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SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASE

RichardWEmmonsMarilynMMilbyPatriciaAGillies
WilliamCReevesandEdmondVBayer

Atlastyearsmeetingwedocumentedanincreaseinvector
populationsandviralactivityin197912BySpring1980
watersuppliesandpredictionsofsnowmeltrunoffwereabove
normalthroughouttheStateThoseconditionscoupledwith
decreasedfundingformosquitocontrolasaresultofProposi
tion13causedconcernthatepidemiclevelsofviralactivity
mightoccurTheStateLegislaturethereforeapprovedaspe
cialappropriationofover3000000forencephalitissurveil
lanceandvectorcontrolallowingalevelofeffortsimilarto
thatcarriedoutinrecentyearsThisreportsummarizesthe
DepartmentofHealthServicesDOHSarboviralsurveillance
activitiesduring1980incollaborationwiththeUniversityof
CaliforniaBerkeleySchoolofPublicHealthsArthropod
borneVirusResearchUnitUCBSPHAVRUandotheragen
cies Theincreasinglyimportantinterdependenceofthe
DOHSandtheUCBSPHAVRUinaccomplishingthisprogram
isreflectedinthetitleandauthorshipchangesfromprevious
reportsAsusualtheprogramdependedontheparticipation
ofLocalmosquitoabatementdistrictsMADscountyhealth
departmentstheCaliforniaDepartmentofFoodandAgri
cultureprivatephysiciansandveterinariansandothers

During1980only264patientshadserumsamplessub
mittedtobetestedforwesternequineencephalomyelitis
WEEStLouisencephalitisSLEandotherpossiblenon
arboviruscausesofencephalitismeningitisherpesmumps
enterovirusesleptospirosisetcbytheDOHSViraland
RickettsialDiseaseLaboratoryVRDLandcountypublic
healthlaboratoriesthelowestnumberinthepastdecade
Tables1and2Inadditiontotheserologicstudy21human
brainsamplesand2humancerebrospinalfluidsamplesfrom
suspectcasesofencephalitisweretestedforarbovirusesin
sucklingmiceallwithnegativeresultsAsusualasampleof
these132caseswillberetestedbytheUCBSPHAVRUin
thecontinuingstudytodetermineifotherarbovirusesbesides
WEEandSLEcausediseaseinCalifornia

NohumancasesofWEEorSLEinCaliforniaweredetected

inCaliforniain1980HoweveronecaseofSLEfromNevada
wastransferredtoahospitalinOaklandAlamedaCountyand
theVRDLassistedinconfirmingthepreliminarydiagnosis

ViralandRickettsialDiseaseLaboratorySectionCalifor
niaDepartmentofHealthServices
2DepartmentofBiomedicalandEnvironmentalHealthSci

encesSchoolofPublicHealthUniversityofCaliforniaBerke
ley

3VectorBiologyandControlSectionCaliforniaDepart
mentofHealthServices

4VeterinaryPublicHealthUnitInfectiousDiseaseSection
CaliforniaDepartmentofHealthServices

INCALIFORNIADURING1980

Table1ArboviralsurveillanceactivitiesandresultsinCalifornia1971
1980

Suspecthumancasesof
encephalitismeningitis
testedserologicallySLC

WEEYEE

Suappectequinecases
ofencephalitistested
serologically

WEE

Outofstatecontraction

VEEnotroutinelytestedforafter1975

County TotalsJanFe

Totals 264

AlamedaCo

BerkeleyButte
ContraCosta

E1Dorado

Fresno 44

Humboldt 2

Imperial 2

Ioyo 1

Lake 2

LoaAngeles 22

Madera 1

Meadoctno 1

Merced 3

Napa 15

Nevada 2

Orange 4

Placer 6

Plumes 1

Sacramento 24

SanBernardino 25

SanDiego 37

SanFrancisco 3

SanJoaquin 6

SanLuisObispo 12

SantaBarbara 2

SantaCruz 6

Shasta 8

Sierra 1

Solano 1

Stanialeus 1

SutterTehama 1
Tuolumne 1

Yolo 4

OutofState 2

NoCounty 1

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

620 729 1037 643 583 455 316 367 742 264

3 5

3

16 2

Marc

50
0

ApriHa

3

2 3
0 0 0

0 0

145 68 56 61 40 35 31 35 74 2

2 0

Numberofmosquito 1784 63364838 1690 1002 1273 836 17981810 3760

poolstestedWEE 16 42 97 4 0 0 l9 67 114 77ft
SLE 6 64 75 2 0 10 6 39 26 13
Other 43 74 109 38 0 12 19 61 50 136

Total 65 180 281 44 0 22 44 187 190 222

Table2Humanstestedserologicallyformosquitobornearboviral
diseasesbytheViralandRickettsialDiseaseLaboratorySectionCali
forniaStateDepartmentofHealthServicesandbyCountyHealthDe
partmentlaboratoriesbycountyandmonthofillnessonsetCalifornia
1980

Jun

4

Ju

7

Au

5

Sep

7

OcNoDe

mostorallseratestedbyCountyHealthDepartmentlaboratory

12 18

2

01



County tEE SLE HirtvirpTrlorkCaliforniaCroup Total

Alameda

1458 222

i
Butte 1007
Colusa 5077

Butte 13764

Glenn 1016

64518Aedeavexana241 14458

Imperiallnyo
8053 1007

80

Kern 19079

174
ContraCosta 28512

Kings

5 L745 64022

Madera

176338 1002 161

Napa

187941
Glenn 6255128

Orange

111
6266129

Humboldt

Placer

2 331

Riverside 151098063

230130849

Sacramento 1016

16687

SanBernardino 102553076

Anophelesfoonaie
ala 652

SanJoaquin

lnyo 369975 1097

SanMateo

479699
Kern 21540439

Shasta

8 9647194Culisetainornata

Stanialus 1

Sutter 3018

Teham

Anophelesfreeborn

Tulare 5054

1123

YoloYuba 1014

MohaveAZ 1641

712

YumaAZ 24541227

121

7304410006 77 48 11 222

County
Culex

tarsalis Culexpipiensonplex Aedesmelanimon Other Total

Alameda 1458 222 rChaspeue91 16710

Cilleserythro
thorax 162

Butte 13764289 64518Aedeavexana241 14458311
Colusa 6472131 807 6552174
ContraCosta 28512 1815 L745 64022
Freeno 176338 1002 161 187941
Glenn 6255128 111

6266129
Humboldt 622 331

953
Imperial 15039230130849 Aedeadorea2ie27513 16687294

Anophelesfoonaie
ala 652

lnyo 369975 109724 479699
Kern 215404393138 9647194Culisetainornata

80016 72463662
Anophelesfreeborn

1123

Culexerythrothorac712
Kings 44013 121 45214
Marin 2767 2767
Madera 122221 122221
Mendocino 181 181
Merced 278034 51912 329946
Napa 2259 502 Cutepeue432 31B13
Orange 1605 Gilleserythrotharas

1503 3108
Placer 5227109 5227109
Riverside 12791273 944 Gilleserythrothorar

2004 13085281
Sacramento 6225143 6225143
SanBernardino392283 392283
SanDiego 633 633
SanJoaquin 137829 1494 152733
SanMateo 1373 542 1915
SantaBarbara 41 CUleserythrothorax

3317 3358
SantaClara 29612 65525 Gillespeue3507 130144
Shasta 336884 1419 251 353494
8iskiyou 99821 99821
Solano 81319 121 82520
Sonoma 252 Gillespeue732 984
55068lau 248360 53015 1657Cn2espeue1123 329085
Sutter 168653482325 86621 17963374
Tehama 201146 201146
Tulare 926520789023 161 10171231
Yuba 7404156 481 7452157
Ventura 55011 55011
0010 8556178 8556178
MohaveAZ 1564 1564
YumaAZ 44111 44111

Total 157123 4824159 13261288 263168 1778393760
3245

whichhadbeenmadebyHItestsattheCenterforDisease
ControlFtColl hyearold
girlresidentofFallon

Serumspecimens equinecases
weretestedsero Table1
Inaddition16equinebrainsamplesfromfatalcasesApril
throughDecember andrabies

virusinsucklingmiceThesespecimensweresubmittedfrom
23countiesinthestateTheonsetsofthecasesrangedfrom
February7toDecember12Only2casesofWEEwerecon
firmedbyserologictests1a4yearoldhorsefromPlacer
countyonsetAugust7withcomplementfixingCFanti
bodytiterrisefrom18to164andindirectfluores

centantibodyIFAtiterrisefrom18to164andwithfull
recoveryand2a4yearoldhorsefromKernCountyonset
September10withCFantibodytiterrisefrom132to1256
andIFAantibodytiterrisefrom1512to11024andalso
withfullrecovery

Surveillanceofmosquitopopulationsforthepresenceof
viruswasconductedatahigherlevelthaninanyofthepre
vious6yearsdueespeciallytothehelpoftheUCBSPH
ARVUinassigningMsPatriciaBoehmetoassistinthelabora
torytestingprogramIntotal177839mosquitoes3760
poolsweretestedfrom37Californiacountiesand2Arizona

countiesTable3Effortwasfocusedonthe2mostimpor
tantvectorspeciesCulextarsalisandtheCulexpipienscom
plexwhichrepresented3404ofthepoolsTable4and5

Table3Numberofmosquitoespoolstestedbycountyandspecies
bytheViralandRickettsialDiseaseLaboratorySectionCaliforniaDe
partmentofHealthServices1980

Table4Summaryofviralisolatesfrommosquitoesandminimumin
fectionrateper1000Culextarsalisduring1980bytheViraland
RickettsiaDiseaseLaboratorySectionDepartmentofHealthServices

Therewere222viralisolatesfrommosquitoes73WEE13
SLE77HartPark48Turlockand11Californiaencepha
litisgroupThedropinWEEviralisolationratescompared
withtheprevious2yearsparalleledtheapparentreductionin
equinecases

Sentinelchickenflocksweredistributedto31sites
throughouttheStatefromReddingtoElCentroThebirds
werebledeachmonthfromJunethroughOctoberOverall
15developedantibodiestoWEEvirusTheinfectionrates
forindividualflocksrangedfrom0to42intheSacramento
Valley0to69inSouthernCaliforniaand0to86inthe
SanJoaquinValleyTables6and7Theearliestinfections
occurredpriortotheJulysamplingdateintheElCentro
flockThemajorityofconversionsoccurredintheSeptember
samplesOnly1birdfromaflocknearThermalinRiverside

CountydevelopedantibodiestoSLEvirusinAugust
Theserologicalconversionratein1980wassubstantially

lowerthanin1979when38ofsentinelchickensinCalifor
niabecameWEEpositiveTable7and10SouthernCalifor
niabirdsdevelopedSLEantibodiesReevesandMilby1980
Weattributethisreductioninviraltransmissionespeciallyin
theSacramentoValleytoadeclineinvectorpopulationlevels
in1980Belownormaltemperaturesprevailedinmostareas
inearlysummerandthisdelayedtheusualrapidincreasein
mosquitopopulationsuntilpotentialbreedingsiteshaddried
uporwerecontrolled

Thepracticeofprovidingtimelysurveillancereportswas
continuedin1980Dailytelephonereportsofpositivevirus
isolationresultshumanandhorsecasesandchickenserocon
versionsweremadetoappropriateMADsorotheragenciesA
weeklysummaryreportwaswidelydistributed24issuesfrom
May2toOctober11toprovideinstructionstestresults
andotherinformation

Theprospectsfor1981arethattherewillbefurtherand
drasticbudgetreductionsformosquitocontrolinmanyofthe
responsibleagencies Afteradryearlywinterrainfallwas
aboveaverageinMarchandtheDepartmentofWaterRe
sourcesnowpredictsabout75ofnormalrunoff Itis



Identifying
Number fnnnry Place DateCollectedEoecie Number

inPnnl

AgentIsolated

016015 Kern Tupman 0729 Ctarealie

50

HartPark

016016 Kern Tupman 0729

CalifGrp

006283 Kern MosesianaRanch0805

0715

HartPark

006287 Kern MoseaiansRanch0805

WEE

006282 Kern MosesianeRanch0805 n rr

CalifGrp

006273 Kern FrankSander

WEE
102826

HartPark
011781 Colusa

DuckClub 0805

WEE

006264 Kern LAAthletic

WEE
011865 Colusa

DuckClub 0805

WEE

006266 Kern LAAthletic

Blythe

HartPark
011880 Colusa

DuckClub 0805

Blythe

WEE

006303 Kern Lebec 0812

HartPark

106309 Kern KernRiverPer

SLE

Turlock
111942 Colusa

colationArea 0812

WEE

Turlock

106311 Kern KernRiverPer

WEE
011842 Glenn

colationArea 0812

HartPark

006313 Kern KernRiverPer

Mecca 0820

HartPark
011908 Glenn

colationArea 0812

Sacramento

Turlock

503023 Kern Meadovbrook 0819

Sacramento

Turlock

SV3024 Kern Meadovbrook 0819

WEE

S03029 Kern Meadovbrook 0819

Turlock

006327 Kern KernRiver 0826 Amelonimon

WEE

006319 Kern KernRiver 0826 Ctarealie

Turlock

006315 Kern LakesideSchool 0826

Turlock

006316 Kern LakesideSchool 0826

Needles

WEE

006318 Kern LakesideSchool 0826

WEE

503057 Kern Meadovbrook 0903 5

503066 Kern Meadovbrook 0903 Amelanimon

WEE

583070 Kern SmithsPasture 0903 Ctarealie

SLE

106351 Kern KernCountySever

0521

WEE
001743 Imperial

Farm 0909

WEE

006352 Kern KernCountySew

ardino Needles 0521

002044 Inyo

Farm 0909
rr

Turlock

006346 Kern MinterField

0715

r

Turlock
103137 Inyo

Pond 0909

A900489moo CalifCrp

006339 Kern ZerkerPond 0909

Ctarealie CalifGrp

006341 Kern ZerkerPond 0909

Ctarealie50

006343 Kern ZerkerPond 0909

016166 Kings LemooreNAS 0813

0620

006243 Madera Chowchilla 0904

SanBer

009204 Napa Napa 0708

Ctarealie

ardino

004302 Orange Irvine 0729

WEE
002291

013833 Placer Lincoln 0721
002805 RiversideMecca 06L7

Ctarealie50

002808 RiversideMecca 0617

HartPark

002810 RiversideMecca 0617

0620

102812 RiversideMecca 0617

SanBer

HartPark

002813 RiversideMecca 0617

ardino

002804 RiversideMecca 0617

002906

003004 RiversideBlythe 0701 Cpipiene
003005 RiversideBlythe 0701 Ctorsois

50

003008 RiversideBlythe 0701

003012002815 RiversideRiversideBlytheMecca 07010715 n rr

0724

Identifying
Number County Plane

Date

Species

Number

npoolAgentIsolated
008701 AlamedaLivermore

0715 Ctarealie50

HartPark
011173 Butte CrayLodge

0715

CalifGrp
111893 Butte Hamilton

Mecca 0715

HartPark
118493 Butte CrayLodge

Riverside Mecca

WEE
011547 Colusa Colusa

002825

Ametanimon CalifGrp
011541 Colusa Colusa

WEE
102826

HartPark
011781 Colusa Colusa

50 SLE

WEE
011788 Colusa Colusa WEE
011865 Colusa Colusa

0731

WEE
011881 Colusa Colusa

Blythe

HartPark
011880 Colusa Colusa

Riverside Blythe

WEE
011876 Colusa Colusa

103033 Riverside

HartPark
011947 Colusa Colusa

SLE

Turlock
111942 Colusa Colusa

50 WEE

Turlock
011941 Colusa Colusa WEE
011842 Glenn Willows

0820

HartPark
011897 Glenn HamiltonCity

Mecca 0820

HartPark
011908 Glenn Orland

Sacramento Sacramento

Turlock
011906 Glenn Orland

113808 Sacramento

Turlock
011998 Glenn Willow

Turlock
110398

WEE
018452 Glenn Willows

50

Turlock
001696 ImperialRutherfordRdNewRiver

0708

WEE
101690 ImperialBrockmanRdNewRiver

0521 Ctarealia

Turlock
001691 ImperialBrockmanRdNewRiver

0708

Turlock
001697 ImperialBrockmanRdCressonWash

ardino Needles

WEE
001699 ImperialPaloVerdeCountyPark

002271

WEE
001710 ImperialGilmoresCamp WEE
001740 ImperialSalamanderTrailerPark

50

WEE
001732 ImperialSenatorWash SLE
001734 ImperialSenatorWash

0521

WEE
001743 ImperialMittryLake WEE
001758 ImperialHeber

ardino Needles 0521

002044 Inyo Independence

002286

Turlock
002062 Inyo LonePine

0715

r

Turlock
103137 Inyo Bishop

50

A900489moo CalifCrp
103131 Inyo BigPine

0718

Ctarealie CalifGrp

Identifying
Number County Place DateCollectedSpecies

Number

inPool AgentIsolated
002819 Riverside Mecca 0715 Ctarealie50 SLE

002820 Riverside Mecca 0715 50 WEE

102822 Riverside Mecca 0715 50 SLETurlock
002823 Riverside Mecca 0715 50 TurlockHartPark
002825 Riverside Mecca 0715 n rr50 WEE
102826 Riverside Mecca 0715 50 SLE
002827 Riverside Mecca 0715 50 SLE
103020 Riverside Hemet 0731 42 Turlock
103029 Riverside Blythe 0813 50 WEE

103030 Riverside Blythe 0813 50 SLE

103033 Riverside Blythe 0813 50 SLE
103035 Riverside Blythe 0813 50 WEE
103037 Riverside Blythe 0813 50 SLE
002835 Riverside Mecca 0820 50 NEE
102839 Riverside Mecca 0820 50 SLE

013784 Sacramento Sacramento 0730 50 HartPark
113808 Sacramento Sacramento 0804 r rr32 Turlock
110398 SacramentoGalt 0819 rr rr50 WEE

102267 SanBer

Kern MoaeaianRanch0708 HartPark
006026

ardino Needles 0521 Ctarealia50 WEE

102269 SanBer

0708 Amalanimn CalifGrp006016 Kern NorthfieldFarms

ardino Needles 0521 Ctarealie50 WEE
002271 SanBer

HartPark
106054 Kern TrachsGoode

ardino Needles 0521 Ctarealie50 Turlock
102272 SanBer

Kern KernRiverPer

ardino Needles 0521 Ctarealie50 Turlock
102273 SanBer

colationArea

ardino Needles 0521 Ctarealia50 Turlock
002286 SanBer

colationArea 0715 Amelanimon

ardino ParkerDam 0619 Ctarealie50 Turlock
002284 SanBer

Kern PosoNeat 0718 HartPark
502987

ardino ParkerDam 0619 Ctarealie50 Turlock

002289 SanBer

colationArea

nardino Needles 0620 Ctarealie50 WEE
002290 SanBer

colationArea 0722 Ctarealie

ardino Needles 0620 Ctarealie50 WEE
002291 SanBer

Kern UniversalDuck

ardino Needles 0620 Ctarealie50 WEE

102294 SanBer

0729 HartPark
416009 Kern Tupman

nardino Needles 0620 Ctarsalie50 WEE

002905 SanBer

HartPark
016013 Kern Tupman 0729

ardino Needles 0724 Ctarealia50 WEE

002906
SanBernardino Needle 0724 Ctarealie50 Turlock

002914

SanBerardino Needle 0724 Ctarealie50 WEE

002900

SanBerardino Needle 0724 Ctarealie50 WEE

002901

SanBernardino Needle 0724 Ctarealie50 WEE

E02920

SanBerardino Needles 0828 Ctarealie50 SLE
102921

SanBernardino BermudaCity 0828 Ctarealie47 SLE

002930

SanBernardino Needles 0828 Ctarealie50 SLE

Identifying
Number County Place DateColbctedSpecies

Number

inPool AgentIsolared
502854 Kern SmithsPasture 0601 Ctarealie HartPark
502857 Kern SmithsPasture 0601 Amalanimn CalifGrp502891 Kern SmithsPasture0609 Ctarealie HartPark
502897 Kern Meadovbrook 0609 WEE
502904 SmithsPasture 0615 HartPark
SV2929 Kern SmithsPasture 0622 Amelantmn HartPark
802931 Kern SmithsPasture 0622 Ctarealie HartPark
SV2936 Kern Meadovbrook 0622 Turlock
502937 Kern Meadovbrook 0622 HartPark
502939 Kern PosoWeet 0622 HartPark
502941 Kern McVan 0622 s

HartPark
016291 Kern MosesianaRanch0624 WEEHartPark
016292 Kern Moeesian48Ranch0624 HartPark
116296 Kern MosesiansRanch0624 WEEHartPark
016297 Kern MosesiansRanch0624 HartPark
0 Kern MosesiansRanch0624 HartPark
016273 Kern NorthfieldFarms0624 Amelanimon WEE
802953 Kern Meadovbrook 0629 Ctarealie HartPark
606033 Kern KernCountySever

Farm 0708 HartPark
60 Kern MoaesiansRanch0708 HartPark
006025 Kern MoaeaianRanch0708 HartPark
006026 Kern MoseaianaRanch0708 HartPark
006008 Kern NorthfieldParma0708 Amalanimn CalifGrp006016 Kern NorthfieldFarms0708

Cerythrothorax HartPark

006003 Kern TorigianiRanch0708 Ctarealie HartPark
106054 Kern TrachsGoode

LakeRanch 0715 n rr

HartPark
106044 Kern KernRiverPer

colationArea 0715 HartPark
006045 Kern KernRiverPer

colationArea 0715 HartPark
006051 Kern KernRiverPer

colationArea 0715 Amelanimon CalifGrp
802973 Kern Meadovbrook 0718 Ctarealie HartPark
502981 Kern PosoNeat 0718 HartPark
502987 Kern SmithPasture 0718 CalifGrp006071 Kern KernRiverPer

colationArea 0722 Amelanimon CalifGrp
106061 Kern KernRiverPer

colationArea 0722 Ctarealie HartPark
006253 Kern CarmelRanch 0729 HartPark
106094 Kern UniversalDuck

Club 0729 MartPark
SV3012 Kern PesoWest 0729 HartPark
416009 Kern Tupman 0729 Turlock
416010 Kern Tupman 0729 HartPark
016013 Kern Tupman 0729 HartPark

plannedtomaintainasufficient surveillanceactivities

topredictbuildupofviralactivityintimetodirectpreventive
effortsandtodocumentvector levelsviralinfec
tionanddiseasewhen where

Table5ViralIsolatesfrommosquito during1980bythe
ViralandRickettsiaDiseaseLaboratory CaliforniaDepart
mentofHealthService

Table5continued

Table5continued

Table5continued



IdentttyinNumber rnunty pla DateCollect ncleNumberinPool
Agent

Isolated

013726 SanJoaquinEscalon

0714

Ctorsalie

1ggg2F255g
gg227

2F4PFATggrrEgg92292gggPPF22g

HartPark

013836 SanJoaquinCollierville

0714

Turlock

013868 SanJoaquinValley

0825

HartPark

008501 SanMateoEastPaloAlto

0825

Turlock

011517 Shasta Pa1c Sella

Vista

0901

trsatia HartPark

011277 Shasta Anderson

0620

HartPark

011280 Shasta Anderson

0806

Turlock
018306 Shasta Anderson

0808

Turlock
011726 Shasta Anderson

0828

Turlock

013183 StanislausPatterson Turlock

010004 StanislausNewman CPeue WEE

011864 Sutter Meridian rlanimon CalifGrp
010247 Sutter PleasantGrove CtarsaZia Turlock

010644 Sutter Sheppard WEE

018468 Sutter RioOso WEE

511504 Sutter Trowbridge soli HartPark
SY126 Sutter Sutter Turlock
50133 Sutter Meridian WEE
50164 Sutter Robbins Turlock
011827 Tehama RedBluff HartPark

011916 Tehama WoodsonBridgeState
Park Ctareatie Turlock

018442 Tehama WoodsonBridgeState

018445 Tehama ParkLoaMolinos Ctermite
m TurlockTurlock

518541 Tehama RedBluff HartPark
018022 Tulare Tipton HartPark
018029 Tulare Pixley HartPark
018066 Tulare Teviston HartPark
018192 Tulare Teviston HartPark

018041 Tulare Alpaugh HartPark
018036 Iulare Alpaugh HartPark
018098 Tulare Earlimart WEE
018096 Tulare Earlimart Turlock
018084 Tulare Earlimart Turlock

018085 Tulare Earlimart HartPark
018087 Tulare Earlimart HartPark
518090 Tulare Earlimart WEE
018092 Tulare Earlimart HartPark
018080 Tulare Allensworth Turlock

018076 Tulare Teviaton HartPark

018050 Tulare Tipton HartPark
018221 Tulare Teviaton HartPark
018224 Tulare Teviaton HartPark

006106 Tulare Pixley Turlock
118235 Tulare Teviaton WEE
518288 Tulare Earlimart HartPark

018289 Tulare Earlimart WEE
018259 Tulare Teviaton WEE
018246 Tulare Teviaton Turlock

518069 Tulare Teviaton HartPark
018071 Tulare Teviaton HartPark

013749 Polo Woodland Turlock

Identifying
Number rnnnty Plarr DateCollectedSpecies

Number

inPool AgentIsolated
611604 Yuba Marysville 0714Ctaredis HartPark
010234 Yuba Olivehurst 0714 HartPark
010659 Yuba Olivehurst 0825 Turlock
010656 Yuba Olivehurst 0825 WEE
50154 Yuba 0livehurat 0901 Turlock
002287 MohaveAZ BermudaCity 0620 NEE
002072 YumaAZ Parker 0806 WEE
002074 YumaAZ Blythe 0808 WEE
002126 YumaA2 Yuma 0828 SL0

Table5continued

Table5continued

Table6SerologicalconversionstoWEEvirusinsentinelchickensCali
fornia1980

NopercentWEEpositive
County Site No Jul Aug Sept Oct

Shasta MADoffice 22

ReadingDr 24

Tehama MADoffice 24

Butte Boswell 22

Chico 25

Oroviil 24

GreyLodge 23

Glenn 06110s 24

Colusa MADoffice 22

Sutter Deans 24

MADoffice 18

Yuba Marysville 24

Krause 19

PlumesLake 19

Placer Sheridan 25

Fresno MendotaRefuge 13

Tulare RockyH111 24

Kern Oildale 21

PosoWest 23

McVan 23

Wasco 23

GooseLake 16

Buttonv1ilov 21

PCTracy 22

JohnDale 24

Arvin 22

Breckenridge 17

Riverside Corona 10

Mecca 23

SanDiego Lakeside 23

Imperial CordaRanch 16

14 positiveforSLEvirus

31

13 1

8

56

15

4 28

42 10420
014

4 14
13 4170
8 280

0

11 42115
14

00
3140
014

25 1063
14 733

18 1986
50

1563314
16

11014
0

56 1169

4

Table7RegionalcomparisonsofWEEserologicalconversionratesin
sentinelchickensCalifornia19771980

Percentinfectedchickens

Area 1977 1978 1979 1980

SacramentoValley 0 37 43 8

SonJoaquinValley 0 19 41 24
SouthernCalifornia BTNT 9 18

Total

NJnonetested

26 38 15
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CANINEHEARTWORMDISEASEFOCUSALONGTHELOWERCOLORADORIVER

Asurveytoestablishtheprevalenceofcaninehcartworminsouth
ernCaliforniawasconductedinthefallof19791980andwinterof
1981InitiallyatelephonesurveyofpracticingveterinariansinRiver
sideCountywasconductedTwentyonecasesofDirofilariaimmitis
infectionsindogsnativetosouthernCaliforniawerediagnosedashav
ingdogheartworminthepast2yearsSubsequentlybloodsamples
frompounddogsinwesternRiversideCountyanddogsattendingheart
wormclinicsineasternandcentraldesertregionswereexaminedfor

microfilariabyamodifiedKnotttechniqueDipetalonemareconditium
wasfoundin82 ofthe366pounddogsand2G1 ofthe560

dogsattendingthehcartwormclinicsDimmitisinfectionswerenot
diagnosedinthepoundanimalsbut173 oftheanimalsattending

INTRODUCTIONIn1970asurveyof10northernCal
iforniacountiesrevealedseveralcasesofcanineheartwormin

fectionindogsnativetoCaliforniaMcGreevyetal1970
Ampleevidencesincethisinitialstudyhassupportedthecon
clusionthatthediseaseisnowenzooticinthenorthernpartof
thestateHansen1978WeinmannandGarcia1980Walters
etal1981Althoughevidencesupportingthecontention
thatcanineheartwormisaseriousveterinaryproblemin
northernCaliforniahasbeenwelldocumentedthestatusof
thediseaseinsouthernCaliforniawasntestablisheduntilthe

completionofapreliminarystudyin1980Corselliand
Platzer1981Inanefforttofurtherdefinetheproblemof
canineheartworminsouthernCaliforniaadditionalsurveys
wereconducted Evidenceprovidedbythesesurveysaswell
asthatacquiredinourearliereffortsindicatethatDimmitis
isenzooticinthearidregionsofsoutheasternCaliforniaand
southwesternArizona

MATERIALSANDMETHODSTelephoneSurvey
PracticingveterinariansinRiversideCountywerecontactedby
telephoneandaskedastowhetherornottheyhaddiagnosed
anycasesofdogheartwormindogsnativetosouthernCali
forniaduringthepast2yearsVeterinarianswerealsoasked
howoftenandunderwhatcircumstancesdidtheyexamine
bloodsamplesforthepresenceofcirculatingmicrofilaria

AnimalPoundSurvey Thisgroupofdogscomprised366
poundanimalsbroughtintotheRiversideCountyHumane
SocietyfromvariousareasRiversideCoronaElsinore

SupportedinpartbytheSpecialMosquitoAugmentationFund
UniversityofCalifornia

NJCorselliandEGPlatzer

UniversityofCalifornia
DepartmentofNematologyRiversideCA92521

ABSTRACT

5

thedogheartwormclineswereinfectedBecausethemajorityofthe
animalsinfectedwithDimmitiswerenativetothoseareassurveyedit
isconcludedthatDimmitisisenzooticinsoutheasternCaliforniaand

southwesternArizona

Mosquitotrappingwithadogbaitedtrapwasconductedinthe
summerandfallof1980todeterminethevectorpotentialsoflocal
mosquitopopulationsinRiversideCountyOnlyonespeciesofthe
mosquitoestrappedCulexerythrothoraxdemonstratedtheabilityto
sustainDimmitisinfectionduringitsdevelopmenttotheL3infective
stageLessthan1ofCxerythrothoraxfeedingonaninfecteddog
survivedthe14dayincubationperiodyet60ofthesurvivorsharbor
edtheinfectivestagelarvae

HemetBanningIdyllwildofwesternRiversideCounty
Bloodwastakenbetweenthehoursof0800and1200each

dayOnlyanimalsestimatedtobeatleast1yearofageor
olderweresampledThesedogsweremostlystraystherefore
nohistoryotherthantheareawheretheywerecapturedwas
availableObservationsonthedogsgeneralphysicalcondi
tionandbehaviorweremadeandrecordedjustpriortotaking
bloodsamples

HeartwormClinics Thisgroupofanimalsconsistedof
animalsbroughtbytheirownerstodogheartwormclinicsheld
inthedesertregionsofcentralandwesternRiversideandSan
BernardinoCountiesBloodfromthesedogswastakenbe
tween0800and1500Dogsyoungerthan6monthswereex
cludedfromthesesurveysAclinicalhistoryofeachdogwas
suppliedbytheowneralongwithacompleteaccountofthe
dogspasttravelexperienceAstowhetherthedogwaspri
marilyanoutdoororanindoorpetwasalsonoted

BloodExaminations Bloodsampleswereexaminedfor
microfilariausingamodifiedKnotttechniqueKnott1939
Onemilliliterofbloodwasdrawnfromthecephalicveinusing

anewsyringeand20gaugeneedleforeachbloodsampleThe
redbloodcellswerelysedandthemicrofilariapreservedbyin
jectingeachbloodsampleintoa15mlcentrifugetubecon
taining10ml2formalinThesesampleswerestoredat4C
foramaximumof2weeksbeforeexaminationEachtube

wascentrifugedforapproximately7minutesat1500rpm
theresultantredimentwasstainedwithonedropof1000
methyleneblueandexaminedwithacompoundmicroscope
Microfilariaidentificationwasaccomplishedutilizingcri
teriabasedonmeasurementsandmorphologicalfeaturesre
portedpreviouslyRedingtonetal1978



