific
differencesintheexpressionoftheendogenous
hostseekingrhythmTSSplacementrelativeto
mosquitosettlementandbreedingsitesmosquito
relativeabundance mosquitocontrolactivities
andlocalclimaticconditions

The hostseeking pattern of female Cx

tarsalis measuredata location in theSierra
Nevada foothills differed from the pattern
measuredat2othertrapsiteslocatedonthe
floorofSanJoaquinValley Atthe foothill

locationthelevelofhostseekingactivityre
mainedrelativelyconstantthroughoutthenight
Howeversimultaneoussamplingatthe2valley
locationsindicatedthathostseekingactivitywas

1This research was funded by Research
GrantAl3028DfromtheNational Instituteof

Allergy and Infectious Diseases Biomedical

ResearchSupportGrant5S07RR05441fromthe
NationalInstituesofHealthandbyspecialfunds
formosquitoresearchallocatedannuallythrough
the Division of Agriculture and Natural

ResourcesUniversityofCalifornia

2ArbovirusFieldStation PO Box1564
BakersfieldCalifornia93302

andWCReeves

SchoolofPublicHealth

DepartmentofBiomedicalandEnvironmentalHealthSciences
UniversityofCalifornia

BerkeleyCalifornia 94720

ABSTRACT

most prominent from 14 hoursaftersunset

Differencesinthehostseekingpatternsmeasured
atfoothillversusvalleylocationsweremostlikely
theresultofdensitydependentfactorsthataffect
thesuccessoffemalesbeingabletosuccessfully
bloodfeed TSStrapindicesatthefoothill
locationfrequentlyexceeded750femalespertrap
nightwhilethoseatvalleylocationsaveragedonly
30430femalespertrapnight Thereforewe
speculatethatthepersistenceinhostseeking
activityobservedatthefoothilllocationwasa
directresultoftheinabilityoftheabundant
resident population tosuccessfully blood feed

duringthe14hourpostsunsetperiod Either
toofewhostswereavailableasbloodmealsources

orthosehoststhatwerepresentexhibitedsome
form of avoidance behavior in response to

presumedhighmosquitoattackrates
In1965thenocturnalflightactivityofCx

tarsaliswasmeasuredatonevalleylocationin
KernCountybytrucktrap Hourlysampling
indicated thatflightactivityandhostseeking
activityaredistinctlydifferent Sampling by
trucktraprevealedthatflightactivityofadult
Cxtarsalisincreasedabruptlylessthan1hour
aftersunsetandcontinuedthereafterfor13

hourssubsidedandincreasedabruptlyagain
lessthanonehourbeforesunrise Intensive

samplingwithTSSsamplersatalllocationsfailed
toshowtheexistenceofamajorpredawnpeakin
hostseeking activity The predawn peak in

flight activity probably representsgeneralized
populationmovementsassociatedwithsettlement
intodiurnalrestingsites

Basedupontheresultsofthisinvestigation
infectivefemalesofAemelanimonorCxtarsalis

wouldmostlikelytransmitarbovirusestohumans
from14hoursaftersunsetinthesouthernSan

Joaquin Valley Therefore adulticiding of

hostseeking and potentially infective females

wouldbemosteffectivebetween2000hand2400
h Trucktrappingindicatedthatoverallpop
ulationsuppressioncouldbeachievedbyeither
predawnorpostsunsetapplicationsofaerosols



POPULATIONDYNAMICSOFIMMATURECULEXTARSALIS

WilliamKReisenandRichardPMeyer

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPuhlicHealthUniversityofCalifornia

BerkeleyCalifornia94720

Temporalchangesinthepopulationecology
ofimmatureCxtarsaliswerestudiedweeklyfrom
MarchtoOctober1985atarelativelystableand
semiisolatedfoothillbreedinghabitatcreatedby
oilfieldeffluentPosoWestKernCounty The

relativeabundanceofadultfemalescollectedat
CObaitedtrapswasnotcorrelatedwithlarval
r 0322 or pupal r 0009 abundance

estimatedbydippersamplingat3transectseven
whenlagperiodsof1and2weekswerecon
sidered Inadditionthenumberoffemaleswith
saculateovariescollected pertrap night an
indexofrecruitmentwasnotwellcorrelatedover
timewiththenumberoffirst r 0279or
first secondr 0238instarlarvaecollected
perdip Lackoftimeseriescorrelationbetween
adultandimmatureabundancewasattributedto
femaleimmigrationanddifficultyinadequately
samplingfirstinstarlarvae

Thedevelopmentalratesforfedandunfed
cohortsof100firstinstarlarvaewereestimated
inreplicatedpredatorandovipositionexclusion
cagesatmonthlyintervals Developmentaltime
fromfirstinstarthroughpupationvariedinverse
lyasafunctionofwatertemperatureandthe
additionofsupplementalfood Dataonadult

ABSTRACT

Table1MortalityofpreimaginalCulextarsalisattributabletoabioticand
experimentalfactorslackoffoodandpredation

Firstinstartoadultsurvivorship

1Cagedfedcohorts
2Cagedunfedcohorts
3Verticallifetables

Possiblecauseofmortaltiy

Abioticfactors100 1
Lackoffood12
Predation23

MarApr

ND

877

32

ND

ND

845

winglengthandautogenvrateindicatedthata
dultsemergingfromwildcaughtpupaewerein
termediateinqualitybetweenfedandunfedcaged
cohorts Thequantityandorqualityoffoodin
fieldwateratPosoWestwasunsuitedforoptimal
immaturedevelopment Estimatesofinstarsnecific
developmentaltimesindicatedthatover50of
immaturelifewasspentinfourthinstarthe
stageduringwhichmaximalgrowthoccurs

Theabundanceofeachimmaturelifestage
wasaveragedovertransectsandweeklysamples
toproduceamonthlycompositeofimmatureage
structure Abundancewascorrectedbyinstar
durationanestimateofsamplingprobabilityand
thenwasusedtocalculateverticallifetablesto

estimatesurvivorshipfromeclosiontoemergence
Bycomparingthehorizontalsurvivorshipoffed
andunfedcohortsinpredatorexclusioncages
withverticalestimatesofsurvivorshipbasedon
immatureagestructureitwaspossibletoesti
matetheimpactofabioticfactorscompetitionfor
foodandpredationonimmaturepopulationlosses
Table1 These procedures indicated that

predationprobablywasthemostimportantbiotic
causeofimmaturemortality Disasterssuchas

decreaseddischargeandthermalpollutionhada

Timeperiods1985

MayJun JulAug SepOct

915

787

25

85

128
762

873

730

17

127

143

713

Meanoffirstinstartoadultsurvivorshipestimatedbyverticallifetable
methodsforlarvaecollectedattransectsduringeachestimationperiod
ND notdone

903

793
177

97
110

616

137
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markedeffectonmosquitoabundanceandthe
predatorcommunity

The relativeabundanceoftheassociated

macroinvertebrateswasestimatedconcurrentlyby
dipping DamselflynaiadsmostlyEnallagmaand
lschnurawerethemostabundantpredatortaxa
0726naiadsdipthatsuccessfullytrackedCx
tarsalisthroughtimer 045and061forthird

andfourthinstarlarvaerespectively
Survivorshipdataestimatedindicatedthat

fewCxtarsalisimmaturessuccessfullyemerge
Sincepredationaccountedfor60to75ofimma
turepopulationlossestheapplicationofmos
quitospecificcontrolagentswouldbemoresuc
cessful in exerting long term control than

broadspectrumagentswhichwouldeliminatethe
predatorcommunityandthusexpeditemosquito

populationrecovery Estimatesofdevelopmental
timefromeclosiontopupationindicatedthatan
insecticideapplicationcycleof10dayintervals
wouldpreventadultemergence Sinceparameter
estimatesmayhavebeenhabitatspecificfuture
research will attempt to provide comparative
valuesforrepresentativebreedingsitesonthe
flooroftheSanJoaquinValleyduring1986

ACKNOWLEDGMENTBRHillVMMartinez
andCArbolanteassistedwithspecimencollection
andprocessing Thisresearchwasfundedby
researchgrantAl3028dfromtheNationalInsti
tuteofAllergyandInfectiousDiseasesandby
special funds for mosquito research allocated

throughtheDivisionofAgricultureandNatural
ResourcesUniversityofCalifornia



LARVALSURVIVALADAPTATIONSOFSOMEAEDESSPECIES

ThreeIarvicidingoilsGB1356GB1111
andFlitMLOwerenotedtoexhibitfieldand
laboratory failures when used against Aedes
squamigerCoquillettandAe increpitusDyar
Survivinglarvaeinthesamplesappearedtobein
astateofquiescencerestingmotionlessina
supinepositiononthebottomofthecontainer
Oftenlarvaecouldbeencouragedtomoveonly
afterbeingnudgedseveraltimeswithaprobe
butwhenactivatedthelarvaewiggledtothe
surfaceforabriefcontactwiththeoilthen
settledtothebottomonceagain Itwasspec
ulatedthatifthelarvaecouldremainsubmerged
longenoughthentheunfavorablecontamination
orirritantatthesurfacemaybedestroyedby
theactionofthesunorblownawaybythewind

Severalquestionswereraised Howlong
couldthelarvaesurvivewhendeprivedsurface
contact Weretherealternatemeans for the

larvaetoobtainoxygen Ifsodosomespecies
show a greateradaptation towithstandsuch
deprivation Whatroledotheanalpapillaeserve
inrespiration

Asearchofliteraturerelatedsomeearly
workbyWigglesworth1933wherehestudied
alternateformsofrespirationusingAeaegypti
L HemanagedtoplugtheairsiphonsofAe
aegyptilarvaewithparaffinoilandthusdemon
stratedwiththeaidofPolvtomnflagelatesthat
oxygencanbeabsorbedcutaneouslythroughout
thebodywallandtoalesserdegreeacrossthe
analpapillae Onlyinspeciesthatexhibitdense
ly tracheated anal papillae as Ae
argenteopunctatus Theobalddoworkersfind
any significant amount ofoxygen absorption
throughtheanalpapillae

Wigglesworth1933ainhisworkdemon
stratedaprimaryfunctionoftheanalpapillae
wastomaintaintheosmoticionicbalanceofbody
fluids Asinthecaseofbrackishwatermos
quitoes Ae squamiger Ae taeniorhynchus
Giles and Ae detritus Holiday the anal

papillaearemerenubbinsrelativetothesizeof
analpapillaeofspeciesinhabitatswherethereis
an absence ofdissolved salts such as Ae

aegyptiandAesierrensisLudlow Wigglesworth
utilizedCulexpipienslarvaetodemonstratethe
influenceofdistilledwatertapwaterandsalt
wateruponthedevelopmentoftheanalpapillaein
differentmedia Inthedistilledwatermedium
wheresaltsarelackingtheanalpapillaeexhibit
ed thegreatest development while the anal

papillaeoflarvaeinthesaltwatermediumwere
atrophiedrelativetolarvaeindistilledandtap
water

Lewis1949observedlarvaeofAeargen
teopunctatus rested in an inverted position
balancedontheirthoracichairsandairsiphon
Movementofthelabralbrushesbythelarvae

RobertFSchoeppner

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010
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producedacurrentthatcirculatedwateracross
theirbodyanddenselytracheatedpapillae In

thelaboratoryIobservedAedeslarvaequiescent
onthebottomandassumingasimilarsupine
positionasAeargenteopunctatus

Macfie1917introducedasingleAeaegypti
larvaintoaclosedsystemthatpermittedaerated
tapwatertocirculate Hefoundthatthelarvae
grewandmolted as normal butdevelopment
stoppedshortofpupation Heconcludedthat

withouttheadditionofsupplementaryfoodthe
larvaeapparentlyfoundsufficientfoodinthe
circulatingwatertosustainitssurvival

Inthelaboratoryweattemptedtodetermine
thesurvivaltimeofAedeslarvaewhensubjected
toprolongedtotalsubmersionthatissubmersion
withoutcontacttothewatersurfaceandmain
tainedintheirambientwaterwithoutaerationor
supplementaryfood Thelarvaewerekeptat
threetemperatures72F52Fand42F
Thefieldwatertemperatureatthetimeofgreat
estlarvaldevelopmentofAe squamiger Ae

increpitusandAesierrensiswasapproximately
52F Twentylarvae3rdand4thinstarswere
introducedinto700misofambientwater Each

samplewasreplicatedthreetimes
Aplasticinsertshapedtofitsnugglyinto

the115cminsidediameterofthecontainerwas
coveredwithafinemeshnylonorgandy The

organdywasutilizedtopermittheescapeof
trappedairbubblesthatformedastheinsert

contactedthewatersurfaceandtooprovided
greatereaseforintroductionoftheinsertinto
thecontainer Differentcolored inserts were

utilizedforeachspeciesinordertoavoidpossi
bleconfusion

Activationofthelarvaefordailysurvival
countsoftenrequiredlighttappingofthecon
tainer Howeverprolongedhardtappingoften
elicitedanegativeactivationresponsefromthe
larvae

Culexpipiens L exhibitedonlyaslight
abilitytoobtainoxygenbymeansofcutaneous
respiration At72F85larvalmortalityoc
curredwithintwohoursofsubmersion Total

mortalityateachtemperatureappearedbefore
threedaysTable1

Aesquamigersurvived83daysat52F
Thisrepresentedthelongestdurationofthesix
species tested While the survival of Ae

squamigerappearedthehighestinnumberof
daysat52Ftheotherspeciesexhibitedtheir
greatestsurvivalat42F