MosquitoVectors Inthesummerandfallmonthsof

1980adogbaitedtrapsimilartothatdescribedbyVillavaso
andSteelman1970wasusedtocapturemosquitoesat
tractedtoaninfecteddogFig3Thedogusedwasa4
yearoldfemalebeaglewithamicrofilaremiaaveragingapprox
imately6600mfmlThetrapwasplacedinthefieldby1800
eacheveningandretrievedby0700thefollowingmorning
Atotalof6differenttrappingsitesweresampledThetrap
wasreturnedtothelabwherethemosquitoeswereremoved
placedin12X12X12rearingcagesandmaintainedfora
minimumof2weeksat80RHand28CMosquitoessur
vivingthe2weekperiodwerethendissectedandexaminedfor
thepresenceoftheinfectivelarvaeoftheheartwormnema
todeDuringthatperiodthedogbaittrapwassetaCO2trap
wasalsoplacedinthenearvicinityMosquitoescaughtinthe

CO2trapwereidentifiedandcountedThiswasdonetode
terminespeciesidentityandpopulationdensitiesinthetrap
pingarea

IVERSIDENNIMO
COAOM PLNSPIMD3

IDYLLWILD41010NtWEt

SIMONE

IPLEY

PAZOVEAOE

OUAt1MITE

Figure1RiversideCountyandareasrepresentedindogheartworm
survey

CALIFORNIA

NEEDLES

BLYTHE

YUMA

BULLHEADCITY

MOHAVEVALLEY

TOPOCK

LAKEHAVASUCITY

PARKER

ARIZONA

Figure2AreasalonglowerColoradoRiverrepresentedindogheart
wormsurvey
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RESULTSFigure1isamapofRiversideCountylisting
thecitiesrepresentedinourinitialsurveyCorselliandPlatzer
1981Figure2isamapofthoseareasalongtheColorado
RiverwheresubsequentheartwormclinicsinNeedlesCalifor
niaandParkerArizonawereheld

TelephoneSurvey Twentytwocasesofdogheartworms
werediagnosedinthepast2yearsbythe53veterinarianscon
tactedbytelephoneTable1Withtheexceptionofone
animalwhichhadlivedintheCarribeanalldogswerenative
tosouthernCaliforniaMostveterinariansquestioneddidnot
takebloodsamplesfromdogsintheirpracticeunlessthedogs
hadrecentlyreturnedfromregionswheredogheartwormdis
easewasprevalentThetwoveterinariansintheBlythearea
where15casesofdogheartwormhadbeendiagnosedinthe
past2yearswereexceptionsandfrequentlyperformeddiag
nostictestsforthediseaseonanimalsbroughtintotheirprac
tice

PoundSurvey Microfilariawerefoundin82 ofthe

366animalstestedTable2Thebluntuntaperedcephalic
endlengthsrangingfrom260to272mandtherelatively
lownumberofmicrofilariapermilliliterofbloodcharacter
izedthemicrofilariaasDipetalonemareconditum

HeartwormClinics Three5 ofthe63dogssurveyedat
theIndioclinicwereinfectedwithDimmitisTable3The
resultsoftheBlytheNeedlesandParkerclinicsarecombined
inTable4Five4 ofthe162dogssurveyedattheBlythe
clinicwereinfectedwithDimmitisNine5 ofthe203

dogssurveyedattheNeedlesclinichadheartworminfection
Eightofthese9dogswerefromthesmallcommunityof
MohaveValleyArizonaInParkerArizona133dogswere
surveyedandnoDimmitisinfectionswerediagnosedDiag
nosticfeaturesidentifyingthemicrofilariaasDimmitiswere
thetaperedcephalicendslengthsrangingfrom292to339m

andthehighermicrofilaremia20to2000microfilariaml
OnedognotnativetoCaliforniahadtraveledextensively
withitsownerinCentralAmericaandinthesoutheasternpart
oftheUnitedStatesTheinfectedanimalsrangedfrom15to
11yearsinageandwereallprimarilyoutdoordogsOfthe
560dogssurveyedatourheartwormclinicsonly21 were

infectedwithDreconditumBothofthesedogscamefrom
thetownofNeedles

MosquitoVectors IntheSantaAnaRiverbasinjust
northofthecityofRiversideCaliforniaCulexerythrothorax
wasthemosquitomostfrequentlytrappedThisspeciesfed
readilyonthebaitdogandconsiderablenumberswerecap
turedinboththedogbaitedFig3andCO2trapsThema
jorityofthebloodfedmosquitoesdiedshortlyaftercapture
Sixtypercentofthebloodfedmosquitoessurvivingthe14
daymaintenanceperioddidhoweverharborinfectivelarvae
Theaverageparasiteloadwas3witharangefrom2to5in
fectivelarvaepermosquito

Psorophoracolumbiaewasencounteredinhighdensitiesin
thedategrovesoftheCoachellaValleyjusteastofIndioCal
iforniaDespitethesehighdensitiesandseveralattemptsat
trappingfewmosquitoesofthisspecieswereattractedtothe
dogandnoneofthoseenteringthetrapfedonthedog



TheonlyotherspeciesofmosquitoinvestigatedwasAedes
vexansThisspecieswasalsotrappedinthedategrovesof
CoachellaValleyAllcapturedindividualsofAevexansfed
onthedogbutafterthe14daymaintenanceperiodthere
werenoL3larvaeofDimmitisfoundupondissection

Table1TelephonesurveyofpracticingveterinariansinRiverside
Countyfornumberofdogheartwormcasesin1978and1979

Area Noofveterinarians Nodogheartwormcases
contacted inpast2years

Banning 2

Blythe 2

Corona 13

Elsinore 3

PalmSprings 4

Riverside 22

Temecula 7

estimate

Area

TOTAL

Di Dirofilariaimmitis
Dr Dipetalonemareconditum

includesIdyllwild

Coachella 16

Indio 26

PalmSprings 9

MountainCenter 2

Riverside 4

LosAngeles 3

Hemet 2

TOTAL

Di Dirofilariaimmitis
Dr Dipetalonemareconditum

2

62 3

0

15

51 22

TABLE2Surveyforcirculatingmicrofilariainpounddogsfrom
RiversideCounty1978

NoofDoge Dogewithmicrofllaris
D1 Dr

Banning 26 0 1

Elsinore 38 0 0

Hemet 82 0 2

RiversideCity 117 0 4

RiversideCounty 103 0 1

TOTAL 366 0 8

TABLE3Surveyforcirculatingmicrofilariaindogsfromcentral
RiversideCounty19791980

Area NoofDogs Dogewithmicrofilaria

Di Dr

7

TABLE4Surveyforcirculatingmicrofilariaindogsfromsoutheastern
CaliforniaandsouthwesternArizona19801981

Area

Blythe 162

MohaveValley 38

Topock 3

Needles 131

Parker 133

BullheadCity 31

Di Dirofilariaimmitis
Dr Dipetalonemareconditum

Figure3Dogbaitedmosquitotrap

NoofDogs Dogewithmicrofilaria
Di Dr

8

0

2

TOTAL 498 14 2

DISCUSSIONThemajorityofthe366poundanimals
testedwerestrayanimalsTheyweregenerallyinpoorhealth
andinfestedwithfleasandticksThesecircumstancescould

accountfortherelativelyhighnumberofinfectionsinvolving
Dreconditumcomparedtothedogstestedattheheartworm
clinicsMostoftheanimalsbroughtintotheclinicswerein
goodconditionandwellgroomedNoexternalparasiteswere
observedontheseanimalsBecausethefleaisresponsiblefor
thetransmissionofDreconditumonewouldexpecttofind
fewerinfectionsinvolvingthisfilarialparasiteRedingtonet
al1978

Diagnosisofthe17casesofDimmitisinfectioninour
surveyofthearidregionsofthesoutheasternCaliforniaand
southwesternArizonasuggestsaprobablefocusoftheinfec
tionThreefactorsarecommontothoseareaswherewediag
nosedheartworminfectionandarelikelytocontributetothe
presenceofcanineheartwormintheseareas1Apopula
tionofmosquitoesknowntobepotentialvectorsofDim
mitisexistsinthosedesertcommunitiessurveyedBemrick



andSandholm1966Ludlametal1970BohartandWashino
19782developmentofDimmitiswithinitsarthropod
hostisoptimalattemperaturesrangingfrom225to265C
ChristensenandHollander1978andtemperaturesseldom
fallbelow22Cduringthespringandsummermonthsinthe
aridregionssurveyedsothatdevelopmentofthelarvalstages
couldeasilybesustainedUSEnvironmentalDataService
1979 3PalmSpringsandtheColoradoRiverareaare
favoriterecreationspotsdrawingvacationersfromalloverthe
UnitedStatesInfecteddogsaccompanyingtheirownerfrom
areaswherecanineheartwormishighlyprevalentmaybere

sponsibleforinitiationofthediseaseintheserecreationareas
andmaycontinuetocontributetoitspersistence

FurtherevidenceoftheBlytheareasasafocusofthedis
easeisthat66ofthetotalnumberofcasesoftheinfection

diagnosedbycountyveterinarianswereinBlytheItshould
bepointedoutthatthetwoveterinarianspracticinginthis
areaweretheonlypractitionerssurveyedwhoconsistently
tookbloodsamplesandtestedfordogheartwormTheother
veterinariansonlyperformedtestsforthediseasewhenanani
malhadrecentlyreturnedfromanareawhereheartwormwas
knowntobeprevalent

TelephoneconversationswithveterinariansintheHavasu
NeedlesareaalongtheColoradoRiverrevealedonlyonein
stanceofdogheartwormdiseasebeingdiagnosedinthepast
twoyearsDrMJenningspersonalcommunication1980
Theexistenceofafocusofthediseaseintheareawasnotre

vealeduntilweconductedourclinicinNeedlesEight21
ofthe38animalssurveyedwerefromMohaveValleyafarm
ingcommunityontheArizonasideoftheColoradoRiver
werediagnosedaspositiveforthediseaseOursurveyresults
promptedafollowupsurveyinMohaveValleybytheresident
veterinarianwhofound825 morecasesoutof30dogs

sampledDrDNovakpersonalcommunication1980
Increasedtestingbyveterinariansmightexposeamuchhigher
incidenceofcanineheartwormdiseasealongtheColorado
Riverandadjacentagriculturalareas

MosquitoVectors ThepotentialofCxerythrothoraxas
avectorofDimmitisinsouthernCaliforniawasdemonstrated

bythisstudyFactorsresponsibleforthehighmortalityof
thebloodfedmosquitoesmayhaveincludedtheexistenceof
anunusualamountofheatstressexperiencedbythemosqui
toesastheywerereturnedtothelabNoprecautiontocon
trolhumidityortemperaturewastakenduringtransportA
morelikelyexplanationwouldbefoundinaconsiderationof
therelativelyhighmicrofilaremiaofthebaitdogKershawet
al1953andRosen1954postulatedthatmosquitoeswhich
ingestlargenumbersofmicrofilariaetendtoperishearlyand
themosquitoeswhicharepotentiallyeffectivevectorsare
thosewhichharborfewerparasitesThefewbloodfedmos
quitoesthatsurvivedthe14daymaintenanceperiodmayhave
onlyexperiencedalimitedfeedingtimeonthedogbeforecap
tureandthereforewereinfectedwithfewerparasitesFurther
studiesonthepotentialofCxerythrothoraxasavectorfor
Dimmitisareinorder

ThatPscolumbinedidnotfeedonthedogcorrelateswith
thefindingsofGunstreametal1971whofoundthatthis
speciesprefersbovineandequinebloodmealsBecauseof
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theseobservationsitisconcludedthatPscolumbiaeisanun

likelyvectorofDimmitisinsouthernCalifornia
AevexanswastrappedonlyononeoccasionDifficulties

withhumiditycontrolinthelabwerebelievedtoberespon
siblefortheterminationoflarvaldevelopmentinthesemos
quitoesThisspeciesfedreadilyonthedogandbecauseofits
implicationsinotherareasasapotentialvectorofcanine
heartwormdiseaseBemrickandSandholm1966Ludlamet
al1970itisprobablythespeciesresponsiblefortransmiss
ionintheIndioandCoachellaValleyarea

FromourinvestigationofpotentialvectorsofDimmitis
wehaveconcludedthatCxerthrothoraxhasprovedcapable
ofsupportingthedevelopmentoftheparasiteandshould
beconsideredapotentialvector
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VECTORPOTENTIALOFSIXMOSQUITOSPECIESINLANDSCAPES

OFHIGHHEARTWORMENDEMICITYINNORTHERNCALIFORNIA

LLWalters1landMMJLavoipierre

ABSTRACT

Thelandscapeepidemiologyofcanineheartwormdiseasein
northernCaliforniawasinvestigatedduring198081 Dog
populationsof3areasweresurveyedforfilariasisonahouse
tohousebasisPointprevalenceratesofDirofilariaimmitis
microfilaremiaindogsolderthan5monthsofagewere167
PaloCedroShastaCo245TehamaTehamaCoand
245CedarRidgeNevadaCoIntheseareas114102
and94dogsrespectivelyweretestedrepresentingover80of
theresidentcaninepopulation Dipetalonemareconditum
microfilariaeweredetectedonlyindogsoftheTehamasurvey
49prevalence

Mosquitoespresentinthesebiotypesandinourpilotsite
PleasantsValleySolanoCowerestudiedaspotentialheart
wormvectors AedesvexansAedessierrensisAnopheles
freeborniAnophelesfranciscanusAnophelespunctipennis
andCulextarsalisenteredfieldplacedkennelshousinga
microfilaremicbaitdogandsubsequentlytookaninfective

DepartmentofEntomologyUniversityofCaliforniaDavisCA
95616

2DepartmentofEpidemiologyandPreventiveMedicineSchoolof
VeterinaryMedicineUniversityofCaliforniaDavisCA 95616
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bloodmeal Filariaebecameestablishedinover80ofen
gorgedpopulationsofthesemosquitoesexceptingforCx
tarsalisonly 92ofwhichcontainedworms Filariae

completeddevelopmentin123n65159n126
79n25200n513n154and08n
141ofthesesixspeciesrespectively

WildDirofilariainfectionswerefoundin1331 of423
Aevexansand371 of42Anfreebornicollectedfrom
lighttrapsanduninfecteddogbaitinTehamaCountyNo
filariaewerepresentin534Cxtarsalisfromthissite

AllspeciesofAedesandAnophelesinthestudyfedavidly
ondogsandweresuitableintermediatehostsofDimmitisin
naturalhabitatsthesespeciesareconsideredofmoderateto
highvectorpotentialCulextarsalisreadilyenteredkennels
andfeedingondogswasconfirmedbybloodmealprecipitin
testsHoweverallpopulationsofCxtarsalisstudiedwere
highlyrefractorytoDimmitisinfectionsuggestinglittleor
novectorpotentialforthisspecies



CULEXTARSALISCOQANDCXTRITAENIORIIYNCHUSGILESSIMILARITIESAND

DIFFERENCESINBIONOMICSANDDISEASERELATIONSHIPS

WilliamKReisen

UniversityofCalifornia
DepartmentofBiomedicalandEnvironmentHealthSciencesSchoolofPublicHealth

BerkeleyCalifornia94720

Commensuratewiththeworldsagriculturaldevelopment
hasbeenanincreaseinwatermanagementandirrigationpro
jectswhichhaveexpandedtheavailabilityofbreedingsitesfor
groundwatermosquitoesAbundantmosquitopopulationsin
relativeproximitywithmananddomesticanimalshaveleadto
increasesinmosquitobornediseaseincludingarbovirusesThe
presentbriefreviewcomparesthebionomicsanddiseaserela
tionshipsoftwoimportantarbovirusvectorsCulextarsalis
CoquillettandCxtritaeniorhynchusGileswhichhaveevolved
tofillsimilarnichesincomparableagroecosystemsonseveral
continents

CxtarsalisandCxtritaeniorhynchusaremembersofthe
sitiensgroupofthesubgenusCulexandarecharacterizedby
prominentpalebandsontheproboscisandtarsiEdwards
1932Cxtarsalisisconsideredasinglespeciesandiswidely
distributedthroughwesternNorthAmericaincludingsouth
westCanadathewesternUnitedStatesandnorthernMexico
BohartandWashino1978Fig1EastoftheMississippi
RiverCxtarsalisisrareandconsideredawinterspeciesCar
penterandLaCasse1955Jenkins1950

Figure1GeographicdistributionsofCxtarsalisandthetypeof
summorosussubspeciesofCxtritaeniorhynchus
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HistoricallyCxtritaeniorhynchuswassubdividedintotwo
geographicallydisjunctsubspeciesCxttritaeniorhynchus
distributedfromIndiawestthroughsouthernAsiaandthe
easternEthiopeanregionandCxtsummorosusdistributed
fromcentralIndiaeastthroughoutthesouthernandmaritime
portionsoftheFarEastincludingitstypelocalityinthePhil
ippineArchepelagoKnightandStone1977andtheMarianna
IslandsReisenetal1972Fig1Howeverrecenttaxo
nomicstudieshaveconsideredCxtritaeniorhynchusasingle
specieswithclinalvariationsinsomeanatomicalcharacters
Bram1967Sirivanakarn1976Crossesbetweencolonies
fromJapanandPakistanhavebeenfertileindicatinggenetic
compatabilityBakerandSakai1974

Despitewidelydisjunctdistributionsbothspecieshave
evolvedrelativelysimilartemporallifepatternsinresponseto
comparableenvironmentalconditionsInearlyautumnCx
tarsalisfemalepopulationsbifurcateintogonotrophically
activeandinactivecomponentsegNelson1964Inthe
northernandcolderlatitudesCxtarsalisundergoescom
pletediapauseasunfednulliparousandinseminatedfe



malesinselectedhibernaculaegMitchell1979Inthe
warmercentralvalleyofCaliforniafemalesexhibitfacultative
diapausewhichmaybeterminatedbywarmdaysandincreas
ingphotoperiodinlaterwinterandearlyspringegBellamy
andReeves1963InthewarmerImperialValleyandpre
sumeablyNorthernMexicofemalesremainreproductively
activeandparousfemalesmalesandimmaturescanbecol
lectedthroughouttheyearNelson1971

SimilarlyfemaleCxtritaeniorhynchuspopulationsin
temperateandsubtropicalareasbifurcateintogonotrophically
activeandinactivecomponentsinautumnegFujimiyaand
Yajima1976Reisenetal1980Inthecolderregionsof
JapanandKoreawhicharesubjectedtoseverewintersthein
activecomponentundergoescompletediapauseegOmori
etal1965Jolivetetal1975InPakistanwherethewinters
arecomparativelymilderfemalesenterfacultativediapause
Reisenetal1977andcompletediapauseisdifficultto
induceinendemiclaboratorystrainsNiazandReisen1981
Inmoretropicallatitudesfemalesremainreproductivelyactive
throughouttheyearwithpopulationtrendsdictatedbyagri
culturalpracticesandorannualrainfallpatternsReisenetal
1976

Duringdiapausebothspeciesseemtoutilizecomparable
restingsitesCxtarsalishasbeencollectedoverwinteringin
minesrockpilesandmammalburrowsBohartandWashino
1978whileinJapanfemalesmaybereadilycollectedwith
CO2fromcrevicesintherockricepaddyretainingwallsin
earlyspringWadaetal1973Whenundergoingfacultative
diapausebothspeciesusemoreexposedrestingsitesie
artificialrestingboxesbridgesculvertBellamyandReeves
1963andfoddercropsReisen1978

Withtheonsetoffavorableconditionsbothspeciesinitiate
reproductiveactivityandrapidlyincreaseinabundanceutil
izingalmostanyformofstandinggroundwaterasbreeding
sitesincludingricefieldsirrigationchannelsanddrainstem
porarypoolsandhoofprintspermanentpondsetcBohart
andWashino1978Reisenetal1981Bothspeciesaretol
erantoflimitedsalinityalkalinityandsomeeutrophication
Telford1958Jenkins1950Reisenetal1981a

LarvaldevelopmentinCxtarsalisrequiresabout10days
withpupaldevelopmentrequiringanadditional2daysbe
tween21and27CRosay1972BaileyandGieke1968
Cxtritaeniorhynchusmaturefasterandundersimilartem
peratureregimensinnaturerequire6daysforlarvaland1day
forpupaldevelopmentReisenandSiddiqui1979Inboth
speciesmalesdevelopfasterthanfemalesRosay1972Khan
andReisen1977butfemalesmaturesexuallymorerapidly
thanmalesReisenetal1979bFemaleCxtarsalisarelarger
sizedandovipositmoreeggsperraftthanCxtritaenior
hynchusrangeofweeklymeansforfieldcollectedfemaleCx
tarsaliswinglength402to441mmraftsize150to223
eggsraftBockandMilby1981Cxtritaeniorhynchuswing
length25to32mmReisenandShahidunpublmeanraft
sizefor9laboratorycolonies112to181eggsraftReisenet
al1979aCxtarsalispopulationscharacteristicallyexhibit
autogenywhichvariesseasonallySpadonietal1974and
spatiallyHardyandReeves1972infrequencyofoccurrence

AutogenyhasyettobereportedforCxtritaeniorhynchus
ThusCxtarsalisislargerandmorefecundbutrequires
longertocompleteimmaturedevelopmentthanCxtritaenior
hynchustherebyslowinggenerationtimesandyieldingcom
parableratesofincreaseBothspeciesaretypicalrstrat
egistsandabletorapidlyexpoitsuitablehabitatsduringpe
iodsoffavorableenvironmentalconditions

BothCxtarsalisandCxtritaeniorhynchusinitiateflight
andfeedingactivityinresponsetotheexogenouscueofre
ducingilluminationassociatedwithduskegNelsonand
Spadoni1972ReisenandAslamkhan1978Thebitingpat
ternisoftenbimodalwithincreasedfeedingactivityatdusk
andduringearlymorningThedawnincreaseinCxtritaenior
hynchushasbeenattributedtorefeedingparousfemaleswhich
ovipositedearlierinthesameeveningYajima1974Aslamet
al1977

Hostselectionpatternsvaryconsiderablybothamongand
withinspeciesAsindicatedbyprecipitinsurveysfemaleCx
tarsalisfeedpredominantlyonbirdswithlargedomesticmam
malsandmanbeingoflesserimportanceFig2Hostfeed
ingpatternsvaryseasonallyhoweverwithavianfeedingre
placedtosomeextentbymammalsfeedingduringmidsum
merTempelisetal1965

PrecipitinsurveysofCxtritaeniorhynchushostfeeding
patternshavegenerallyindicatedthatlargedomesticmammals
aremostfrequentlyselectedwithmanandavianhostsrarely
utilizedFig2 Resultswithbirdbaitedtrapsaremixed
egSchereretal1959collectedlargenumbersoffemalesin
heronbaitedtrapsinJapanwhileReuben1971rarelycap
turedCxtritaeniorhynchusinbirdbaitedtrapsinIndiaThe
mammalianhostsutilizedvarygeographicallyasaresultof
theirrelativeavailabilitywhichisessentiallydictatedbysocial
customsIneasternAsiawhereporkiseatenandpiggeriesare
commonpigfeedspredominatewhileinwesternIslamicAsia
andAfricawhereporkisnoteatencattleandbuffaloesbe
comemoreimportantThedataofPenningtonandPhelps
1968indicatethatifgivenarelativelyequalchoicebovids
seemtobemorefrequentlyselected Throughoutitsdis
tributionCxtritaeniorhunchusappearstorarelyfeedonei
thermanorbirds

Markreleaserecapturestudieshaveindicatedthatbothspe
ciesarehighlydispersiveMarkedCxtarsalishavebeenre
porteddispersingasfaras26kmdownwindBaileyetal
1965SimilarlyCxtritaeniorhynchushavebeencollected
40kmfromthenearestpointoflandintheSouthChinaSea
HayashiandSuzuki1978and8kmdownstreamfromare
leasepointinthehillyareasnearNagasakiJapanWadaetal
1969

Throughouttheirrespectivedistributionsbothspeciesare
importantinthetransmissionofarbovirusesofveterinaryand
publichealthsignificanceFig13Cxtarsalisisconsidered
tobetheprimaryvectorofWesternEquineWEEandSt
LouisSLEencephalitisvirusesinwesternNorthAmerica
Hammonetal1941ReevesandHammon1962BothSLE
andWEEvirusespersistinnatureinpasserinebirdswithCx
taraalisfunctioningastheprinciplevectorSmallandlarge
mammalsincludingmanbecomeinvolvedbutareessentially



deadendhostsforthevirusCxtarsalisconformswelltothe

roleastheimplicatedvectorspeciesfeedingprincipallyon
birdsthereservoirhostsandtoalesserdegreeonmammals
shiftingfromaviantomammalianhostsseasonallyandableto
becomereadilyinfectedandinfectivewithbothvirusesattit
rescirculatedbyviremicbirds
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Figure2HostselectionpatternsofCulextarsalisinNorthAmerica
AandCulextritaeniorhynchusineasternAsiaBandwesternAsia
andAfricaCDatasummarizedfromthefollowingsourcesforA
Tempelisetal19769765TempelisandWashino1967andHayeset
al1973n 16987femalestestedBMitchelletal1973Penning
tonandPhelps1968andSelfetal1973n 21441femalesandC
ChristopherandReuben1971SnowandBoreham1978andReisen
andBoreham1979n3195females

Figure3GeographicdistributionsofWesternEquineEncephalitis
solidlintandStLouisEncephalitisdashedlinevirusesintheNew
WorldandWestNilesolidlineandJapaneseEncephalitisdashedline
virusesinAfricaandAsia
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Cxtritaeniorhynchusisconsideredtheprimaryvectorof
JapaneseencephalitisvirusJEVinJapanBeuscherand
Scherer1959andKoreaSelfetal1973butsharesitsvec
torialrolewithCxvishnui annulusCxgelidusCxfusco
cephalaandperhapsCxpseudovishnuiinsoutheastAsiaand
IndiaegDetelsetal1976Gouldetal1973Careyetal
1968 JEVpersistsinnatureinwildbirdpopulationses
peciallyciconiiformsbeingtransmittedtoswineinruralpig
gerieswhereasecondarycycleisestablishedbyCxtriaen
iorhynchus Pigsproduceaviremiaadequatetoinfectmos
quitoesbutdonotsuccumbtoinfectionalthoughstillborne
birthsandabortionsoccurFrompigsthevirusspillsoverinto
equineandhumanpopulationswhichareconsidereddead
endhostsforthevirusBeuscherandScherer1059Thegeo
graphicdistributionofJEVapproximatesthatofswineculture
withitswesternmostdistributionterminatinginIndiaWest
ofIndiaJEVisreplacedbyanotherflavivirusWestNileVirus
WNVwhichhasbeenisolatedfrompoolsofCxtritaen
iorhynchusinPakistanBarnett1967andvishnuiinIndia
Work1971 AlthoughCxvishnuioccurrscommonlyin
IndiaReuben1969itisrareinPunjabPakistanReisen
1978suggestingthatthereportedWNVisolationswerepro
bablyfromCxtritaeniorhynchusinPakistanWNVlikeanti
genicallysimilarSLEispresumablymaintainedinpasserine
birdpopulationsspillingoverintohumanand domestic

mammalpopulationsegTayloretal1956WNVanti
bodiesarecommonlyrecoveredinbovidsbuttheynevercir
culateviremiassufficienttoinfectmosquitoesFurtherwest
vishnuigroupmosquitoesarereplacedbymembersoftheuni
vittatussubgroupasvectorsTayloretal1956Thelowfre
quencyofavianfeedsinprecipitinsurveysthroughoutitsdis



tributionquestionstheroleofCxtritaeniorhynchusinvirus
maintenanceinnatureamongbirdsQuitepossiblyoneor
moreferalspecieswhicharemoreornithophilicegCx
pseudovishnuiinIndiaReuben1971maybeimportantwith
Cxtritaeniorhynchusbecominginvolvedwhenthevirusspills
overintomammalianpopulations

Duetotheirfrequentexposuretoagriculturalpesticidesas
wellasmosquitoabatementeffortsmultipleinsecticidere
sistencehasbeenreportedforbothCxtarsalisandCxtrit
aeniorhynchusegGeorghiouetal1969Wada1973The
adventofresistencehaspromptedtheinitiationoftrials
toevaluatethefeasibilityofgeneticcontrolofbothspecies
Releasesoftranslocationcarryingmalesofbothspecieshave
indicatedthatmatingbehaviorisalteredduringcolonization
andormaintenancerenderingalteredmaleslesscompetitive
whenreleasedbackintotheirparentpopulationsAsmanetal
1979Bakeretal1979Milbyetal1980Reisenetal1980
Tocircumventalterationsinmatingbehaviorrecentreleases
withCxtarsalishaveemphasizedtheuseofmalesemerging
fromfieldcollectedpupaewhichcanbereadilysterilizedby
irradiationwithlittlelossofcompetitivenessReisenetal
1981b

Insummaryirrigatedagroecosystemshaveleadtothepro
liferationofsuitablehabitatsforbothCxtarsalisandCx

tritaeniorhynchuswhichhaveevolvedsimilarlifepatternsand
bionomicsthroughouttheirrespectivedistributions Both

speciesfitwellintothelifecyclesofseveralarbovirusesand
areimportantintransmittingthevirusestodomesticanimals
andmanProblemswithinsecticideresistencehaveleadtothe

inceptionofcomparablebiologicalcontrolstudiesforpopula
tionsuppressionCertainlythereismuchinformationfrom
bothlaboratoryandfieldstudiesonbothspecieswhichis
readilyinterchangeable
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AREPORTONTHEPROGRESSOFBACILLUSTHURINGIENSISISRAELENSISI

ANDHIGHLIGHTSOFTHEUCMOSQUITORESEARCHPROGRAM

RussellEFontaine

IfinditespeciallyfittingthatwehaveapanelonBacillus
thuringiensisisraelensishereinCaliforniaatthisannualcon
ference WhyBecauseBtiislargelyaproductofUCre
searchstartingwithLeonardGoldbergUCNavalBioscience
LaboratorywhobroughtthefirstisolatetoCaliforniafrom
Israelin1977andmadeitavailableforresearchanddevelop
mentintheUniversityofCalifornia

TheotherUCmembersofthepanelRichardGarciaUC
BerkeleyMirMullaandBrianFedericiUCRiversideand
CharlesSchaeferUCBerkeleyhavemadetheirownspecial
contributionstotheknowledgeofthisoutstandinglarvicide

AsyouwilllearnfromthepanelBtiisthemostpromising
mosquitolarvicideonthemosquitocontrolsceneforavery
longtimeTherehasbeennothingquitelikeitinthepast
Theuniquefeaturethatsetsitapartfromallotherlarvicides
isitsselectivityforcontrolofmosquitolarvaeandotherfilter
feedingdipterousaquaticlarvaelikeblackfliesandchirono
midsOtherbeneficialinsectsandnaturalenemiesinthemos

quitohabitatareleftunharmedandavailabletoattacknew
mosquitogenerationsItisalarvicidethatmosquitocontrol
operatorshavebeenlookingforsincemosquitocontrolwas
conceivedattheturnofthecenturyForyearsindustrywas
urgedtodevelopaselectiveproductlikeitbutfailedWe
haveitatlastandEPAhasapproveditforregistration

BeforeIturnthisdiscussionovertothepanelIwouldlike
totakeafewminutestoreviewtheprogressoftheUniversity
WideMosquitoResearchProgramwhichhascontributedso
muchtothedevelopmentofBti

Asmanyofyouwillrecalltheprogramwasorganizedby
theUniversityofCaliforniain1972underLegislativeau
thoritywithanappropriationof300000Letmestressthat
theprogramwasnotaunilateraleffortoftheUniversitybuta
bilateraldevelopmenturgedandsupportedbytheCalifornia
MosquitoandVectorControlAssociation Theprogram
emergedoutofacrisisinmosquitocontrolduetooverde
pendenceonbroadspectrumpesticidesAsaresultmosquito
controlwasunderminedbywidespreadmosquitoresistance
escalatingcostofpesticidesandEPArestrictionsoninsecti
cideusage Howeverprovenalternativecontrolswerenot
readilyavailableorwellenoughdevelpedforpracticaluseRe
searchhadfallenbehindonnonpesticidecontrolstrategies
andhadtoberevisedItwasonthispremisethattheUni
versityacceptedtheobligationtoundertakeanacceleratedin
tensifiedandexpandedresearcheffort

IntroductionofpanelonBacillusthuringiensisisraelensisby
RussellEFontaineCoordinatorofUCMosquitoResearchprogram
CMVCAAnnualConferenceReddingCAApril271981
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Theresearchprogramwastoincludebiologicalchemical
physicalculturalandgeneticcontrolandalsomosquitobio
logyandecologyandpublichealthTheUCCooperativeEx
tensionServicewascommittedtoworkwiththeMADsand

growerstoresolvemosquitoproblemsassociatedwithirri
gatedagricultureItwasalsoenvisionedthatMADswould

collaborateandparticipatewithUniversityresearchersespe
ciallyinfieldstudiesInthiscaseIcanreportthattheUni
versitywasrichlyrewardedbyexcellentcooperation

Afternearlytenyearsofresearchintheseventieswhatcan
weshowfortheeffortOncloseexaminationoftheprogram
itisevidentthatmuchoftheefforthasbeenexpendedin
necessarypreparatoryanddevelopmentalactivitesrequiredto
carrytheresearchforwardtoastageoffieldandoperational
useintheeightiesHoweversomesignificantresultscanbe
reported

1 Theuseofbroadspectrumsyntheticpesticideshas
beengreatlyreducedandnowstandsatonlyafourthofthe
levelused10yearsagoEconomicfactorstogetherwithim
provedlarvicidesselectiveapplicationtechniquesandbio
logicalcontrolinstigatedbyCaliforniaMADshaveallcon
tributedtothereduction

2Integratedmosquitocontrolisnowanacceptedmana
gementpracticelimitedinscopeonlybytheavailabilityof
newmethodsandtechniques
3Themajormosquitobornediseasessuchasencepha

litisandmalariahavebeeneffectivelysuppresseddespite
sourcesofinfectionwithinthestateanddespitecontinuing
outbreaksofencephalitisoutsidethestate

Muchofthecreditofthesesuccessesisduetotheinitiative

andprogressiveattitudeofCaliforniamosquitoabatement
districts TheyhavenotpassivelywaitedforUniversityre
searchtoprovidenewcontrolsbuthaveactivelyparticipated
withUniversityresearchersinfieldtestingandevaluationof
promisingmaterialsandmethodsAlsotheyhaveintroduced
preliminaryresearchfindingsintheiroperationswheneverpos
sibleThisresearchcooperationhasreinforcedandstimulated
theUniversityprogram

ItwasEinsteinwhostatedIneverlookintothefutureIt

willcomesoonenoughHoweverforpurposesoftheUCre
searchprogramwemustaskourselvesWhatcanweforesee
asaffectingtheresearchprogramintheeighties

Onethingwecanbesureaboutbecauseofthehighpopu
lationgrowthrateinCaliforniawecanexpectacontinuing
expansionofirrigatedagricultureindustryandurbanization
ThisiscertaintoimpactonmosquitoesandIwouldpredictas
follows

Weshouldseemoremosquitoproblemscomingfromthe
reclamationandreuseofwastewaterforagricultureforin



dustryforrecreationandforwildlifeenhancementNew
sourcesofwateraregettingscarceandwastewaterwillbe
comemorevaluableandnecessarywithtime

Irrigatedagriculturewillcontinuetoexpandbecausethe
demandforCaliforniaproductswillincreaselimitedonlyby
theavailabilityofwatersoagriculturalmosquitoproblems
willcontinuePerhapstheconcernforwaterconservationwill
improvewatermanagementandhelpkeeptheproblemfrom
gettingoutofhandFarmadvisorsworkingwithMADsand
growerscancontributeagreatdealtosolvingwatermanage
mentproblems

Ifwehaveadequatefundsinthe1980ssomeimportant
newcontrolsforuseinmosquitoprogramsshouldemergeWe
nowhaveBtianditsagoodonenomistakeaboutitand
therearemanynewstrainsbeingisolatedthatarebetterthan
theoriginalproductAnotherbacteriumBsphaericusshows
promisetoaugmentBtiincertainmosquitobreedingsitua
tionsandhastheaddedadvantageofrecycling

Pesticideswillcontinuetoplayanimportantrolebutas
anadjuncttoothercontrolsinanintegratedmosquitomana
gementprogram Theperiodofbroadspectrumsynthetic
insecticidesusedonamasscoveragemonocontrolbasisasin
the1950sand1960sappearstohaveendedexceptinemer
gencies

TherearesomepromisingIGRsnowasMirMullaand
CharlieSchaefercantellyoubutregistrationisanobstacle

TheoutlookforsomeimprovementinGambusiaaffinis
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massrearingtechnologyispromisingThisissorelyneededby
MADsIfresearchonbiologyandecologyofmosquitoesand
theirinterrelationshipandinteractionwithpredatorspara
sitesandpathogensisenergeticallypursuedbiologicalcontrol
shouldbegreatlystrengthenedinthe1980s

Progressinphysicalandculturalcontrolseemslessopti
misticthanothercontrolsbecausemanyofthethingsthat
needdoingarenotresearchableWeknowwhatneedstobe
doneTheproblemisgettingitdoneThiswillrequireMAD
managersfarmadvisorsandgrowersworkingtogethertore
solvemanyoftheagriculturallyassociatedmosquitoproblems

TheUniversitymosquitoresearchprogramwillcontinueto
stresscollaborationandparticipationofMADsandother
agenciesfoundationsindustryandinternationalinstitutions
TheWorldHealthOrganizationinparticularhasbeenan
activeinternationalcollaboratorinbiologicalcontrolresearch

Itisourintentiontocontinuetheprogramalongthesame
multidisciplinarycooperativelinesThisteamworkapproach
shouldhelpusachievesignificantresultsinthisdecade

Teamworkisagoodnoteonwhichtoendtheseintro
ductoryremarksWehaveanimportantsegmentoftheUC
teamonthispaneltodaywithsomeconcreteevidenceofre
searchprogresstoreportonThereisnoresearchgroupany
wherewhocouldprovideascomprehensiveandupdateda
storyonBtiasyouwillheartodayfromDrsFedericiGarcia
MullaandSchaeferUnfortunatelyDrGoldbergwasunable
toattend



THEDEVELOPMENTOFBACILLUSTHURINGIENSISVARISRAELENSIS

INTRODUCTIONInmypresentationtodayIwillbriefly
reviewthedevelopmentofthebacteriumBacillusthuringi
ensisvarietyisraelensisH14alsoknownasBtiasamos
quitolarvicideanddiscusshowwethinkitkillslarvaeand
whyitissoselectiveinitsrangeofactivityagainstaquaticin
vertebratesincontrasttomostchemicalinsecticidesButbe

foreIbeginIwouldliketoclarifysomeoftheoftenconfus
ingterminologyusedinreferencetoBti Isupposemost
commonlyonehearsBtireferredtoasabiologicalcontrol
agentandinthebroadestsenseparticularlywhencompared
tochemicalinsecticidesitisHoweverreferringtoBtiasa
biologicalcontrolagenthasitsdrawbacksandissomewhat
misleadinginthatmanypeoplehaveanerroneousconceptof
biologicalcontrolagentsbelievingthattheyareinexpensive
easytomanipulateandonceintroducedintoanareagive
longtermifnotpermanentcontroloftargetpestsSuchbi
ologicalagentsdoexistandareknownamongspecialistsin
thefieldofbiologicalcontrolasclassicalbiologicalcontrol
agentsInmostcasesbetheyvirusesparasitesorpredators
theseareorganismsintroducedtoanareatocontrolanintro
ducedpestTheintroducedbiologicalcontrolagentreestab
lishesanaturalbalanceholdingpopulationsoftheintroduced
pestbeloweconomicthresholdsCaliforniahasbeenapio
neerinthedevelopmentofclassicalbiologicalcontroland
numerousintroducedagentssuchasthetinyparasiticwasps
whichattackaphidsandscaleinsectssavethestatemillions
ofdollarsayearininsecticidecosts

Inadditontoclassicalbiologicalcontrolagentsthereare
manyothertypesofbiologicalcontrolagentsthatgiveeffect
iveandspecificcontrolbutdifferfromtheclassicaltypein
thattheymustbeperiodicallyreintroducedtokeeptargetor
ganismsundercontrolMosquitofishandparasiticwaspsof
thegenusTrichogrammaareexamplesofsuchagents

Biologicalinsecticidemicrobialcontrolagentmicrobial
insecticideandbacterialinsecticideareexamplesofother
termsusedtodescribeBtiandtheuseofalloftheseasde
scriptorscanbejustifiedOftheseIpreferthelattertwo
termsbecausetheymostaccuratelyinferthepropertiesof
thematerialBtiasweshallseeasthissymposiumprogresses
isabacteriumwithinsecticidalpropertiesHoweverithas
littleresidualactivityandthereforemustbereappliedperiod
icallythoughapparentlynotasoftenasmostchemicalin
secticidesThusitisnotaclassicalbiologicalcontrolagent
Yetoneofitsprimaryattributesisitshighdegreeofselectiv
ityapropertyitshareswithotherbiologicalagentsThis
selectivityandthefactthattheactiveingredientofBtiprep

ANDITSSITEOFACTIONINMOSQUITOLARVAE

BrianAFederici

UniversityofCalifornia
DivisionofBiologicalControlDepartmentofEntomologyRiversideCalifornia92521
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arationsisactuallyacomplexproteinaceoustoxinproduced
bythebacteriumqualifyBtiasabiologicalcontrolagentin
thebroadestsensebutmoresuccinctlyasamicrobialorbac
terialinsecticideItdoesnotperpetuateitselfintheenviron
mentatlevelswhichyieldeffectivemosquitocontrolandmust
bereappliedlikeachemicalinsecticide

DISCOVERYANDDEVELOPMENTHistoricallythe
searchforamicrobialinsecticidesuchasBtiforuseagainst
mosquitolarvaehasbeeninprogressformorethan25years
Theimpetusforthissearchcamefromthediscoveryandde
velopmentofstrainsofthebacteriumBacillusthuringiensisfor
controloflarvaeofsuchlepidopterouspestsasthecabbage
looperTrichoplusianiandthecornearwormHeliothiszea
Thestrainsdevelopedforthesepestsarespecificefficacious
andcommerciallysuccessfulbeingsoldunderthetradenames
ofDipelandThuricideintheUnitedStatesIndustrialesti
matesindicateovertwomillionpoundsoftheseproductsare
soldintheUSannually OneoftheprimaryreasonsB
thuringiensiswasdevelopedsuccessfullyisthatasabacterium
itwasrelativelyeasytomassproduceonartificialmediaand
hadexcellentstoragepropertiesincontrasttomanyother
typesofmicrobialorbiologicalcontrolagentswhichoftenre
quireproductionininvivosystemsorhavepoorstoragepro
pertiesInitialeffortstodevelopabacteriumformosquito
controlfocusedonevaluationofexistingstrainsandnewiso
latesofBthuringiensisagainstlarvaeofvariousmosquitospe
ciesAlthoughmanyisolatespossessedlarvicidalactivitythe
ratesrequiredtoobtainacceptablelevelsofmosquitocontrol
weretoohightojustifycommercialdevelopmentWhilethese
evaluationswereinprogressisolatesofanothersporeforming
bacteriumBsphaericuswerealsofoundtopossesslarvicidal
activityparticularlyagainstCulexspeciesForatimere
searchemphasizedevaluationanddevelopmentofseveraliso
latesofBsphaericusbutinterestinthisbacteriumsubsided
duetodifficultiesencounteredinaccuratelyidentifyingthe
larvicidaltoxinandinpreparingstablecommercialformula
tionsDuringthe1970seffortscontinuedontheisolation
andevaluationofstrainsofbothBthuringiensisandBspha
ericusandIshouldpointoutcontinuetoday

Howeverasignificantbreakthroughoccurredin1976with
theisolationofanewserotypeH14ofBthuringiensisdes
ignatedvarietyisraelensisfromapollutedpondintheNegev
desertofIsraelbyDrLGoldbergandJMargalitPrelimi
naryevaluationsbytheseinvestigatorssubsequentlyconfirm
edbyotherlaboratoriesdemonstratedBtiwasfrom10
to100timesaseffectiveaspreviouslyevaluatedisolates



makingitsuitableforcommercialdevelopmentSincethese
initialevaluationsofBtiprogressonitsdevelopmentasamos
quitolarvicidehasbeenveryrapidandasyouwillseeinthe
presentationstodaybyDrsMullaandSchaeferseveralcom

mercialformulationsofthisbacteriumareeffectiveagainst
importantspeciesofCaliforniamosquitoesatratesvarying
from25to2lbsacredependingonthemosquitospecies
formulationandhabitatWeexpecttheseformulationstobe
registeredbytheEnvironmentalProtectionAgencywithina
fewmonthsandtobeavailablelaterthisyear

MODEOFACTIONLikeotherinsecticidalstrainsofB

thuringiensisBtiproducesaparacrystallineproteinaceous
bodyduringtheprocessofsporulationwhichistoxictoin
sectsparticularlytodipteransofthesuborderNematocera
Thisproteinaceoustoxinlocatedoutsidethesporeisreferred
totechnicallyasadeltaendotoxinandactsprimarilyasa
stomachpoisonHoweverasinthecaseofotherstrainsofB
thuringiensisitsprecisemodeofactionremainsunknown
Whatisknownisthatwhenmosquitolarvaeingestsporulated
cellsofBtiinsufficientquantitiesthestomachalsoknownas
themidgutepitheliumdegeneratesandissloughedoffDur
ingthisprocessorsoonafterthelarvaedieInthelaboratory
earlyfourthinstarsofCulextarsalisorAedesaegyptiplacedin
watercontainingBtiataconcentrationof2ppmwilldiein
approximately2to4hoursHigherconcentrationscanbring
deathaboutinaslittleas15minutesThusthetoxincanact

rapidlyIfoneexaminessectionsofthemidgutepithelium
microscopicallyitcanbeseenthatthetoxinactsprincipally
oncellsinthegastriccaecaandposteriorportionofthe
stomachwithcellsintheanteriorregionofthestomach
showingcomparativelylittledegeneration Oneofthe

functionsofcellsinthesusceptibleregionsofthemidgut
istheabsorptionofsugarsandstarchesandthismaypro
videacluetothemodeofactionofBtiinthatthetoxinis

thoughtbyseveralinvestigatorstobeaglycoproteinSome
believethetoxininterfereswithcellpermeabilitybybinding
tositesonthesurfaceofmicrovilliwhereasothersbelieve

theprincipalsiteofactioniswithinthecellthetoxin
interferingwithsomeimportantaspectofintermediary
metabolismThereisevidenceforandagainsteachtheory
butmuchworkremainstobedonebeforeeithertheory
isproved

Regardlessofthemodeofactionwhatoneobservesinthe
mostsusceptibleregionsofthemidgutseveralhoursafterlar
vaearefedBtiataconcentrationof2ppmisalossofmicro
villarintegrityvacuolationandhypertrophyofthecellsla
teraldistensionofthegutandeventuallyalooseningand
sloughingofthecellsfromthebasementmembraneAfflicted
larvaebecomelethargicfloatingwithlittleactivitynearthe
watersurfaceceasefeedingandsubsequentlydieDeathmay
beduetothelarvasinabilitytoregulatetheflowoftoxicsub
stancesandionsacrossthebasementmembranefromthemid

gutlumentothehemocoel
COMPONENTSOFTHESPECIFICITYOFBTIOneof

themostinterestingimportantandusefulpropertiesofBtiis
itshighdegreeofspecificityforlarvaeofinsectsofthesub
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orderNematoceraOnemaywellaskwhyBtiissospecific
ThereappeartobeseveralreasonsFirstasastomachpoison
BtimustbeeatenApplicationofBtiformulationsresultsin
asuspensionofsporulatedcellsonthesurfaceorinthewater
Asfilterfeedersthatrapidlyremoveparticulatesfromwater
mosquitolarvaewillconsumesuspendedBticellsHowever
mostotherorganismsthatoccurinhabitatswithmosquitoes
arenotfilterfeedersegfishodonataephemeropteracole
opteracrustaceaetcandthereforewillconsumecompara
tivelylittletoxinOncewithinthegutalkalineconditions
promotedissolutionofthetoxinSuchconditionsexistinthe
mosquitogutandalthoughtheymayalsooccurinthegutsof
mosquitocohortsthesmallamountsoftoxiningestedare
eithernotenoughtosignificantlyaffecttheseorganismsor
theyarenotsusceptibletothetoxin

Oncedissolveditisbelievedthetoxinisactivatedie
partiallydigestedbygutenzymesSubsequentlythetoxin
bindstoorisabsorbedselectivelybycellsinspecificregionsof
thegutAnotherlevelofspecificityentershereinthatmos
quitolarvaeareinherentlymoresusceptibletothetoxinfrom
BtithantotoxinsfromotherstrainsofBthuringiensisThus
atthebiochemicallevelthetoxinofBtihasuniqueproperties
whichmakeitparticularlytoxictomosquitogutcells I

shouldnoteherethatothernematoceransforexamplelarvae
ofblackfliesandchironomidsarealsosusceptibletoBti

InsummarythespecificityofBtiisduetoacombination
offactorsincludinglarvalfeedingbehavioranduniquephysio
logicalandbiochemicalpropertiesofthelarvalmidgutandBti
deltaendotoxin

THEFUTUREFORBTIJusthowefficaciousanduseful

Btiislikelytobewillbedeterminedoverthenextfewyears
oncecommercialformulationsbecomeavailableforuseby
mosquitoabatementdistrictsandotheragenciessuchasthe
WorldHealthOrganizationWHOhasalreadyscheduledlarge
scalefieldtrialsofBtiforuseintheonchocerciasiscontrol

programinwestAfricawhereitwillbeusedagainstSimulium
larvaeOperationalusageofcommercialformulationswillde
terminethespeciesandhabitatsagainstwhichBticanbeused
effectivelyandappropriatemethodsandratesofapplication
ItwillbeimportantnottooveruseBtiforaswithmany
toxinsthepotentialforthedevelopmentofresistanceis
alwayslurkinginthebackground Btihavingadifferent
modeofactionthanchemicalinsecticidesshouldprovepartic
ularlyusefulincombatingmosquitoesresistanttoorgano
phosphatesandchlorinatedhydrocarbonsSimilarlyitisan
idealmaterialforuseininsecticiderotationprogramstore
ducethelevelofresistantgenesinpopulationsassuggestedby
DrGeorghiouBtishouldalsoproveofgreatbenefittothe
developmentofintegratedmosquitocontrolprograms

Inregardtothedevelopmentofotherbacterialinsecticides
thediscoveryofBtiprovidesimpetusforthesearchforeven
moreeffectiveisolates Additionallyitprovidesabasis
throughcomparativestudiesforunderstandingthemodeof
actionofdeltaendotoxinswhichcouldleadtothedevelop
mentofnewtypesofinsecticidesThevariationsinactivity
foundamongdeltaendotoxinsforlarvaeofdifferentinsect



orderssuggestssubstitutionsinaminoacidsequenceswithin
thesetoxinsareresponsiblefordifferingdegreesofactivity
Modernbiochemicaltechnologyplacesathandthetechniques
foridentifyingthetoxicmoeityofdifferentdeltaendotoxins
therebyprovidingbasicpolypeptidesequenceswhichperhaps
canbeimproveduponyieldingevenmoreeffectivetoxins
TheuseofrecombinantDNAtechnologytoproducesuch
moleculeswouldopennewavenuestoinsectcontrolcharacter

INTEGRATIONOFASELECTIVEMOSQUITOCONTROLAGENTBACILLUSTHURINGIENSIS

SEROTYPEH14WITHNATURALPREDATORPOPULATIONSINPESTICIDE SENSITIVEHABITATS

FSMulliganIIIandCHSchaefer

WhiletheproteinofBacillusthuringiensisserotypeH14
BtH14hasdemonstratedefficacyincontrolofmosquitoes
andblackfliesinthefieldMulliganetal1980andUndeen
andColbo1980theeffectuponassociatednontargetor
ganismshasbeenminimalMiuraetal1980andColboand
Undeen1980Alsoinourpreviousworkwenotedalackof
resurgenceinlarvalmosquitonumberscoupledwiththein
creaseofnaturalpredatorsBecauseofthesecharacteristics
theintegrationofBtH14withnaturalmosquitopredators

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

ThetoxinofBacillusthuringiensisserotypeH14BtH14was
appliedasamosquitocontrolagenttothreepesticidesensitivehabi
tatsNumbersofCulextarsalisimmatureswerereducedby97and

100atdosageratesof20and10kghainpondsusedtobreed
goldenshinersNotemigonuscrysoleucasMitchillnodetrimental
effecttothebaitfishwasobservedCompletecontrolofCxtarsalis
atawildlifeareawasobtainedwithBtH14at08kghaPredation
bynaturallyoccurringaquaticbeetlelarvaeextendedthecontrolofCx
tarsalisthrough22daysaftertreatmentBtH14wasinnocuousto
theselectednontargetfaunaexceptforanapparent4075reduction
innumbersofchironomidlarvaeApplicationofBtH14at11
kghareducedCxtarsalisnumbersby93ataduckclubwithout
affectingpredaciousbeetlelarvaeTreatmentwithparathion7days
aftertheBtH14applicationseverelyreducedthenumbersofthe
beetlelarvae
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izedbytheuseofhighlyspecificinsecticides
Howeverevenwithoutthesedevelopmentstheadvent

ofBtiopensanewerainmosqutiocontrolItisalarvicide
whichactsrapidlyishighlytoxictomanyspeciesofmosqui
toesandhaslittleornoeffectonnontargetorganismsis
relativelyeasytoproduceandhasgoodstoragepropertiesIts
discoveryisimportantandshouldgreatlyaidusinourefforts
tocontrolvectorandannoyancemosquitoes

ismostattractiveasacontrolstrategyespeciallyinpesticide
sensitivehabitatsWildlifemanagementareasrepresentone
suchhabitatWildlifeofficialsareconcernednotonlywith
thetoxicimpactofmosquitocontrolagentsuponvertebrates
butalsowiththequantityanddiversityofinvertebrateswhich
areimportantinthefoodchainTheimpactsofBtH14
applicationstothreetypesofsensitivehabitatswerestudied
andarereportedhere



MATERIALSANDMETHODSPotenciesofthethree
BtH14formulationswereassayedinthelaboratorywith
AedesaegyptiLlarvaeagainstastandardprovidedbythe
PasteurInstituteIPS78standard Thesepotenciesare

giveninmeanInternationalToxicUnitsITUmgSDAt
least3assayswerecombinedforeachmean

ABtH14formulationof69269ITUmgwasapplied
byhandcansprayerin95litersofwaterto004hapondsin
WoodlakeTulareCountyCAonMay281980Dosagerates
of10and20kghaweresprayedtoa3mperimeterband
withacontrolpondleftuntreatedComposite40dip300ml
waterinalonghandle450mlenameldippersampleswere
collecteddailyfromeachpondThesampleswereconcentrat
edinalcoholinthefieldandimmaturemosquitoesCulextar
salisCoquillettwerecountedinthelaboratory

Anapplicationbyfixedwingaircrafttoan11haflooded
wetlandsfieldintheMendotaWildlifeAreaCADeptof
FishandGamewasmadeonJuly161980Formulated
BtH14assayedat55222ITUmgwasappliedat08
kghaSurfacedwellingorganismswerecollectedwithadip
perTendips3litersofsurfacewaterwereconcentratedon
a34meshcmscreenandplacedin95alcoholforeachof
5dailysamplesBenthicorganismswerecollectedbymeans
ofa01mplexiglassareasamplerThreebenthicsamples
werecollecteddailyandplacedinalcohol

OnSeptember181980a3hapondofaKernCountyCA
duckclubwassprayedbyfixedwingaircraftwithBtH14
assayedat57620ITUmgThedosageratewas11kgha
Twosamplesof15dips45litersofsurfacewaterconcen
tratedandplacedinalcoholwerecollecteddaily

Organismsintheconcentratedsurfacewatersampleswere
countedunderastereomicroscopeinthelaboratoryBenthic
sampleswereprocessedpriortocountingunderamicro
scopeThesesampleswereseparatedwithno481024and
32meshTylersievesandwashedOrganismswereseparated
fromheavierdebrisbyflotationinsaturatedsaltsoln

RESULTSTheWoodlakepondswerecommercially
operatedforbreedingandrearingofabaitfishthegolden
shinerNotemigonuscrysoleucasMitchill Allsizesofthe

fishwerepresent Nodetrimentaleffectstothefishwere

observedthrough7daysaftertreatment ImmatureCx

tarsaliswerereducedby97atthe2kgharatewhilecom
pletecontrolwasobtainedat1kghaAnincreaseinnumbers
ofmosquitoimmatureswasnotedinthecontrolpond

SamplingoftheMendotawetlandsfieldcommenced5
dayspriortotreatmentandcontinuedintermittentlythrough
22daysaftertreatmentAvarietyofaquaticinvertebrates
wereidentifiedandquantifiedCladoceraSimocephalussp
PodocopaCyprisspEucopepodaCyclopsspEphemer
opteraCallibaetisspZygopteraEnallagmaspAnisoptera
AeshnaoccidentalisWalkerHemipteraBelostomaflumineum

SayCoriselladecolorUhlerCinscriptaUhlerNotonecta
unifasciataGuerinColeoptera2HygrotussppLaccophilus
mexicanusmexicanusAubeLmatristernalis Crotch

ThermonectusspTroposternuslateralisFEnochrus
diffusesLeConteBerosusspChironomidaeChironomus
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Table1AquaticinvertebratepopulationsofaMendotaWildlifeArea
wetlandsfieldpriortoandaftertreatmentwithamosquitocontrol
agentBacillusthuringiensisserotypeH14552ITUmgat08
kgha

CrustaceaCladocera
EucopepodaPodocopa

Insectaimmaturesb

EphemeropteraCa1Libaetiesp
ZygopteraAnisoptera
HemipteraBeloetoma sp

CorisolLaapp
Notoneotasp

ColeopteraDytiscidae
Hygrotuespp
LaccophiLuespp
ThgTnoneotuasp

Hydrophilidae
Tropieternuasp
Enoahruesp

Mosquitoinstars12
34pupa

Notonertaso
Hydrophilidae

Beroauasp

Diptera
Chironomidae

DaysPosttreatment
5 2 1 1 2 3

71145
246

0220
34

325342
38

04 03
02 0

111 374 236
0 0 04

0 0

0 0

52216
46

Meannoorganismsper3litersa

31583
17

0

0202
0

5294
38

193114
73

54254
98

156112
145

357200
122

144154
65

7 12 22

11670
11

270 241 349 179 126

02 0 0 12 08
02 0 02 0 0

02 0 02 06 16

20 48 60 22 02
0 0 02 0 02

60310
72

64446
104

126354
86

20116
120

47272
254

23958
38

1410
10

30280
64

0 08 08 24 24 22 06 32 16

16126152 110 122 96 178 198 40

58 22 06 04 16 06 02 0 0

20 14 08 02 0 0 0 0 02

Meannoorganismsper010
0 0 07 07 03 87

20 23 45 23 120 267

147 262 637 328 165 75

aMeansderivedfrom5samplesoften300mldipsenameldipper
ofsurfacewater

bAllinsectslistedwereimmaturestagesexceptforCorisellaspp
andNotonectaspwhichwerebothadultsandimmatures

Meansderivedfrom3samplestakenwithan01mareasampler

stigmaterus Say GoeldichiromusholoprasinusGoeldi
CricotopusspParalauterborniellaspProtanypusspTany
tarsusspandCxtarsalisResultsaresummarizedinTable1

Nodeleteriouseffectwasapparentuponthecrustacean
populationsnoruponthemayfliesCallibaetissp Mean

numbersoftheseorganismsfluctuatedwithinstableranges
throughoutthesamplingperiodPredaciousinsectspeciesin
creasedinnumbersduringthestudyOfthepredatorspecies
thecoleopteranlarvaeweremostabundantandtheirincreases
wereapparentmuchearlierthanforhemimetabolousspecies
EnallagmaspAoccidentalisBflumineumandNunifasci
ataThedytiscidLaccophilussppwerethemostnumerous
planktonicinsectsotherthanCallibaetissp

Therewasasharpdeclineinnumbersofmosquitoimma
turesCxtarsaliswhichcommencedpriortotheapplication
ofBtH14Olderstageimmaturesinstars3and4andpu
padisappearedaftertreatmentwiththeexceptionof1pupa
collectedat1dayand1larvaeat22daysposttreatment
Youngimmaturesinstars1and2continuedtobecollected
through7daysaftertreatmentTheseearlyinstarsresulted
fromcontinuingovipositionbyadultsintheareahowever
theydidnotmatureChironomidlarvaefrombenthicsam
plesshowedapeakinnumbers1dayaftertreatmentwitha
gradualdeclinethereafter

Thefollowinginsectspeciesweremonitoredduringthe
KernCountyduckclubtestAnisopteraAeschnaspPseudo
leonsuperbusHagenHemipteraNunifasciataColeoptera
LmatristernalisLmmexicanusThermonectusbasillaris

HarrisTropisternusspandCxtarsalisDailymeannum



bersforeachspeciesaregiveninTable2TheNunifasciata
wereadultsallotherspecieswereimmaturesAllofthepre
daciousspeciesshowedincreaseorstabilityinnumbers
through4daysaftertreatmentThemostdramaticincrease
wasinLaccophilusspplarvaeThetargetorganismsCxtar

Table2Meannoorganismsper45litersofsurfacewaterfromaKern
Coduckclubtreatedwith10kghaBacillusthuringiensisH14576
20ITUmgbyfixedwingaircraftSeptember181980

Daysaftertreatment

Pre 1 4 72
Anisoptera 05 10 30 55

Notoneatasp 10 05 10 0

la000phiZusspp 05 25 150 25

Thermanectuasp 10 15 10 05

Tropisternussp 15 15 20 05

Clatarsatia
instars12 990 75 225 25
instars34 2400 155 150 30

aFieldtreatedwithparathiononsamedayandprevioustosampling

salisshoweda93decreaseinnumbers24haftertreatment

Samplescollected7daysaftertreatmentcontainedlower
numbersofallorganismsexceptforanisopteransthetest
areahadinadvertentlybeentreatedearlierthatsamedaywith
ethylparathionat01kghaAIformosquitocontrol

DISCUSSIONThedeclineinthenumbersofmosquito
immaturesatMendotawascorrelatedtoanincreaseinthe

numbersanddiversityofdytiscidandhydrophilidlarvae
Manyspeciesofthesetwopredaciouscoleoteranshavebeen
showntobeefficientpredatorsofmosquitolarvaeJames
1964Robertsetal1967andNelson1977Jenkins1964
providesanannotatedlistofmosquitopredatorsincluding
coleopterans Inparticularspeciesofthefollowinggenera
werepredaciousuponmosquitolarvaeLaccophilusJames
1964andRobertsetal1967HygrotusJenkins1964
ThermonectusNielsenandNielsen1953 Tropisternus
NielsenandNielsen1953andZalomandGrigarick1980and
BerosusNielsenandNielsen1953Withtheexceptionof
EnochrusdiffususallofthebeetlespeciescollectedatMendo
taweremembersoftheprecedinggeneraBecausethemos
quitodeclinecommencedpriortotheapplicationofBtH
14isisapparentthatthedeclinewasinresponsetopredatory
pressureexertedbytheincreasingnumbersofpredaciousbeet
lelarvae

Applicationofthetoxineffectedcompletecontrolofthe
remainingmosquitoesbut reinfestationcontinued Early
instarmosquitoesdidnotsurvivetoolderinstarsbutwere
suppressedinitiallybypredationfrombeetlelarvaeandlater
bythe combinationofbeetlelarvaeandhemimetabolous

predatorsThepredatorpopulationswerenotaffectedbythe
treatment

Exceptforanapparenteffectuponchironomidlarvae
BtH14wasinnocuoustotheselectednontargetfaunaat
MendotaThechironomidpopulationatMendotadecreased
afterapplicationofBtH14 Becauseofthepopulation
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fluctuationourdatawasinconclusiveastotheextentofthe
impactuponthechironomidsalthoughthereappearedtobe
a4075reductionGarciaetal1980foundchironomids
tobeaffectedbyBtH14butlesssusceptiblethanmos
quitoesCxpipiensL