Macfie1917notedthatyoungerlarvaeof
Ae negvpti appeared more resistant to

submersionthanolderlarvaeofthesamespecies
Weconsideredthatifearlyinstarlarvaehadan
abilitytoadapttolongerperiodsofsubmersion
thanlateinstarlarvaethenitwouldseemthat
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Table1Daysofsurvivalofsixmosquitospeciesdeniedsurfacecontactand
maintainedatthreetemperatures Percentmortalityexpressedatthreelevels

Species

Aesierrensis

Aesquamiger

Aenigromaculis

Aeincrepitus

Csincidens

Cxpipiens

Aeincrepitus
2ndinstar

Aeincrepitus
4thinstar

Csincidens
2ndinstars

Csincidens
3rd 4thinstars

72F

PercentMortality

PercentMortality

52F

50 95 100 50 95 100 50 95 100

25

25

25

30

14

006

50

178

80

63

26

10

60

200

140

70

30

28

62

168

33

65

54

048

108

520

80

123

170

14

120

830

100

130

280

28

1
Twenty3rdand4thinstarlarvaepersample Eachsamplereplicatedthreetimes

Table2Comparisonoftwolarvalinstarsoftwomosquito
1

speciesdeniedsurface
contactandmaintainedatthreetemperatures Percentmortalityexpressedatthree
levels

72F 52F 42F

SpeciesandInstar 50 95 100 50 95 100 50 95 100

50 280 320

15 26 30

22

14

40 50

26 30

390 650 940

130 350 400

74 270 570

54 170 280

1
Twentylarvaepersample Eachsamplereplicatedthreetimes

42F

96 170 180

190278360

48 118 150

98 243 260

86295 330

046 08 30

156 570670

30 100 110

106 180200

86 295 330



Iarviciding oils would be even less effective

againstayoungpopulationthanamaturepopu
lation

Testswereinitiatedusing2ndand4thinstar
Ae increpitus and Culisetaincidens Thomson
larvae Twentylarvaewereintroducedintoeach
samplereplicatedthreetimesandexposedto
thesimilarprolongedsubmersiontestsTable2
describedearlier The2ndinstarlarvaeofAe
increpitusexhibitedamarkedlygreaterabilityto
survive prolongedsubmersion than 4th instar

larvaeofthesamespecies Likewise2ndinstar
larvaeofCsincidensexhibitedalongersurvival
periodthan4thinstarlarvaebutnotnearlyas
longassurvivalshownbyAeincrepitus

Fromthesetestsitappearsasnotedby
Wigglesworth1933bthatthebodywalloflate
instarlarvaebecomesincreasinglylesspermeable
tothepassageofoxygenandcarbondioxide

Pupaeofeachspecieswhensubjectedto
totalsubmersiontestsasthelarvaediedwithin
ashorttimeafterbeingdeniedsurfacecontact

suspectthatbecauseoftheirwelldeveloped
chitinousbodywallpupaenolongercouldre
spirecutaneouslythuswoulddiewhensubjected
tototalsubmersion

Insummarythisstudyoflarvalsurvival
adaptationstototalsubmersionprovidesanswers
toquestionsandsolutionstoproblemsthisDis
trictencounteredwithfieldfailurestocontrolAe
squamigerandAe increpitus larvaewithGB
1356
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OBSERVATIONSONTHEDEVELOPMENTOFCULEXPEUSSPEISER

INSOUTHERNCALIFORNIADAIRYWASTEWATERPONDS

AllanRPfuntner

ABSTRACT

TheimmaturedevelopmentalcycleofCulexpeusSpeiserindairywastewaterpondsvariedfrom7
daysto12daysduringtheobservationmonthsofApriltoSeptember1977 Ovipositionwasinitiatedin
AprilandterminatedinearlyJanuaryofthefollowingyear Themeandevelopmentaltimeduringthe
summerwas102daysatanaveragewatertemperaturerangeof698 815F Themeandevelopmental

periodduringthespringwas152daysatameanwatertemperaturerangeof643 756F Themean

numberofeggsperraftwas269 Chemicalanalysesofthedairywastewaterrevealedanammoniacon
tentofupto150ppmandadissolvedoxygencontentapproachingzero

INTRODUCTIONThe agricultural area of

theChinoValleyislocatedinbothRiversideand
San BernardinoCounties Nearly 500dairies

operate within about four miles or less of

suburbanhousingdevelopments Inevitablythe
residentsadjacenttothedairyareaexperience
problems with various insects particularly
mosquitoes Itisnotuncommontocollectover

800maleandfemalemosquitoesinoneweekina
single New Jersey light trap located in the

ruralsuburbaninterface Themostfrequently
trappedspeciesareCulexpeusSpeiserandCulex
quinquefasciatus Say with the former pre

dominating Though not a common biter of

humansCxpeushasbeenshowntoharborboth
westernequineandStLouisencephalitisviruses
Hammon and Reeves 1943a b Emmons

Grodhous and Bayer 1974 The sources

whereinthesespeciesbreedarepondsusedto
impound water resultingfromthewashingof
dairycows Inmanyifnotmostinstancesthe
pondscontainvaryingamountsoffloatingorganic
materials thatclumptogether forming moving
islands Inadditionthebanksoftheponds
supportweedgrowthwhichfrequentlyoverhangs
thewatersedge Theresultoftheaboveisa

multitudeofprotectedhabitatsoptimumforthe
aquaticportionofthemosquitolifecycle

In1977thefollowingstudywasinitiatedto
ascertainspecificinformationregardingthelife
cycleofCxpeusinanefforttoincreasethe
effectivenessofcontrolmeasuresappliedbythe
NorthwestMosquitoAbatementDistrict

MATERIALS AND METHODSTwo dairy
wastewaterpondswereselectedinthewestern
agriculturalareaoftheDistrict Thesesources

hadahistoryofproducinghighnumbersof
mosquitoesifleftuntreated Thepondswere
approximatelyonehalfandthreequartersofan
acreinsizewithmoderatefloatagelessthan
onefifththepondsurfacearea Oviposition
devicesandrearingchambers fabricatedfrom

oneinchsheetstyrofoamandonequartplastic
cupsFigure1wereplacedineachpond

1Study wasconductedwhileintheemployof
theNorthwestMosquitoAbatementDistrict6851
GraniteHillDriveRiversideCalifornia92509

Waterandairtemperatureswererecordedusing
maximumminimumthermometers Chemicaltests

otherthanpHwereperformedbyacommercial
laboratory

Eachobservationdayanyeggraftslaid
during the previous 24hour period were

removed Thenumberofeggsperraftandthe
raftdimensionsweredocumentedinthelaboratory
usinga stereoscope andocularmicrometer

Randomlyselectedeggraftswereplacedineach
rearingchamberinthedairypondandallowedto
progressthroughthelifecycle Onadaily
basisasampleof30immatureswereremoved
fromthechamber Thelifecyclestageofeach
specimenwasnotedandeachwasreturnedtothe
chamber SpeciesotherthanCx peuswere
discarded When pupae occurred theywere
removedcountedandtransferredtoidentical
chambersforcontinueddevelopmentinthepond
environment As adults emerged they were

removedbyaspirationcountedandsexed
FromMarchthroughNovember1977obser

vationsweremadedailyorbidailyasdeemed
necessary During the months of December

1977throughFebruary1978observationswere
performedonathreedaycycle

RESULTSANDDISCUSSIONChemicalanaly
sesofthepondedwastewatershoweddissolved
oxygentobeintherangeof00to06ppm
ThepHrangedfrom70to78andtheammonia
NHwasbetween100and150ppm Bywayof
comparison typical water supporting mosquito
fishGambusiaaffinnisusuallyhasadissolved
oxygencontentrangeof7to15ppmwiththe
minimumbeing10ppm TheusualpHrangeis
75to100andtheammoniarangesfrom01to
10 ppm with a maximum of over 5 ppm

Coykendall1980
Thelarvaedevelopreadilyinthesepolluted

conditionsinconcentrationsgreaterthan1500per
dippersonalobservation Duringthisstudy
theimmaturedensitiesrangedfromzeroinFebru
aryandMarchtonearly1000perdipinAugust
andSeptember

Thenumberofeggspresentintherafts
sampledrangedfrom152to374withthemean
being269 Thelargestandarddeviation 58
indicatesawidevariabilityinthenumberofeggs
laidbyeachfemaleineachraftTable1 The

rangeoftheraftwidthvaluesissmallSD03



Numeggsraft 152 374 269 58 30

Raftlength 81 110mm 94mm 08 30

Raftwidth 35 48mm 43mm 03 30
maximum

k

Table1EggRaftCharacteristicsCulexpeusSpeiser

z

r 0

z

2

Range Mean StdDev N

OvipositionTray

1 Attaching

Wire

RearingChamber

1qtplastic

cups

i

Styrofoam

1

3

Figure1OvipositionTrayandRearingChamberCulexpeusSpeiser

16meshplasticscreen

Inverted

funnel

100meshbrassscreen
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whereastherangeoftheraftlengthvaluesis
largerSD08

Thefirsteggraftslaidintheoviposition
trayswereobservedonApril7 Thewater

temperaturerangedbetween64and74Fmean
69F withanambienttemperatureof66Fat
900AM Therangeoftheairtemperaturewas
42to88Fwithanambientreadingofalso66
F Thoughtheambientwaterandairtempera
tureswerethesameintheaboveinstancethe
ambientairtemperaturedoesnotappeartohea
satisfactoryparameterbywhichtojudgethe
probabilityorpossibilityofeggdepositionas
readings varied greatly during a given time

frame Ambientwatertemperaturestendedtobe
morerestrictedintheirranges Ovipositionwas

sporadicthroughthemonthsofAprilandMay
InJunethenumberofraftsdepositedinthe
traysincreaseddramatically Whenraftswere

observedtheaveragenumberpresentwas137
Themaximumraftscountedinonetraywas630
DuringJulytheraftsfoundpertraydecreased
toanaverageof27 themaximumnotedwas

175 Themean forAugustwas38 witha

maximumdepositionof75rafts AfterAugust
ovipositionwasreducedtoanaverageofless
than10raftsperobservationexcludingaone
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Figure2SeasonalEggRaftDepositionCulexpeusSpeiser

daypeakof223raftsonOctober24 Sporadic
ovipositionagainoccurredduringNovemberand
December Thelastobservedraftdepositiona
singleraftof97eggswasonJanuary91978
at930AMwithawatertemperaturerangeof49
to55Fandanambientwatertemperatureof50
FFigure2

Oftheinitialvolumeof1897eggs 1571

individuals reached the fourth instar stage

indicatingasurvivalrateintherearingchambers
of 828 Table 2 The number ofadults

producedfromtheaforementionedlarvaetotalled
1442 fora918survival rate Theoverall

survivalrateofthechamberrearedspecimens
basedupontheinitialeggcountandendingadult
tally was 760 In the natural state the

numberofsurvivingadultswouldbemuchless
In general mosquito species exhibit overall

survival rates of less than 5 Reisen and

Siddiqui1979Reisenetal1982Reisenetal
1986

TheobservedsexratioofCxpeusfollowed
theexpectednormof11Table3 Onthefirst

day of emergence male mosquitoes were

predominantwitha ratioofabout21 The

situationwasreversedondaytwo Thefinalday
ofemergenceproducedfemalesintheratioof
nearly31 Themajorityofadultswereproduced
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ondaysoneandtwo93 whiledaythree
yieldedthelowestvolume7

Thedevelopmentaltimespansofsuccessive
stagesduringthemonthsofJunethroughAu
gustweresignificantlyshorterthanthosenoted
forthemonthsofaprilandMayTable4 Note

thatthematurationofthefirstandsecondin

starsduringthetimeperiodscitedinTable4are
verysimilareventhoughstatisticallydifferent
Greatertimedifferentialsoccurredfromthethird

instarthroughtheadultstage Thelaterdevel

opmentalstagesalsoexhibitedgreaterrangesof
values Similardevelopmentaltimespanswere
notedinurbancatchbasinsPfuntner1978and
underlaboratoryconditionsBohartandWashino
1978 BallandChao1956observedthatthe
cyclefromeggtoadultrequired18to26daysat
72F

AstheNorthwestMosquitoAbatementDis
trictusesoilssuchasGolden Bear 1356to

achievecontroltreatmentsmustbecompletedon
acyclethatproducesmortalityoftheimmature
stages priortoadultemergence Duringthe

Table2SurvivorshipofCulexpeusSpeiserinRearingChambersSuspendedwithin
DairyWastewaterPonds

Raft

Number

1

2

3

4

5

6

7

152

218

374

305

276

252

320

Total 1897

Numberof

Eggs

Percentimmaturessurviving 828

Percentadultshatching 918

Percentoverallsurvival 760

Table3ComparisonofAdultEmergencebySexCulexpeusSpeiser

Day Males Females

1 214

2 62

3 8

Total 284

106 320 58

133 195 35

30 38 7

269 553

145

summermonthsthecycleshouldbelessthanten
calendardaysastheadultemergencebeginson
developmentaldayten Basedupontheobserved
ovipositioninthefirstweekofAprilinitiationof
controlactivitiesinthespringshouldbeginby
April15 Mosquitoactivitycouldbegineither
beforeoraftertheabovedateofcoursede
pendinguponthewaterandairtemperatures
diurnalphotoperiodandthepresentlyunknown
habitsofCxpeus Itappearshoweverthat
periodicchecksofsourcesfor ambientwater

temperaturesapproaching66F between900

and1000AMcouldforewarnfieldpersonnelof
impendingovipositionactivity
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Numberof