Thereisconcernamongwildlifemanagementpersonnel
aboutimpactuponchironomidpopulations Chironomids

constituteasignificantportionofthedietofmigratory
waterfowlonearlyspringInthecentralvalleyofCalifor
niachironomidscomprise59oftheearlyspringdietofthe
pintailAnasacutaunpublishedreportJohnBeamCADept
FishandGame1980Sincemigratorywaterfowlgenerally
departproirtothestartoftheabatementseasonaprimary
concernisdepletionoftheadultchironomidpopulations
causedbycontinuoussummerapplicationsofmosquito
controlagents

PredatorsattheKernduckclubthoughlessdiverseand
lowerinnumbersthanatMendotawerelikewiseunaffected
bytheBtH14applicationandtheirpopulationsincreased
withtimeAlthoughtherewasnodiscernibleeffectofpreda
tionuponthemosquitopopulationthepotentialforen
chancedpredatorypressurewasincreasingwiththeimmature
beetlenumbersApplicationofparathionseverelyimpacted
thelarvalbeetlepopulationsmostnoticeablytheLaceophilus
sppDragonflieswereapparentlyunaffectedbytheparathion
treatmentAsecondapplicationofBtH14insteadofpara
thionwouldhavebeenmoreappropriateforutilizationofthe
naturalpredators

Itappearsthataquaticbeetlelarvaeplayamajorrolein
naturalmortalityofmosquitoimmaturesWithintegrationof
acompatiblemosquitocontrolagentsuchasBtH14toxin
itispossibletoobtainextendedcontrolinhabitatswheresuch
predatorsareprevalentAlsotheselectivityofthistoxinal
lowsuseinotherpesticidesensitiveareaswheremorepotent
nonselectivetoxicantswouldposeproblemsegcommercial
fishbreedingponds
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Duringthepast3yearsagooddealoflaboratoryandfield
studieshavebeenconductedontheefficacyofthemicrobial
insecticideBacillusthuringiensisvarisraelensisSerotypeH14
againstmosquitoesIngeneralthismicrobialinsecticidehas
beenfoundtobequiteeffectiveagainstculicinemosquitoes
underlaboratoryconditionswhileanophelinemosquitoes
werefoundtobelesssusceptible

Todeterminetheactivityspectrumofcommercialformula
tionsofBT1114againstimportantspeciesofmosquitoes
weinitiatedextensivelaboratoryandfieldstudiesagainststag
nantandfloodwatermosquitoes AllformulationsofBT

1114wereevaluatedagainst2ndand4thinstarsofmosqui
toesobtainedfromlaboratorycoloniesTheywerealsoevalu

atedagainstlarvaeofPsorophoracolumbiaeandAdesnigro
maculislarvaecollectedinirrigatedpasturesStandardbio
assayprocedureswereusedwhereLC50andLC90values
weredeterminedfromadosageresponselineestablishedona
probitlogpaper

Fieldstudieswereconductedinavarietyofbiotopeschar
acterizedwithnopollutiontohighleveloforganicwastescon
tentIntheexperimentalpondsatRiversidewhereCulextar
salisprevailedthewaterwasclearthepondswithoutvegeta
tivegrowthandthewaterpHwas82IntheCoachellaValley
pondsCxtarsalisandCulisetainornatawerethedominant
speciesTherethewaterwasclearthepondswithgrasscover
andthewaterpH95

Bothgroundandaerialapplicationofcommercialformula
tionsofBTH14wereevaluatedagainstPsorophoracolum
biaeandAenigromaculisinirrigatedpasturesinthePalo
VerdeValleyandthesouthernSanJoaquinValleyThespray
wasappliedattherateof8galAingroundand304galAby
theaerialmethodAssessmentofcontrolwasmadebefore

and24hrsaftertreatment

Thepreparationsorformulationsemployedinthesestud
ieswiththeirsourceandpotencyarelistedbelow

Material Source InternationalToxicUnits

IPS78

R15378

Bactimos

ABG6108

InstitutePasteur

RogerBellon

Biochem

AbbottLaboratores

Sandoz402WDCSandozInc 600

ANEWMICROBIALINSECTICIDEFORTHECONTROL

OFSTAGNANTANDFLOODWATERMOSQUITOES

MirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

1000

3000

30006000

400
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Thesecomprehensivestudieswerecarriedoutincoopera
tionwiththeCoachellaValleyNorthwestandTulareMos
quitoAbatementDistrictsAbriefdiscussionoftheresults
obtainedunderbothlaboratoryandfieldconditionsisasfol
lows

STAGNANTWATERMOSQUITOESTheabovefiveex

perimentalandcommercialformulationswereevaluated
againstmosquitolarvaeunderlaboratoryandfieldconditions
Inthelaboratorytheformulationswerebioassayedagainst
larvaeof8speciesofmosquitoesthetestlarvaeobtainedfrom
laboratorycoloniesorfromfieldpopulationswhencolony
materialwasnotavailableInthelaboratorytheculicineand
aedinespeciesessentiallyshowedsimilarlevelsofsusceptibility
toagivenformulationTherangeofactivityofvariousformu
lationsagainstagivenspecieswasintheorderof2to6fold
Anopheleslarvaewereinherentlymoretolerantthanculicines
byrequiring5to10timeslargerquantitiesoftheformulations
foreffectivekill IngeneraltheLC90against4thinstars
rangedfront013to045ppmfortheformulationshavinghigh
potencyIUto045to09ppmfortheformulationshaving
lowpotency1USecondinstarswere28timesmoresuscep
tibletothevariousformulationscomparedtothe4thinstars

Inthefieldthevariousformulationsshoweddifferent

levelsofactivityconfirmingthetrendshownunderlaboratory
conditions Inclearshallowandnonvegetatedwaterthe
mosteffectiveformulationsyieldedexcellentcontrolofCulex
tarsalisCoquillettandCulisetainornataWillistonTable1
larvaeatratesaslowas112to280ghaFormulationswith
lowpotencywereneededatratesashighas280560ghato
yieldeffectivecontroloflarvaeinthesebiotopesInclear
shallowwaterwithlightvegetationbutstillopensurface
slightlyhigherrateswerenecessaryforeffectivecontrol

Theleveloforganicpollutionlarvaldensityanddepthof
waterindairywastewaterlagoonsdrasticallyreducedtheef
ficacyofBTH14formulationsInthesebiotopesratesas
highas056to45ghaorhigherofthevariousformulations
wereneededtoproducesatisfactorycontrolofCxquinque
fasciatusSayandCxpeusSpeiserThisincreaseintherateof
applicationasexpectedwaspartlydictatedbythedepthof
waterPollutedanddeepbodiesofwaterthereforerequire
considerablyhigherratesofapplicationwhichmightbepro
hibitivecostwiseinareawidecontrolprogramsofmosquitoes
inthesebiotopes

DuringthecourseofstudiesontheefficacyofBT14
formulationsagainstmosquitolarvaeobservationsontheim
pactofthevariousformulationsondominantmacroinverte
brateswerealsomade Noneofthecommercialformula



Table1EvaluationofvariousformulationsofBthuringiensisSerotypeH14againstCxinornata
inexperimentalpondsaCoachellaValleyAquaticResearchandVectorControlFacility

Rategha

112

280

560

280

560

1120

280

560

1120

Avgno34instarlarvae5dipspreandpost
treatdaysand reductionR

Pretreat

BactimosBatch676

20

22

40

Sandoz402WDCBTI1

35

29

16

Check 17

3

1

1

6

3

3

ABG6108DLot6478194

17

16

14

tionsatmosquitocidaland5xtheseratesinducedshortterm
effectsonthedominantnontargetfaunaMayflydragonfly
naiadsdivingbeetlelarvaeandadultsandostracodswerenot
affectedontheratesof056to224kghaoftheformulations
employedThedataindicatethatthismicrobialinsecticide
hasagoodmarginofsafetytotheprevailingnontargetmacro
invertebrates

FLOODWATERMOSQUITOESFiveformulationsofthe

microbialinsecticideBacillusthuringiensisSerotype1were
evaluatedagainstlarvaeofthefloodwatermosquitoesPsoro
phoracolumbiaeand Aedesnigromaculisunderlaboratory
andfieldconditionsPopulationsofthefirstspeciesagainst
whichthetrialswerecarriedoutweresusceptibletootherlar
vicideswhilethoseofthelaterspecieshavebeencharacter
izedwithhighlevelofresistancetoorganophosphatelarvi
cides

Bothspeciesshowedessentiallysimilarlevelsofsuscepti
bilitytothevariousformulationsunderlaboratoryconditions
The2ndinstarsofbothspeciesweremuchmoresusceptible
thanthe4thinstarsThesusceptibilityoflarvaeofthesetwo
specieswasquitesimilartothatofotherculicineandaedine
mosquitoes
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No R

3

3

1

7

2

aWatertemperaturemeanminimum14Candmeanmaximum23C

7

No R

85 1 95

95 0 100

98 1 98

83 2 94

90 1 97

81 5 69

82 1 94

81 12 25

93 2 86

59 6 65

Underfieldconditionsutilizinggroundapplicationmeth
odstheBactimosformulationyieldedexcellentresultspro
ducingcompletecontrolof23instarsat012028kgha
Sandoz402andAbbottABG6108alsoyieldedgoodcontrol
ofearlyinstarsattheratesof028056kgha

Theeffectivenessofthevariousformulationsappliedbyair
waslowerthanthatofthegroundapplicationsBactimos
formulationsproducedhighlevelofcontrolofyoungerinstars
at044whileSandozandABG6108gavesatisfactoryresults
at12kghaThelattertwoformulationsarediluteprepara
tionswhiletheformeriscomposedofhigherconcentrationof
theprimarypowdercharacterizedwithhighpotency

Underfieldconditionsolderinstarsespeciallylate4ths
werehardtocontrolwithanyoftheformulationsAlsothere
wasaninverserelationshipbetweenefficacyanddensitylevel
ofthelarvalpopulations Higherratesofapplicationsare
neededforthecontroloflateinstarsandpopulationsprevail
ingathighdensitylevels50100larvaedipUnderthese
conditionstreatmentwithBT114formulationsmaybe
economicallyimpractical



STUDIESONBACILLUSTHURINGIENSISvarISRAELENSIS

AGAINSTMOSQUITOLARVAEandOTHERORGANISMS

RichardGarciaBDesRochersandWTozer

Investigationswiththemosquitoandblackflypathogen
BacillusthuringiensisvarisraelensisBticontinuetobeex
tremelyencouragingbothfromanefficacystandpointand
fromalackofadverseimpactonnontargetaquaticorganisms
Previousstudieshaveindicatedthatmanyspeciesofmosqui
toesparticularlythoseotherthanAnophelesandblackflies
arehighlysusceptibletotheendotoxinofthissporeforming
bacteriumThusfarthispathogenseemsalmostentirelyselec
tiveforthesegroupsandsomecloselyrelatedDipteraSee
refscitedAcutetoxicitytestsconductedoverthepast3
yearsagainstsome60speciesrepresenting6classes19orders
and32familiesofaquaticorganismshaverevealednoob
servabletoxiceffectsSeenontargetstudiesbelowandGar
ciaetal1980

Recentinvestigationsinourlaboratoryhavebeenfocusing
inmoredetailontheimpactofthispathogenonawidervari
etyofnontargetorganismsandontheefficacyofthepatho
genagainstmosquitolarvaeindifferentaquaticsystems

NONTARGETSTUDIESThenontargetorganismsare
testedin10literplastictubsequippedwithaerationdevices
andlocatedinanoutdoorscreenedenclosureFoodandaqua
ticvegetationareincludedwitheachspeciesasrequiredDos
ageofthepathogenrangesfromseveralfoldto100timesthat
usedinexperimentalfieldapplicationsagainstmosquitolar
vaeSpecieswhichhavebeensuccessfullyraisedthroughtheir
completelifecyclewith2to4treatmentsofthepathogenin
cludethewesternnewtTarichatorosathetreefrogLLylare
gillatheorbsnailGyraulusspthepouchsnailPhysaspthe

1ThisresearchwassupportedinpartbySpecialStateFundsforMosqui
toResearchinCaliforniaandtheUNDPWorldBankWHOSpecial
Programproj790197

UniversityofCalifornia

DivisionofBiologicalControlBerkeleyCalifornia94720

ABSTRACT

Atotalof23speciesofaquaticorganismsotherthanmosquito
larvaewereexposedtoformulationsofBacillusthuringiensisvaris
raelensisserotypeH14inthislaboratoryduringthepastyearNo
mortalitywasobservedforthesespecieswiththeexceptionofChirono
musmaturusandaSimuliumspwhichshowedadegreeofsusceptibili
tysimilartothatofmosquitolarvaeFieldtrialswithvariouscommer
cialformulationsofBtiweresuccessfulagainstAnophelesfranciscanus
infreshwaterpondsandstreamsCulextarsalisandCulisetainornata
inbrackishwatermarshesandCulcspipiensinastagnantwaterdrain
ControlagainstCulexpeusinaprimaryoxidationpondwasnotsuc
cessful
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clamshrimpLynceusspandanunidentifiedostracodspecies
Otherspecieswhichshowdevelopmentinthepresenceofthe
pathogenincludeaCallibaetismaythepredaceousdiving
beetleUytiseusmarginicollisthedamselflyLestesstultusthe
dragonflyLibellulaspthebackswimmersBuenoascimitra
andNotonectakirbyiandthesmallwaterstriderMicrovelia
spNodetectableimpacthasbeennotedforanyoftheabove
speciesTable1

Atpresentobservationsandexperimentationindicatethat
thepathogenisonlyactiveamongspeciesinthreefamiliesof
nematocerousDipteraThepathogenclearlyshowsstrongac
tivityamongtheCulicidaemosquitoestheSimuliidae
blackfliesandtheChironomidaenonbitingmidgesHow
eversomespecieswithinthefamilyChironomidaeandother
taxashowlittleifanyeffectForexampletheClearLake
gnatChaoborusastictopusdidnotshowanymortalityat
highconcentrationsofthepathogenthoughonlysmallnum
bersweretestedAmongthechironomidsthespeciesChirono
musmaturusshowedaboutthesamesusceptibilityasmosqui
tolarvaeinrelativelyfreshclearstandingwaterwhileamem
berinthesamegenusChironomusdecorusshowednoeffect
insewagewateratapproximately100timesthedosageapplied
toCmaturusThesewagewaterrighorganicallyandpossib
lyinorganicallyappearedtoinfluencetheactivityoftheen
dotoxinbutthisdidnotappeartoaccountfortheentiredif
ferencesuggestingvariablespeciestolerancelevelsOnespe
ciesofblackflySimuliumspshowedasusceptibilityapprox
imatelyequaltoCulexpipienslarvae



Table1NONTARGETAQUATICORGANISMSEXPOSEDTOBacillusthuringiensisvarisraelensis
1FORMUL

NUMBER CONC OBSERVATION2NO
ORGANISM COMMONNAME HABITAT TESTED mgml PERIOD TX RESULTS

Hylaregilla treefrog freshwater 30 S0028 60da 4 noeffectnewly
tadpoles pond hatched adult

Tarichatorosa California 15 S0028 38da 2 noeffectyoung
newtyoung newts lossof

nymphs gills

Tarichatorosa

Tarichatorosa eggs

DIPTERA

Simuliumsp1 blackfly

Simuliumsp1

Simuliumsp1

Simuliumsp1

Chironomusdecorus midge

Chironomusdecorua

Chironomusmaturus midge

Chironomusmaturua 30 S00028 1 97mortality

Chironomusmaturus 30 S000028 1 47mortality

Chaoborus ClearLake freshwater 30 S0028 24hr 1 noeffect

astictipus gnat pond

COLEOPTERA

Dytiscus predaceous freshwater 12 S0028 33da 2 noeffectlarvamarginicollis divingbeetle pond adult

HEMIPTERA

Notonectakirbyi backswimmer

Buenoascimitra

Mieroveliasp1

Mieroveliasp1

EPHEMEROPTERA

n

backswimmer

Mieroveliasp1smallwater
strider

ff

It

Caliibaetissp mayflyearly

freshwater

stream

n

It

sewagepond

standingwater
container

1

Pt

ft

30 S0028 120da 3 noeffecteggs
lossofgills

30

u

n

15

332

60

if
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S00028

B0002

B00002

B00001

B000002

S0028

B00028

S0028

n

fl

3da

n

30 S0028 60da 2 noeffectnymph
adult

15 B002 30da 1 noeffectnymph
adult

15 S0001 24hr 1 noeffect

A0001 1

B0001 1

24hr 1 1002mortality

1 3662mortality

1 133mortality

1 100mortality

1 noeffect

1 It

48hr 1 972mortality

If

ODONATA

Lestesstultus damselfly 15 S0028 30da 2 noeffectnymph
adult

Argiasp damselfly freshwater 10 B002 14da 1 noeffect
stream

Libellulasp dragonfly freshwater 21 S0028 48da 1 noeffectnymph
pond adult

45 S0028 33da 1 noeffect moltedto
instarnymphs adult



Table1NONTARGETAQUATICORGANISMSEXPOSEDTOBacillusthuringiensis varisraelensius

1FORMUL
6CONC

mRmlORGANISM

PLECOPTERA

Malenkasp

HYDRACARINA watermites

OSTRACODA

COPEPODA

EUBRANCHIOPODA

Lynceussp

Caeneatheriella

Caenestheriella
sp1

ANNELIDA

GASTROPODA

Physasp

Gyraulussp

NUMBER
COMMONNAME HABITAT TESTED

stonefly

n

ostracods

copepods

clamshrimp

large
sp1clamshrimp

11 II

freshwater

stream

freshwater

pond

n

15

15

20

30

75

30

30

Helobdella leech 15

etagnalis

pouchsnail 60

orbsnails 60

1Fieldstudiesreportedhere weredoneincooperationwithAla
medaandMarinSonomaMosquitoAbatementDistricts
2BiochemProductsP0Box264MontchaninDelaware19710
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FIELDSTUDIESWITHEMI Relativelysmallscalefield
experimentshavebeenconductedinnorthernCaliforniaina
varietyofhabitatsagainstseveralcommonspeciesofmosqui
toesAnophelesfranciscanusCulextarsalisCxpipiensCx
pensandCulisetainornata

Anophelesspeciesingeneralhaveappearedtobesomewhat
moretoleranttotheBtidosagesthanculicineandaedinespe
ciesThismaybeattributedtoavarietyoffactorsranging
fromthefeedinghabitstothephysiologyoftheanophelines
Howeverexperimentsconductedagainstanophelesfrancis
canusinthefieldthispastyearhaveshownsomepromising
results

ANOPHELESFRANCISCANUSAlongtheRussianRiver
nearCloverdaleSonomaCoCalifornialargepopulationsof
Anfranciscanusbreedinthealgalmatsfloatingonthequiet
backwatersandpoolsalongsidethemainriverbedThelarval
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populationwasmeasuredwithastandardaquaticdipper
andaveraged810larvaeperdipFishwereobservedbelow
thefloatingalgalmatsbutwereapparentlyunabletopenetrate
themtofindthelarvaeSmallfieldplotswereestablishedand
adosagerateof1kghawasselectedforboththeBiochem
andSandozformulationsofBtiwhichwasthensprayedover
theplotsfromapressurizedspraycanObservations24hours
laterindicateda100reductionoflarvaeinmostofthetest

plotsGarciaetal1981Mosquitopopulationswerenotre
ducedsignificantlyin2oftheBiochemplotsandinnoneof
theSandozplotsbutthismayhaveresultedfromthemore
openflowofwaterintheseareasNodetectableimpactwas
notedinthecontrolsnoramongthenontargetorganisms
whichweredominatedbymayfliesCountstaken72hoursla
terindicatedthatthetestareasremainedfreeoflarvae

AnotherfieldtrialagainstAnfranciscanuswasconducted
inconjunctionwiththeMarinSonomaMosquitoAbatement
DistrictinMarinCountyinalarge10000mpondAhea
vygrowthofWidgeonweedcoveredabout80oftheponds
surfaceprovidingtheanophelinesprotectionfromthemosqui
tofishSmalltestplotsweresetupandtreatedwiththeBio
chemformulationofBtiatarateof05kghaExcellentcon
trolwasachievedAtestwasthenconductedtoseeifcontrol



couldbeaccomplishedoveralargeportionofthepondAn
airboatwassecuredtosampleandtreattheareawhichwas
proximately8000mPretreatmentcountswithanaquatic
dipperindicatedapopulationthataveraged2anophelinesper
dipBiochemBtiwasappliedwiththepressurizedspraycan
attherateofapproximately55kghaPosttreatmentcounts
onceagainindicatedexcellentcontrolwithareductionoflar
vaenear100 Noimpactofthepathogenonnontargetor
ganismswasobservedGarciaetal1981

CULISETAINORNATACULEXTARSALISRecent
fieldtestswereconductedinsaltmarshhabitatsintwoloca
tionsinAlainedaCountyCaliforniaThefirstsetoftestswas
conductedinthesoutheasternpartoftheSanFranciscoBay
andcontainedpredominantly3rdand4thinstarCsinornata
TwodosagelevelsoftheBiochemBti10and05kghaand
onedosageleveloftheSandozBti10kghawereapplied
withaSoloBackPackSprayer4Sixtestand2control
plots5mx20minsizeweremarkedoffinonelongrowwith
5inseparatingeachplotTable2showstheresultsofthese

Table2FieldtrialsusingBacillusthuringiensisvarisraelensisin
brackishwateragainstCsinornatainAlamedaCoCalifornia1981

BTI

formul

ddose

4San402WDC

NoLarvaeperDip
Pre CPost C

Biochem

05kgha1 167 11 93

47 35

2 38 09 75

10kgha1 30 07 77

14 19

2 83 0 100

Sandoz

10kgha1 53 16 70

14 19

2 95 24 75

115dipsper100mplots

2CControl

3BactimosLRBNo676

X
Reduction

testsIngeneraltheSandozformulationatthisconcentration
didnotappearaseffectiveastheBiochemformulationsAlso
therewere2Biochemplotswherethereductioninlarvaewas
notascompletebutthiswasprobablyduetoanovernight
rainstormthatcontributedtoanincreaseintheflowofwater

andpossiblylarvaetothesetwotestplots

4DistributedbyBenMeadowsCompany3589BroadStreetAt
lantaChambleeGeorgia30366
5AbbottLaboratoriesChemicalandAgriculturalProductsDivision

OakwoodRoadLongGroveIllinois60047FormulILfi43430
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Thesecondsetoftestswasconductedinamorenorthern

sectionoftheSanFranciscoBayadjacenttotheOaklandIn
ternationalAirportEarlyandlateinstarsofCxtarsalispre
dominatedandeffectivecontrolofthismosquitowasobtain
edwith01kghaofBiochemBtiTestswerealsocarriedout
inthisareausingthelatestformulationofAbbottsBtiEf
fectivelarvalcontrolwasachievedwith05kghaofthisfor
mulationTable3andfuturetestswilldetermineitsefficacy
atlowerdosages

Table3FieldtrialsusingBacillusthuringiensisvarisraelensisin
brackishwateragainstCsinornataandCxtarsalisinAlamedaCoCal
ifornia1981
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05kgha 1

3

control

Abbott NoLarvaePerDip
Btidose Pre Post24hr

05kgNA 99 0

Control 17

1FormulIL613430

210dipsper50m
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Pre Post24hr Reduction
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20

0 loo

04
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21

1BtiFormulAbbottIL613430

210dips50mplots

Cxtarsalis13totalpopul

X

Reduction

88

96

Table4FieldtrialusingBacillusthuringiensisvarisraelensisagainst
CulexpipiensinanopendrainageditchSonomaCountyCalif1981

Sentinelcage
Survivors

100 010010010

6 101010101010

CULEXPIPIENSCXPEUSTreatmentwithBtiwas
evaluatedontwooccasionsagainstCxpipiensandCxpeusin
stagnantwatersystemsInthefirstexperimentalargepopula
tionof3rdand4thinstarCxpipienswerefoundbreedingin
anopenstormdraininasuburbanareaofPetalumaSonoma
CountyLargeclumpedmassesoflarvaeandpupaewereob
servedscatteredthroughoutthestagnantpoolwhichwasap
proximately60minareaAnaquaticdipperwasusedtoas
sessthelarvalpopulationandcountsaveragednearly100mos
quitoesperdipTheareawhichservedasthecontrolwas
about10mawayandseparatedfromthetestareabyatunnel
roadoverpass Itsupportedalowerbutstillsubstantial
populationofabout17larvaeperdipApplicationofthe
BacilluswaswithaSolobackpacksprayeratarateof4kgha
ofAbbottwettablepowderPosttreatmentcountsconducted
24hourslaterindicatedacompletereductioninlarvae
Table4 Largenumbersofdeadfloatinglarvaethrouout
thetestsiteconfirmedthesuccessofthetreatment



AlthoughBtiisanexcellenttorelativelyeffectivecontrol
agentinawidevarietyofbreedingsourcesoxidationponds
richinorganicmatterposeaproblematpracticalapplication
ratesAttemptstocontrolCxpeasinonesuchsituationnear
thetownofOccidentalSonomaCountyservestoillustrate
thispoint Theprimaryoxidationpondwhichisapproxi
mately1000minsurfaceareasupportsadensecoverof
waterhyacinthexceptingtheareaaroundtwoaerationpumps
nearthecenterofthepondDippingwithastandarddipper
wasconductedatmechanicallycutopeningsthroughthe2ft
tallvegetationinthewaterMosquitolarvalcountspriorto
treatmentrangedfrom500to800larvaeperdipThethick
nessandextentofthewaterlilymadesurfaceapplicationof
theBacillusunfeasibleTheBiochemBactimospowder
thereforewasmixedwithwaterandpouredintothehead
pumpatthemainpumpingstationlocatedapproximatelya
miawayfromtheprimaryoxidationpondADayGlodye
wasaddedinthesamemannerjustpriortothebacteriatode
terminehowlongitwouldtakethebacteriatoreachtheinlet
ofthepondandalsotonotetheextentofthecirculation
withinthepondThedyewasobservedinanareasurrounding
theinletbutobservations2448and72hoursposttreatment
indicatednoreductioninnosquitolarvaeItwasnotclear
whatspecificallycausedthefailurebutlackofadequatecov
erageandlevelsoforganicmatterweresuspectedasbeing
primarycauses
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HATCHINGINTHEMERMITHIDNEMATODEOCTOMYOMERMISMUSPRATTI

ThemermithidnematodeOctomyomermismusprattiwas
discoveredinZambiabyMusprattasaparasiteoftreehole
mosquitoesPoinar1979ThelifecycleasestablishedbyObi
amiweandMacdonald1973issimilartothatoflomanorner
misculicivoraxbutdiffersintimingandeffectsonhostde
velopmentRecentlyPetersen1977ab1978hasdeveloped
preliminarytechniquesformassproductionof0muspratti
andhasshownthatthismermithidhassubstantialtolerance

fororganicpollutionandsalinityPetersenpersonalcommu
nication

ThreeculturesofOctomyomermismusprattiwereobtained
fromDrPetersenARSUSDALakeCharlesLouisianain
June1980 CultureswerefloodedinJuly1980andvery
fewlessthan50preparasiticlarvaewererecoveredfromeach
cultureHowevernumerouseggswerepresentandtheenclos
edlarvaeappearedtobefullydevelopedandmatureReevalu
ationofPetersens1977ab1978publicationsrevealedthat
lowhatchingoccurredandhewasabletopropagate0mus
prattibecausehehaddiligentlyaccumulatednumerouscul
tures

Subsequentlyamethodtostimulatehatchingoftheeggs
wassoughtSincetreeholesusuallycontainconsiderableor
ganicdetritusanaerobiosiswasinvestigatedasapossible
hatchingstimulusAmultitudeofanaerobicandororganic
richregimensweretriedashatchingstimulidegassedwater
cysteineandascorbicacidsolutionssodiumbisulfiteandso
diumdithionitesolutionsputrifiedwaterfrommosquitocul
tureswaterextractofliveoakleavesandbarkaqueousex
tractofpeatteaandcoffeeAlltheseconditionswereinef
fectiveinstimulatinghatchingin0muspratti

SomeresolutionwassuppliedbyobservingthatCulexpipi
enswasinfectedwheneggsof0musprattiwereaddedtoac
tivelygrowingculturesofCxpipiensHoweverthelevelofin

SupportedinpartbytheSpecialMosquitoAugmentationFund
UniversityofCalifornia

EGPlatzer

UniversityofCalifornia
DepartmentofNematologyRiversideCalifornia92521

ABSTRACT

1EggsofOctomyomermismusprattihatchedslowlyandsporadically
thushinderingattcmptsatmassrearingofthismermithid
2Ingestionof0musprattieggsbyAedestaeniorhynchusinduced
hatching
3Briefexposureoftheeggsof0musprattitofullstrengthbleachen
hancedthehatchingresponse

4Secondaryexposureofbleachtreatedeggstoasolutionsimulating

mosquitodigestivejuicessurfactanthighCOisosomoticsolution
augmentedthehatchingresponse
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fectioncouldntbecontrolledeitherthemosquitoeswereov
erinfectedorunderinfectedInadditionthistechniquewast
edeggsbecausemosteggsremainedunhatchedinthemosqui
torearingpansandwerelostduringthecollectionofmosqui
tolarvaeHoweverthefactthatsomeincreaseinhatchingap
pearedtotakeplaceencouragedthefollowinginvestigations

IndividuallarvaeofCxpipienswereplacedinAnaloCups
with05mlwatersomelarvalfoodandabout100musprat
tieggs Eachcontainerreplicated10timeswasobserved
dailyforoneweekbutnohatchingwasobservednorwerein
fectedlarvaerecoveredThisexperimentwasrepeatedwith
3rdinstarAedestaeniorhynchuswiththefollowingchanges
fivemosquitolarvaewereplacedineachAnaloCupwith50
eggsof0musprattiObservationsafter1hrshowedthatall
theeggshaddisappearedPresumablythelarvaehadingested
theeggsAfter24hoursanumberoflarvaeweredissected
withtheexpectationsthatthenematodeeggshadhatched
withinthemosquitogutHoweverafterdissectionoffivelar
vaeitwasapparentthatnoneofthemosquitolarvaewerein
fectedandalltheeggswerewithinthelarvalgut Uponre
movaloftheeggsfromthegutchangesintheeggswereappar
ent0musprattieggsrecoveredfromsandculturesare85mi
cronsindiameterandtheinternalcontentsareobscuredby
adherentclayandothersmalldetritusFig1Theeggsre
movedfromthemosquitogutwereunchangedinsizebutall
thedetritushadbeenremovedfromtheeggsurfacepresumab
lythroughtheactionofmasticationandordigestionbythe
mosquitolarvaeTwelverecoveredeggsweresetasideinan
otherAnaloCupThecontainerwasobservedseveraldaysla
terandseveraleggshadhatchedandafteroneweekalleggs
hadhatched

Theaboveobservationssuggestedthepossibilityofaninter
estinganduniqueinteractionbetweenthehostandparasite
Intheabsenceofmosquitolarvaethenematodeeggshatch
sporadicallyandataverylowfrequencylessthan01
Whenthetreeholeispopulatedbymosquitolarvaetheolder



Figure1EggsofOctomyomermismusprattirecoveredfromsandcul
turesareheavilycoatedwithdetritusEggdiameteris85microns

larvaebrowseinthebottomdetritusandtherebyingestthe
nematodeeggs Passagethroughthelarvalguttriggersthe
hatchingmechanisminthequiescentinfectiouslarvaeThe
larvaeemergeandseekoutthehostandgainentrancetothe
hosthemocoelbymeansofcuticularpenetrationSuchan
uniqueinteractionisunknownamongstotherinsectparasitic
nematodesbutoccursoccasionallyinplantparasiticnema
todesandiscommoninparasitesofvertebratesIftheabove
hypothesisisvalidthenpossiblehatchingstimulimaybe
soughtfromthephysiologyofthedigestivetractinlarvalmos
quitoesFigure2depictsschematicallythisphenomenonin
thecycleof0muspratti