4thInstars

129

174

292

256

237

214

269

Numberof

AdultsProduced

120

161

273

230

215

196

247

1571 1442

Combined Percent Ratio

maletofemale

202 1

1 215

1 375
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Octomyomermistroglodytisisarecentlydescribednaturalenemyofthewesterntreeholemosquito
Aedessierrensis PreviouslythisparasitewasknownfromonlyasingletreeholeinMarincounty
California Fromfieldinvestigationsofnaturalenemiesaffectingmosquitopopulationswehave384
recordsofmermithidinfectedmosquitoesfrom24treeholes Thispaperpresentsnewfindingsonthe
distributionbiologydispersalandhabitsofthislittleknownmermithid

Inpursuingresearchrelevanttotheuseofthesterilemaletechniqueaspartofintegratedprograms
forcontrollingCxtarsalismassproducedreleasemalesdidnotadequatelycompeteagainstthefield
malesforfieldfemales Sinceitwasknownthattheessentialfattyacideicosapentaenoicacidwas
necessaryinthecompletelydefinedsterileorganicdietfornewlyemergedadultstoflyandsurviveand
datademonstratedhighlevelsoffattyacidsinfieldmaterialcomparedtolowlevelsinlaboratoryreared
thepossibilityofanutrientdeficiencyintherearingdietbecamehighlysuspect

Variousmodificationsoftheroutinelaboratorydietbytheincorporationoffishbasedmaterials
knowntohavehighcontentsofthelongchainedfattyacidsthatgiveriseparticularlytoeicosapentaenoic
acidinmosquitotissuesgavepromisingresults Addingcodliveroilasauniformdepositviaether
solutiondirectlyontotheroutinedietarymixturetofourthinstarsprovedtobethebestmethodofdiet
supplementation

Relativetogrowthandvigortheadultsrearedonthecodoilsupplementhadweightincreases
parallelincreasesinadultsizeandincreasedadultlongevity Anewlyobtainedflightmillsystemwhich
byautomatedprocessingthroughanIBMXTcomputermeasuresflightcapabilityintermsoffrequency
durationvelocityanddistanceiscurrentlytestingpossibleflightbehaviorimprovementsinlaborato
ryrearedmaterial
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THEINFLUENCEOFCHILLINGONLARVALDIAPAUSEINAEDESSIERRENSIS

TrulsJensenandGAHMcClelland

DepartmentofEntomology
UniversityofCaliforniaDavis

ABSTRACT

StudiesdoneinourlaboratoryhaveshownthatAedessierrensislarvaewillenterandremainin a

4thinstardiapauseifthephotoperiodtowhichtheyareexposeddoesnotexceed12hoursat20degrees
Corless ThiswasfoundtobethecaseinlarvaecollectedfromthefieldinOctoberNovemberand
earlyDecemberaswell LarvaecollectedinJanuaryandearlyFebruarywillhoweverpupateataphoto
periodof11hours Thisindicatesashiftinthecriticalphotoperiodnecessarytobreakdiapause
occurringintheoverwinteredlarvae

Previousexperimentsperformedinourlaboratoryindicatedthatlarvaeexposedtolowtemperatures
below5degreesCforatleast30dayspupatedearlierandwithgreatersynchronythanlarvaeexposed
tolessthan30daysofchilling Fromtheseresultswepostulatedthatthenaturalexposureoflarvaeto
lowtemperaturesduringthecoldestpartoftheyearshiftstheirsensitivitytophotoperiodallowingthem
topupateatashorterphotoperiod

Totesttheeffectofchillingonlarvaeundernaturalconditionsweplacedlarvaeinartificialplastic
treeholesoutdoorswheretheywouldbeexposedtothenaturallychangingphotoperiodandtemperatures
Tomodulatetheamountofchillingfordifferenttreatmentsweusedheatingcablesundertheplasticcontainers Fourtreatmentswereestablishedbasedonthelengthofheatingcableincontactwiththe
artificialtreeholes AmbientwithnoextraheatLowcontactwith1lengthofheatingcableModerate
contactwith2lengthsofheatingcableandHighcontactwith3lengthsofheatingcable Theheat
outputofthecablewascontrolledbyavariableresistor

Thetemperaturesineachofthetreatmentsdifferedsignificantlywitheachofthetreatmentsfollow
ingthedailyandseasonalfluctuationsinambienttemperaturebutremainingapproximately575and10
degreesCabovetheambienttemperatureinthelowmoderateandhighheattreatmentsrespectively
Themeanpupationtimedays StDevineachofthetreatmentswereasfollows highheat936
125moderateheat992 79lowheat956 88andambient1003 64 Thedifferencesbetween

theambientandhighambientandlowandthemoderateandhightreatmentsweresignificantP 05
Therewasnosignificantdifferencesinpupationtimesbetweentheambientandmoderateandthelowand
hightreatmentsinspiteofsignificanttemperaturedifferencesinthetreatments Weinterpretthisas
follows

Temperaturesinthehightreatmentweresohighthattheyoverodetheslowingeffectofnochilling
Temperaturesintheambienttreatmentduetothenaturalbelowaveragetemperaturesinthewinterof
1985causedslowerthannormaldevelopment Thechillingeffectaloneisdemonstratedbythemoderate
heattreatmentpupating36dayslowerthanthelowheattreatmentthatwas25degreesCcooler



THEBIOLOGYANDBIOLOGICALCONTROLPOTENTIALOFLAMBORNELLACLARKI

CILIOPHORATETRAHYMENIDAEANENDOPARASITEOFTHE

WESTERNTREEHOLEMOSQUITOAEDESSIERRENSIS

JRAndersonDEEgerterandJ0Washburn

Ciliatosisinmosquitoeshasbeendescribed
fromsuchdiverseareasasAfrica Muspratt
19451947EuropeGrasseanddeBrissezon
1929KoreaYuetal1978SoutheastAsia
Corliss1961 CaliforniaKellenetal 1961
Sanders1972ClarkandBrandt1976Egerter
andAnderson 1985 WashburnandAnderson
1986andOregonHawley1985intheUS
andtheUSSR Dzerzhinskyetal1976
Giventheirwidespreadoccurrenceitissomewhat
surprisingthatsolittleresearchhasfocusedon
theseciliatemosquitointeractions Onthebasis

ofpastlimitedknowledgesomereviewershave
concludedthatciliates havelowpotential for

controlling mosquito populations McLaughlin
1971Henry1981 whileothershaveciteda
need for moreresearch before the biological
control potentialofciliatescanbeaccurately
assessedCorlissandCoats1976Annon1981
Canning1982Clark1985

Formanyyearsciliateswereclassifiedas
membersofthePhylumProtozoabutin1980the
SocietyofProtozoologistsLevineetal1980
elevatedProtozoatoSubkingdomrankandsplit
theoldPhylumProtozoaintosixseparatePhyla
Ciliates now are classified in the Phylum
CiliophoraLeeetal1985

Wecurrentlyarestudyingthebiologyof
Lambornellaclarkiaciliatewhichisanendo
parasiteofthewesterntreeholemosquitoAedes
sierrensis Theprimarygoalofourresearchis
toevaluatethepotentialofLclarkiasabio
logicalcontrolagentofAesierrensisandother
containerbreedingmosquitoes

ThelifecycleofLclarkiiscloselysyn
chronizedtothatofitsnaturalhost Aedes

sierrensis survivesthedry season indesic

cationresistanteggswhileLclarkiismain
tainedindrytreeholesindesiccationresistant
cysts FirstinstarlarvaeofAesierrensisand

motileciliatesofLclarkicanbefoundshortly
afterwinterrainsbegintofillthetreeholes
Theciliatesstarttheirendoparasiticexistenceby
adheringtothecuticleoftheirmosquitolarval
hostsinanuniqueinvasioncystfirstdescribed
byClarkand Brandt 1976 Throughthese
cuticularcyststheciliatesenterthehemocoel
wheretheymultiplyslowly Innatureparasitized
larvaeareoverwhelmedinapproximatelythree
weeksbythemultiplyingciliates Moribundor

deadlarvaeappearopaquefromthehundredsof
ciliateswhichoccupythehemocoelofallmajor
bodyregionsfromtheheadcapsuletotheanal
papillaeandsuchlarvaetendtofloatatthe
watersurface Asthesecadaversdecomposethey

DivisionofEntomologyParasitology
UniversityofCalifornia

BerkeleyCalifornia 94720
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canreleasehundredsofciliateswhichmayhori
zontally infect other larvae or form desic

cationresistant cysts Since late instar Ae
sierrensis larvaeindiscriminatelyfilterfeedon
microorganismsofallkindsincludingLclarki
ciliatesWashburnandAnderson1986postulated
thatendoparasitismmayrepresentaneffectively
evolvedstrategytoavoidpredation

In addition to parasitizing all immature

stagesLclarkiisalsocommonlyfoundinfecting
Ae sierrensisadults EgerterandAnderson
1985unpubldata Althoughtheyonlysurvive
abouthalfaslongasnormaladults infected

adultshavebeenimplicatedasdispersalagentsof
thisparasiteEgerteretal1986 Twometh

odsofdispersalhavebeenobserved FirstL
clarkiisactivelydispersedbyinfectedfemales
whichhavebeenparasiticallycastratedbyciliate
invasionandoccupationofthereproductivetract
Suchfemalesexhibitovipositionbehaviorbut
insteadoflayingeggsasanormalgravidfemale
wouldtheparasitizedfemalesdepositciliatesinto
watercontainers Secondlyadultsofbothsexes
mayalsopassivelydisperseciliatesintotreeholes
bydyinganddecomposingonwatersurfaces
Sinceinfectedadultstended todiein water

containersinthelaboratoryitseemslikelythat
wildAesierrensisadultsrestinganddyingin
treeholesmayalsoserveasanimportantnatural
meansofinoculatingtreeholeswiththisparasite

AtourprinciplestudysiteinMendocino
Countyapproximately50ofthetreeholesare
positiveforL clarki Thiswidespreaddis
tributionindicatesthatdispersalbyinfectedadult
mosquitoesisindeedeffective Inadditionwe

havefoundpersistancewithintreeholestobe
excellentwith90ofthetreeholessampledover
threeyears remaining positive for L clarki

WashburnandAnderson1986
Surveys oftreehole mosquito populations

throughoutthecoastrangeandintheSierra
Nevadaduringthepastseveralyearsrevealed
thepresenceofLclarkiinallgeographicareas
sampledsofarinCalifornia Theparasiteisalso
knowntooccurinOregonHawley1985 A

totalof37outof142treeholessampledinour
surveyshavebeenfoundpositivefortheciliate
representingsitesasfarsouthasSanDiegoand
asfarnorthinCaliforniaasMendocinocounty
UniversityofCaliforniaHoplandFieldStation
HoweverourstudiesindicatethatLclarkimay
bemoreprevalentinnorthernCalifornia In

general theciliatewasabsentfromtreeholes

having waterwith extremepH and electrical

conductivity salinity EgerterandAnderson
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1985WashburnandAnderson1986 Wehave

foundLclarkiintreeholesnearsealevelandat

elevationsof1300mwhereicehadtobechipped
offthetreeholewatersurfacetoobtainasample
InallcasesLclarkiwasfoundtobepathogenic
toAesierrensis

OurmostrecentstudiesindicatethatL

clarkiisamajorcauseofmortalityindeveloping
larvalpopulationsofAesierrensis Thispara
sitethereforeappearstohavemuchpromiseasa
manipulated biological control agent of Ae

sierrensisandpossiblyothercontainerbreeding
mosquitospecies
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EVALUATIONOFSEVERALEMERGENTMOSQUITOSAMPLINGATTRACTANTS

WITHNEWMICROCOSMENVIRONMENTSFORUSEIN

MOSQUITOCONTROLRESEARCH

DanielTCastleberry

DepartmentofWildlifeandFisheriesBiology
UniversityofCalifornia
DavisCalifornia 95616

ABSTRACT

Aspartofastudytoevaluatethemosquitocontrolefficacyoffishesinwastewaterenvironments a

seriesofmicrocosmsweredevelopedtoheusedasreplicatedcontrolledtestsites Thispaperdescribes
thesemicrocosmspresentsresultsofatestoftheirefficiencyfortrappingemergedmosquitoesand
evaluatesuseofeconomicalattractantstoimprovethisefficiency

Resultsindicatethatlightedstripedandclearnonattractanttrapsareequallyefficient cap
turinggreaterthan60percentofemergedmosquitoesinenclosedmicrocosms Sugarbaitedanddark
trapswerelessefficient Overallresultsshowthepercentageofemergedmosquitoescapturedisrela
tivelyhighandthevariationreasonablylow Thissuggeststhatthesemicrocosmsshouldprovidestatis
ticallysignificantevaluationsofthemosquitocontrolefficacyofselectedlarvivorousfishesinwastewater
environments

INTRODUCTION1ampresentlyparticipating
inastudytoevaluatethemosquitocontroleffica
cyofselectedlarvivorousfishspeciesinwaste
waterenvironments Aspartofthisevaluation
aseriesofmicrocosmpondsweredevelopedtobe
usedasreplicatedcontrolledtestssites Such
sites allow rigorous statistical comparisons of

mosquitocontrolmeasuresundercarefullycon
trolled environmental conditions This paper

describesanewlydesignedmicrocosmsystem
presentstheresultsofatestoftheefficiencyof
thissystemfortrappingemergedmosquitoesand
evaluatestheuseofeconomicalattractantsto
improvethisefficiency

Microcosmsareeasilycontrolledobserved
and replicated experimental systems These
featuresmakemicrocosms valuable fortesting
hypothesesandestablishingtheeffectsofen
vironmental manipulations such as mosquito
controlmeasures Asaresultmicrocosmen
vironmentsareoftenusedtoevaluatetheeffects

ofvarioustreatmentsontheecologyofcomplex
systemsGiesy1980DickersonandRobinson1985
Uhlmann 1985 including evaluating mosquito
controlmeasuresin ricefieldsBlausteinand
Karban1984

Themicrocosmevaluatedinthisstudyused
passivemosquitocollectiontraps Totakeadvan

tageofthebenefitsofamicrocosmdesignitis
importantthatthesetrapsproviderepresentative
samplesofemergedmosquitoes Samplesshould
belargerelativetotheirvariabilitytoincrease
theirstatisticaltractability Trapsshouldalso

capturemosquitoessoonafteremergencetomini
mizeeffectsofnaturaladultmortalityandpossi
bleautogenousreproductioninenclosedmicro
cosmsbothofwhichincreasevariabilitybetween
replicates Themostefficienttrapsthosethat
capturethelargestpercentageofemergedmos
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quitoesassoonafteremergenceaspossibleare
desired

Attractantsareknowntoimprovetheeffi
ciencyofawidevarietyofmosquitotrapsSer
vice 1976 Bidlingmayer 1985 Attractants

commonlyusedwithtrapsfallintothesecat
egories animalbaited traps carbon dioxide

baitedtrapssoundtrapslighttrapsandvisual
attractiontrapsService1976 Thefirstthree

typesprovedeconomicallyunfeasibleasthecost
inmoneyandtimewastoogreattopermittheir
long term continuoususe Lighttrapsand
visualattractiontrapsweretimeeconomicaland
inexpensiveandthereforefitthecriteriafor
inclusioninthestudy Ialsoincludedanother
categoryfoodbaitedtraps Thiswasplausible
asthestructureofthemicrocosmsdidnotallow
emerged mosquitoes access to food Overall
efficienciesofoneTighttraptwovisualattraction
trapscontrastingstripesanddarkbodyone
foodbaitedtrapandacontrolnonattractant
trapwerecompared

MATERIALSANDMETHODSThemicrocosm
design consisted of placing large funnels of

fiberglasswindowscreenover210literfiberglass
tanksFigure1 Thewindowscreenfunnelwas
supported by four hardwood dowels These

extendedformaringofpolyethylenepipewhich
restedontheoutsideedgeofthetanktoapiece
ofplywood Thewindowscreenfunnelopened
througharoundholeinthecenteroftheply
wood Anothersimilarlycutpieceofplywoodwas
fixedontopoftheotherpieceandawide
mouthedcanningjarringlidwasgluedinits
opening Thisallowedacollectionjar095L
widemouthcanningjartobescrewedoverthe
openingatopthewindowscreen Aclearplastic
funnelsatbasedowninsidetheopeningofthe
collectionjarandpreventedcapturedmosquitoes
fromeasilyescaping Theentiretopstructure
wasfixedtothetankbyadrawstringwhichran



152

Figure1CutawayscalediagramofamicrocosmJ 095Lglass
collectionjarF clearplasticfunnelC plywoodcollectionjar
supportS fiberglasswindowscreen H hardwooddowels

supporting window screen and collection jar support P

polyethylenetubingtowhichdowelsattachD drawstringholding
topstructuretolowertankI tankinflowW waterlevelin

tank0 screenedtankoutflowT 210Lfiberglasstank

throughastripofnylonmaterialsewntothe
bottomofthewindowscreen Thedrawstring
allowedaccesstothemicrocosmenclosures The

window screen and plastic funnels completely
enclosed themicrocosm preventing mosquitoes
fromescapingorenteringexceptforescapeinto
thecollectionjars InflowandoutflowPVCpipe
providedwatercirculationthrougheachtank
Twentyofthesemicrocosmsarelocatedatthe
University of California Davis Waste Water

TreatmentFacilitywherethefollowingexperiment
wasconductedon25Junethrough7July1985

Itestedfourattractantswiththecollection

jars Thesewerelightingthejarslighted
coveringthemwithblackandwhitestripedmate
rialstripedbaitingthemwithraisinssugar
baitedandcoveringthemwithopaquematerial
dark Onesetofjarswereleftunaltered
clearasacontrol Thelightsourceonthe
lightedjarswasanArcher25mA15voltbulb
poweredbyanEvereadyEnergizerAlkaline15
voltsizeDbattery Thematerialonthestriped
jarshadalternating20mmwideverticleblack
andwhitestripes Eightraisinsweresituated
insidethejarwheretheplasticfunnelandjar
metandprovidedthesugarbaitinthesugar

baitedjars Thematerialonthedarkjarswas
blackclothcoveredwitha15cmx10cmx65

cmbrownpaperbag Therewerefourreplicates
ofthefivetreatmentsdistributedinarandomized

blockdesignthroughoutatenbytwomicrocosm
grid

FiftyCulextarsalis pupaetakenfroma
laboratorypopulationattheUniversityofCali
forniaDaviswereplacedinwatercontainedin
207mlcupsthatwerethenfloatedineachofthe
microcosmponds Twicedailycountsweremade
ofthenumberofpupaeemergedandnumberand
sexofthemosquitoestrappedineachjarat
around0800and1900hours Thesecountswere

continueduntilallpupaehademergedandall
adultsweretrappedorhaddiedinthemicrocosm
enclosuresAftereachcountcapturedmosquitoes
wereremovedfromthemicrocosmsothatthenext

countwouldconsistonlyofthosemosquitoes
capturedsincethelastcount Thetwocounts

foreachdayweresummedtogivedailycounts
Differencesinthetotalnumbersofmos

quitoescapturedineachofthejarswiththe
differentattractantswereevaluatedbytakingthe
ratiosofnumbersofadultstrappedtonumbersof
pupaeemergedtoremovevariationinnumbersof



pupaeemerged from variation in numbers of

adultstrappedapplyingalogarithmictransfor
mationtothesedatatonormalizetheratiosand

atwowayANOVASnedecorandCochran1980
followedbyDuncansnewmultiplerangetest
SteelandTorrie1960 Differencesinnumbers

offemaleandmalemosquitoescapturedinjars
withdifferentattractantswereanalyzedusing
ttests Snedecor and Cochran 1980 Since

numbers ofmales and females emerged were

unknown thesedatacannotbecorrectedfor

differencesinnumbersemergedbetweensexes
RESULTSLightedstripedandclearjars

weresimilarintheirmosquitocaptureefficiencies
Figure2 Sugarbaitedjarshadlowercapture
etficienciesearlyinthetrialandcaughtupwith
theotherattractantsbytheseventhclaywhile
darkjarshadmuchlowercaptureratesthrough
outthetrial

Lightedjarsweretheonlyjarstocapture
significantlymoremalesthanfemalesalthoughall
treatmentsshowedatendencyinthisdirection
Figure3

DISCUSSIONResultsindicatethatlighted
striped and clear jars are equally efficient

mosquito attractants under the experimental
conditionscapturingabout60percentofemerged
mosquitoesFigure2 Someofthosethatwere

notcaptureddiedimmediatelyafteremergence
probablybeforeorduringtheirinitialflightand
were neveravailable for capture A better

representationoftrapefficiencywouldinclude
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onlymosquitoesthatsuccessfullycompletetheir
firstflight Thiswouldsuggestthatthetraps
weremoreefficientthanmyanalysiswouldindi
cate Otheruntrappedmosquitoessurvivedthe
initialflightperiodbutdiedoneortwodays
afteremergenceprobablyduetostarvationas
mosquitoesdeniedaccesstofoodundersimilar
conditionsinthelaboratorydiewithinthreedays
Personal observation This suggests that
although the captureefficiency was probably
greaterthat60percentitwaslessthan100
percent Giventherelativelysmallvariationin
thesemeasurementscaptureefficienciesofthis
magnitude should yield statistically significant
resultswithinreasonablelevelsofreplication As

clearjarsareeasiestandleastexpensivetobuild
andmaintainthesewillbeusedforfuturemicro
cosmexperiments

Sugarbaitedjarshadlowercapturerates
earlyintheexperimentFigure2 Inaddition

mosquitoesinmicrocosmswithsugarbaitedjars
livedlongerthanthoseinothermicrocosms All

microcosmswithsugarbaitedjarshadfirstand
secondinstarlarvaeinthemicrocosmfollowing
thedeathofadults Theseobservationsindicate

thatmosquitoesinthesemicrocosmswerefeeding
onthesugarsourceinthejarsallowingthemto
maintainhighlevelsofactivityinthejarswhich
increasedtheirprobabilityofescape Thosethat

escapedcouldnotbecountedascaptured With

energyacquiredfromraisinsfemaleswerepre
sumablyabletoproduceautogenouseggrafts

0LIGHTED

A STRIPED

0 CLEAR

SUGARBAITED

DARK

Figure 2Mean cumulative number ofmosquitoes trapped per

numberemerged 2SEn 5of50Culextarsalispupae
placedinmicrocosms Overlapofstandarderrorbarscorrespond
toalackofsignificantdifferencebetweenmeansexceptbetween
lightedandsugarbaitedwhicharenotsignificantlydifferentafter
daysevendespitealackofoverlaptwowayANOVAP 005
Differencesincaptureefficiencyareattributedtotheattractants
seefigurekeyusedwiththecollectionjars
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Figure3MeannumbersofmaleandfemaleCulextarsalisadults
trappedforeachoftheattractantstestedwiththecollectionjars

indicatesasignificantdifferencebetweenthenumbersofmales
andfemalescapturedbytheindicatedtraptypesP 005



Thiswouldaccount forreproductioninthese
microcosmsandnotothers Sinceuponreentry
intocapturejarsmosquitoesthathadescaped
earlierwouldagainhaveonlyaprobabilityof
escapesoonerorlateritwouldbeexpectedthat
thesemosquitoeswouldbecountedascaptured
Thisescapefollowed byan eventual capture
accounts for thetime lag differencebetween

sugarbaitedmicrocosmsandallothermicrocosms
Asthetimelageffectandreproductivecapability
ofmosquitoes inmicrocosmswithsugarbaited
capturejarswereconsidereddetrimentaltomicro
cosmresults thistypeofattractantwill be

avoided

Darkjarssuppressednumbersofmosquitoes
capturedandarethereforetobeavoidedin
microcosmexperimentsofthistypeashigher
captureefficienciesaremorestatisticallytractable
Figure 2 Largenumbersofmosquitoesin
thesemicrocosmsdiedpresumablyofstarvation
withintwodaysofemergingwithoutbeingcap
tured

Lighted jars captured significantly more

malesthanfemalesFigure3 Othertraptypes
showedatrendinthisdirectionsbutnoneof
thesewasstatisticallysignificant Thissuggests
thatmalesandfemalesweredifferentiallyattract
edtolightedcollectionjarsorthatlighteffected
thebehaviorofmalesandfemalesdifferentially
Bidlingmayer 1985 Robinson 1952 If this

differencerepresentsatruesexualbiasthen
lightedjarscouldnotbeconsideredrepresenta
tivesamplesofemergedmosquitoes Acomplete
interpretationoftheseresultsrequiresameasure
ofnumbersofmaleandfemalemosquitoesemerged
ineachmicrocosm Iwasunabletoquantify
thesenumbers

Previous comparisons of trap efficiencies

havegenerally lookedattraps sampling wild

populations of mosquitoes Bidlingmayer 1985
Service1976 Thisinvestigationdiffersfrom
previousinvestigationsinthatitsampledfroma
knownnumberofcapturedmosquitoes Asimilar

experimentwasconductedbyKloteretal1983
butmosquitoesintheirexperimentwereallowed
accesstosixdifferenttrapssimultaneously The

reasonunderlyingthedifferencesbetweenprevi
ousinvestigationsandmyown is thatthose

investigationsattemptedtotesttheefficiencyof
trapssamplingnaturalpopulationsofmosquitoes
whilemyexperimentwasconfinedtosampling
mosquitoesoverspecificallydesignedmicrocosms
ThiscouldexplainwhyIfoundnoimprovementin
captureefficiencieswithadditionofattractants
whilepreviousstudieshadfoundattractantsto
increasecaptureefficiencies

Inconclusiontheseresultsindicatethatthe
percentageofemergedmosquitoescapturedby
collectionjarsisrelativelyhighandthevariation
reasonablylow Thissuggeststhatthesemicro
cosm environments should provide statistically
significantevaluationsofthemosquitocontrol
efficacyofselectedlarvivorousfishesinwaste
waterenvironments
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BREEDINGSUPERIORPARASITOIDSOFDIPTERAUSING

The discovery that hybrids ofdifferent

strainsofsynanthropicflyparasitoidsdemon
strated heterotic behavior Hoy 1975 Legner
1972widenspossibilitiesforbiologicalcontrol
throughinoculativereleases Thedirecteffects

ofincreasedhostmortalitywroughtbythein
dividualsreleasedmaybecompoundedwhentheir
heteroticoffspringshowenhancedkillingpower
greater longevity and superior reproductive
capacity