InsubsequenthatchingattemptsItriedtoduplicatesome
oftheconditionsfoundwithinthemosquitogut0mus
prattieggswereexposedtotrypsinchymotrypsinandchiti
naseenzymesbuthatchingwasnotincreasedcomparedto
controlsintapwaterSincetheonereadilyapparentchange
inmennithideggsremovedfromthemosquitogutwasthe
cleaneggsurface1decidedtotryseveralconditionswell
knownforremovingresiduesfromnematodeeggs0mus
prattieggsweretreatedwithcommercialbleach5to100
forseveralminutesorleftinsodiumhydroxideovernightAll
chemicalagentswereremovedbycentrifugingtheeggsin15
mlcentrifugetubesinaBeckmanMicrofugefor30secat
8300xgEggswereresuspendedintapwaterandwashed4
to6timesbythismethodWashedeggsweretransferredto
AnaloCupscontaining05mltapwaterandobservedBleach
andsodiumhydroxideremovethedetrituscoatingtheeggs
andthephysicalappearancewasthesameaseggspassed
throughthegutofAetaeniorhynchuslarvaeFig3Eggs
treatedwithbleachstartedhatchingwithinseveraldaysanda
substantialproportion1020 hadhatchedwithin10days
Thebesthatchingoccurredineggstreatedwithfullstrength
bleachHoweveralleggsdidnothatchandalkalitreatedeggs
hatchedatarateequivalenttothatfoundintheweakbleach
5treatmentgroupAlltreatedeggshadthesamephysical
appearanceanditappearedthatthestrongoxidizingactionof
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Figure2LifecycleofOctomyomermismusprattiThepreparasitic
infectivelarvaearefreeswimmingandpenetrateintothebodycavity
ofmosquitolarvaethroughthecuticleorsiphonTheparasiticstageis
usuallylocatedintheabdomenMosquitolarvaediewhenthenema
todesemergeabout14dayspostinfectionat27CThepostparasitic
larvaecompletetheirdevelopmentinthedetritusintreeholesHere
themermithidsmateandthefemaleslaytheireggsAftercompletion
ofeggdevelopmentegghatchingisinducedafterpassagethroughthe
digestivetractofmosquitolarvae

Figure3AppearanceofeggsofOctomyomermismustrattiaftertreat
mentwithbleachTheexternalappearanceoftheeggshellisequiva
lenttothatobservedforeggsrecoveredfromthegutofmosquitolar
vaeEggdiameteris85microns

thefullstrengthbleachhadmodifiedthepropertiesoftheegg
insomeunknownway

Itiswellknownthatarthropodsrequireadietarysourceof
cholesterolAlthoughtheuptakemechanismforcholesterolis
unknowninmosquitoesithasbeenestablishedthatcholes



teroluptakeinthecrustaceanintestinaltractinvolvesthesur
factantactionofanacylsarcosinetaurinedetergentVonk
1960Anattempttosimulatethispossibleeffectormechan
istswasmadeThesurfactantfromthecrustaceandigestive
tractisnotcommerciallyavailableandthecommonparaffin
chaindetergentsodiumdodecylsulfateSDSwasusedtomo
delitspossibleeffectsBleachtreatedeggswereexposedto43
MSDSinAedessalinesaturatedwithCO2for5to30min
TheSDSsolutionwasremovedbywashingandtheeggswere
placedinAnaloCupssupravideEgghatchingstartedwithin
6hrpostexposurebutcontinuedtocompletionoverthefol
lowing6days

Althoughthesefindingsareencouragingsubstantiallymore
refinementofthehatchingstimulusisrequiredThesynthesis
ofthecrustaceanintestinaldetergentNNdodecanoylsar
cosyltaurineissimpleDowdandLittle1976Another
sourceisintestinalfluidfromfreshwatercrayfishVonk
1960Inadditionaryltaurinedetergentscommoninindus
trialapplicationsarecommerciallyavailableandmaybesuit
ablesubstitutesforthenaturallyoccurringdetergent

Thesefindingslendfurthersupporttothehypothesisthat
hostingestionstimulusisamajorfactorinthehatchingof0
musprattieggsFig2
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MASSREARINGOFROMANOMERMISCULICIVORAX

SusanMCritchfieldJeraldFHarveyandEugeneEKauffman

Thepurposeofthisprojectistomassrearthemermithid
nematodeRomanomermisculicivoraxonanoperationallevel
Massrearingasopposedtolaboratoryorresearchcoloniesis
definedbyDrEugeneJGerbergGerbergetal1969asthe
synchronousproductiononaregularscheduleofastandard
izedorspecifiedmosquitoorotherorganisminlargequanti
ties Arbitrarilylargequantitiesareconsideredasover
10000individualsperrearingunitortrayorweeklyproduc
tionofatleast100000mosquitolarvaeperrearingcycle

Operational asopposedtoresearch impliesthepro
ductionofsufficientnumbersoftheorganismtobeusedasa
practicalpartofthecontrolprogram

ManypapershavebeenpublishedonmassrearingofRo
manomermisculicivoraxPetersen1972PetersenandWillis
1972Petersen1973Petersen1978Petersenetal1978Plat
zerandStirling1978andBrown1978aswellasonmass
rearingofthemosquitoCulexpipiensGerbergetal1969and
Gerberg1970Thebasictechniquesmaybeobtainedfrom
thesepapershoweveronlyproblemsencounteredandsolu
tionsworkedoutbySutterYubaMADwillbecoveredin

thispaperTheSutterYubaMADconductedamassrearing
projectin1972utilizingtheseorganismsincooperationwith
DrJamesJPetersenandDrJamesBHoyUSDAThis
experienceisbeingusedasabasisforthisproject

TheSutterYubaMADiscomprisedof660squaremiles
andisprimarilyagricultural Theprincipalcropisrice
121500acresin1980andthelargestsingleproducerofmos
quitoesTheDistrictmustalsodealwithextensivedrainage
systemsandseepageassociatedwithagriculture

Fisharepresentlyusedinthesesourcessupplementedwith
chemicalcontrolandsourcereductionTheDistrictfeltthat

withlimitedavailabilityoffishandthepeculiarnatureof
somemosquitosourcesanotherbiocontrolagentwasdesirab
leTheDistricthascooperatedinresearchonmanydifferent
biologicalcontrolagentsinthepastseveralyearsandfeltthat
themermithidnematodeRomanomermisculicivoraxheldthe

mostpromiseunderourconditionsThereforeinMay1980
incooperationwithDrRobertKWashinoUCDavisthis
projectwasstartedwiththegoalofcycling1000000mos
quitolarvaeperweekbythespringof1981Thisgoalhasnot
beenrealizedbecausenumerousproblemshavebeenencoun
teredTheirsolutionsarebeingpainfullyworkedout

1Thisinvestigationwassupportedinpartby aResearchGrantNo

CR86677101RS803624148EnvironmentalProtectionAgency
WashingtonDC

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95992
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Anexistingwetlaboratorywasredesignedfortherearingof
thenematodetherearingofmosquitolarvaeforthestock
adultmosquitocolonyandtohousetheadultmosquitocol
ony Thisnecessitatedmaintainingtheroomstemperature
near80andthehumidityat80orgreaterExteriordoors
hadtobesealedaswellasallelectricaloutletsAllseamshad
tobecaulkedandalargemetalrollupdoorextendingintothe
secondfloorhadtobesealedinsideandoutHumidityinad
ditiontothatproducedbyevaporationfromthesurfaceson
therearingtrayswasprovidedbyalargepanofwateronan
electricalhotplateTheelectrichotplateinthissystemprov
edtobeanundesirablesourceofheatandwasreplacedbya
systemutilizingevaporationfromawatersoakedburlapsur
faceThesystemconsistsofawaterreservoirrecirculating
pumpandametalframecoveredwithburlapAircirculation
wasatfirstprovidedbytwofloorfansbutisnowaccomplish
edwithasmalltwinsquirrelcageventilationfanplacedona
wallatceilinglevelHeatisprovidedbytwosmall1500watt

1600wattelectricalheatersTheadultmosquitocages
usedinthisprojectare2ftx2ftx2ftTwowerepurchased
fromabiologicalsupplyfirmtwoobtainedfromother
sourcesandtherestconstructedbyDistrictpersonnelfrom
surpluswindowscreensThemosquitolarvaearerearedin
threedifferentkindsofcontainers plasticfoodhandlingpans
approx17inx13inx5inprovidedbyDrRobertKWashino
galvanizedmetalpanspaintedwithanonleadbasepaint
approx54inx30inx2inleftoverfromthe1972project
andnewfiberglasspansapprox48inx20inx2inpurchased
forthisprojectPanracksaremadefromexpandedmetal
DexionAcmewitheachrackholdingtenlarge pansor

twentyfourofthefoodhandlingpansJapanesequailCotur
nixareusedforbloodhostsandarehousedinanimalcages
keptinaportablescreenedroomtopreventaccessbywild
mosquitoesthuspreventingthepossibleintroductionofdis
easeorganismsintothestockmosquitocolonyNematode
eggsarestoredinanareaseparatefromtherearingroom
Heavyplasticwasusedtosectionoffacornerofaroomanda
smallheateraddedtoprovideatemperatureofapproximately
70F

Inthespringof1980autogenousCulexpipiensmosquitoes
wereobtainedfromtheVectorBiologyandControlSection
CaliforniaDepartmentofHealthServicesandfromDrRob
ertKWashinooriginallyfromVBCScolonyAmixed
colonyfromthesetwosourceswasstartedandconvertedtoan
anautogenouscolony Initiallystandardlaboratoryenamel
panswereusedtorearthemosquitolarvaethenwhenthe
adultmosquitocolonywaslargeenoughlarvaeproduction
wasbegunintheplasticfoodhandlingpansDrJamesJ
PetersenPetersen1972rearedCulexpipienslarvaeinmetal



pansapprox54inx20inx2inataconcentrationof185
larvaepersquareinchTheUSDAisnolongerusingthis
highconcentrationoflarvaeDrDonaldLBaileypersonal
communicationInitiallytheplasticfoodhandlingpanswere
usedataconcentrationof1200to1500larvaeperpan54
perinto68perinandthenincreasedto2000larvaeper
pan91perinwithoutanymajorproblemsandprobably
couldbeincreasedfurther

Wedecidedthatthefoodhandlingpansweretoolaborin
tensiveandtookuptoomuchspacetobepracticalforthis
projectThereforeweputbackintoservicethosemetalpans
leftoverfromthe1972projectuntilsufficientfiberglasspans
couldbeobtainedWearepresentlyusingthefiberglasspans
ataconcentrationof10000larvaeperpan104perinand
14000larvaeperpan146perindependingonthenumber
ofeggsavailable

Thedietandfeedingregimenusedinthisprojectwaspro
videdbyDrRobertKWashinoandconsistsofTetraMin
GuineaPigChowandyeastThemixtureismadeoncea
weekandisstoredinanairtightcontainerandrefrigerated
TheDistrictobtainsitswaterfromadeepwellirrigation
pumpThewaterisveryhardandispassedthroughawater
softenerTheliteraturestatesthatthepreparasitesofRoman
omermisculicivoraxaresensitivetosodiumsaltsPetersen
Willis1970Dhillonetal1980thereforeuntreatedwater
waspipedintotherearingroomInitiallymosquitolarvae
rearedinthisuntreatedwaterdidquitewellbutwhenthepre
parasiticnematodeswereintroducedinJanuary1981prob
lemsbecameapparentThiswasmanifestedinerraticrates
ofparasitismfromaslowas5toashighas100withmul
tipleparasitismof50orgreaterfrompantopanandorcy
cletocycleatthesameinoculationratesAtthistimenew
procedureswereintroduced

Eachadultcagepopulationnowconsistsofpupaetakenon
lyfromonecycleWhenthenumberofeggraftsfallsbelow
50percageandthepercentageofhatchislessthan50the
adultsinthatcagearediscardedEggraftsproducedbyeach
cagearekeptseparateandthenumberofraftsperblooding
arerecordedTheaveragenumberofeggsperraftandtheav
eragepercentofhatcharedeterminedforeachcageAllegg
raftsandfirstinstarlarvaeputintoeachrearingpanarefrom
thesamecagewherepossibleProblemsstillpersistedandin
earlyMarch1981largenumbersofmosquitolarvaewere
foundtobedyinginthefourthinstaranditwasfoundthat
smallamountsofturbineoilfromthewellwerebeingintro
ducedintothepanswiththewaterTheDistrictthenswitch
edtocitywaterandthisproblemseemstohavebeensolved
Anotherpossiblereasonforerraticratesofparasitismwiththe
sameinoculationratesispoorsurvivalofthemosquitolarvae
inthefirstandsecondinstarandpoorinfectivenessofthepre
parasiticnematodesTestsarepresentlybeingconductedto
determinethepercentageofsurvivaltothefourthinstarofthe
mosquitolarvaeArecordsearchisbeingmadetotryandde
termineifoneormorepansofnematodeeggshaveproduced
livebutnoninfectivepreparasites

Theproceduresinhandlingboththepreparasiticandthe
postparasiticformsofthenematodeaswellasthenematode
eggholdingpanshavebeendescribedintheliteraturePeter
sen Willis1972Wearefollowingthoseprocedureswith
onevariation PetersenandWillisplaced1015gmof
parasitespereggholdingpanweareusing5gmsperpanasre
commendedbyDrHaroldCChapmanpersonalcornmunica
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tionsTheadultmosquitocolonyismaintainedwithmosqui
toesrearedexclusivelyforitwhilethosepupaeproducedin
thenematodeoperationarediscardedThisisdonetopre
cludeanypossibledevelopmentofresistancebythemosquito
toinfectionbythenematodePetersen1978TheDistrict
hasfoundthatitisnecessarytokeepthepostparasitesinas
cleananenvironmentaspossibleasafungusunidentified
willformonfooddebrisfecalmaterialandthebodiesof
deadmosquitolarvaeThenematodemaythenbecomeen
tangledinthefungusandsubsequentlyinfectedandkilled

Onestepthatweuseasapreventivemeasureinthisregard
isafinalseparationthroughcheeseclothThecheeseclothis
placedonthescreenofanemergencepanandwateraddedjust
tocoverThisallowsthepostparasitetopassthroughthema
terialandleavesanyexcessdebrisonthecheeseclothThe
DistricthasnotyethadanyproblemwiththefungusCatenar
iaanguillulaeasexperiencedbyDrEdwardGPlatzerPlatzer

Stirling1978
InsummarytheDistrictmakesthefollowingrecommenda

tionstoanyagencywhowishestomassrearthenematodeRo
manomermisculicivoraxoperationallySecureandmaintain
ahealthymosquitocolonysecureareliablesourceofhealthy
viableandinfectivenematodesdeterminewiththehighest
possibleaccuracytheactualnumberofmosquitolarvaebeing
rearedineachpanevaluateeachstepinthecyclewithevery
cycleandkeepdetailedrecordsrealizethatprotocolsmay
havetobemodifiedtomeetindividualneedsandconditions

Whenchangesinequipmentorproceduresbecomenecessary
whetherfromproblemsorotherwisetrytochangeonlyone
thingperrearingcyclesothatitsimpactcanbemeasured
Boththemosquitoandthenematodearesensitiveorganisms
andevensmallchangesmayhaveanaccumulativeeffecton
theirenvironmentwhichmaynotbereadilytracedtoanyone
changeNothinghasyetbeensaidaboutlaborrequirements
orcostsSoinepreliminaryfiguresonthemanhoursrequired
todothevariousphasesofacycleareavailableandanyonein
terestedmaycontacttheDistrictatalatertimeItshouldbe
rememberedthatthoughittakesacertainnumberof
hourspercycletomaintainminimumproductionasproduc
tionpercycleisincreasedthemanhoursrequireddonotne
cessarilyincreaseproportionallyTheforegoinghasbeenonly
abriefdescriptionoftheequipmentandproceduresusedby
theSutterYubaMosquitoAbatementDistricttheproblemsit
hasencounteredandsomeithassolvedTheDistrictfeelsthat

thisprojectwillbeasuccessandthatanydistrictwiththewill
tosucceedcanmassrearRomanomermisculicivoraxonanop
erationallevel
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GEOTHERMALAQUACULTUREAPILOTPROJECTFORINTENSIVE

CULTUREOFTHEMOSQUITOFISHGAMBUSIAAFFINIS

INTRODUCTIONAnymosquitocontrolagencyregard
lessofsizeorscopeofmosquitoproblemseventuallyreaches
thepointwherebiologicalcontrolmustassumeanincreasing
roleinthecontrolprogramThemosquitofishGambusiaaf
finishasbeentheprimarybiologicalmosquitocontrolagent
andevenwithadvancesinnewbiologicalagentsthemosquito
fishwilllikelyremainasanimportantbiologicalweapon

Themajorstumblingblockinexpansionoftheuseofthe
mosquitofishissupplyNaturalreproductionisnotsufficient
tosupplyneededamountsoffishinearlyspringThislackof
adequatesupplyalsohindersmosquitocontroluseinanother
wayMosquitocontrolpeopleoftendonotknowtheextent
ofcontroltheycanachievewithmosquitofishbecausemost
haveneverhadenoughfishtoestablishthepercentageofcon
trolachievable

SteveCheyne
KlamathVectorControlDistrict

P0Box405KlamathFallsOregon97601

ABSTRACT

ApilotprojectformassrearingmosquitofishGambusiaaf
finisusingfacilitiesheatedwith170FGeothermalwaterhas
beenundertakenbytheKlamathVectorControlDistrictOur
purposeistoprovidethedistrictwithsufficientnumbersof

fishforitsbiologicalcontrolprogramYearroundreproduc
tionwasnotedwithoutmanipulationofphotoperiodby
maintainingatemperaturerangeof7085FInitialharvest
yieldedaprojected2500lbperacreofGambusiawithamin
imumofmanagement
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PetersenJJ 1978ReleaseofRomanomermisculicivoraxforthe

controlofAnophelesalbimanusinElSalvador IMassProduc

tionoftheNematodeAmJTropMedHyg27126567

PetersenJJ1978Developmentofresistancebythesouthernhouse
mosquitototheparasiticncmatodcRomanomermisculicivorax
EnvirEnt751820

PetersenJJand0RWillis1970Somefactorsaffectingparasit
ismbymermithidnematodesinsouthernhousemosquitolarvae
JofEconEnt6317578

PetersenJJand0RWillis1972Proceduresforthemassrearing
ofamermithidparasiteofmosquitoesMosqNews3222629

WeathersbyAB1963Harvestingmosquitopupaewithcoldwater
MosqNews2324951

Mosteffortsatrearingmosquitofishhavebeenhampered
bylackofgravidfemalesduringwintermonthsCoykendall
1977Reynolds1977JohnsonandGiekeintwoseparate
projectshaveworkedonponddesignstomaximizeoverwin
teringofGambusiaaffinis1977aandaheatexchangerfor
warmwateruse1977bCurrentworkbyDrazbaandGall
1980isdevelopingaculturesysteminagreenhouseenvi
ronment

OregonsKlamathBasinhasanabundantsupplyofgeother
malwaterThiscanrangeashighas200Fandisgenerally
freeofmineralcontaminantsoftenassociatedwithhotwater

TheKlamathVectorControlDistricthasusedthisresource
inanopportunisticmannerforseveralyearsWehaveareas
heatedbygeothermalheatingeffluentswhichwillsupport



highpopulationsofGambusiaaffinisonayearroundbasis
Harvestoffishfromtheseareasishamperedbyvariouscom
binationsofseveralfactorsotherspeciesofanimalslackof
accessexcessivevegetationorverysoftmuddybottomsthat
makeproperoperationofasienenearlyimpossibleWhile
theseproblemsarenottotallyinsurmountablesolutionsre
quireextralaborwhichservestodecreasecostefficiencyIn
additionextralaborisbeyondourfinancialabilityatpresent

CONSTRUCTIONOFREARINGFACILITYInJanuary
of1979Ibegantheestablishmentofamassrearingfacility
forproductionofGambusiaaffinisIamcurrentlyoperating
asingleunlinedearthenraceway200inlength15wideand
4deepThisisasurfaceareaof064acresandavolumeof
72000gallonsPondtemperatureiskeptin7080Ftem
peraturerangeHeatingisaccomplishedbyinjecting170F
effluentwaterfromacommercialgreenhouseThehotwater
isinjecteddirectlyintotherearingpondthroughaperforated
ironpipeonthepondbottomAremotebulbthermostat
opensthehotwatervalveinthiscasefedunderpressurefrom
thegreenhouseatthelowerlimitandthenclosesthevalve
whenupperlimitisreached

Anytemperaturerangetoanupperlimitof90Fcanbe
usedwiththethermostatFig1showsthetemperaturefluc
tuationsunderdifferentweatherconditions
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RESULTSANDDISCUSSIONWaterofthistemperature
canbebothblessingandcurseIneffectivewatercontrolsys
temswillproducelethaltemperaturesifeithervalvesorpumps
failtoclosewhentheyshouldWearecurrentlyworkingona
computercontrolledoperatingsystemthatwillreadtempera
turesopenandcloseappropriatevalvesprovideatimerfunc
tionforoperationofautomaticfeedersandprovideatele
phonewarningincaseofanyfailureofthesystemThissys
temwilloperateseveralpondsallowingforanticipatedexpan
sion

Thefirstyearharvestfromthe064acreracewaywas150
lbofGambusiaaffinisfromaninitialstockingof6lbByex
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trapolatingthisupwardtotermsofoneacrethiswas1001b
peracrestockingratea2500lbperacreyieldHarvestwas
begun12monthsafterstockingThesecondyearresultsare
notyetcompleteAverydrywinterresultedinanexception
allyhighnumberofdrysourcesandearlyspringrainsdelayed
thefullforceofearlyirrigation

Whendealingwithonlyonepondexperimentaldesignsfor
maximumproductionarelimitedInordertokeeplaborcosts
ataminimumthemanagementlevelwaskeptlowThefish
werecontainedintheracewayforharvestpurposesprovided
with7085Ftemperaturerangeandfedonceperday

WhileworkingwithGambusiaaffinisandhotwaterwhe
therdealingwiththerearingponddescribedhereorinother
sourcesheatedbyhotwatereffluentsIhavenotedgravidfe
malesineverymonthoftheyearIhavealsofoundfryduring
themonthofDecemberwhenphotoperiodreachesitsshort
estlengthResearchbySawara1974indicateddaylengthto
bemorecriticalthanwatertemperatureDrazbaandGall
1980intheirworkmanipulatedphotoperiodaswellastem
peratureinordertoobtainwinterfryHoweverthesehave
beenlaboratoryexperimentssoperhapstheinfluenceofpho
toperiodinamorenaturalenvironmentislesscriticalThis
districtsstockofGambusiaaffinishavebeeninaheatedenvi
ronmentsince1967 Itmaybethatthemoreproductive
aquaticenvironmentofferedbyyearlongwarmwaterhascre
atedsomepositiveselectionpressureforincreasedreproduc
tiveabilityinthesemosquitofishHoweverfryinourfacility
arequiteobviouslymoreabundantbeginninginFebruary
MarchthantheyarefromNovemberJanuaryItisquitepro
bablethatphotoperiodenhancementmayprovetobeveryim
portantinanymanagementphilosophyforrearingmosquito
fishGambusiaaffinisisaneasyspeciestoraiseandcanbe
producedquiteinexpensivelysoIfeelthatquitesubstantial
numberscanberaisedinasystemofthisnature
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ALABORATORYSYSTEMFORSMALLSCALEMASSPRODUCTIONOFGAMBUSIAAFFINIS

CharlesBeesley

ContraCostaMosquitoAbatementDistrict
1330ConcordAveConcordCA94520

INTRODUCTIONInrecentyearsContraCostaMosquito
AbatementDistricthasneededagreaterinhousesupplyof
mosquitofishasaresultofareducedlaborforceincreased
publicdemandandacontinuingdepletionofnaturalsources
duetourbandevelopmentAsaresultalaboratorywascon
structedwhichcontainedtwotemperaturecontrolledrecir
culatingsystemstofacilitatespawningproductionandrearing
offry

Eachsystemisindependentofeachotherandanindividual
systemiscomprisedoffourtanks7x3x18 connectedtoa

biofilterreservoir22x22x30 a10gallonwaterheater
whichisinturncontrolledbyathermoregulatorWateris
pumpedfromthebiofiltertothetanksandreturnstothefil
terbygravityflowAllpipingandvalvesareofPVCmaterial
pipesbeingconnectedtothetankswithradiatorhosesecured
withclampstoprovidesomeflexibilityattheseconnection
pointsWithineachsystemwaterflowisregulatedbyvalves

ABSTRACT

betweenthepumpandthetanksandbythesizeofspoutsinto
eachtankAgravityreturnflowwaschosenasafailsafesys
temtooffsetelectricalblackoutsandlimitedpresenceofem
ployeesAbiofilterhastwolayersandsizesofgravela6top
layerof15mmangulargravelabovea14layerof10mmpea
sizegravelTheremotesensorofthethermoregulatorisinsert
edinwaterwithinaglasscontainerpartiallysubmergedinthe
biofilterThethermoregulatoristhenconnectedtotheheat
erandinturnoverridestheheatersensingunitScreensarein
sertedovertheoutflowandreturnlinesofthefiltertoprevent
anymovementofgravelintothepipesandallowthewater
heatertobeflushedoutbyopeningandclosingappropriate
valves

Studieswillbeconductedatdifferenttemperaturestode
termineoptimalgrowthdensitiesoffryholdingpopulations
offemalesforconditioningandultimatelyacontinuouspro
ductionsystem

EFFECTOFTEMPERATUREANDRATIONSIZEONTHEFOODCONSUMPTION

ANDGROWTHRATESOFMOSQUITOFISHGAMBUSIAAFFINIS

JJCechWAWurtsbaughandBCVondracek

Aspartofalargerresearchprogramtoconstructabioener
geticmodelforGambusiaaffinisthepresentlaboratorystudy
investigatedtherelationshipsamongenvironmentaltempera
turerationsizegrowthrateandfoodconsumptionratein
newbornGambusiafryApproximatelytwohundredfrywere
raisedperseparateaquariumrationtreatmentgroupFour
aquariaweresituatedineachtemperaturecontrolledwater
bathOnadietofchoppedTubifexwormsfoodconsump
tionincreasedfrom7drybodyweightdayat10Cto
82dayat35Cunderadlibrations Growthincreased

from0drybodyweightdaynogrowthat10Cto22
dayat30Canddeclinedslightlyat35Cunderadlib
rationsGrossefficienciesincreasedfrom0at10Ctoapeak
of28at30Canddeclinedat35C

Underreducedrations20ofbodyweightdaygrowth
ratesaregreatlyreducedwiththemaximumrate6day
shiftingdownwardto25CWeightlossunderstarvationvar

ABSTRACT
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iedfrom15dayat100Cto9dayat35Cpresumably
fromthehigherrespiratorymetabolicenergydemandsatthe
warmertemperatures

Aseparateexperimentinvestigatingcomparativeration
typeshowedthatGambusiafedArtemiagrewslightlyfaster
thanthosefedTubifexworms After25daysthemean
weightofArtemiafedfishwas22greaterthanfishfedTubi
fexrations

Takentogetherthesedatawillprovidelaboratorybaselines
forcomputermodelsofGambusiainthefieldUsingthese
relationshipsitwillbepossibletoestimatefoodconsumption
ratesoffieldpopulationsfromtheirgrowthratesandfield
temperatureregimesWithaknowndietcompositiontheim
pactofGambusiaonparticularpreyspeciessuchasmosqui
toescanbeestimatedandGambusiastockinglevelscanbecal
culated



ARECOMMENDEDSTRATEGYFORTHEALLOCATIONOFAGENTSPARTICULARLYGAMBUSIA

AFFINISUSEDTOCONTROLCULEXTARSALISINTHERICEFIELDSOFCALIFORNIA

FHCollinsandRKWashino

Afouryearstudyofthefactorswhichaffecttheamong
fieldsdistributionofCulextarsalisinthericefieldsofnorth
ernCaliforniahasrevealedthatcultivationalpracticesplayan

importantroleinrestrictingthemajorityofmosquitoproduc
tiontoasmallandreadilyidentifiablesubsetofricefields
Becauseoftheexpenseentailedinpreparingfieldsforricecul
tivationrotationoffieldstoanalternatecroprarelyoccurs
morefrequentlythaneveryfiveorsixyearsThispracticeap
pearstofosteratemporalprocessofchangeinthericefield
aquaticcommunitywhichisinitiatedwhenafieldisreturned
toriceafteraperiodinanalternatecropThepopulationsof
anumberofinvertebratemosquitopredatorsparticularlythe
flatwormMesostomalinguaaresignificantlylowerinfields
newlyreturnedtoricecultivationthaninfieldswhichhave
beeninricefortwoormoreconsecutiveyearsBecauseof
thisprocesspredatorinducedmosquitomortalityinthese
firstyearfieldsissignificantlylowerthaninolderfieldsthus
resultinginmarkedlyhigherCxtarsalisproductionbysuch
fields

ThisinvestigationwassupportedinpartbySpecialMosquitoAug
mentationFundsUniversityofCaliforniaandResearchGrantNoCR

8067701RF803624148USEnvironmentalProtectionAgency
WashingtonDC
2LaboratoryofParasiticDiseasesNationalInstituteofAllergyand

InfectiousDiseasesNationalInstitutesofHealthBethesdaMaryland
20205

3DepartmentofEntomologyUniversityofCaliforniaDavisCali
fornia95616

ABSTRACT
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Additionallyparticularlyduringyearsoflimitedirrigation
wateravailabilityaportionofricefieldsareirrigatedwith
waterfromdeepwellsThiswellwaterwithitshigherlevelof
dissolvedsaltshasbeenfoundinlaboratoryovipositional
choiceexperimentstobepreferredbyfemaleCxtarsalisover
thelowerconductivitywateroriginatingfromriverimpound
mentsFurthermorewellwaterirrigatedricefieldshavebeen
foundtocontainsignificantlyhigherdensitiesofCxtarsalis
eggraftsthanriverwaterirrigatedfieldsTheneteffectofthis
processisthatwellwaterirrigatedfieldsgenerallysupport
densitiesofpreimaginalCxtarsaliswhicharebetween10and
20timeshigherthanfieldsirrigatedwithriverwater

Thesetwocultivationalpracticesappeartointeractmulti
plicativelyintheireffectonCxtarsalisproductionInthe
1979surveyof30ricefieldsthefourwellwaterirrigated
fieldsinthestudyaccountedfor723ofallpreimaginalCx
tarsalissampledduringtheseasonthesixfirstyearfieldsac
countedfor548 andtheonefirstyearwellwaterfieldpro
duced433ofthetotalThustheninefieldsidentifiedby
thesetwocharacteristicswereresponsiblefor838oftheto
talmosquitoproductionascomparedwithonly162from
theremaining21olderriverwaterirrigatedfields

ClearlybecauseoflimitsontheavailabilityofGambusia
onlyabout20ofricefieldsaregenerallystockedwithfish
Webelievethatallocationofcontrolresourcesonthebasisof

thesetworeadilyidentifiablecharacteristicsirrigationwater
sourceandricefieldagecangreatlyenhancetheeffectiveness
ofcurrentcontrolefforts



DISTRIBUTIONANDMIGRATORYMOVEMENTSOFMOSQUITOFISHIN

ASACRAMENTOVALLEYRICEFIELD

RobertLCoykendalll

RecentfieldstudiesbyFarleyandYounce1978and
1979haverevealedthatsubstantialnumbersofnearlyorne
lymatureunfertilizedfemalemosquitofishGambusiaaffinis
emigratefromFresnoCountySanJoaquinValleyricefields
approximately40to50daysafterstockingtheexoduscon
tinuesforabout25to35daysandthenslowlywanesThis
emigrationbehaviormayadverselyaffectmosquitocontrolef
ficacyincertainfieldsduringpeakemigrationperiodsInad
ditionthesestudieshavealsodemonstratedthatmosquitofish
activitypeaksbetween1200and1400hoursandcyclesdown
wardtopracticallyzerobetweenduskanddawn