Currentresearchhasattemptedtodirect
heterosistofavorcertaindesirablebehavioral
traits Theprocessentailslocatingtwocompat
iblestrainsofaspecieseachwithcertainde
sirablecharacteristicsthatwouldbeadvantageous
tohaveinasinglesuperstrain Anexample
isfoundinMuscidifuraxraptorellus Kogan
LegnerfromSouthAmerica Onestrainfrom
central Chileis gregarious but possesses a

relativelylowhostsearchingcapacity Although
itsovipositionrateiscomparabletoanotherstrain
fromcoastalPerutheChileanformdistributesits
eggsamongfewerhostsLegner1967 Adultsof

theChileanstrainarealsocomparativelysmaller
andlethargicKogan Legner1970Legner1969
Legner 1983 Although the Peruvian form
demonstrateshighermobilityandaggressiveness
itislargelysolitaryinitsovipositionalbehavior

MATERIALSANDMETHODSTostudyfec
undityhostsearchinganddestructioncohorts
of101dayoldfemaleparasitoidsthathadbeen
givenhoneybutwerenotexposedtohostswere
isolatedinscreened46cmipolystyrenevials
withabasalareaof7cm Eachfemalewas

supplieddailywith2024to30holdpupaeof
MuscadomesticaL 64 05mmx28 02

mmdistributedrandomlyoverthevialbaseand
whichwerereareduntilpupationusingcommercial
CSMAmedium Parasitizationefficiencyatthis
hostdensityandinthisenvironmentat255C
wasnearoptimumLegner19671979

Hostpupaethatwereexposedtoparasitoids
for24hwereincubatedat255 1C55RH
and13L11Dphotoperiodsuppliedbyfluorescent

ANOVELEXTRANUCLEARINHERITANCEMECHANISM

EFLegner

UniversityofCalifornia
DivisionofBiologicalControl

DepartmentofEntomology
RiversideCalifornia92521

ABSTRACT

SuperiorstrainsofsynanthropicflyparasitoidsofthegenusMuscidifuraxcanbeproducedinthe
laboratoryusingconventionalbreedingtechniques Thepathwaytoinheritanceofspecialtraitseg
gregariousandsolitaryovipositionthelytokyisnovelwherebythematedfemaleparasitoidacquiresthe
traitsdirectlyfromthemalewithwhomshematesanddemonstratesthemshortlyafter Thesetraitsare

thenfixedintothegenomeofheroffspringwhichdemonstratetheminthevirginstate Thetermac

cretiveinheritanceistentativelyassignedtothisinheritance Thekindofextranuclearphenomenon
involvedisunknownbutmayinvolvemicroorganismsorDNApresentishymentopteransperm

lampsgivingatablelevelintensityofca25ftc
269luxuntiladultfliesceasedtoemergeand
diedca9days Theremainingpupaewere
thenincubatedseparatelyingelatincapsules10
x25mmfortheemergenceofFparasitepro
geny Unemerged pupariaweredissected for

abortedparasitism
Parasitelongevitytotalprogenyandsex

ratiowererecordedforeachfemalefor16days
whichiscatheonehalflifeexpectancyofa
populationoffemales Theimportanceofviewing
behavioroveranextendedtimeperiodisbecom
ing recognized for other parasitoids Hey
Gargiulo1985andDrosophilaTempleton1982

ThenetreproductiverateRandintrinsicrate
ofnaturalincreaser werederivedaccording
toBirch1948fromainitialcohortof10ovi
positingfemales Acloseapproximationofr
describedbyBirch1948wasmadeusingtrial
anderrorsubstitutesintheformula

Zxerxl xmx 1 Z summationsign

Additionallyanetparasitizationratetotal
numberhostsparasitizedR wascalculatedas

R Zand
the intrinsic rateof parasitization r was

derivedusingBirchs1948formulamodifiedas

follows

Zerpxlxpx 1

wherep meannumberofhostsproducing
parasitoidsperfemaleatagex Thesecompu
tationsareusefulforviewingfemaleparasitoid
hostsearchingabilityweightedequallywithher
intrinsicrateofnaturalincrease

Anettotalfecundityratemales females

RwascalculatedasR Zandthe



intrinsictotalfecundityraterwasderived
using Birchs 1948 formulabutmodifiedas
follows

Zartxit 1

wheret meannumberoftotalmaleand
femaleprogenyperparentatagex These

computationsareusefulforappraisingafemales
totalovipositionactivity

Finallyanethostdestructionratenumber
ofhostskilledascorrectedfornaturalmortality
byAbbottsformulaAbbott1925wascalculated
asR Zandtheintrinsictotaldestruction

ratewasderivedusingBirchs1948formula
butmodifiedasfollows

Zerdxlxdx 1

whered meannumberofhostsdestroyed
perfemaleparasitoidatagexascorrectedby
Abbottsformula Thesecomputationsenableda
precisemeasurementofhostdestruction

IndeterminingR andr valuesthepivitol
age Birch 1948 wasestiratedas themean

lengthofdevelopmentoffemalesat255 1C
55RH Becausefemaleswere1dayoldpost
ecolsionwhenanexposurebegantheirmean
pivitolagewas215days Anestimated90

survivalrateofimmaturefemalesfromoviposition
wasusedtocalculate1 Thestatisticmmea
suredtheeffectivenumberoffemaleoffspring
perfemaleintheageintervalxasonlyemerged
offspringwerecounted

The use of such modified reproductive
potentialstatisticsforlaboratorystudiesinvolving
parasitiods was discussed previously Legner
1985 Theyareespeciallyvaluableincompari
sonsofvirginwithmatedfemalesinHymenoptera
whichcontinuetolayviableeggsalbeitonlyof
themalesex Thusdirecteffectsofmatingon
themothersisoftenpossible

Threeseriesofidenticalexperimentswith
replicatemodificationswereconductedoveratwo
year period buttheresultsreportedherein
considerthemoresimplebasicmatingsofthelast
experimentwhichdidnotdifferappreciablyfrom
theprevioustwo

RESULTSCross matings of the two M

raptorellusstrainsproducedoffspringwhichwere
heterozygous forwhatappearsas apartially
dominanttraitforsolitaryovipositionconsidering
thatthegregarioustraitwasmoreweaklyex
pressed inthe F generationandtherefore
seemsmorerecessivethandominantifconven
tionalideologyofinheritanceisconsideredTable
1 ResultantFhybridswereheteroticbeing
expressedhereby greaterparasitizationrates
fecundity superior host kill and a greater
longevity Table 1 Backcrosses to either

original parent data not shown resulted in

cultureswhichdemonstratedcontinuedheterosis
indicating thecomplexityofgeneticprocesses
involved The5050ratioofgregarioussolitary
individualsexpectedinthebackcrosstoChilean
maleswasnotobtained Ratherheteroticindi
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vidualswereproducedwhichapparentlyhadfixed
thegregarioustraitalongwithincreasedvigorof
hostattackdatanotshown

Table1givespopulationstatisticsderived
fromtheinitialcrosses Theparameterscalculat
ed fortheseexperimental populationsexpress
heterosisasincreasesinparasitizationratesR

rlongevity andhostdestructionRr
The expressions ofgregarious behaviorwere

remarkablyuniformamongreplicatefemalesfrom
thesecondthrough10thdaysofovipositiontheir
dailyvaluesapproximatingtheaveragesshownin
Table1

Mode of InheritanceInheritance in the

presentstudyappearstoinvolveextranuclear
phenomena becauseofthe behavioral changes
notedinparentalfemalesshortlyaftermating
Table1givesdetailsofthepathwaystoinheri
tanceofgregariousorsolitaryovipositionbehav
ior Theaveragedaily gregariousovipositions
fortheChileanstrainofMraptorellusranged
from809to666formatedandvirginfemales
respectivelywhileinthePeruvianstrainonly
07gregariousovipositionwasobservedTable
1 MatingPeruvianmaleswithChileanfemales
reducedthelattersgregariousovipositionsignifi
cantlyto561 HowevermatingChileanmales
withPeruvianfemalescausedthelattertoin
creasetheirgregariousovipositionrateto85
Table 1 There was a significant 001
positivecorrelationbetweenthe ofgregarious
ovipositionsandthenumberofindividualsovi
positedperhostr 09409df

Thevirginhybridsofthesecrossespos
sessinginheritancefrombothChileanandPer
uvian parents showed gregarious oviposition
capabilitiesthatwereca23rdsreduced How

everasinthecaseoftheirparentsmatings
with Chilean males increased theirgregarious
abilities while Peruvian males reduced them

Table1 Thesedifferenceswereallsignificant
at005 astestedbyWilcoxonssignedrank
test An ANOVAand DuncansNewMultiple
rangetestalsoestablishedsignificantdifferences
atthesameminimumprobabilitylevelwhenanaly
seswereperformedondatatransformedtothe
arcsintimesthesquarerootofthe

Thusalthoughapowerofgregariousness
mightbeascribedtoChileanmalesacontrary
partially dominant solitariness befits the

Peruvianmales Forwantofabettertermthis
unusualphenomenonisherewithtermedaccretive
inheritance

Recentlywhiletransmittingthelytokytoan
experimental Muscidifurax raptor Girault

Sanderspopulationbymatinghybridfemales of

interhemispheric strains with males of Musci

difuraxuniraptorKogan Legnerachangein
ovipositionalbehaviorwasalsoobservedinthe
matedhybridfemaleswhichsubsequentlypro
duced thelytokous F offspring Legner in

press Itwasthoughtthatthetransmissionof
thelytokyalsoinvolvedextranuclearfactors

Extranuclearheredityisawelldocumented
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Table1Gregariousovipositionlongevitysexratiosandnetandintrinsicratesofnaturalincrease
parasitizationtotalfecundityandhostdestructioninPandhybridculturesofMuscidifuraxraptorellus
Kogan Legnerwhere10femalesovipositcontinuouslyat255 1C55RHon20Muscadomestica
Lpupariadailyfor16days

ParasitoidStrainandCross

CHILE9 virgin

CHILE9XCHILEd

CHILE9XPERUd

PERU9 virgin

PERU9XPERUd

PERU9XCHILEd

FHybrids

Parasitoid Daily Total 9

longevity GregariousProgeny99
days Oviposition

CHILE9XPERUd9 virgin 156

CHILE9XPERUd9XPERUd 159

CHILE9XPERUd9XCHILEd150

PERU9XCHILEd9 virgin 158

PERU9XCHILEd9XPERUd 160

PERU9XCHILEd9XCHILEd155

92

666 1133 0 313

809

104

AVERAGENO POPULATIONVALUES

1654 639 333

561 1324 634 256

142 0 847 0

98 07 588 748 20

117 85 863 771 195

211 1346

1233

414 1654

194 1239

1188

485 1558

phenomenonamongprimitiveorganismsBeale
Knowles1978buthasnotbeeninvolveddirectly
insuchhighlyevolvedgroupsastheHymen
optera Although extranuclear factors in the

formofmicroorganismsareknowntoalterbe
haviorinparasitoidsKrell Stoltz1979Stoltz
Vinson1977Stoltzetal1976Vinson Stoltz

1986Werrenetal 1986andotherMetazoa
Bull1983theirdirecteffectsonthegenome
haveneverbeenshown

Experimentsarecontinuingtomeasurevigor
ofsucceedinggenerationsoftheseandother
crossesamongparasitoidsofsynanthropicDip
teraandtostudythegeneticmechanismsgov
erningtheexpressedeffects Althoughmicroor
ganismsmaybeinvolvedaspreviouslystateda
moredirectroleofhymenopteransperm DNA

mightalsobeinvolved Thefieldliberationof

maleparasitoidswithdesiredsuperiorcharacteris
ticsmightimprovethebiologicalcontrolcapacity
ofresidentstrainsinthefirstgenerationaswell
asintheresultanthybrids

Parasitoids

per Rr Rr Rr Rr
Gregarious
Oviposition

O 211

723 210

751 237

Significantlydifferentfromprecedingvirgintestat005probability

O 1020 387 1415

01650 01299 01713

951

01648

756
01486

598

01464

803

01526

1488

01813

1192

01660

477

01423

646

01430

777 715

01569 01544

1535

01810

1979

01849

0 762 762 2095

01540 01540 01893

396 529 527 1394

01355 01469 01468 01858

1704

01867

O 1211 981 2694
01677 01604 01932

1109 1018

01644 01616 01935

1489 945 2511

2732

1118

01647 01753 01595 01922

924 2691
01585 01927

956 2754

01597 01927

O 207 0 1115

01638

682 203 729 1069

01520 01623

836 235 1172 1402 857 2556

01658 01735 01570 01918
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TRAPPINGEFFICIENCYOFEXOPHILOUSSYNANTHROPICDIPTFRA

INCREASEDTHROUGHCONSIDERATIONSOFBEHAVIOR

EFLegner

TheachievementinDenmarkofsustained

houseflyreductionsbyselectiveapplicationsof
insecticidestorestrictedportionsofthebreeding
habitat Keiding1965Keiding benHannine