Whilethebasicsofriceculturearevirtuallyidenticalany
whereinCaliforniascentralvalleymanyfarmersofSutter
CountySacramentoValleyutilizeirrigationanddrainage
methodsthatdodiffersomewhatfromthoseemployedbyfar
mersofFresnoCountyThepresentstudywasconducted
thereforetodetermineifthispatternoffishemigrationwasa
localizedphenomenonuniquetothefishstockedinFresno
Countyriceandassociatedwiththericefarmingpractices
thereortypicalbehaviorforthefishstockedinotherrice
growingregionsofCaliforniaaswellOurstudyalsoexamined
thenatureandpatternsofmosquitofishmovementanddistri
butionwithinthericefielditselfInsupportoftheforegoing
experimentationothermeasurementsandmonitoringofphy
sicalchemicalandbiologicalfactorswhichcouldpossiblyin
fluencebehavioralpatternsinthemosquitofishwerecollected
andrecordedforcorrelationpurposesIfsignificantcorrela
tionscouldbemadeperhapsabetterunderstandingofmos
quitofishbehaviorinthericehabitatcouldbegained

MATERIALSANDMETHODSThecontourlevelledrice

fieldselectedforthisstudylocatedontheJopsonRanchnear

1SutterYubaMADPOBox726YubaCityCA95992

ABSTRACT

Resultsshowedthatsubstantialnumbersofnearlyornewlymature

mosquitofishemigratedfromastockedSacramentoValleyricefieldbe
tweenJuly17andSeptember101980Downstreamtrappingcon
firmedthatthefishemigratingfromthelastpaddyprobablyrepresent
edanetdownstreammovementoftheoffspringpopulationoftheen
tirefieldandnotmerelyalimitedmovementofthefishresidinginthe

lastpaddyDistributionaltrappingconductedinonepaddyindicated
thatmostmosquitofishpreferredtherelativelyopenwaterhabitatsad
jacenttotheborderleveeshoweverfishweredistributedthroughout
thericestandaswellFishemigrationdownstreammovementsand
distributionwereallfoundtobepositivelycorrelatedwithwatertem
peratureDissolvedoxygenmeasurementscollectedinasingle24hour
testshowedamaximumof178ppmmglat1300PDTandmini
mumof02ppmmg1at0500PDT
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EastNicolausCaliforniaencompassed75acresandcontained
fifteenpaddiesofunequalareaandconfigurationBothsur
faceditchandwellwatersourcesthatwereusedtoirrigate
thefieldflowedthroughseriallyarrangedriceboxeswhich
wereallinstallednearthewestsideofthefieldTheindividu

alpaddiesrangedinareafromapproximately16to135acres
0655hahoweveronlythelowerthirteenpaddieswere
usedintheevaluationbecauseirrigationwaterwasretainedin
thesecondfieldpaddyandmerelyseepedintothethird
throughaccidentalopeningsintheleveeThelowerthirteen
paddieswerethereforesurfacewaterirrigatedwhilethefirst
twopaddiesreceivedamixtureofbothsourcewatersThis
ricefield waspreparedandseededsomewhatlaterinthe
springthanusualsowasnotreadyforfishstockinguntil
July1stForbiocontrolpurposesaricefieldinourareais
deemedstockablewhenthefarmerhasmadehisfinaladjust
mentonwaterlevelsandplansnofurthersignificantdraw
downsforweedcontrolorcoldweatherBythistimetherice
hasusuallygrownwellabovethewatersurfaceandhasadense
sturdyappearance

Theadultmixedsexstockofmosquitofishintroducedinto
thefieldonJuly1stwereseinedfromanoxidationstabiliza
tionimpoundmentattheWheatlandWastewaterTreatmentfa
cilityandwerethentransporteddirectlytothestudyfieldby
tanktruckThefishwerestockedintothefieldatanoverall

treatmentrateof02lbsperacre022kghathereforeeach
ofthefifteenpaddiesreceivedonepound045kgoffish
despitedifferencesinindividualpaddyacreageTheSutter
YubaMADgenerallyfollowsthepracticeofstockingall
paddieswithinafieldtoensurethatfisharenotexcluded
fromphysicallyisolatedpaddieswhichcouldoccurifthefish
werestockedusingsingleormultipledropapplication
methods

Fishsamplingswereconductedbymeansoftwotrapping
techniques Thefishemigrationandmovementwithinthe



fieldstudiesemployedadownstreamboxtrapvirtuallyiden
ticaltothetrapdesignedandusedbyFarleyandYounce
1978Thesetrapswereutilizedforfourhoursets1100
1500PDTonedayatweeklyintervalsWiththetrapinstall
edbeloweachriceboxpracticallyallfishmovingdownstream
orexitingthefieldwerecapturedduringeachoftheeleven
samplingsperiods Preliminarytrappingstudiesconducted
hereindicatedthatapproximately57ofthosefishmoving
downstreamwouldbecapturedbetweenthehoursof1100
and1500PDTItwasnotfeasibletotrapforfull24hoursets
asredswampcrawfishProcambarusclarkiandlarvaeofsever

alspeciesofpredaceousbeetleswerealsocapturedinlarge
numbersatnightcommencingseveralweeksafterthefield
wasstockedwithfishTheseorganismspreyedextensivelyup
oncapturedfishthusmakingitdifficulttoenumerateand
measurethefishcatchConsequentlyestimatesofthe24
hourand7daycatchwereextrapolatedfromeachweeks4
hour11001500PDTsetInallsamplingsfishwerereturn
edtothepaddyfromwhichtheywerecaptured

ThesecondtypeoftraputilizedinthisstudywastheGee
minnowtrapcustomorderedwith8meshhardwarecloth

screeningOntwodatesAugust21andSeptember91980
elevenofthesetrapswereusedtoassessfishdistributionin
paddy11Thetrappingsitesweresituatedonaneastwest
transectwiththefirstsite3feet09meastwardfromthe
westernborderleveeTheremainingsiteswerespacedateven
10foot31mintervalsacrosspaddy11inaneasterlydirec
tionThustheminnowtrapsweredispersedforatotaldis
tanceof103feet314mwhichwasoverhalfwaytothe
nearestedgeoftheeasternborderleveeofthispaddyThe
trappingsitetransectlinewasplacedatapointequidistant
frombothnorthandsouthpaddyleveesattheirjuncturewith
thewesternborderlevee

Waterdepthsinthispaddywerefairlyuniformforalltrap
pingsiteswitheachtraponlypartiallysubmergedinabout8
inches203cmofwaterAlltrapswereinstalledwiththeir
entryportalsonanorthsouthalignmentFootaccesstoeach
ofthetrapsiteswasvariedtopreventcreationofopenwater
pathwaysthatcouldinfluencetrappingsuccess

Datacollectedonthetrappedfishduringthecourseofthe
studyJuly1toSeptember101980includedsimpleenum
erationindividuallengthmeasurementsandsexualdetermina
tionsWatertemperaturesweremeasuredtwicedaily1100
1500PDTateachtrappingsitewithanElectromedicsModel
TC100digitalthermometerAllwatertemperatureswereta
kenataprobedepthof3inches76cmAirtemperatures
werealsorecordedatthebeginningandendingofeachtrap
pingsession DissolvedoxygenDOmeasurementswere
madewithaYellowSpringsInstrumentsModel57complete
witharemotestirringprobeThisinstrumentsoutputwas
coupledtoaLinearInstrumentsCorporationModel142port
ablestripchartrecorderStatisticalanalysesincludedtheuse
ofarithmeticmeansPearsonscoefficientofcorrelationand
theStudentsTtestLaMontMDetal1977

RESULTSANDDISCUSSIONFishEmigrationOutfall
trappingconductedbelowthelastriceboxinthefieldPaddy
15resultedinthedatapresentedinTable1Wateroutflows
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fromthisboxwerefairlyuniformduringthestudysotrapping
wasneverhinderedbyinadequateflowratesNofishwere
capturedinthistrapduringthefirsttwo4hoursetsJuly2
andJuly9howeversomeemigrationmayhaveoccurredon
thesetwodatesbutthefishmayhavebeensosmallthatthey
passedthroughthe8meshscreeningofthetrapOffspringof
thestockedadultswerefirstobservedinseveralpaddieson
July9andaveragedabout043inches11mmintotallength
atthattimeThesmallestoffspringevercaughtinanyofthe
trapsmeasured075inches19mmtotallengthwhichmay
bequiteclosetothesmallestfishlengththatcanberetained
withourparticularhardwareclothscreeningThereforeit
wasnotpossibletodetermineatwhatsizeoragethefishbe
gantheirdownstreammovement

Onlytenstockedadultswerecapturedduringthecourseof
thisstudyintheoutfalltrapandnostockedfemaleswere
trappedafterAugust13Throughextrapolationseasonalesti
matesoffishemigrationwerecalculatedtorangebetwen
3779and5064withameanvalueof4093fishEmigration
ofyoungmosquitofishcontinuedthroughouttheseasonand
slowlywanedneartheendofthericegrowingseasonInthe
outfalltrapapositivecorrelationP005wasfoundtoex
istbetweenthedailymeantemperaturemeasuredinthetrap
andthecumulativecatchThatisthehighertheoutfallwa
tertemperaturethegreaterthefishemigrationTheslightin
creaseinfishnumberscapturedthelastdayoftheexperiment
wasmostlikelyinfluencedbythedecreasedfieldwater
depthswhichconcentratedthefishnearerthericeboxes

YoungmalefishfirstappearedintheoutfalltraponAug
ust2051dayspoststockingandwerecapturedregularly
thereafterThemeanlengthforyoungfemalefishprogress
ivelyincreaseduntilAugust6whenitdroppedover024in
ches6mmtoindicatethatayoungeragegroupoffishwere
probablybeingrecruitedintothepopulationofyoungfish
movingdownstreamThereafterthemeanlengthforallfe
maleoffspringsteadilyincreaseduntiltheendofthestudy
Althoughtheestimatednumbersoffishemigratingdailydid
notapproachtheseveralhundredtoseveralthousandfishre
portedbyFarleyandYounce1979itdoesappearthatthe
emigrationofnearlymatureormaturemosquitofishisaphen
omenoncommontothefishpopulationsofbothricegrowing
regionsFurthertestsinvolvingmanymoreSacramentoVal
leyricefieldswouldservetoeithersupportorrefutethisten
tativeconclusion

DownstreamFishMovementWithintheRiceFieldInad

ditiontooutfalltrappingidenticaltrapswereinstalledbelow
thericeboxesoftheindividualpaddieswithinthestudyfield
ThesetwelvetrapsinPaddies3through14weresetandre
trievedonthesamescheduleastheoutfalltrapinPaddy15
Table2presentstheresultsofbothdownstreamandemigra
tiontrappingCumulativecatchesfromthetrapsplacedbelow
eachriceboxwithinthefieldwerefoundtobepositively
correlatedP0001withtheoutfalltrapcatchesAlmost
twiceasmanyfishwerecapturedinthelowerpaddiesthanin
theupperpaddieswhichmostlikelyindicatesanetdown
streammovementtrendTheoutfalltrapalsohadaseasonal
cumulativecatchofmorethantwicethatofanyothertrap
withinthefield



Table1Catchresultsformosquitofishtrappedatthefieldoutfallpaddy15betweenthehoursof11001500PDT

Date

7280

79

717

723 830283

730 766248

86 706214

813 700211

820 674197

827 659188

93 675197

910 670194

Mean Stocked Young
TempFC Adults Females

0

0

5

3

0

1

1

0

0

0

0
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FemaleMean

Lengthinmm
Young
Males

TotalFish
TrapSet 0 0 247 319 178 273 162 139 111 51 126

Total
CatchSet

0 0 0

0 0 0

53 08200 0 58

82 106269 0 85

42 114291 0 42

70 090229 0 71

26 102260 0 27

14 107272 8 22

14 109278 3 17

0 1 1

16 131334 5 21

Season

Total 10 317 17 344
Mean 710217 09 288 106268 16 313

Table2Catchresultsformosquitofishcapturedindownstreamtrapsinstalledbeloweachricebox betweenthehoursof1100 1500PDTonedayperweek

Date 72 79 717 723 730 86 813 820 827 93 910 Fish
Paddy

Paddy3 0 0 11 3 7 9 5 5 12 10 3 65

Paddy4 0 0 7 14 16 2 8 20 7 7 13 94

Paddy5 0 0 1 4 0 9 1 10 5 8 3 41

Paddy6 0 0 11 22 19 23 16 19 7 7 6 130

Paddyi7 0 0 6 13 7 26 13 11 2 1 10 89

Paddy8 0 0 6 29 15 17 10 6 2 1 9 95

Paddyi9 0 0 11 21 3 23 22 14 6 10 7 117

Paddy10 0 0 34 34 11 27 17 4 4 2 2 135

Paddy11 0 0 4 21 10 12 16 8 1 0 4 76

Paddy12 0 0 26 28 20 22 16 15 26 4 5 162

Paddy13 0 0 23 33 12 13 3 5 12 0 16 117

Paddy14 0 0 49 12 16 19 8 0 10 0 27 141

Paddy15 0 0 58 85 42 71 27 22 17 1 21 344
Outfall

1606



Watertemperaturessampledineachdownstreamtrap
throughoutthestudyfollowedtwofairlydistinctpatterns
DuringthefirsttwoorpossiblythreesamplingdatesJuly23
throughAugust6meantemperaturesshowninTable3in
creasedasthewaterpasseddownstreamthroughthefield
FromthefourthsamplingdateAugust13onwardtheupper

Table3MeanwatertemperaturesSamplingscollectedinsidethetrapswhiletheywereinstalledbeloweachpaddybox1100PDTtemp
1500PDTtemp2meantempFC

Date

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

Paddy

3 72

4 72

5 75

6 74

7 74

8 74

9 75

1076

1181

1282

1382

1482

1583

Mean 77

Temperatures

723 730

5225

0222

0239

0233

0233

5236

0239

5247

8277

0278

2279

0278

0283

71221

71822

72822

72622

72422

73623

74023

74823

76424

77225

77625

77825

76624

3252 74523

notrecordedon

8

1

7

6

4

1

3

8

7

1

3

4

8

86 813

689205

691206

703213

69821

700211

702212

69821

702212

720222

708216

71622

710217

706214

693207

694208

700211

69821

702212

705214

704213

704213

704213

702212

704213

704213

700211

paddieswerewarmerthanthosefurtherdownstreamThe
catchdataseemedtoparallelthetemperaturemeasurements
fortheperiodinwhichrecordingsweremadeJuly23through
September10Largetrapcatcheswererecordedduringthe
firsthalfofthestudybutcatchesgraduallydecreasedduring
thelasthalfofthestudyperiod

IncontrasttothefindingsofFarleyandYounce1979
positivecorrelationswerefoundtoexistbetweenwatertem

peraturemeasuredinthetrapsandthemagnitudeoffish
eithermovingdownstreamP0001oremigratingfromthe
fieldP005Noirrefutableexplanationcanbeforwarded
relatingtothebasicmotivationforthemigratorybehavior
observedintheseyoungfishItcouldbesimplyaninherent
distributionmechanismassuggestedbyFarleyandYounce
1979orpossiblyapositivethermotacticresponsetowarmer
areaswithinaricepaddyasindicatedbytheresultsofthis
study

Thesexratioofcapturedfishwasrecordedonceyoung
malesbeganappearinginthetrapcatchesThefemalesalways
dominatedthecatchbutastheseasonprogressedAugust20

42

toSeptember10thepercentageofmalesinthecatches
steadilyincreased14to30respectivelyAccordingto
Krumholz1948malemosquitofishmayreachmaturityat
aboutthesameoraslightlygreateragethandofemalesThis
slownessinmalematurationmayhavecausedthedifferences
inobservedsexratiosoverthelatterpartofthisstudy

820 827 93 910

706214

706214

696209

69821

702212

708216

700211

694208

688204

694208

686203

686203

674197

704213

706214

686203

690206

692207

694208

690206

682201

678199

683202

678199

678199

659188

709216

730228

699211

69821

705214

707215

697209

684202

674197

671195

674197

667193

675197

718221

712218

694208

694208

694208

695208

688204

684202

673196

678199

678199

678199

670194

6 703213 701212 695208 686203 692207 689205

7279and717

FishDistributionWithinARicePaddyPeriodicobserva
tionsmadeinthericepaddiesfrommanydifferentsitesreveal
edthatfishusuallyseemedtocongregateintheborrowpits
adjacenttosouthernandwesternpaddyleveesHoweverfish
wereobservedtobeverywelldistributedinallrelativelyopen
waterareasofapaddyThedistributiontrappingconducted
ontwoseparatedatesAugust21andSeptember9resultedin
datathatmayallowasuggestionastowhyfishwerecongre
gatedintheseopenwaterareasadjacenttotheshoreline

FromthedatapresentedinTable4itcanbeseenthaton
bothdatesmostfishwerecollectedinSite1whichwasthe
closesttraptothewesternborderleveeCombiningtheal
mostidenticalcatchdatafrombothsamplingdatesresultedin
894ofthetotalcatchbeingtrappedatSite1whiletrap
pingatSites211amountedtoonly106Watertempera
tureswerefoundtodecreaseasonepenetratedfurtherinto
eachpaddyAgainthecombinedcatchforeachtrapsitewas
foundtobepositivelycorrelatedP0001withthemean
watertemperaturemeasuredatthattrappingstationThisda
taalsoseemstosupportthecontentionthatthefishmaybe



Table4MosquitofishdistributiontrappingresultsTrappingdates82199LocationPaddy11TrapUsedGeeMinnowTrap
8mesh

Stocked Young FemaleMean Young MaleMean Total
Date 82180 Adults Females LengthinmmMales LengthinmmCatchTrap

Site

Site

Site

Site

Site

Site

Site

Site

Site

Site

Site

Total

1

2

3

4

5

6

147

8

9

10

i11

Table4continued

Date 9980
MeanTempFC

Site

Site

Site

Site

Total

1

2

3

4

Site5

Site6

Site7

Site8

Site9

0

0

0

0 0

0 0

0 0

0 0

1 0

0

0

0

Site10688204 0

Site11687204 0

1 92

Stocked
Adults

725225 1

708216 0

695208 0

688204 0 0

688204 0

688204 0

688204 0

687204 0

688204 0

1 175

79 110276

3 119303

2 120305

1 087220

3 091230

4 086218

Young FemaleMean
Females Length

inmm

154 134340

3 096243

1 138350

1 102260

0

0

4 081205

1 075190

9 082208

2 073185

showingpreferenceforwarmerSite1waterswithinarice
field

Inadditiontothetrappingaspectsofthisstudydissolved
oxygenlevelsweremonitoredoverasingle24hourperiod
July1617TheprobewaslocatedinPaddy15about164
feet5meastwardofthewesternborderleveeatadepthof
1620inches45cmDissolvedoxygenwasmonitoredcon
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8 106270

2 096245

2 104265

0

0 0

0 0

1 098250 1

1 110280 2

1 094240 2

0 3

1 102260 5

16 109

Young
Males

0

0

0

0

0

MaleMean

Length
inmm

138 106270

1 094240

0

1 094240

0

0

87

5

4

0

Total

CatchTrap

293

4

1

1

1

0

0

4

1

9

2

140 316

of
Catch

798

46

37

0

0

0

09

18

18

28

46

of
Catch

927

13

03

03

03

0

0

13

03

29

06

tinuouslywhiletemperaturesweresampledwiththesameunit
periodicallyoverthe24hourperiodTheresultsofthismoni
toringarepresentedinFigure1Thehighestlevelsofdissolv
edoxygenoccurredbetween1200and1500PDTandthe
lowestoccurredbetween0400and0600PDTAmaximum

levelofdissolvedoxygenofapproximately178ppmmg1
wasmeasuredat1300PDTwhileaminimumvalueofonly



DO

Figure1Dissolvedoxygenandwatertemperaturedatacollectedin
Paddy15between1700PDT71680and1700PDT71780

02ppmwasmeasuredat0500PDTThemaximumrecorded
value178ppmwasover23tunesthesaturationvalue769
ppmwiththewatertemperatureof84F29CSupersatura
tionofdissolvedoxygendoesnotappeartoadverselyaffect
mosquitofishasmeasurementsofover35ppmhavebeencol
lectedinwastewateroxidationimpoundmentshavingvery
healthypopulationsofmosquitofishHowevermortalitiesin
volvingcagedmosquitofishhavebeenobservedtooccurin
SacramentoValleyricefieldsduetoinadequatelevelsofdis
solvedoxygenThefishmaysurviveiftheyareabletoreach
theairwaterinterfaceastheycanwithstandshorttermD0
levelsoflessthan1ppmiftheycansurfacegulpatmospheric
airortakeindissolvedoxygenintheverythinsurfacefilm
Cagedortrappedfishinricefieldsmustbeallowedfreeaccess
tothewatersurfacetopreventsuffocation

TheresultsofthisstudyandthoserelatedstudiesbyFarley
andYounce19781979demonstratethatsubstantialnum
bersofnearlyornewlymaturemosquitofishdoemigratefrom
thericefieldsofbothareasFishemigrationmovementsand
distributionappearinatleastthisstudytobepositivelycorre
latedwithwatertemperatureItisnotpossibleatthistimeto
concludethattheemigrationplaysanadverseroleintheover
allbiocontrolefficacyofthefishinaparticularricefieldThe
downstreamtrappingportionofthisstudyshowsthatthefish
emigratingfromthelastpaddymostlikelyrepresentanet
downstreammovementbyoffspringproducedinallthepad
diesandnotmerelyalimitedmovementexclusivelyassociated
withtheyoungfishproducedinthelastpaddyofaserially
irrigatedricefieldResultsfromdistributionaltrappingwithin
thericepaddyindicatethatmostofthemosquitofishprefer
theopenwaterhabitatsadjacenttotheborderleveesItalso
showsthatfishcanbefoundinlessernumbersthroughoutthe
ricestandaswell

Itwouldbedifficultandprobablyimpracticaltoscreenin
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dividualriceboxesofafieldtopreventdownstreamfish
movementoremigration Screensusedforsuchapurpose
haveinactualusebeentooeasilypluggedwithdebrisandveg
etativematterandthusrequiredtoomuchmaintenanceto
keepcleanIfricefarmersweretoinstallparalleldeadend
paddiesfedfromacommonmanifoldditchthisbehavior
mightbeavertedentirelyHoweverthiscouldprovetobeex
pensiveandimpracticalforthericefarmerandperhapseven
detrimentaltothericeproductionaswellItmaybeadvisable
atthistimetoacceptthisfishbehaviorandworktominimize
thepotentiallynegativeeffectsFishtrapssimilartotheones
employedinthisstudycouldberoutinelyplacedbelowthe
lastpaddysriceboxtocapturetheemigrantsThesefish
couldbereintroducedintothefirstpaddyFurtherstudies
mightbeconductedtodetermineifthisfishredistributionre
sultsinimprovedbiocontrolefficacy Ifnottrappedfish
couldbemovedtonewmosquitosourcesorheldforfuture
stockings
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IMPACTOFTHEUSEOFCANDIDATEBACTERIAL

MOSQUITOLARVICIDESONSOMESELECTEDAQUATICORGANISMS

TMiuraRMTakahashiandFSMulliganIII

BacterialpesticidesBacillusthuringiensisBerlinersero
typeH14deBarjacandBacillussphaericusNeidehaverecent
lybeensuccessfullytestedagainstaquaticinsectpestsinclud
ingmosquitoandblackflylarvaeunderlaboratoryandfield
conditionsGarciaandDesrochers1979GoldbergandMar
galit1977Kellenetal1965Mullaetal1980Ramoskaet
al1977UndeenandNagel1918Formosquitocontrol
theyhavebeenevaluatedinnaturalbreedinghabitatssuchas
irrigatedpasturesdairydischargewaterholdingpondsroad
sideditchesandfloodedfielddepressionsMulliganetal
19781980RamoskaandBurgess1978Howevermore
studyontheimpactofthebacterialpesticidesonnontarget
organismsisneededMiuraetal1980

Thepresentstudywascarriedouttoelucidatetheimpact
ofBthuringiensisserotypeH14BtH14andBsphaeri
cusonnontargetorganismswhenappliedtomosquitobreed
inghabitats

MATERIALSANDMETHODSBacterialLarvicides B

sphaericusstrain15934usedinthisstudywasproducedand
providedbyStaufferChemicalCompanyItwassuppliedasa
fermentationbrothcontainingca1x10viablebacterial
cellsmlLaterthecompanysuppliedaWPformulationofthe
bacteriumthisformulationStaufferWP4920343Lotno
0002613containedca24x10sporesg

BthuringiensisserotypeH14BtH14wassuppliedby
SandozIncasaflowableformulationSAN402IWDCand
itcontainedca15x10viablesporesml692 69Inter

nationalToxicUnitsmg
SimulatedFieldTests Asimulatedfieldtestagainst

crustaceanswasconductedoutdoorsin20litercapacityaquar
iaAmixtureofCeriodaphniaspSimocephalusspMoina
spAlonaspCyclopsspCyproisspandIIyalellaazteca
Saussureweremaintainedinaquariacontaining16litersof

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

ThebacterialmosquitolarvicidesBacillussphaericusNeideand
BacillusthuringiensisBerlinerserotypeH14deBarjacwhenapplied
atratesusedformosquitocontrolareverysafetoorganismsassociated
withmosquitobreedinghabitatsincludingnaturalenemiesofmosquito
larvaeWhenvariousaquaticorganismswereexposedtothebacteria
underlaboratorysimulatedorfieldconditionsnoadverseeffectwas
notedontheorganismswiththeexceptionsofChironomidand
psychodidlarvaeChironomidlarvaewereslightlyaffectedbyBt
H14treatmentatarateusedformosquitocontrolbutpyschodid
larvaewereonlyaffectedathigherconcentration50ppm

45

watereachOneaquariumwastreatedwiththebrothsuspen
sionofBsphaericus 1x10cellsmland onewasleftasa
treatmentcheck

ThemosquitofishGarnbusiaaffinisBairdandGirardwas
usedinasimulatedfieldtestwithBtH1454x10
sporesmlinametaltank112x76cmsurfacearea200liter
capacitycontaining160litersofwateranidenticaltankwas
usedasatreatmentcheck

Pretreatmentandposttreatmentpopulationcensusfor
crustaceanswereexaminedtwiceaweekfor25daysusinga
methoddescribedpreviouslybyMiuraandTakahashi1973
Populationcountsofmosquitofishweremadewithminnow
trapsMiuraandTakahashi1975

FieldTests EachtestwasassignedafieldtestnoFT
noSinceitisimpracticaltoincludeallthedetailsrecorded
foreachtestegairandwatertemperatureswindvelocity
anddirectionskycoverwaterdepthvegetationcanopyetc
thisinformationwasomittedfromthisreportbutisavailable
tointerestedpersonsuponrequest

ThebrothsuspensionofBsphaericuswasevaluatedagainst
amixedpopulationofAedesmelanimonDyarandAnigro
maculisLudlowin02haplotsFT764intheTracyEx
perimentalplotMiuraetal1976475litersofbacterial
brothdeterminedtoyieldfinalconcnof1x10cellsmlwas
mixedwith575litersofwaterinahandsprayerandapplied
tothesurfaceofthewaterBtH14wasevaluatedagainsta
mixtureofAmelanimonandAnigromaculisatarateof1
kgha54x10sporesmlFT796

Atotalof12haofElDatoLocoDuckClubpondsinKern
CountyCaliforniawastreatedwithBtH14FT798A
suspensionofbacterialsporeswassprayedbyfixedwingair
craftatarateof112kghaagainstCulextarsalisCoquillett

Apopulationcensusofplanktonicorganismswastakenby



dippingwithalonghandleddipper450m1from10semi
fixedstationsThesampleswerebroughtbacktothelabora
toryandexaminedunderthestereomicroscopesPretreat
mentsamplesandsamplescollectedimmediatelyaftertreat
mentswereheldintheiroriginalwaterandpopulationchanges
weremonitoreddailyMiuraandTakahashi1975

Freemovingaquaticinsectpopulationsweresampledby
trappingwithmodifiedminnowtrapsMiuraandTakahashi
1975Pretreatmentandposttreatmentchironomidlarval
populationsintheduckpondsFT798wereestimatedby
usingamodifiedareasamplerRobertsandSanlon1974

LaboratoryTests ColoniesofhydraplanariaDugesia
dorotocephalaWoodworthchironomidlarvaeGoeldichi
ronomusholoprasinusGoeldiandpsychodidlarvaeTelma
toscopusspwereexposedtoBtH14andBsphaericusat
ratesrecommendedtouseforpracticalmosquitocontrol
54x10sporesmland24x10cellsmlrespectively
Percentagesofmortalityweredeterminedattheendof48h
posttreatmentifnomortalityoccurredthetestswereextend
edanother2to3days

RESULTSANDDISCUSSIONSimulatedFieldTests

ResultsoftheBsphaericustreatmentagainstcrustaceansare
showninFig1Generallycrustaceansespeciallycladocerans
andamphipodsareverysensitivetomostmosquitolarvicides
Eveninsectgrowthinhibitortypelarvicideshavesuppressed
thepopulationsMiuraandTakahashi19731975However
t3sphaericusdidnotdeleteriouslyaffectthepopulationofthe
crustaceanstestedintheaquariaAsimilarresultwasreported
withBthuringiensisH14Miuraetal1980
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ResultsoftheBtH14treatmentagainstmosquitofishis
showninFig2Noadverseeffectfrom13tH14wasdetect
edbymonitoringthepopulationThisisimportantbecause
mosquitofishatpresentistheonlyintroducedbiological
agentwidelyusedformosquitocontrolinsemiandpermanent
waterbodiesHoyetal1972Mulliganetal1978report
edthattherewasnoadverseeffectonmosquitofishinastatic
testusing13sphaericus

FieldTests Initiallyimpactsofthebacterialtreatments
onnontargetorganismsweretobeevaluatedbyeachspecies
Howeverthenumberofeachspeciescollectedwassosporadic
theyaregroupedintohighertaxonomiccategoriesandimpacts
wereexamined

NontargetorganismcollectionspertainingtotheFT764
Bsphaericus1x10cellsm1areshowninTable1and2
Noadverseeffectwasdetectedbymonitoringthepopulations
SimilarresultswereobtainedfromtheBtH14treatments

FT796withtheexceptionthat2chironomidlarvaeinthe
samplewatercollectedimmediatelyaftertreatmentandkept
inthelaboratoryfordailyobservationsweredeadTable3
AlthoughitisknownthatBtH14doesaffectchironomid
larvaeGarciaandGoldberg1976Miuraetal1980ourlarval
collectionnumberisinsufficienttodrawanyconclusion

InordertoconfirmwhetherornotBtH14doesaffect

chironomidlarvaeanareasamplerwasusedtomonitorpre
treatmentandposttreatmentpopulationdensitiesattheduck
clubpondtestFT798priortothetreatment232larger
larvaeca34instarswerecollectedfrom10semifixedsta
tionsand4daysposttreatment56larvaewerecollectedfrom
thesamestationsthustheBtH14treatmentreducedca
76ofthelarvalpopulation

NodeleteriouseffectoftheBtH14treatmentFTNo

798onplanktonicorganismsandaquaticinsectswasdetect
edbysamplingtheirpopulationsTable4

July 22 23 24 25 26 27

Cladocera 33 41 39 44 85 182

Copepod 9 11 18 25 39 201

Ostracod 3 3 2 2 2 2

MayflyN 32 32 32 32 32 32

ChironomidL 12 12 14 14 14 14

BeetleL 14 10 8 7 7 7

Noorganismsinwgter4500m1collectedimmediately
aftertreatmentandheldinthelaboratory

Cladocera 30 26 26 29 29 36

Copepod 8 11 11 17 83 181

Ostracod 3 3 3 3 3 3

MayflyN 30 30 30 30 30 30

ChironomidL 9 8 8 8 8 8

BeetleL 8 8 8 7 7 7

Noorganismsinwater4500m1dailycollection
Cladocera 31 33 62 152 135 1740

Copepod 8 9 6 86 34 125

Ostracod 3 3 5 3 3 4

MayflyN 31 1150 1017 865 206 595

ChironomidL 10 12 18 25 29 43

BeetleL 11 14 5 12 4 11

L Larvae

N Nymphs
Beetlelarvae mostlyTlateraliaLaccophitueappBtriangutarie
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Table2EffectsofBsphaericus15934onnontargetnektonicor
ganismsFTNo764

Notonectid 3 14 17 8 10 12 18 14

Corixid 1 0 0 0 0 1 1 1

Belostomatid 1 0 0 0 1 0 0 1

DytiscidA 12 15 13 12 10 6 13 8

HydrophilidA 2 1 0 2 1 1 0 0

A AdultsHydrophilid BtriargularieTLateralis
Dytiscid faccophilueappThermonectuaepp

TreatmentappliedonJuly221981

Table3EffectsofBtH14San402IWDConnontargetsApplied

at10kghaagainstAedessppFTNo796

Cladocerans 12 12 16 16 14 16

Copepods 2 2 2 2 2 2

MayflyN 6 9 13 13 13 13

CopeLatuaspL 42 40 36 36 36 36

ChironomidL 2 2 3 3 3 3

Noorganismsinwater4500m1collectedimmediately
aftertreatmentandheldinthelaboratory

Cladocerans 16 16 14 15 14 26

Copepods 2 2 2 2 2 2

MayflyL 6 7 11 11 11 11

CopelatuaspL 22 22 22 20 19 19

LaccophiluesoL 1 1 1 1 1 1

ChironomidsL 2 2 0 0 0 0

Noorganismsinwater4500m1fromdailycollections
Cladocerans 8 12 15 25 320 250

Copepods 1 1 2 10 115 380

MayflyN 6 121 53 153 466 380

CopeLatuaspL 31 8 8 10 8 9

LaccophilusspL 0 0 2 3 2 3

NtriangutarieL 0 0 0 0 3 2

ChironomidL 2 12 38 80 153 233

L Larvae
N Nymphs

Table4EffectsofBtH14onnontargetorganismsovera7day
periodAppliedat112kghaagainstCtarsalisFTNo798

concn

PPm

Organism

Noorganismsinthepretreatmentwater4500m1
Organism heldinthelaboratory

Organism

Cladocera 6

Copepod 39

Table1EffectsofBsphaericus15934onnontargetorganisms MayflyNN 2

Appliedat1x10cellsmlagainstAedessppFTNo764
Corixid
Notonectid

TropieternuaappL
LaccophiluaeppL 2

DragonflyN
Noorganismsinthepretreatmentwater4500m1held ChironomidL

Organism inthelaboratory DamselflyN

N Nymphs
L Larvae

Meannoorganismstrap
checkfield treatedfield

July 22 23 2425 12 23 24 25

Aug 8 9 10 11 12 13

Noorganisms4500m1ofsamplewater
Pretreatment Posttreatment

2 1 1 2 3 4 7day

110 115185150 185 148
725 920675850 675 935
60 105 50 49 140 125

6 12 16 46 38 34
2 1 4 3 8 4
1 0 2 1 2 0

1 0 1 3 2 1

23 24 53 32 28 22

3 0 2 0 0 3

4 0 4 2 2 16
1 0 7 1 1 3

Table5EffectsofbacteriallarvicidesBtH14andBsphaericus
onChironomidmidgelarvaeGoeldichironomusholoprasinusinthe
laboratory

BtH Bsphaericus

olarvaetestmeanmortality7Nolarvaetestmeanmortality7

0 24 0 16 0

05 22 773

05 44 841

10 69 754 46 0

10 49 898 42 0

1ppmBtH14 15x10Tresml
1ppmBephaericue 24x10cellsml

48hrexposuretime
96hrexposuretime



LaboratoryTest TheeffectofBtH14andBsphaeri
custreatmentsonthechironomidlarvaeGholoprasinusare
showninTable5OnlytheBtH14treatmentsaffectedthe
larvaeca83ofthelarvaediedwhenexposedtoa1ppm
concnofbacterium15x10sporesmlNomortalitywas
obtainedbyexposuretothesameconcentrationofBsphaeri
cusonalateroccasionacolonyofchironomidlarvaeC
stigmateruswasexposedtoa100foldconcnofBsphaericus
withnomortality

HydraandplanariaIdorotocephalaarenotseeninthe
treatedareabuttheyarewellknownmosquitopredators
Jenkins1964LegnerandYa1975Yuetal1974There
forelaboratorycoloniesofthesepredatorsweretreatedto
bothbacteriallarvicidesatrates1ppmrecommendedtocon
trolmosquitolarvaeNeitherbacterialtreatmentsproduced
deleteriouseffectsonthesepredators

WhenpsychodidlarvaeTelrnatoscopusspwereexposed
toBtH14onlyhighconcn50ppmproducedca84
mortality

Insummarythedataobtainedfromthesestudiesinthe
laboratoryandfieldclearlyindicatethatthesebacteria
couldbeusedsafelywithoutcausinganydamagetomany
nontargetorganismsincludingimportantnaturalenemiesof
mosquitoesThereforetheycanbesafelyutilizedinaninteg
ratedcontrolprogramagainstmosquitoesTheprimaryob
jectiveofintegratedcontrolofpestsistouseallpossible
meansofcontrolagentstoenhanceoverallreductionofpest
populations
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LEPTOCONOPSBITINGMIDGESINSOUTHERNCALIFORNIAANDARIZONA

Amongtheceratopogonidbitingmidgesmembersofthe
genusLeptoconopsarehematophagousbeingzoophilicand
ornithroprophilicintheirfeedingbehavior Althoughnot
muchisknownonthenatureandscopeofautogenyinLepto

conopsspeciesitisfairlysafetosaythatprobablyallspecies
areanautogenousThesemidgesareviciousbitersattacking
humansontheexposedportionsofthebodyalongthehair
lineontheheadOnlargeanimalstheyfeedontheunderside
ofthebellyheadregionandinsideears

Inhumansthebiteisnottoopainfulinitiallybutwithin
afewhoursaredspotdevelopsatthepuncturesiteitching
andburningsensationfollowsThesesymptomspersistfor
aboutadayorsoManybiteswhicharenotuncommoninthe
infestedareascancausemalaiseweaknessandfeverishcondi

tionsInsensitiveandhypersensitiveindividualsseverealler
gicmanifestationsensueandthesesyndromesarediscussed
elsewhereinthissymposium

ThebreedinghabitsofLeptoconopsmidgesarequitevar
iedtheypropagateindifferenttypesofsemiaquaticandter
restrialbiotypes ThewellknownspeciesinCaliforniaare
thosebreedinginheavyclaysoilsintheSacramentoandSan
JoaquinValleyAnotherspeciesbreedintherollinghillsarea
ofSanMateoandSantaClaraCountieswherethesoilsdevelop
cracksafterdryinginthelatespringorearlysummermonths
ThewellknownBodegaBlackGnat whichhasawidedistri

butionbreedsinmudflatsalongtheshorelineoftheBodega
Bay

InsouthernCaliforniacoastalandinlandregionsthereis

yetadifferentspecieswhichpropagateinwetsandyareasof
theSantaAnaRiverandacloselyrelatedspeciesbreedinsalt
flatsandmudflatsintheSaltonSeaBasinMostofthesespe

ciesbelongtothekerteszicomplex
InrecentyearsLeptoconopsmidgeshavebecomeaserious

pestandpublichealthprobleminthecovecitiesareaofthe
CoachellaValleyintheCityofDesertHotSpringsinSky
ValleyandtheeasternportionofRiversideCountyTheem
ergenceandproductionofthismidgeisgearedtothesummer
rainsfallingonthefoothillsandcanyonsinthisregionWitha
precipitationofoneinchormoreofrainthesemidgesappear
intremendousnumberwithin34daysafterprecipitation

ThisspeciesreferredtonowasLtorrensTownsendisbe
lievedtobecausingsimilarproblemsinArizonaNavajoand
HopireservationsNEArizonaSEArizonaandNewMexico
ThisspeciesprobablygoesintonorthernportionsofMexico
Inalltheseareastheproblemhasbecomeacutenowbecause
oftheestablishmentofresidentialsubdivisionsintotheinfest
edareas

MirSMulla
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IhavenotedheavypopulationsofLeptoconopsmidgesin
theSkeletonCanyonSulfurDrawandothercanyonsofthe
ChiracauaMountainsinSEArizonaThebitingactivityof
thesemidgeswassohighthatitwasimpossibletotakestu
dentsandclassestotheinfestedareasforentomologicaland
botanicalobservations

CurrentStatusofBiosystematics Thesystematicstatus

ofLeptoconopsmidgesisinastateoffluxnowandnoreadily
availablecharactersareavailableforspeciesdifferentiationin
theLkerteszicomplexInrecentyearsspecialistshavepro
ducedmanynewspeciesdescriptionsinthiscomplexanditis
extremelydifficulttopreciselydeterminematerialtospecies
inthiscomplexAbriefchronologyofthesystematicsofspe
ciesofLeptoconopsoccurringinCaliforniaispresentedbelow

Wirth1952inhismonographoftheHeleidaeofCalifor
niareported3species LHoloconopskertesziKieffer
1908LLeptoconopstorrensTownsend1893andL
styloconopsfreeborniWirth1952asnewspeciesAllLepto
conopsmaterialcollectedfromthattimetoabout1973were
placedinoneormoreofthese3speciesIn1973Wirthand
Atchley1973publishedareviewoftheNorthAmericanspe
ciesofLeptoconopsbasingtheirsubgenerictreatmentonthe
workofCarter1921whoestablishedthe3subgeneraHolo
conopsLeptoconopsAcanthoconops StyloconopsIntheir
ReviewWirthandAtchley1973established5subgenera
with13knownspeciesofwhich6weredescribedasnewspe
ciesAmongthese8specieswerereportedfromCaliforniaof
which4weredescribedasnewspeciesTheCaliforniaspecies
reportedwere LHoloconopsbelkininsLBrachyco
nopscalifornicusnsLLeptoconopscarteriHoffmanL
LeptoconopsfreeborniWirthLLeptoconopskerteszi
KiefferLLeptoconopsmohanensisnsLLeptoconops
torrensTownsendandLLeptoconopswernerins

AsafurtherfollowupofthesestudiesClastrierandWirth
1978madearevisionoftheLHoloconopskerteszicom
plexinNorthAmerica TheyconcludedthatLketeszi
KiefferdoesnotoccurinNorthAmericaandreportedand
described11speciesinthekerteszicomplexfromNAmeri
caWiththeexceptionofLamericanusCarterinthiscom
plextheremaining10speciesweredescribedasnewspecies
Ofthe10newspeciesrecognizedinthiscomplexfromNAm
erica8weredescribedfrommaterialcollectedinCalifornia

TheCaliforniaspeciesplacedintheLHoloconopsker
tesziClastrierandWirth1978complexareLamericanus
CarterLandersoninsLarnaudinsLasilomarnsL
atchleyinsLfoulkinsLknowltoninsLsubletteins
Lwhitseli



Atthepresenttimenopracticalkeysareavailableforthe
separationofallthespeciesinthiscomplexBiologicaland
behavioraldataareneededtosupportandconfirmthespecific
statusandthevariouspopulationsthatwehaveinCalifornia
Laboratorycolonizationmethodsandgeneticstudieswillbe
neededtoadvanceourknowledgeregardingthespeciesident
ityofthemanybiotypesofLeptoconopsspeciesinCalifomia

ASSESSMENTOFBITINGMIDGESDIPTERACERATOPOGONIDAE

INTHESALTONSEABASIN

RJBrennerPhD

TheCoachellaValleyofsouthernCaliforniaRiverside
Countyhasarapidlyrisinghumanpopulationandinthe
southernandeasternregionsanextensivepopulationofdom
esticanimals Botharesubjecttovariousspeciesofbiting
midgesinthefamilyCeratopogonidaethroughoutmostofthe
yearFollowingheavyrainfalinlatespringsummerandear
lyautumnlargebroodsofLeptoconopstorrensareproduced
nearthedenselypopulatedcovecities Duringthecooler
monthsoftheyearlargenumbersofLfoulkiandCulicoides
variipennisoccidentalisemergeontheshoresoftheSalton
SeaalongdrainageditchesandalongseepsandspringsofRiv
ersideandImperialCountieswherethesoilispermanently
damp

Myobjectivesduringthewinterseasonhavebeentocharac
terizelarvaldevelopmentsitesattheSaltonSeawiththehope
ofdevelopingamodelfordelineatinglarvalhabitatsandpre
dictinglarvaldensitiesSecondlythehostseekingbehavior
andgonotrophiccycleofLfoulkiwerestudiedtogainanun
derstandingofreproductivepotentialflightrangeandvector
potential

TheareachosenforstudywasontheshoresoftheSalton
SeaatNorthShorewhereFoulk1969reportedlargenum
bersofadultsinabimodalfrequencydistributionwithpopula
tionspeakinginmidmorningandagaininmidafternoonThe
distributionofimmatureswasdeterminedbyextractinglife
stagesfromcoresofsoil55cmdiax5cmdeepusingsatur
atedsodiumchloridesolutionHorsfall1956Thistechnique

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521
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routinelyrecovers85oftheimmaturespresentinthecore
Elevensamplesweretakenevery55malongeachof3parallel
transectsextendinginlandfromtheSaltonSeashorelineThe
elevationofeachsamplewasmeasuredwithaCraftsmantran
sittothenearestmminrelationtothewaterleveloftheSal

tonSeaandtheleveloffreesoilwaterthelatterbeingdeter
minedbydiggingnumerousholesatstrategiclocationsFol
lowingapreliminarysurveyforlarvaereplicatedsoilsamples
fromeachzonewerecollectedforsoilchemistryanalysisper
formedbytheUCRCooperativeExtensionlaboratory

Thisstudyidentified4ecologicalzonesThefirstarela
tivelynarrowbandattheecotoneoftheSeaandshoreline
containedimmaturesofCvariipennisoccidentalisAsecond
zonewascharacterizedbysaturatedsoilsInsuchareaslar
vaeofDasyheleasppanonhematophagousceratopogonid
werecollectedinlargenumbersWhensuchsiteswereadja
centtotheshorelinesomeoverlapwithCvariipennisocci
dentaliswasnotedLfoulkilarvaewerefoundinsoilsabove
theleveloffreesoilwaterTheinlandmarginofthiszonewas
noteasilydelineatedbyvisualinspectionshoweverthecom
munitiesofvegetationgenerallydescribedthedistributionof
Leptoconops AsIodinebushAllenrolfeaoccidentalisbe
camesparseandarrowweedPlucheasericeabegantodomi
natethedensityoflarvaedroppedrapidlyThe4thzonewas
characterizedbynearlypurestandsofarrowweedandnolar
valceratopogonidswerefoundinsoilsamples

Soilchemistryanalysisrevealedsometrendsthatvaguely



correlatedwithdistributionoflarvalceratopogonidsRead
ingsofpHvariedwithoutanobviouspatternhowevervalues
offreechloridesandelectricalconductivityincreasedwithin
creasingdistanceinlandOtherparametersfoundnottobe
significantlydifferentbetweenzoneswerepercentorganic
matterandthesoilparticlesize

HavingdelineatedthemacrohabitatofLfoulkithemicro
habitatwasnextstudiedbytaking15contiguoussamples
eachreplicatedthreetimeswellwithintheLfoulkizone
Thistransectextendedfromadepressiontothetopofasmall
hummockAspreviouslydescribedtheelevationofeachsam
plewasmeasuredandadditionalsampleswerecollectedfor
soilchemistryanalysis

Onceagaintrendsinsoilchemistrywereevidentbutunsat
isfactoryindescribinglarvaldensityHoweverlarvalnumbers
correlatedwithelevationabovethefreewaterliner90
ThisisanindirectmeasurementofsoilmoistureItnowseems

likelythatthismeasurementcombinedwithpatternsofvege
tationwillenableustoquicklyidentifyandevaluatedevelop
mentsitesoflarvalLfoulki

Thereproductivebionomicsofadultswasalsostudiedat
thislocationTheverticalandhorizontaldistributionofhost

seekingmidgeswasdeterminedusingpaireddryicebaited
CDCtrapsplacedatgroundandvegetationcanopylevels
2mPairsoftrapswereplaced550and120minlandand
operatedduringmorninghoursandagainduringtheafter
noonMidgeswerecountedand510Lfoulkiwererandomly
selectedfromeachofthe6trapsandweredissectedtodeter
minethephysiologicalageofthepopulationbytimecollect
edThiswasdonebyexaminingtheovariesforfollicularrelics
Detinova1962thepresenceofwhichindicatethatoviposi
tionhasoccurredandthatthefemaleisthereforeparousThe
spermathecaewerecrushedtodetermineifmatinghadoccurr
edandthestageofovarioledevelopmentwasrecordedChris
tophers1911Theremainderofthemidgewascrushedin
coldanthronereagentVanHandel1972Ifnectarwaspre
sentinthecropthereagentchangedcolorfromyellowto
deepbluewithin20minutesTheseprocedureswereinitiated
inMarch1981andarebeingcontinuedatmonthlyintervals

SeveralstrongtrendshavepersistedtodateOnly2species
ofbitingmidgeshavebeenpresentinlargenumbersduringthe
dayBothLfoulkiandCvariipennisoccidentalisweremore
abundantingroundleveltrapsregardlessofweathercondi
tionsordistancefromtheSaltonSeaMorefemaleshavealso

beencaptured120minlandthan5minland
BecauseofFoulksstudiesandbecausethesummerpests

arealsoofthisgenusonlyfemalesofLfoulkiweredissected
AdistinctdifferencewasseenintheageoftheAMversus
PMpopulationsInMarchandAprilparousflieswererarein
themorning10 butabundantintheafternoon35
Thesedifferenceswerestatisticallysignificantoneachofthe3
samplingdatesFurthermorevirtuallyallfemalesweremated
andnonulliparsexhibitedovariolesbeyondtherestingstage
indicatinganobligateanautogenousreproductivestrategy
MagnarelliandCupp1977Nosignificantdifferencewas
notedintheprevalenceofnectarpositivefemalesbetweenAM
andPMpopulationsatleast35ofthepopulationhadim
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bibednectarrelativelyrecently
InMaytheagestructureshiftedParousmidgesconstitu

tedover70ofbothAMandPMpopulationsindicatingthat
thenumberemerginghaddiminishedgreatlyInadditionthe
proportionofnectarpositivefemaleshadincreasedtogreater
than60

WhatisthesignificanceofthesefindingsFirstadistinct
patterninthebehaviorofLfoulkiisclearapatternthat
warnsofvectorpotentialItisnowapparentthatthisspecies
seeksnectarandisfairlysuccessfulinobtainingitWiththese
nectarsLfoulkicandispersebeyondthelarvalsiteinsearch
ofbloodandcansurvivebeyondthefirstgonotrophiccycle
Infactexaminationoftheovarieshasshownthatparousflies
arenotonlycommonbutconcentratedduringtheafternoon
hoursandlateintheseasonConsequentlyifthisspeciesisa
vectorofpathogenicagentssusceptsaremorelikelytobe
comehostsintheafternoonratherthanmorningInformation
takenfromtheliteraturerevealsthatthisspeciesreadilyat
tacksmanaswellasdomesticandwildanimalsThereforeal
thoughnostudyhasrigorouslyexaminedtheroleofLeptoco
nopsintransmittingpathogensbasedonthesefindingsone
cannotdiscountthepossibilitythatitmaybeinvolvedinthe
cycleofanimalorzoonoticdiseasesWiththehumanpopula
tionofCoachellaValleyincreasingandthepresenceofdom
esticlivestockinlargenumbersfurtherrigorousstudiesare
warranted

Finallyitmaybepossibletoquicklyidentifylarvalsites
andtopredictpopulationlevelsbyacombinationofvegeta
tioncommunitiesandelevationabovefreesoilwaterIfso
larvalcontrolmaybepractical
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THEEFFECTSOFTHEBITEOFLEPTOCONOPSTORRENSIONHUMANS

ThislecturedescribesanepisodeofLeptoconopstorrens
bitesduringwhichmanypeoplewereattacked1shallempha
sizetheweatherconditionswhichprecipitatedtheemergence
ofLtorrenstheresponseofthehumanskintothebitethe
clinicalcourseofthediseasethehistopathologyofthebite
andthepossibilityofspecificdesensitization

Theepidemicofmidgebitesoccurredinthevicinityof
PalmSpringswhichliesintheCoachellaValleyoneofthelow
inlanddesertvalleysofSouthernCaliforniaDuringthesum
merof1979tropicalstormsdepositedheavyrainsduringone
dayinJuly25 andagainononedayinAugust169
ThiswastheonlyrainfallduringthosetwomonthsThesub
sequentfloodingofthesoilprecipitatedamassiveemergence
ofadultmidgesThisapparentlyisnotinagreementwith
previousobservationsonthevalleyblackgnatthatdryingof
thesoilfavorsthelarvaetopupateSmithandLoweHilgardia
181771948

Wecouldnottellhowmanypeoplewerebittenduringthe
epidemicofJulyandAugustof1979Howeverinhabitants
wereforcedtocurtailoutdoorrecreationalactivitiesandmany
constructionworkershadtoleavejobsitesThemiserycaused
bythebiteswassowidespreadthefrontpagearticlesappeared
inthelocalnewspapersdescribingthemidgeandassuringthe
populacethattheinfestationwouldsoonabate

ThebitesofthemidgeLtorrensproduced3typesofre
actionontheskinurticarialweals23rnmpapulesattimes
toppedbyvesiclesandhardpapulesaslargeas10cmindia
meterThewealsdisappearedwithinhoursHoweverinsome
patientstheinduratedpapuleslastedformonthsitchingin
tenselyallthewhileSomepatientsexhibitedall3typesofle
sionsandeachtypemightblendintotheother

Undoubtedlyinthemajorityofcasesgnatbitesproduced
onlysmallwealswhichdisappearedquicklywithouttreat
mentOnlypatientswiththemostseverereactionscarneto
thephysiciansofficeorthehospitalemergencyroomStill
persistentpapularreactionswerecommon

Midgebitesaresupposedtocauseimmediatepainwhile
thebiteoftheblackflydoesnotbecausetheblackflySimu
liuminjectsananestheticintoitspreyFrazierCACutis19
4391977Somepatientsdidsaythatthebiteofthemidge
producedimmediatepainHoweverothersdeniedthisThey
didnotknowwhentheywerebittenTomyknowledgethere
werenopatientswhohadsystemicreactionsfollowingmidge
bitesThusthebiteofthemidgemaydifferfromthatofthe
blackflywhichcancauseblackflyfever

1Taxonomicpositionisstillunderstudy

CharlesSteffen

LomaLindaSchoolofMedicine
LomaLindaCalifornia92354
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Patientstestifiedthatinsectrepellentsdidnotdetermid
gesAlthoughIusedoralandparenteralsteroidsastherapy
Icannotsaythattheyshortenedthethediseaseprocess

Ishalldiscuss3casesindetail

Thefirstcasewasa63yearoldmanwhonoteditchingof
thetrunk2dayspriortobeingseenHehadbeenfishingon
oneofthelocallakesandrememberedbeingbittenThere
werepapulovesiclesscatteredoverthechestHistologically
therewasasuperficialperivascularinfiltrateoflymphocytes
andhistiocyteswhiledeepertheinfiltratewascomposedof
eosinophils

Thesecondcasea48yearoldwomanhad35minpapules
overthetrunkHistologicallytheepidermiswasulceratedat
thebitesiteAgaintheinfiltratewascomposedoflympho
cytesandhistiocytessuperficiallyandeosinophilsinthe
deeperdermisandfatIbiopsieda2weekoldbiteOnly
lymphocytesandhistiocytessurroundedthesuperficial
vessels Therewerenoeosinophilsandnodeepinfiltrate

Thethirdcasea75yearoldmanhadrockhardpapules
overthearmslegsandbackHistologicallythepicturewas
thesameasthefirst2patientsroundcellssuperficiallyand
eosinophilsinthedeepdermisandfatIbiopsieda3weekold
biteTherewerefibroblastsandfibrosispresentsignsofearly
scarformationHoweverayearlaterhehadnovisiblescars

Ihavenotbeenabletoobtainanypreviouspublicationdes
cribingtheclinicalfeaturesandhistopathologyofmidgebites
Therehavebeenafewstudiesonthedennatologiceffectsof
theblackflyThehistopathologyseemstobesimilartoLtor
rensbitesEosinophilsareacommonhistologicfindinginar
thropodbitesHowevertheintenseeosinophiliafoundatL
torrenssiteswasunique

Theantigeninjectedbyabitinginsectproducesimmediate
typehypersensitivityIgEistheantibodyinvolved After

sensitizationasubsetofBcelllymphocytesmanufactures
specificIgEwhichattachestomastcellsAntigeninjected
withasubsequentbitecrosslinksIgEantibodyonthemast
cellmembranewhichtriggersthemastcellgranulestorelease
histamineandotheranaphylacticmediators

Histaminecausesvasculardilatationtheclinicalerythema
andescapeofserumintothetissuethewealandpapuleThe
mastcellgranulesalsoreleaseaneosinophilicfactorofanaphy
laxiswhichattractseosinophilsEnzymesreleasedbyeosin
ophilsdodamagehelminthsinthegutbutalsodegradehista
mineandbyfeedbackdampenthewholeinflammatoryre
action

Unlikethemosquitoandblackflywhichpupateinwater
andcanbecontrolledbysprayingmidgeshaveeludedmass
controlnorisspecificdesensitizationpossiblebecausesolit
tleantigencanbeobtained



BoraxLakeislocatedwithinthecitylimitsofClearlake
LakeCountyCaliforniaatanelevationof406mThelake
isinaninteriordrainagesystemhasnooutletwithawater
shedof65kmWetzel1964Duringthelast20yearsthe
maximumdepthhasvariedfrom05to37mandtheareaof
thelakehasvariedfrom34to55haBoraxLakeexperiences
considerableseasonalandyearlyvariationinsomeparameters
Duringnormalyearsthelakehasaconductivityrangeof3000
to130000micromhoscmapHrangeof92to100atotal
alkalinityrangeof1000to5000partspermillionppmawa
tertemperaturerangeof5to34Candaboronconcentration
rangeof200to900ppmBoraxwasminedfromthelakebed
duringthe1860s

TheprimarybitingmidgewhichbreedsinBoraxLakeis
CulicoidesoccidentalisofDownes1978 Culicoidesvariipen
nisofWirth Jones1957Adultfemalesdeposittheireggs
onmoistalgaeordetritusintheeulittoralzoneofBoraxLake
andalsoonfloatingalgaeprimarilyCtenocladuscircinnatus
inthelake

BenthicsamplesfromBoraxLakeindicatedthelarvaewere
concentratedneartheshorelineTable1Additionalstudies
neartheshorelinewereconductedbytakingsmallcoresam
plesasperKelsonetal1980at03and36cmaboveand
03and36cmbelowthewaterlineatvariousBoraxLake

locationsThesedaytimesamplesindicatedlarvaeweremost
abundantjustbelowthewaterlineandpupaeweremostnum
erousjustabovethewaterlineduringthespringAprilJune
Itispossiblethatdielorseasonalchangesoccurinthisdistri
butionpatternatBoraxLake

TheCoccidentalisapparentlydonotundergoatruedia
pausebutexperienceawinterquiescenceasdefinedbyChap
man1971inthisareaLateinstarlarvaecollectedduring
Januaryandheldinthelaboratoryat25Cpupatedandstart
edemergingwithin10daysAdultCoccidentalishavebeen
collectedfromBoraxLakeinFebruaryTypicallysignificant
adultemergencebeginsinMarchandcontinuesthroughNov
emberKelsonetal1980

Therearefewlivestockwithintheflightrangeofthemid
gesfromBoraxLakesovectoringbluetonguevirusLuedke
etal1967isnotamajorproblemintheareaHoweverresi
dentsofnearbycommunitiesarebittenbythegnatswhichoc
curinhighdensitiesANewJerseylighttrapinaresidential
area16kmfromthelakesometimescollectsmorethan

50000Coccidentalispertrapweek

BITINGMIDGESCULICOIDESOCCIDENTALISAT

BORAXLAKECALIFORNIA

AEColwell

LakeCountyMosquitoAbatementDistrict
410EsplanadeLakeportCalifornia95453

Table1NumberofCoccidentalislarvaepercmcollectedbyEkman
dredgeduringatransectatBoraxLakeonApril151977

Waterdepthcm Totallarvae LateinstarsEarlyinstars
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Lateinstarsarelarvaeretainedbyabrasssievehaving197
meshescm

ChemicalcontroloftheCoccidentalisisdifficultatBorax

Lakeduetotheeffectsofthealkalinewatersonpesticides
Apperson1975Themostpromisingnewlarvicidesarepy
rethroidsPermethrinandfenvaleratehaveLC90valuesof13
and28ppbrespectivelyin24hrlaboratorytestsHowever
smallscalefieldstudieshaveindicatedtherearesomeformu

lationandorstabilityproblemswhichreducetheirefficacyin
thealkalinewaters

Insectgrowthregulatorshaveshownpoorefficacyagainst
CoccidentalisAppersonandYows1976Arecentsmall
scalefieldtrialincylindersasperKelsonetal1980indicat
edthatevenwithaninitialwaterconcentrationof100ppm
MV678providedonlya7reductioninemergence

Anychemicalwhichcouldimprovewaterqualitysothat
effectivepredatorsorcompetitorscouldsurviveinBoraxLake
wouldbeofinterest Aflocculatingagentorcomplexing
agentwhichwouldtieupboronprimarilyNa2B40710H20
mightbeusefulHoweverinlaboratoryteststhesurvivaltime
ofmosquitofishinBoraxLakewaterwasnotsignificantlyin
creasedbytheadditionofanyofseveralsuggestedagentsin
cluding12propanediol12butanediol12hexanediolor
NH4A1SO42whentestedatvariousconcentrationsupto
25000ppm



AphysicalcontrolpossibilityatBoraxLakeinvolvesthepu
paeAttimestheCoccidentalispupaeoccurinhighdensities
onthesurfaceofthemudjustabovethewaterlinewhereitap
pearstheycouldbedestroyedbymechanicalorthermaltreat
mentHoweveradultswerefoundtoemergefromatestarea
whichhadbeenflametreatedThissuggestedthatadditional
pupaemightoccurbelowthepupaevisibleonthesurface
SectionalcoringmethodofAndersonetal1980revealed
that79ofthepupaeoccurredinthetop2cmofthemud
Table2butenoughpupaeoccurredatgreaterdepthsto
indicateasurfacephysicalcontrolmethodwouldnotsuf
ficientlyreducetheCoccidentalispopulation

Table2AbundanceofimmatureCoccidentalisinmud03cmabove

shorelineatBoraxLakeonMay11980

Depthinmud

cm

01

12

23

34

45

56

67

78

Pupae

numberdm

4876

1520

397

167

206

309

108

118

Larvae

numberdm

828

299

78

54

34

59

44

34

810 93 12

1012 113 02

Naturalbiologicalagentshavenotprovidedadequatecon
troloftheCoccidentalisatBoraxLakeSeveralinverte

bratecompetitorsorpredatorsoftheCoccidentalisoccurin
BoraxLakeduringthespringwhenthefreshrunoffwaters
haveimprovedthewaterqualityTable3Howeverashigher
temperaturesandevaporationincreasethesaltconcentrations
andpHofBoraxLakeduringthesummermostofthesepopu
lationsarereducedoreliminated

LaboratorystudiesyieldedlarvalLC90valuesof10ppm
forbothBacillussphaericusStrain1593 andBthuringi
ensisvarisraelensisBactimosTMstrainSmallscalefield
studiesalsodemonstratedlowefficacyperhapsbecausethe
nonfilterfeedingCoccidentalishasalowprobabilityofin
gestingalethaldoseofthesematerials

BoraxLakeisfishlesssoavertebratewhichwouldpreyon
aquaticinvertebratesshouldreducetheCoccidentalisdensity
Howevermostspeciesoffishcollectedfromavarietyofsaline
andoralkalinehabitatsareunabletoacclimatetoBoraxLake
waterKelsonetal1980 Inrecenttestsfishhavebeen

placedinaquariacontaining10BoraxLakewaterandthe
concentrationhasbeenincreased10everythirtyminutes
Thisprocedurepermitscomparisonoffishcollectedatdiffer
entlocationsanddifferenttimesTheonlyfishspeciestested
todatewhichhavebeenabletosurvivetheseincreasingcon
centrationexperimentsuntiltheyarein100BoraxLake
wateraretheAlvordchubGilaalvordensistheBoraxLake
OregonchubGboraxobiustheAmargosapupfishCyp
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Table3InvertebratescollectedfromBoraxLake