1965 1966 demonstrated the possibility to

greatlyreduceinsecticidevolumeinsynanthropic
flymanagement Thisfortunatediscoverywas
followed by detailed studies into interacting
biologicalandphysiologicalfactorsthatgovern
pesticideresistanceGeorghiou1972Legner
Olton1968 Contemporaryapproachesemphasize
trappingwith poison baits for a number of

dipterousspeciesHwangetal1976Mulla
RidsdillSmith1986Mullaetal1984

Management practices which stress that

naturalenemycomplexesbeleftintactandundis
turbedasmuchaspossibleutilizebaittrapping
asapracticalmeansforreducingpopulationsof
themoredomesticatedendophiloussynanthropic
fliesLegneretal1974aPovolny1971 How

everforwilderexophilousflyspecieseg
MuscasorbensWiedemannandM vetustissima

Walkereffectivetrappingrequiresknowledgeof
localflybehaviorLegneretal1974b The

bushflyMvetustissimainparticularaffectsthe
wellbeingofinhabitantsoverlargeportionsof
thesouthernPacific Littlepracticalreductions
havebeenrealizedthusfarfromtheprincipal
modeofattackbiologicalcontrolLegner1986
Chemicalcontrolforwidelyscatteredbushfly
immatures is impractical However periodic
baittrappingmayofferoneexpedientmeansof
reducingannoyance

TheinfestationofMvetustissimainMicro

nesiaemanatesprincipallyfromthewastesof
domesticpetsandlivestocknamelydogsandpigs
Legneretal1974b Inthecontinuoushigh
humidityandgeneralevenlydistributedrainfallof
thisareaMvetustissimaflourishesproducing
severalgenerationsfromthesamehabitatsource
whereitactsasadirectprimarydecomposer
Legneretal 1974b Natural enemiesand

scavengersdonoteffectivelyinfluencethefly
populationundercurrentconditions Apartfrom
eliminatingthemammalianspeciesthatproducethe
breedinghabitatandintheabsenceofknown
effective biological controls another form of

controlseemedimperative
METHODSExperimentswereconductedon

KwajaleinAtollintheMarshallIslandsduringthe

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

ReductionsofAustralianbushflyMuscavetustissimaWalkertononannoyancelevelsweresustained
forperiodsofca2weeksfromsingle24htrappingperiodswithpoisonbaitsonKwajaleinIslandMar
shallIslands Placementoftrapsinpreferredflyhauntswasessentialformaximumtrappingefficiency
Themethodmightbeapplicableforperiodiccontainmentofbushfliesincontinentalareas

1970stodevelopaneffectivecontrolfortheM
sorbensgroupofflies ie predominantlyM
vetustissimaLegner1976 Amongvariousbaits
testeditwassoondeterminedthatamixtureof
rottingfresheggswithequalpartsofwaterwas
mosteffectiveforluringlargenumberoffliesto
selectedareas Surveysconductedin1971re
vealedthattheM sorbens groupwas most

stronglyattractedtothebaitTable1 The

numberoffliesattracted variedconsiderably
withthelocationofthebaitedareahowever

Table1Relativeabundanceofsynanthropicflies
trappedwithrottingeggbaitsonKwajaleinIsland
inthe1970s

FLYSPECIES PERCENT
ORTYPE

Muscasorbens

Muscadomestica

Calliphoridaespp

Sarcophagidaespp

TotalFliesTrapped Ys

597

182

208

13

1Baitconsistedof6dayoldwholerottingegg
mixturewithanequalvolumeofwater

465

494

Inordertocharacterizeflymovementsand
theirpreferredhauntsastudyofMsorbens
behaviorwasconductedonKwajaleinIslandca
48x08km Theattraction ofthisflyto
6day old rotting egg baits that contained

05ppm Dichlorvos 22dichlorovinyl dimethyl
phosphate was studied at the northeastern

portionofKwajaleinIslandanareaknownforits
heavyconcentrationsofflies

Poisonedbaitsmixedwithbeachsandwere
offered on paper plates that were variously
positionedoutdoorsorbeneatha15x30mroofed
rainshelterextendingfromacompletelyenclosed
cooking shed Outdoorbaitsweresuspended
fromtreesat21and mabovethegroundand
placedatgroundlevel 10replicatesateach
position Beneaththeshelter10replicateseach



wereplacedagainstthewall oftheshedat

groundlevelandatoneandtwometersandin
thecenterandperiferyoftheroofedareaat
tableheight075mandontheconcretefloor
Thepoisonedbaitswererenewedeachmorning
and dead flies removedandcounted overa

2weekperiodinApril1971
Flycontrolexperimentswereconductedover

theentiretyofKwajaleinIslandinMay1971and
November1972and1973 Twentypoisonedbait
stationswerelocatedintheprimaryflygathering
sitesasdetermined intheaboveexperiment
Adult fly population densitiesweremonitored

severaltimeseachdayatvaryingintervalsbegin
ning with baitplacement by calculating the

numberoffliesalightingonthefaceofhuman
subjectswalkingrandomlyabouttheisland

RESULTSBehavioralstudiesofMvetustis
simaindicatedastrongaffinityforbaitslocated
atornearthesurfaceofthegroundbothout
doorsandwithintheshelteredareaTable2
Thesefliesshowedanotablewarinessofconfine
mentsothatbaitsplacedagainstbuildingsorin
thecenteroftheroofedshelterattractedfew
individualsTable2

Withtheknowledgethatgroundlevelbaits
werefavored itwasfurtherdeterminedthat

areasshadedbynaturalvegetationweresuperior
to unshaded As wind velocities exceeding
8kmhrcausedfliestobecomequiteinactiveat
groundleveltheaddedprotectionofvegetation
againstwindmayhaveaccountedforsomeofthe
greaterattractiontosuchareas

Flydensitiesdroppednoticeablywithin2hr
ofbaitplacementandwerereducedtononannoy
ancelevelsin1971after24hrTable3 Rep
ititionsoftheexperimentin1972and1973showed
asimilartrend Controldurationdependedon
local fly reproductionand the persistenceof

Table2Positioningeffectofpoisonedrottingegg
baitsonattractionofMuscavetustissimaWalker

BaitPosition

Outdoors

2metersaboveground
1meteraboveground

meteraboveground
groundlevel

RoofedShelter

againstwallofshed
tableheightcenter
floorcenter
tableheightperifery
floorperifery

PercentTotalFlies

Trappedin24h

0

0

5

95

1Bait 6dayoldwholerottingeggwithequal
volumeHand05ppmDichlorvos

0

68

102
148

682

Table 3ReductionsofMusca vetustissimaon

KwajaleinIslandbypoisonedrottingeggbait

Date

2May1971

13Nov1972

7Nov1973

Timeafterbait

placementhr

0

2

12

24

0

4

12

24
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Noadultflies
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humanfaceper
minute

107

82

35
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85
64

15
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0 58

4 23

12 05

24 lessthan01
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1Bait 6dayoldwholerottingeggwithequalvol
umeHand05ppmDichlorvos

effective baits But generally fly densities

remainedatlowlevelsforcatwoweeksfollow
ing a single 24hr baiting period This

apparentlywaslongenoughtoremovemorethan
99oftheadultfliesfromthe48kmlongisland
so that recolonization of breeding sites was

significantlyslowed
ThereductionofdensitiesoftheMsorbens

groupoffliestononannoyancelevelsfortwo
weekintervalsonKwajaleinpointstothepossible
applicationofbaitingforpracticalflyreductions
in small towns and urban neighborhoods in

Australiaandelsewhere Howevereffectiveness

ofthetechniqueoncontinentswoulddepend
especiallyontherateofimmigrationfromthe
wilderness and location ofthe primary adult

foragingsites Thesewouldbeexpectedtovary
accordingtowindpatternsandgeographicaland
vegetativefeatures Thepotentialforresistance
tobaitsseemsminimalinsituationswherethe
majorityofbreedingoccursinthewildernessas
isapparentlythecaseinAustralia

GeorghiouGP1972Theevolutionofre
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PESTIFEROUSDIPTERANSANDTWORECENTLYINTRODUCED

AQUATICSPECIESATCLEARLAKE

NormanLAndersonDavidLWoodwardandArthurEColwell

LakeCountyMosquitoAbatementDistrict
POBox310LakeportCalifornia 95453

ABSTRACT

During1985highoverwinteringlarvaldensitiesofseveralspeciesofmidges Chironomidaeand
ClearLakegnatsChaoborusastictopusoccurredatClearLakeCalifornia ThedensityoftheInland
silversideMenidiaberyllinaapossibleagentforthecontrolofthesedipterans waslow Alsoin1985
aclupeidfishDorosomapetenenseandalargecladoceranLeptodorakindtiiwerecollectedforthefirst
timeinClearLake

INTRODUCTIONThenuisanceandeconomic
importanceofchaoboridandchironomidmidges
emanatingfromClearLakehasbeenwelldoc
umentedHerms1937 Cook1964 1965 1967
Jacobsetal1979 ChemicalAppersonetal
1978ColwellandSchaefer1981Hazeltine1963
andbiologicalBrownandWashino1977Cook
1981 Lietal 1979Turlingtonetal 1985
methods for controlling these pestiferous
dipteranshavebeenstudied Inordertoassess

theefficacyofcontrolstratagiesandtomonitor
thepopulationdensitiesofthemidgelarvae
planktonandfishinClearLakeongoingsampling
routineshavebeenestablished

MATERIALSANDMETHODSChironomidand
chaoboridlarvaeandpupaearemonitoredmonthly
bytaking2Ekmandredgesamplesfromeachof
29stationsonClearLake Each232cmsample
ofbottomsedimentissievedthroughabrass
strainerscreenwhichhas196meshespercmand
apertures ofca 06mm Samplesarethen
returnedtothelaboratoryforidentificationand
enumerationoftheorganisms

SincetheClearLakegnatlarvaeinhabitthe
watercolumnAndersonetal1980aswellas
thebenthosaplanktontrapSchindler1969is
usedperiodicallyonthelaketosampleplanktonic
larvaeandtomonitorplanktonpopulationden
sities Theplanktonsamplesarepreservedina
4 formaldehyde solution which contains rose

bengaldye Samplesarebroughtbacktothe
laboratoryandidentifiedandenumeratedat30x
magnification Planktonsamplesaretakenfrom
10stationsontheUpperArmofClearLake4
timesperyear In1985planktonsampleswere
alsotakenfrom10stationsontheOaksand
LowerArmsofClearLake

ThepopulationdensityofInlandsilversides
inClearLakeisassessedwiththeuseofa

surfacetrawlthatispulledthroughthelake
behindaboat Fourtimesperyearatransecta
seriesof10samplesoftheUpperArmisper
formedwiththetrawl In 1985 littoraland

limnetictrawlhaulswerealsotakenintheOaks
andLowerArmsofClearLake Fishareiden
tifiedandcountedinthefield Arepresentative
sampleisreturnedtothelaboratoryformeasure
mentofstandardlengthsandforgutcontent
analysis

RESULTSANDDISCUSSIONDuringMayof
1985thedensityofchironomidsinClearLake
reached8066larvaeperEkmandredgesample
Figure 1 The 1985 average of 2144

chironomidsperdredgewasthehighestyearly
averagesincetheLakeCountyMosquitoAbate
mentDistrictstarteditsmonitoringprogrammore
than30yearsago Thereareseveralspeciesof
chironomidsinClearLake Thesespeciesare
primarilyintwosubfamiliestheTanypodinaeand
the Chironominae The Tanypodinae mostly
ProcladiusbelusandotherProcladiussphave
predaceouslarvaeandareasmallpercentageof
the total chironomid population The

ChironominaemostlyChironomusplumosus C
frommeriandCdecorushavelarvaethatare
bottomdwelling filter feeders The adult

Chironominaearelargeandformhugeswarms
thatcreatenuisancestohumansneartheshore
lineofClearLake Unfortunatelytherecent
increaseinchironomiddensityisprimarilyinthis
group

The 198586 overwintering population of

ClearLakegnatlarvaepeakedinNovemberwith
anaverageof3357larvaeperdredge The1985

averageof1094CastictopusperdredgeFig
ure2wasthehighestannualdensityinClear
Lakeduring the last23 years Gnats were

controlledfrom1962to1975withtreatmentsof
methylparathion Whenthegnatlarvaedevel
opedresistanceApperson1976thesetreatments
werediscontinued In1967theInlandsilverside
aplanktivorousfishwasintroducedintoClear
Lakeinhopesthatitwouldhelptocontrolthe
ClearLakegnatCook1981 Surfacetrawldata

hasbeencollectedeachyearfrom1979through
1986tomonitorsilversidepopulationdensityin
ClearLakeFigure3 Silversidedensitypeaked
in198183whichcorrespondstothethreelowest
yearsforchoaboriddensity Alsolowsilverside

yearshavecorrespondedtohighchaoboridyears
duringthistimeperiod Aregressionanalysis
was done on data from these years which

producedasignificantP002negativecorre
lationFigure4 Thecauseofthisnegative
correlationisunderstudy Analysisofsilverside
gutcontentshasshownsomedirectpredationon
chaoborid larvae pupae and adults but not

enough to explain the high magnitude of

163



164

1

I

E

1
g

1965

1965

1960

1970

1965 1970

1975

1975

1980

1980 1985

Figure1MeannumberoflarvalChironomidaeperEkmandredgesamplecollectedfrom
ClearLake

u

1

1985

Figure2MeannumberofChaoborusastictopuslarvaeperEkmandredgesample
collectedfromClearLake



chaoborid population declines during high
silversideyears Comparisonofchaoboridcrop
contentsColwell1980tosilversidedietsshows
someoverlap particularly between lateinstar
chaoboridsandsilversides Bothfeedextensively
oncopepodsandcladoceransindicatingcompeti
tionforfoodmaybeasignificantinteraction
betweenClearLakegnatlarvaeandsilversides

Further evidence of the influence of

silversidedensityonchaoboriddensityisprovid
edbythedistributionofeachinthethreearms
of Clear Lake Before silversides were in

troducedtoClearLaketheUpperArmhadthe
greatestconcentrationofClearLakegnatlarvae
HoweversamplingduringNovember1985indicat
edthattheUpperArmhadthelowestgnat
densityandthehighestsilversidedensity in
ClearLake Alsoacomparisonofthethreearms
of Clear Lake showed that density of the
cladoceran Bosmina longirostris was positively
correlatedwithChaoborusdensity Bosminaisan
importantconstituentofthedietofChaoborus
larvaeandisalsoeatenbysilversides Inthe

winterof198586silversidedensitywashighin
theUpperArmwhileChaoborusandBosmina
densitieswerelowcomparedtotheOaksand
LowerArms

ThetrophicrelationshipsinClearLakemight
befurthercomplicatedbytherecentdiscoveryof
twospeciesnewtothelake DuringSeptember
of1985 ThreadfinshadDorosomapetenense
werecollectedforthefirsttimefromClearLake
inasurfacetrawlhaul Threadfinshadwere

Wp
uW

111

Q

CC

5

tat

cc

V

1979 1980 1981 1982 1983 1984

onceproposedasapossiblebiologicalcontrol
agentfortheClearLakegnatCook1981 In

manylakesthesefishareopenwaterplanktivores
Moyle1976 HoweveratransectoftheUpper
Armwiththesurfacetrawlshowedthehighest
concentrationsofshadwereinthenearshore
areas Thesefishwerejuvenilesthelargest
being44mmstandardlength Perhapsmature
adultswillhaveamorelimneticdistribution Gut

contentanalysesofthejuvenileshadrevealedno
chaoboridlarvae Copepodsandcladoceranswere
themaindietaryconstituents Ifpreyitemssuch
as Bosmina are limiting the abundance of

ChaoborusalargepopulationofThreadfinshad
feedingonzooplanktonmightbebeneficialin
competingwithgnatlarvaeforfood

OnNovember131985Leptodorakindtiia
large predatory and nearly transparent
cladoceranwascollectedforthefirsttimefrom

ClearLakeduringperiodicplanktonmonitoring
TheLeptodoraweredistributedthroughoutthe
water column vertically but were more

concentratedoffshorethanneartheshore The

winterpopulationaveraged001to002Leptodora
perliter UpondissectingfishfromClearLake
numerousLeptodorawerefound Calculationsof

Electivity Indices Windell1971 indicatedthat

Leptodorahadquicklybecomethemostpreferred
food for thesilversides Chaoboriddensities

mightincreaseifsomefishstoppedfeedingon
chaoboridsoron thefoodofchaoboridsand

switchedtofeedingonLeptodora Alternatively
chaoboriddensitiesmightdecreaseiflargenum

1985
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Figure3MeannumbersofChaoborusastictopuslarvaeperEkmandredgesample
andMenidiaberyllinafishperhectareintheUpperArmofClearLake
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Figure4Regressionlineofdensityof
ofChaoborusastictopusinClearLake
oneyear

bersofLeptodorafedonearlyinstargnatlarvae
orcompetedwithchaoboridsforthesameprey
items since Leptodora is known to feed on

cladoceransandcopepodsCumminsetal1969
Havel1985 LeptodoraorThreadfinshadmight
killinvertebratepredatorsofCastictopus If

theThreadfinshadandtheLeptodorabecome
establishedtheycouldpossiblyaltertheexisting
trophicrelationshipsintheClearLakeecosystem
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ANEXPERIMENTALYELLOWJACKETCONTROLPROGRAM

INTRODUCTIONThe San Mateo County
MosquitoAbatementDistrictprovidesyellowjacket
controlonalimitedbasistotheresidentsofthis
District Thestandardmethodofcontrolconsists
of colony treatment with the chemical 22

Dichlorvinyl Dimethyl Phosphate DDVP An

applicationof18ozof2materialinonegallon
ofwaterintroducedintothehiveopeningby
meansofahandcanhasprovedtobeaquick
andreliablemethodofnestdestruction This

materialisnotavailableforusebythegeneral
publicandcommercialproductsthatareavailable
areoftenofmarginalvalue Theyellowjackets
thatoccasionally warrant control are Vespula
vulgaris V pensylvanica and Dolichovespula
arenaria ColonycontrolisaffectedbyDistrict
personnelifitiswithinDistrictboundariesand
nestlocationisknown Ifthelocationisoutside

oftheDistrictorsituatedwithinastructureit
isrecommendedthataprofessionalexterminator
becontactedforcontrol

Dr John McDonald 1985 suggested a

controlmethodusedbyRichardKeyelofCornell
University Thismethodemploystheuseof
DDVPstripsandisusedsuccessfullyincontrol
lingyellowjacketsatPurdueUniversity

Theobjectofmystudywastodetermineif
DDVPstripswillcontrolthegroundandaerial
nestingyellowjacketcoloniesinSanMateocounty
andthushaveanotheroptionforresidentsout
sideoftheDistrict

METHODS AND MATERIALSTwo Texize

NoPestinsecticidestrips192DDVPwerepur
chasedatalocalstoreonsalefor299per
strip Aftercuttingthestripstovarioussizes
itwasfoundthata18inchby2inchstripwas
optimalforcontrolofthegroundnestingspecies
IhadnoDarenarianestswithwhichtowork
eitherseasonofthestudyJulySeptember1984
andJuneDecember1985 Duringthefirstseason
ofthestudyitwasfoundthatthestripscould
bereusedanumberoftimesifdesired Butfor

thisstudytheywerenotreused Approximately
twentyfourhoursposttreatment thecolonies

wereexcavatedtakentotheDistrictlaboratory
andexaminedforcontrolandnumbers

Thestripswereintroducedintothenest
openingsbymeansofasmalllidfromanaerosol
canattachedtotheendofabroomhandlein
whichastripwasplaced Thelidwaspinchedto
createanovalshapedcontainertoholdthestrip
Allofthecoloniesweretreatedduringtheday
timewhen theyellowjackets are mostactive

After experiencing some attacks from the

foragersitwasfoundthatarapidapproach
depositofthestripandwithdrawalfromthe
sitewasthebestmethodoftreatment Itap
pearedthatforthefirstfewsecondsthenest
defensewasorientedtowardsthestriprather

DennisJJewell

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoad

BurlingameCalifornia 94010

thantheapplicator Afterinsertingthestripin
orneartheentranceinsomecasesitwasnot
possibletoinsertintotheentranceduetoob
structionsormultipleopeningsofthehiveit
wasleftuntilthefollowingday

Excavationofthesitesweredoneasnear

twentyfourhoursaspossibletodetermineeffica
cyofstripsonvarioussizesandlocationof
coloniesfromtheentrancetunnels

RESULTS AND DISCUSSIONA total of

seventeennestsweretreatedin1984usingthis
technique Duringthissameperiodfivecolonies
weretreatedusingourstandardcontrolmethod
Thiswasduetothestripmethodnotbeing
practicalatsomesites Thesecondseason

JuneDecember1985atotalofthirtysevennests
weretreatedwithstripsandtwentytreatedwith
ourstandardcontrolmethod TheDDVPstrips
readilykilltheadultsbuthavelittleeffecton
thelarvalorpupalstagesofyellowjacketsat
twentyfourhoursandnoeffectontheantsthat
attackthetreatedhives Ifantswerepresentin
theareaofthehiveduringtreatmentasoc
curredontwentythreeoccasionstherewastotal
hivemortalityuponexcavation

Thesizeofthecoloniesfromalowof442to

ahighof2460adultswasprobablylimiteddueto
earlydetectioninthislargelyurbanenvironment
Thestripswereequallyeffectiveonlargeor
smallcolonies Iobservedthatinsomeinstances

whereworkershadremovedthestripsfromthe
entrancetunnelscontrolwasstillachieved

CONCLUSIONSThismethodofyellowjacket
controlissimplecleaninexpensivefastacting
andifappliedduringatimeoflowhiveactivity
shouldberelativelysafeforhomeownerstouse
Thestripsaremarketedbyanumberofcom
paniesunderdifferentnamesandareavailableat
nurseriesgroceryhardwareanddrugstores
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ADAPTINGTHELOTUS123COMPUTERPROGRAMTO

VECTORCONTROLOPERATIONS

AllanRPfuntnerandLvleMStotelmyre

WestValleyVectorControlDistrict
5050SchaeferAvenue

ChinoCalifornia 91710

ABSTRACT

Manyoftheroutineactivitiesofavectorcontroldistrictcan
processedbyaspreadsheetcomputerprogramsuchasLotus123
datasourcetreatmentrecordsandpersonneldatacanbetracked
storagespace

INTRODUCTIONWhen the West Valley
VectorControlDistrictbeganfieldoperationsin
May 1984everyeffortwasmadetopromote
efficiencyinallphasesofoperation Record

keepinginvectorandmosquitocontrolcanbe
verylaborintensive Theretrievalofsource

treatmentinformationorpastsurveillancetrap
resultscanbeatimeconsumingandfrustrating
endeavor Electronicstorageandretrievalwas
consideredtobeaviablealternativetotheusual
stuffedfilecabinets

METHODSANDMATERIALSTominimizethe

timespentonrecordkeepingactivitiesacomput
ertrackingsystemwasinitiatedinJuly1985
AnIBMPCXTcomputersystemwaspurchased
andtheLotus123spreadsheetprograminstalled
Thefollowingitemsweretargetedforinclusionin
theprogram

1 BudgetBalance
2 NewJerseyTraps
3 COTraps
4 SourceList

5 SourceTreatmentRecords
6 PersonnelRecords
7 Inventory
8 VehicleMaintenance
9 ServiceRequests
TheLotus123programwaschosenas it

incorporates a large easily manipulated
spreadsheetwithadatabaseandgraphics A

wealthofinformationontheuseoftheprogramis
available from many publishers Though of

coursenothingisspecificallydirectedtovector
controlthegeneralproceduresemployedinmost
anyLotusspreadsheetcanbeadaptedforusein
vectorcontrol

Oneareaofprimeconcernwasthetracking
ofsourcetreatmentactivities Ifanoperator
reliessolelyuponhisorhermemorywhenper
formingroutinesourceinspectionsandcontrol
activitiessomesourceswillinevitablybeover
looked Theuseofrecordsintheformofsheet

paperorcardsbecomescumbersometocontinu
ouslyupdateinthefield Moreovertheoperator
isenteringdatatwiceasadailyreportdenoting
eachsourcecheckedandortreatedisalsopre
pared

Theremainingitemsonthepreviouslymen
tionedlistbudgetinventoryetchavebeen
successfullyenteredintotheprogramalso

169

bemadelesstimeconsumingwhen
Suchitemsasbudgetsurveillance
electronicallysavingbothtimeand

Tolessenthepaperworkburdenandenhance
sourcetrackingadailyreportformwasprepared
thatrequiresaminimumofoperatorinputwitha
maximumofsourceinformationFigure1 The

operatorcompletesthedailyreporteachworking
dayandforwardsthereporttotheofficesecre
tarytobeenteredintothecomputerprogram
Once entered the data can beautomatically
manipulatedbyaprogramsubroutinedesignedto
eliminatetheneedforextensivekeyboardwork
by the operator when source tracking is

required OnMondaymorninganoperatorcan
ascertainthesourcesthatshouldbeinspected
andortreatedthatweekbymerelypunchingtwo
keystoobtainthesourcelistforthedesired
vectorFigures2 3 Thelistproduceddi
videsthemosquitosourcesforexampleinto
fourcategories weeklybiweeklytriweekly
andmonthly Thecategoryintowhichasource
isplacedisdependentuponthecycleoftreat
mentdesiredbytheoperatorandthelastdate
thesourcewasinspected Thusthelistisa

dynamicaccountingratherthanastaticone The

programwillnot ofcourse outputagiven
sourceifthatsourceisconsistentlyoverlooked
bytheoperator Thelistisatooltoaugmenta
thinking operator nota substitute for an

unthinkingperson Thesubroutineyielding
theautomaticsourceoutputis somewhatcom

plicated but the symbols designate various

commandsequencesthatarenodifferentthan
thoseenteredviathekeyboardFigure14

Shouldaninquirybemaderegardingthe
treatmentofacertainsourceallinformationfor
agiventimeperiodcanbequicklyretrievedfor
perusalutilizingthedatabasesystemFigure5
Theusualshufflingofinnumerablepapersis
eliminated

Anotherexampleoftheusefulnessofthe
programisgraphproduction Theweeklytrap
dataareenteredintotheprogramandtheresult
inggraphproducedonthescreen Aprintoutof
thegraphcanbeprovideduponrequestFigure
6
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25Oct 8001 8 2

Figure 3Output Denoting Sources to be
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MENU

171



172

gotobs512a7@int@now10right4Mright41
Wdqia5ab2000cbs510ca512obs514by514eqgotocc510@now
pperragcrrg1i1grcf509gllrcd510grbs514by514gqgotobs516
xibs516OxcPa

gotobs512a7@int@now7queryxibs516O
xcPagotobs512a7@int@now6queryxibs516
0xcPagotobs512a7@int@now5query
xibs516OxcPagoto bs512a7@intnow4query
xibs516OxcPagotobs512a7@int@now3
query

xibs5160xcPaxcPcgotobs512ppllrcd512grbs514by514
a7@int
@now17Ygotoca512
queryxibs516OxcPagotobs512a7@int@now
14queryxibs516OxcPagotobs512a7@int@
now13queryxibs516OxcPagotobs512a7@int
@now12queryxibs516OxcPagotobs512a7
@int@now11queryxibs516OxcPagotobs512
a7

@int@now10queryxibs516OxcPaxcPdgoto
bs512ppllrcd513grbs514by514gqa7@int@now24
gotoca512Tqueryxibs516OxcPagoto
bs512a7@int@now21queryxibs516OxcPa
gotobs512a7@int@now20queryxibs516O
xcPaCgotobs512a7@int@now19queryxibs516
OxcPaCgotobs512a7@int@now18query
xibs516

OxcPCgotobs512a7@int@now17queryxibs516O
xcPaxcPeppllrcd514grbs514by514

gqa7@int@now31gotoca512MCqueryxibs516OxcPagoto
bs512a7@int@now23queryxi
bs516OxcPaCgotobs512a7@int@now
27Cqueryxibs516OxcPgotobs512a7@int@now
26Cqueryxibs516OxcPaCgotobs512a7@int@now
25tquery

xibs516OxcPaCgotobs512a7@int@now

24query xibs516 OxgPb pppq xmcj512 Figure 4Subroutine toExtract Cyclic Source Activity Mosq



DailyReport1985 ZoneI

Data TechSR SiteCdMapCd VecCdImDenImStg AdDen

30Sep BO 4015 M 20 4

30Sep BO 4015 M

30Sep BO 4015 M

30Sep BO 4015 M

08Nov BO 4015 M 200 4

08Nov BO 4015 M 200 4

08Nov BO 4015 M

08Nov BO 4015 M 200 4

19Nov BO 4015 M

19Nov BO 4015 M

19Nov BO 4015 M

19Nov BO 4015 M

PupPrsRodEvidSrcDes SrcCd SrcCyc SrcAcc SrcSta SqFt

Y

010

RDgalSFlbsFishlbsInsp Trt Misc

4 D B F C

3 8 B F C

A B F W

1 D B F W

4 D 8 F W

2 D B F W

1 D 8 F C

3 D B F W

1 I B F C

4 D B F C

3 D B F C

2 D 8 F C

15 20

15

20

20

15

15

15

15

15

15

15

15

900

CuFt Acres GOgal DGlbsDECozBGlbsTSeaPyoz RPgalMgal

173

Figure5SummationofActivityataGivenSite



174

West Valley Vector Control District
NJTrapCollectionsfemalesonly
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CONCLUSIONSThoughtheLotus123pro
gramisanextensiveonewithmanycommandsit
canbemanipulatedtoyieldinformationinaquick
andconcisemanner Recordkeepingbecomesa
manageabletaskascomparedtoanoverbearing
burden

DiseaseWeek
1985 1986

Figure6GraphProducedbyLotus123
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USESOFAVIDEOCAMERAINAMOSQUITOABATEMENTDISTRICT

INTRODUCTIONDuringthesummerof1985
the SutterYuba Mosquito Abatement District

beganinvestigatingtherelativemeritsofvideo
taperecordingsystemsinourmosquitocontrol
program Throughoutthecourseofatypical
mosquitocontrolseasonwehaveoftentaken
hundredsofstillphotographstodocumentvarious
aspectsofmosquitocontroloperationsandre
searchprojects Wefeltbyusingvideoequip
mentwecouldimproveuponourstillphotographic
techniquesandmodernizeourdocumentationsof
Districtactivities Followingaredescriptionsof
thenewequipmentincludingthecameravideo
recordertelevisionmonitorrequiredaccessories
andthe many diversified waysweused our

systemthispastyear
DESCRIPTIONOFEQUIPMENTAftermany

weeksofcomparingthedifferenttypesofvideo
camerasavailablewedecidedtopurchasethe
Panasonic PK958 Color Video Camera The

primaryfeaturesofthiscameraareits81zoom
lenswithautomaticmanualiriscontrolprovidinga
minimumlightsensitivityonopticalimagesof7
lux Mostothercurrentlymanufacturedcameras
offeronlya61zoomlensandaminimumsensi
tivityof10lux Toputthisinmeaningful
termsa7luxsystemrequires300lesslight
thana 10luxsystem Otheruseful features

includeanelectronicviewfinder builtin stop
watchdatetimedisplayamacrozoomlenswhich
canbeused fortimelapsephotography an

omnidirectionalstereomicrophoneandatypewriter
keyboardcontrolpanelwhichallowsyoutocom
poseanddisplayyourowntitles Thebasiccost

forthiscamerawas899Thecompanionrecord
ing unit for this particular camera is the

PanasonicPV8500PortableVideoCassettRecord
er Themostimportantfeaturesofferedbythis
unitisits4headvideosystemand2headaudio
forstereosound The4headvideosystemisa
mustforslowmotionandstopactionwhenre
viewingwhatyouhavetaped Thecostforthis

unitwas899 Thetelevisionmonitorwasabasic
19inchcolortelevision Wefeelthe 19inch

screensizegivesasharperimagethanlarger
ones Thecostofthemonitorwas249 To

completethesystemwepurchasedacameratripod
for99andcarryingcasesforthecameraand
portablerecorderfor110

USESOFTHEVIDEOCAMERAOurmost

importantuseofthevideocamerawastodocu
mentmajoractivitieswewereinvolvedinthis
pastyear Wemaderecordingsofricedipping
techniquesaerialapplicationofBtionriceand
wildliferefugesandwideareaadulticidingwith
ULV foggers We also documented mosquito

RonaldLMcBrideandEugeneEKauffman

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726

YubaCityCalifornia 95992
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sourcesfortrusteemeetingsandlegalabatement
hearingsandtapedtheseiningofmosquitofishin
oxidationponds EachoftheseDistrictactivities

wastitledusingthecharacterkeyboardentry
withthedateandtimedisplayed Withthiswe

will have historical documentation of District

activitiesforeachyear
Trainingandeducationatthedistrictbene

fitedbyouruseofvideoequipment Weused

thevideocameratoproduceafilmonpesticide
safetywhichshowedthecorrectwaytopourand
mixchemicalsthetypeofprotectiveclothingto
wearandpropercleanupinapesticidestorage
andmixingarea Inthenearfutureweintend
tomakesafetyfilmsondefensivedrivingproper
handlingoftoolsintheshopsforkliftuseand
operationofsprayequipment Thesefilmswillbe

usedtoindoctrinatenewemployeesandtorefresh
orupdateourexperiencedpersonnel Wedis

coveredthevideocamera wasusefulforthe

recording oftrainingsessionsfeaturingguest
speakersandtofilmcontinuingeducationcourses
ateitherdistrictfacilitiesorcolleges Asspecif
ic examples we taped an officer from the

CaliforniaHighwayPatrolashespoketoour
employees on seat belt safety and defensive

driving Wealsotapedatoxicwasteseminarat
ButteCountyMosquitoAbatementDistrictanda
NorthernCaliforniaRegionContinuingeducation
sessionatYubaCollegeinMarysvilleCalifornia
Thesefilmsmaybeshowntoouremployeesinthe
future Asanaddedbenefitwediscoveredthat
thiscamerawassensitiveenoughtobeusedfor
tapingofprojected 16mmmotion picturesand
35mmslides Thesefilmsandslideswereproject
edontoascreeninadarkenedroomandwewere

abletocapturetheimagesdirectlyfromthe
screenwiththe7luxvideocamerawithvery
littlelossofdetail Itisourobjectivetotrans
posealltheslidesinourlibraryontotapefor
easyfuturereference

CONCLUSIONAsstatedpreviouslywefeel
itisimperativetohaveacamerawithaminimum
lightsensitivityof7luxinordertoproduce
quality reproductionundermostlightingcon
ditions Sincepurchasingourvideocameralast
summerdevelopmentofanewcompactandmuch
lightercameracalledacamrecorderhasmadeour
heavierunit somewhatobsolete however the

disadvantagesofthesenewcamerasarethatthey
currentlyofferlowlightminimumsensitiviesof
only10luxand61zoomratios Whenforesee

abletechnologicaladvancesprovideuswitha
camrecorderwithalowlightsensitivityof7lux
combinedwithan81zoomlensweplantoobtain
anewercamera
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Wefeel videotaping technology will sub

stantiallyimproveourdistrictsmosquitocontrol
capabilities while providing historical and

possiblylegalisticdocumentation Astimepasses

EFFECTIVEUSEOFATVSINAMOSQUITOCONTROLPROGRAMINUTAH

JLawrenceNielsenVCSDistrictManager

BoxElderCountyMosquitoAbatementDistrict
POBox566

BrighamCityUtah 84302

BoxElderCountyislocated60milesnorth
ofSaltLakeCityandisborderedbyIdahoon
thenorthNevadaonthewestCachecountyto
theeastTheothersideofthemountainand
Webercountytothesouth Thecountyis5627
squaremilesinsizeandthemosquitoandvector
control program serves 22 cities and towns
workingina3500squaremilearea Wehave75

privateduckclubs6StateWaterfowlAreasa
64000acreFederalBirdRefugewhichisatthe
presenttimeunderthreetosixfeetoftheGreat
SaltLakeandnotamosquitoproblem Wealso

havetocontendwithover120000acresofir
rigated pastureland and hundreds of smaller

potential sources Many ofthese areas are

inaccessiblebytwoorevenfourwheeldrive
vehiclesanddistrictcrewsspentalotoftime
walkingintothesepotentialmosquitosites Good

coveragewasmaintainedhowevercrewswere
simplynotgettingaroundfastenoughinthese
areastosuppressmosquitoactivity In1982the
districtleasedathreewheeler Thisunitwas

testedinseveralareasunderalltypesofcon
ditionsinthecountyandwasfoundtobesatis
factory in performance and overall traction

However itwasfoundtobeunstable when

movingaroundswampylakeedgesratrunsand
otherholesthatcouldveryeasilycausetheunit
totipandthrowtheoperatorcausinginjury
evenatlowspeeds Thisunithadnoreverse

gearanditsabilitytocarrytherequiredchemical
andequipmentwassomewhatofaproblem The

onlyadvantageIcouldseewiththethreewheeler
istheturningradiustheydoturnsharp

In 1983 the District purchased one

fourwheelSuzukiLT125QuadRunner A283

rubbertiredvehiclewithexcellentperformance
andtheabilitytocarryupto200ofchemical
andlightequipmenteitherfrontorrear This

unitalsohasareversegearaforwardpower
gearandfourforwardspeedtransmissionforall
typesofterrain WithfourwheelstheLT125

hadexcellentstabilityandsafetyfortheopera
tor Italsohasexcellenttractionandmaneuver

wefindmoreandmorebeneficialusesforour

videorecordingequipmentandfeelithasbeena
veryworthwhileandreasonablypricedtoolfor
theSutterYubaMosquitoAbatementDistrict

abilityundermostfieldconditions Itwaslight
enoughthattheoperatorcouldliftthewheelsout
ofthemudiftheybecamestuck Afterone

seasonoftestinginalltypesofconditionsthis
vehicleprovedverysatisfactory Threemore

werepurchasedin1983 Alltogethertheywere
drivenover15000milesbeforewesoldthemthis
pastfallTheywereusedthreefullseasonsand
provedtobedependable forthemostpart
Howeverwedidhavesomelubricationproblems
withthechainsandthetwowheelbrakesystem
Waterrustandtheheavyalkaliinsomeofour
soilswerehardonthechains The District

decidedtopurchasenewYamaha200switha
lubricated shaft drive and a fully enclosed

fourwheelbrakesystem Theseunitsarepres
entlybeingoutfittedforthe1986season Allof

ouremployeeshavetoberesponsibleindividuals
completeasafetycourseandaservicemainte
nancecourseallbeforetheycanoperatethese
timesavingunits ImnowaState Certified

Instructorandcanpresentthesecoursesrightat
ourDistrictHeadquartersinBrighamCity And

finallytheadvantagesthattheBoxElderMos
quitoControlProgramhasrealizedfromtheuse
ofthefourwheeler

The District maintains 20 radioequipped
trucksinitsfleetanduptoafewyearsago12
ofthemwerefourwheeldrives Wehavenow
reducedthenumberoffourwheeldriveunits
downtofoursimplybecausewedontneedthem
anylonger Wevesavehundredsofdollarson
eachuniton purchasepriceandmaintenance
becauseofthisreduction Wearenowpurchas
ingtwowheeldrivepickupswithpositractionand
automatictransmissions Fieldinspectiontimehas
alsobeenreducedby30insomeareas Were

gettingaroundmoreefficientlyanddoingabetter
job Sprayingtimehasalsobeenreducedac
cordingly

In1984and1985wereducedourAirSpray
costsby15simplybecauseweredoingabetter
more thorough jobofinspecting and ground
sprayingwiththesemachines Eachoperator
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carriesa5Wattportableradiowhileoperating IunderstanddistrictshereinCaliforniahave

thesemachinesandhasaradiocontactwithother beenoperatingthistypeofequipmentforsome
mobileunitsonthebasedependingonhisorher time

location Inconclusioneachfourwheelerpays
foritselftheveryfirstseasonwiththetime
saved Themoraleofouremployeesisata
alltimehigh Theyreenjoyingtheirworkand
weredoingabetterjobatlesscostandsaving
thetaxpayerssomehardearneddollars

Severalother districts in Utaharealso

utilizingthistypeofequipmentwithgoodresults
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