Organism

Culicoidesoccidentalis

Hydropyrushians
Diaptomussicilis
Moinahutchineoni

Coriseliainecripta
Hexarthrasp
Tabanuspunatifer
BeuaiagZabra
Cyclopssp
Enochrusconjunctus
EulaZiatunida

Lepadeliasp
Notonectaehooteri

Notonectaunifaeciata
Saldulapallipee
Chironomidae

Culextarealis

Heteroceridae

Ostracoda

Boeminasp
Gerrieincognitue
Tarnetruncorruptum
Culisetaincidene
Culisetainornata

Agabussp
Eristalinae

Hygrotuesp
Ochthebiusrectue

Hypogastruridae

Monthcollected

JanDec

JanDec

MarNov

MarNov

NarNov

AprNov
JuneOct

JulyAug
MarJune

AprJune
AprJune
MayJune
Nov

MarJune

MarMay
AprMay
AprMay
May
May
Mar

Mar

Mar

Mar

Mar

Mar

Mar

Mar

FebMar

Feb

rinodonnevadensistheSaltCreekpupfishCsalinusand
theCottonballMarshpupfishCmilleri

CyprinodonmilleriandCsalinusareofinterestbecause
thesespecieswerecollectedfromwatersinDeathValley
Californiawithhigh45ppmboronconcentrationsand
high45000micromhoscmconductivitiesinMarch
1981TheseeuryhalinespeciesarefeedinggeneralistsSoltz
andNaiman1978andreadilyfeedonlarvaeandpupaeofC
occidentalisinthelaboratoryFurtherstudiesoftheabilities
ofthesefishtoreproduceinwaterfromBoraxLakeareinpro
gress
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CULICOIDESVARHPENNISANDBLUETONGUEDISEASEINCALIFORNIA

BluetongueBTisanarthropodbornevirusdiseaseofdo
mesticandwildruminantsThisdiseasewasfirstdescribedin
SouthAfricainthe1930sbutitwasnotuntil1944thatBT

virustransmissionwaslinkedtoCulicoidesgnatsDuToit
1944

BTviruscausesclinicalillnessmoreinsheepthaninother
domesticruminantswithsymptomsoffeveredemaoftheears
andheadbighead andoralandnasaltissuesblue
tongueaswellasinflamationofthehooveswithresulting
lamenessInBTinfectedcattlethereusuallyarenoclinical
signsexceptinseverelyaffectedanimalswhichmayshowab
normalnasaldischargeandulcerativestomatitissoremuzz
leandastiffgaitfrominflammedhoovesmoreseriousare
reproductiveabnormalitiessuchasabortionsanddeformed
andunthriftynewborncalvesRecentstudieshaveshownthat
BTvirusmaybetransmittedinbullsemenandthatfetalex
posurecanresultviaplacentaltransmissionfromBTinfected
cowsLuedkeetal19751977

Currentlythereare20serotypesofBTvirusworldwidebut
onlytypes101113and17areknowntooccurintheUnit
edStatesandallfourserotypesoccurinCaliforniaBlue
tonguevaccinesareavailableforsheeponlyandcontainsero
types10and17Thereislittleornocrossprotectionofthese
vaccinestoserotypes11and13Sincethevaccinescontainat

tenuatedlivevirusthesubsequentviremiafollowinginocula
tionofsheepmaybeofsufficienttitertobeacquiredbythe
gnatvectorwithpossiblelatertransmissiontononvaccinated
animals

FollowingastatewideepizooticofBTinsheepin1977and
completionofanationalsurveyofBTincattlein1978by
APHISUSDAresearchfundsbecameavailabletoconducta
morethoroughepidemiologicalstudyofthisdiseaseTime
doesnotpermitareviewofthistotalresearcheffortbutre
sultstodatefrominvestigationsinCaliforniamustbecredited

1SupportedinpartbyUnitedStatesDepartmentofAgriculture
AnimalandPlantInspectionServiceContractNo121651046

ECLoomisandMJORourke

DeptofExtensionVeterinaryMedicineSurgeIVComplex
UniversityofCaliforniaDavisCA95616
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SoltzDLandRJNaiman1978Thenaturalhistoryofnative
fishesintheDeathValleysystemNaturalHistoryMuseumofLos
AngelesCountyLosAngeles76pp

WetzelRG1964Acomparativestudyoftheprimaryproductivity
ofhigheraquaticplantsperiphytonandphytoplanktoninalarge
shallowlakeIntRevgesHydrobiol49161
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tocooperativestaffinanumberofagencies amongtheseare
theArthropodborneAnimalDiseaseResearchLaboratoryat
DenverCOUSDAtheBureauofAnimalHealthCalifornia
DepartmentofFoodandAgriculturetheCaliforniaDepart
mentofFishandGametheSchoolofVeterinaryMedicine
UniverityofCaliforniaatDavisprivatepractitionersinthe
CaliforniaVeterinaryMedicalAssociationandseveralCalifor
niaLivestockAssociations

Theprimaryobjectivesofourresearchareto1develop
simplermoreefficientandrapidproceduresforBTdiagnosis
2definetheincidenceofBTinfectioninsheepgoatscattle
andwildlifeonastatewidebasisinordertobetterdefineres

erviorhostsofthisdisease3developmeansofcontrolling
andeventualeradicationofBTinfectionfromsheepgoats
andcattleand4developcontrolmeasurestominimizeande
ventuallyeliminatedirectandindirectlossesduetoBTforthe
livestockindustriesinCaliforniaObjectives3and4include
studiesonthebiologysurveillanceandeventualcontrolof
Culicoidesgnatvectors

ResultsfrombloodsamplestestedforvirusisolationsAug
ust1978throughMarch1981areshowninTable1Bloods
fromallhostsshowthepredominanceofserotypes11and17
followedbytypes13and10Similarserotyperesultsareevi
dentfromsheepandcattlebloodssincethesehostsreflectov
er76ofthetotalanimalbloodstestedAlthoughfewBTi
solationsweremadefrombloodsamplesonwildlifesuffi
cientdatashowthatantelopeandelkareinfectedwithmore
thanoneBTserotypeandcanservelikecattleasimportant
reservoirsofthisdiseaseOsburnetal1981

ThegeographicaldistributionofpositiveBTisolationsby
hostsinCaliforniaincludesheepandcattlesampledfrom24
countiesfromModocandSiskiyouCountiesinthenorth
throughthelengthoftheCentralValleyandextending
throughSanBernardinoRiversideandImperialCountiesin
thesouthernregionCoastalcountiesinvolvedareHurnboldt
MendocinoSolanoSanLuisObispoandSantaBarbaraBT
isolationsingoatsrepresentherdssampledinStanislausMer



Table1BTVirusisolationsfromdomesticlivestockwildlifeand

CulicoidesvariipennisCA19781981

Species

BLOOD

Bovine

Ovine

Caprine

Antelope

BighornSheep

Deer

Elk

TotalNoBloodTotalNo
Samples Virus

Tested Isolations

18878

4736

9713

3584

107

50

130

155

Culicoidesgnats240

1UpdatetodatabyOsburnetal1981

BTVirusIsolationsBy
Serotypes

10 11 13 17

299 2891454852177425

104 55 494722212827

173 212 925321123922

13 1 3 4 5

2 1 1

1

6 1 5

5 3 2

cedandMaderaCountiesonlywhereaspositiveisolations
weremadefromantelopeanddeerinModocCountyandfrom
elkinInyoCountySeasonaldistributionforallhostsshow
thatthe 4serotypesareparticularlyprevelantinanimal
bloodstakenfromJulythroughNovemberwithlittleorno
isolationsmadeduringthefirst6monthsofeachcalendar
yearThesedatasupporttheoccurrenceoftypicalepizootics
ofBTinsheepinlatesummerandearlyfallwhenthevector
gnatpopulationsarereportedtoreachdensenumbers

Culicoidesvectorstudieswereinitiatedin4endemicBTar

easofButteImperialSonomaandStanislausCountiesThe
objectivesincludedinthesestudiesare1todetermineseason
aladultpopulationdataonCulicoidesspecies2toidentify
Culicoidesbreedingsourcesforevaluationofimmaturepopu
lationdensitiesand3tocollectliveCulicoidesforvirusiso
lationandBTserotypeinfectionratetestsatUCDavisand
theUSDAlaboratoryatDenverrespectivelyTodatesero
types11and13havebeenisolatedfromCvariipenniscollect
edduringSeptemberandOctoberinButteandStanislausstu
dyareasLaboratorytestsbytheDenverresearchgrouphave
showninfectionratesIRforall4virusserotypesinCvari
ipenniscollectedinImperialandStanislausareasIRforsero
types1011and13inCvariipennisfromtheButtearea
andIRfortypes10and11fromthisspeciestakenintheSon
omaarea

TheuseofCDClighttrapsandvehiclemountednettraps
inall4studyareashasshownCvariipennistobethepredomi
nantspeciesCcrepuscularisCfreeborniCSelfiaspp
andCstelliferhavebeencollectedinButteSonomaandSta
nislausCountiesbutintoofewnumberstowarrantevaluation

ofpopulationdensitiesIntheImperialValleyCcalexicanus
CmohaveandCsaltonensiswerecollectedinlighttrapsop
eratedindesertregionsadjacenttopasturedlivestockbutC
variipenniswasstillthepredominantspecies

SeasonaladultpopulationdataforCvariipenniswasestab
lishedinButteSonomaandStanislausstudyareasfroin1979
through1980IngeneraladultsfirstappearedinApriland
graduallyreachedpeakdensitiesfromAugustthroughSeptein
berwithasharpdecreaseafterOctoberIntheStanislausarea
howeveradultdensitiescontinuedthroughthewintermonths

56

anddeclinedduringFebruaryNoabsolutecausewasdeter
minedforthisunusualextensionofwinteradultactivityin
thisarea Culicoideslighttrapstudiesin196667inKern
CountyshowedtheprevalenceofadultCvariipennis64 of

6speciescollectedindecreasingorderofadultdensitiesthese
wereCcrepuscularisCfreeborniandCposoensisChae
rnatopotusandCSelfiasppNelsonandBellamy1971

Earlierstudiesbyotherinvestigatorshaveshownawide
rangeofdevelopmentsitesfortheimmaturestagesofCvar
iipennisfromfresh salt andalkalinewatersoilhabitats

Pollutedwatersiteshoweverarereportedtofavortheoc
curenceofCvariipennisWirthandJones1957Jones1961
Theresultsfromlarvalhabitatsurveysmadefrom1978

through1979inCaliforniahaveverifiedtheversatilityofsites
whichproduceCulicoidesThesecanbeclassifiedintonatur
alagriculturalindustrialanddomesticwatersourcesSitesin
thesehabitatswereidentifiedbycollectionsofimmature
stagesinsubstratesamplestakenfromthesoilwaterinterface
ofsuspectedhabitatsNaturalhabitatsincludedmarginsof
saltwatersourcessuchasBoraxLakeoralongtheSaltonSea
andinbrackishwaterofwildliferefugepondsandingently
slopedmuddybanksofriversandcreeksAgriculturalhabi
tatsconsistedmainlyofmanmadewaterimpoundmentfacili
tieswhichincludeddairywastewaterlagoonsdairywastewa
terdischargedintopasturesorchardsditchesandnaturalwa
terchannelspondedwaterinsidecattlefeedlotpenswater
troughoverflowareasincludinganimalhoofprintslowspots
inanimaloccupiedirrigatedpasturesanddrainagecanalsre
ceivingcropirrigationrunoffwater Industrialhabitatsin

cludedcollectionsofoilwellrunoffwateroxidationponds
connectedtorunoffwaterfromsewagetreatmentplantsand
otherwaterimpoundmentareassubjecttofloodingfromcom
mercialwashingoftransportationequipmentUrbanhabitats
consistedchieflyofwastewaterrunofffromhomesponded
waterfromlawnandgardenirrigationandshallowwaterim
poundmentareasinbackyardsholdingamixtureofdomestic
livestockhorsessheeppigsandpoultry

Organiccontaminatedwaterimpoundmentssuchasdairy
lagoonsconsistentlyproducedthehighestdensitiesofCvar
iipennisThesefindingsthereforecoincidewiththerepeti
tivelargenumbersofBTvirusisolationsfrombloodtestsin
indigenousdairyanimalsAsaresultoftheselarvalhabitatin
vestigationsastatewidedairywastewatersurveywasconduct
edin1980Onehundredthirteen113dairiesweresampled
atthestartandendingofsummerwithintheCentralValley
andCoastalandSouthernregionsFiftyfivepercent55 of

thedairylagoonswerefoundtosupportCulicoidesdevelop
mentintheearlysummerwhileonly40ofthesesources
wereCulicoidespositiveinthefallmonthsTable2Quan
titativeanalysisshowedsomelagoonstocontinuallyproduce
denseimmaturepopulationswhileothersconvertedfrom
densetolightorremainedtotallyfreeofimmaturegnatpopu
lationsThereasonsforthisvariationinvolvesacomplexof
wastewaterandsolidsmanagementpracticesandlagooncon
structionwhichwarrantfurtherstudyAlsorecordsfromlo
calmosquitoabatementdistrictsshowedroutineapplication
ofoilandorchlorpyrifosDursbanformosquitocontrolin



manydairywastewaterlagoonstherelationshipsofthese
chemicalapplicationsforindirectcontrolofCulicoidesisnot
clearalthoughapilotstudyononedairydemonstratedthat
chlorpyrifosgranulesorsolutionsatilbalacreofdairyla
goonmarginscontrolledadultCvariipennisemergence

Table2CulicoidesgnatsfoundindairylagoonsCA1980

Region
NoCounties

SacramentoValley5

SanJoaquinValley5

Coastal3

Southern2

4RegionTotal

MayJuly SeptOctober
NoDairies NoDairies

Insp Positive Insp Positive

13 754 16 638

75 4155 25 832

14 429 6 350

11 1091 6 466

113 6255 53 2140

TheimplicationofdenseCulicoidesbreedinginorganic
contaminatedwaterimpoundmentareasrelatescloselytothe
moreextensiveoperationalprogramsnowconductedbymany
mosquitoandvectorcontrolagenciesCooperativestudiesare
neededtodeterminetheapplicationofphysicalculturaland
chemicalcontrolstrategiestohelpminimizeadultCulicoides
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productionfromsuchwatersourceswithultimatereductionin
BTdiseasetransmission
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LABORATORYOBSERVATIONSOFTHEDEVELOPMENTALBIOLOGYOF

ANOPHELESFREEBORNIAITKEN

INTRODUCTIONSinceFreebornsinitialstudiesofCali

forniaanophelinesFreeborn1926onlyonemajorattempt
tocolonizeandmassrearAnophelesfreeborniAitkeninalab
oratorysituationHardman1947hasappearedinthelitera
tureTofurtherresearchendeavorsattheUniversityofCali
forniaatDavisontheecologyofAnfreebornialaboratory
colonyofthismosquitowasestablishedfromtheprogenyof
approximately3500gravidfemalescollectedfromavarietyof
mosquitorestingsitesinSacramentoandYoloCountiesfrom
MayJuly1979Afterthetenthgenerationofdevelopmentin
thelaboratoryaseresofobservationswasinitiatedonthede
velopmentalbiologyofAnfreeborniinalaboratorysitua
tion

MATERIALSANDMETHODSInsectaryThefollowing
methodshaveproventobequitesatisfactoryformassrearing
AnfreeborniinalaboratorysituationTheinsectaryisillumi
natedwithfourdoublebanksoffluorescentlightstimedfora
constantphotoperiodof1412hoursInadditiona40wattin

candescentlampistimedtoprovideadawnandduskperiod
ofhhourpriorandsubsequenttotheoverheadlightperiod
Theroomismaintainedat30 2Candhumidifiedwitha
coldhumidifiertoaminimumof40RHLarvaearereared

inrectangularenameledpansof24cmx40cmx6cmin3liters
ofwaterequalpartstapanddistilledwaterforaconductance
rangeof150200microohmscmLarvaearefeddaily a

finelygroundmixtureofequalpartsbyweightTetraMinfish
foodandguineapigchowPupaeareremovedfromthelarvae
panswithalargeborepipetandtransferredintosmallplastic
cupsfilledwith125mlofwaterforemergenceinadultcages
Adultsaremaintainedin03mscreensleevecageswrapped
withplasticliningA10sucrosesolutionin150mlflasks
dispensedthroughcottonwicksprovidesthecarbohydrate
sourceasupplementofraisinsisalsomadeavailableintheca
gesThepupalemergencecupsprovideovipositionsitesfor
thefemalesafterbloodfeedingThebloodsourceisclosely
shavedguineapigsheldtightlyrestrainedincylindricalwireca
gesEggsareharvesteddailyandtransferredintoenameled
pans

DevelopmentalBiologyStudies Severalsetsofobserva

James0NorthupandRKWashino

DepartmentofEntomology
UniversityofCaliforniaatDavis

ABSTRACT

Observationsweremadeonvariousdevelopmentalphenomenaina
recentlyestablishedlaboratorycolonyofAnophelesfreeborniAitken
Indicationsarepresentedforoveralldevelopmentalratesincluding
meantimeofoccurrencedurationandsurvivorshipoftheaquatic
stagesdifferentialdevelopmentalratesformaleandfemaleandlength
ofthegonotrophiccycleandmeanfecunditypercycle
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tionswereperformedinthisinsectarysituationThefirstcon
cernedoveralldevelopmentfromeggtoadultandentailed
countsat24hourintervalsoftheoccurrenceofthevarious

lifestagesbeginningwithaknownnumberofeggsAllcounts
wereperformedinsitutominimizeanydeleteriouseffects
fromhandlingThreecountsweremadeforeachandtheaver
agerecordedOnereplicateof4panswasperformedataden
sityof50eggsperpan3replicatesof4panswereperformed
atadensityof100eggsperpanEachpanwasprovidedthe
followingfeedingregimen

dayafteroviposition quantityoffood

1

2

3

4

5

6

7

8

9

10

11

40mg

20mg

20mg

40mg

40mg

50mg

100mg

100mg

decreasingwithincreasingpupation

Pupaefromeachreplicatewerepooledintoasingleemergence
cageandcountsofadultswereperformedat24hourintervals
thesecountswerecontinuedfor2weeksafterfinalpupation

Thesecondsetofobservationsconcernedtheratesofpupal
eclosionandrelativeproportionsofmaleandfemaleemer
genceFourreplicatesof200eggswererearedinenamelpans



Pupaewereremovedandsegregatedintoadultcagesaccording
toageatpupationCountsbysexofadultemergencewerere
cordedat24hrintervals

Thethirdsetofobservationsinvolvedthelengthofthe
gonotrophiccyclefrombloodmealtoovipositionEightrepli
catesof100bloodedfemalesweresetupin03mcagesand
providedwithovipositionsitesCountsofeggsdepositedwere
performedat24hourintervalsunderamagnifyingviewertak
ing3countsforeachandrecordingtheaverageTwodaysaf
terovipositionhadceasedarandomsampleof10females
fromeachreplicatewasdissectedandspermathecaeexamined
forinsemination

ThefourthsetofobservationsconcernedfecundityOne
hundred3dayoldnulliparousfemaleswerebloodedandiso
latedinindividuallargefoamstopperedtesttubesprovisioned
withraisinssuspendedonhooksathinstripofabsorbentpa
perwhichwassaturatedwithwaterdailyusingawashbottle
andasectionofapplicatorstickonwhichthemosquitocould
clingEggswerecountedasbeforeAllfemalesweredissected
afterovipositionordeathtodetermineinsemination

RESULTSResultsoftheobservationsofoveralldevel

opmentaresummarizedinFig1andTables13Oftheinitial
1400eggs704reachedadulthoodforanapproximately50
survivorshipThesesurvivingmosquitoeshadallemergedas
adultswithin17daysafterovipositionFig1Ofthesurvi
vors50hadreachedadulthoodbythe12thdayafteroviposi
tionwithaweightedaverageof13days

Successfulegghatchwasdeterminedbycumulativelarval
countswhichreachedtheirhighestnumbersie1055onthe
fifthdayafterovipositionTable1Mostoftheeggssuccess
fullydevelopingto1stinstarlarvaehaddonesobetween24
48hoursafterovipositionThetotalegghatchwas75ofthe
eggsdeposited

Thefourlarvalinstarscouldbereadilydistinguishedby
theirheadcapsulesizesTheearlyinstarlarvaewereverydark
incolorandbecameprogressivelylighteruntiltakingonthe
characteristiclightbrowncolorofAnfreeborniinthefourth
instarAtthistimeseveralothercolortraitsalsoappeared
theseincludedagreencolortraitatraitforawhitethoracic
regionandatraitforalongitudinalwhitestripeontheabdo
menAtleast50ofthesurvivinglarvaehadreachedpupa
tionbythe10thdayafterovipositionwithaweightedaverage
ofabout11daysTable2 Thedurationofeachinstar

rangedfrom164247daysasestimatedbysubtractingthe
meanoccurrenceofeachfromthesucceedingstage The

fourthlarvalstageexhibitedthemostprotractedduration
Thesurvivorshipthroughthelarvalstageswashighie96
fromlst4thinstarHoweveronly77survivedfrom4thin
starlarvaetopupaeTable3

Theresultsofthepupaleclosionobservationsaresumma
rizedinTable4Ofthe800eggssetup532pupatedTheav
eragedurationofthepupalstagewasjustover2dayswith
malesdevelopingtopupationmorerapidlythanfemales

Theresultsofobservationsofthelengthofthegonotrophic
cycleandfecundityaresummarizedinTable5Oftheeggs
depositedbythe800bloodfedfemalesabouthalfwerede
positedonthe3rdandhalfonthe4thdaysafterbloodfeed
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ingOfthe80mosquitoesdissectedintherandomsamples
79werepositiveforinseminationOnly31of100isolatedfe
malesovipositedTheothersperishedapparentlyfromdrown
inginthesmallamountofwateratthebottomofthetubes
AllwerepositiveforinseminationOfthe31ovipositingan
averageof133eggseachwasproducedinonegonotrophic
cycle
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1234567891011121314151617
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Figure1AnophelesfreeborniDevelopmentTheupperlineindicates
thetotalnumbersurvivingthroughtimeShadedareascorrespondto
theproportionaloccurrenceofthelifestagesthroughtimeAtT0
n41400eggs

Table1Anophelesfreehorniegghatch

hours

24 0 0 0

48 1012 73 2

72 32 2 4

96 7 2

120 4 4

total 1055 75 2

afteroviposition

3rd

4th

pupa

adult



Table2AnophelesfreeborniLarvalpupaldevelopmentWeightedav Table5AnophelesfreeborniGonotrophiccycleovipositionand
eragesforthetimeofoccurrenceofeachinstarandthepupalstageare fecundityEggdepositionthroughtimeisindicatedfor800bloodfed
indicated femalesFecundityiscalculatedasthemeaneggsdepositedby31iso

latedfemales

hours eggs total fecundity

occurrence
273 437604 827 1074

24 0 0

Itime 48 0 0
z 133

s 104 133 147 182 215 72 13684 47 s 64

96 14067 48 range 22279
duration 120 799 3
days 164 167 223 247 215

daysafteroviposition

1st 2nd 3rd 4th pupa

60

144 472 2

168 32

total29054

afterbloodmeal eggsovipositingfemale
Table3AnophelesfreeborniSurvivorshipRealandapparentsur
vivorshiptoselectedstagesisindicated D1SCUSSIONAsummaryofthedevelopmentalbiology

ofAnophelesfreeborniinalaboratorysituationisasfollows
stage lxfromegg s Ixfrompriorstage s Ontheaverage133eggsaredepositedbyeachovipositing

female352daysafterbloodfeedingOfeggsdepositedanav
erageof75hatch203daysafterbloodfeeding Ofthe1st

1st 75 20 75 20 instarlarvae98survivetothe2ndinstarinameantimeof

164daysOf2ndinstarlarvae99surviveto3rdinstarina
meantimeof167daysOf3rdinstarlarvae98surviveto

pupa 52 55 77 55 the4thinstarinameantimeof223daysOfthe4thinstar
larvae77survivetopupationinameantimeof247days
Ofthepupae96survivetoadulthoodinameantimeof215

adult 50 56 96 74 daysMalesdeveloptoadulthoodontheaveragemorerapidly
thanfemalesdobuttheshorterdurationofthelarvalinstars
doesnotcorrespondtoashorterdurationofthepupalstage

Abriefcommentaboutsurvivorshipmustbemadeatthis
pointpriortomoregeneraldiscussionoftheseresultsTwo
regionsofsubstantiallyreducedsurvivorshipmaybeviewedin
Fig1Thefirstoftheseoccursbetweentheeggandfirstlar
valstageandcorrespondstoa25failureinegghatchThe
survivorshipcurveofFig1depictsthisasmortalityhowever

Table4AnophelesfreeborniPupaleclosionWeightedaveragesfor itisimpossibletoaccuratelystatefromtheseresultshow
pupaldurationareindicatedN532pupae

muchofthis25failuretohatchisactualmortalityandhow

dayafter emergence muchissimplyduetoinfertilityAlthoughtheobservedin

oviposition ztimedayss dx male female seminationratesclearlyindicatethatallfemaleshadmatedit
isntclearwhetheralltheeggsproducedhadbeenfertilized

9 260 052 6 75 25 sinceembryonationrateswerenotdeterminedFurtherobser
10 224 039 5 62 38 vationsincludingratesofembryonationwouldclarifythis
11 200 014 45 55 question
12 220 015 36 64 Thesecondregionofreducedsurvivorshipoccursduring
13 290 026 2 10 90 thefourthlarvalstageieseenbetweendays10and11on
14 200 0 22 0 100 Fig1Thistimeperiodcorrespondscloselytothemeanoc

currenceofthepupalstage1074daysafterovipositionIt
total 215 036 4 48 52 wouldthereforebereasonabletoassumethatthemortalityas

sociatedwiththefourthlarvalstageactuallyoccursduringthe



processofmoultingtopupaandislikelyduetoincreased
physiologicalstressesassociatedwithpupation

Ingeneraltheseresultsreflectapatternofdevelopmentin
thelaboratoryforAnfreebornisimilartothatdescribedby
Hardman1947Thedifferencesindevelopmentalratesbe
tweentheresultsofthisstudyandHardmanscanprimarilybe
attributedtothedifferingdietsandtemperatureregimes
Huffaker1944clearlydelineatesthedifferentialratesofdev
elopmentforAnophelesquadrimaculatusindifferentconstant
temperatureregimesBaileyandGeike1968demonstrated
thesamephenomenonwithAnfreeborniInlightoftheef
fectsoftemperatureondevelopmentalvelocityitseemsrea
sonabletoconcludethatthemorerapiddevelopmentobserved
inthisstudyascomparedtoHardmansieeggtopupa
1074daysvs172daysisdueinparttothehighertempera
ture30Cvs27CInfactdatapresentedbyBaileyand
Geikecloselyconformwiththecalculateddevelopmentalrate
of30Cseeninthisstudy

Howevertemperaturedifferencesalonedonotsufficiently
explainthedifferencesinobservedegghatchmortalityand
variabilityofdevelopmentalratesOneotherfactorwhich
couldplayasignificantroleisthefeedingregimenanddiet
Theproblemwithpellicleformationorscumminginthe
rearingpansisnotedbyalltheseauthorsHardman1947
notedthatmeasurestoreducepellicleresultedinadecreaseof
pupalmortalityto4 thesamepupalmortalityobservedin
thisstudyBaileyandGeike1968refertohighmortality
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duetoadverseeffectsfrompellicleformationThelower
overallmortalityinthisstudy50comparedwith59and
63notedbytheotherauthorscouldwellbeduetothesub
stitutionofdietiegroundguineapigandfishfoodinstead
ofgrounddogbiscuitsTheincreasedsurvivorshipcouldei
therbeduetoenhancedaccesstoairbyreductionofsurface
filmandoranactualnutritionalbenefitfromthesubstituted

dietThissamereasoningmaybeusedtoexplainthegreater
viabilityofeggsiehatchrate75vs53 anddecreased

variabilityofdevelopmentalratesieeggpupa915daysvs
1027daysBetterfedlessstressedlarvaecouldbeexpected
todevelopmorenormallyandexhibitgreaterreproductivepo
tentialasadultsHoweverthesearguernentsfallintherealm
ofconjectureandmorerigorousphysiologicaldeterminations
ofthesephenomenaarecertainlymerited
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TERRESTRIALBREEDINGSITESOFRHAGIONDAEDIPTERA

INNORTHERNCALIFORNIA

RSLaneandJRAnderson

INTRODUCTIONAdultRhagionidaeorsnipefliesarepri
marilynonhematophagousthoughsomespeciesavidlysuck
thebloodofanimalssuchasmandeeranddomesticlive
stockInwesternNorthAmericancertainspeciesinthegenus

Symphoromyiaareviciousmanbitersandrecentlyacaseof
severehypersensitivityresponsetoSymphoromyiabitesthat
resultedinapparentanaphylacticshockwasreportedfromthe
StateofWashingtonTurner1979 HoyandAnderson
1966gaveaccountsofseveralSymphoromyiaspeciesat
tackingmaninCaliforniaandTurner1979recentlyreview
edpublishedreportsofSymphoromyiabitingmaninNorth
AmericaDespitethepotentialmedicalveterinaryimportance
ofSymphoromyiahoweverbreedingsitesoflessthan10
ofthedescribedNorthAmericanspeciesareknownLaneand
Andersoninpress

DuringbiologicstudiesofTabanidaeinnorthernCalifor
niaseveralrhagionidimmatureswereextractedfromwood
landgrasssoilsandrearedtoadultsincludingRhagiocosta
tusLoewreportedasRhagioandSymphoromyiaincon
spicuaTurner ChillcottLane1976Furtherstudieswere
initiatedin1978tolocatethebreedingsourcesofotherSym
phoromyiaaswellasrhagionidsinrelatedgenerabysampling
terrestrialenvironmentsforimmaturestagesandbytrapping

newlyemergedadultsinscreenhousessetoverwoodlandsoils
Sinceresultsofthe197880investigationswillbepresentedin
derailelsewhereLaneandAndersoninpress thepurpose
ofthiscommunicationistobrieflysummarizethosefindings
andtomorefullydocumentdatagatheredin1981

MATERIALSANDMETHODSInvestigationswerecar

riedoutattheUniversityofCaliforniaHoplandFieldStation
UCHFSa2168haagriculturalsciencesresearchfacilityin
southeasternMendocinoCountyAdescriptionofthestudy
areahasbeenpresentedbyHoyandAnderson1978

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

ABSTRACT

Thepotentialbreedingsitesofsnipefliesinwoodlandgrasssoils
wereinvestigatedbyacombinationofemergencetrappingandsampling
forimmaturesinMendocinoCountyCalifornia197881Adultsof8
rhagionidspeciesChrysopilus2Ptiolina1Rhagio1Symphoromy
ia4weretakeninsideemergencetrapsandimmaturesofPtiolinasp
nearzonataHardy McGuireandRhagiocostatusLoewwerereared
toadultsSeventyonehoursspenthandsortingwoodlandsoilsin
198081yielded29rhagionidimmaturesorapproximately1every245
hrBerlesefunnelsandhandsortingappearedtobealmostequallyef
ficientforextractinglarvaeofPtiolinaspwhichoccupiedtheupper5
cmofsoilThesefindingscorroboratepreviousreportsthatimmature
snipefliesareterrestrial

62

Adultrhagionidsandotherfliesemergingfromwoodland
grasssoilswerecapturedinside3screenhouses3x3mwide
by2mtallhavingwovennettingscreenwallsand1or2doors
Trapswereassembledat3sitesinApril1980andchecked
twiceweeklyforpresenceoffliesuntilearlyJulyalsoa
singletrapwassimilarlyoperatedbetweenmidNovember
1980andearlyJanuary1981Allfliesobservedinsidethe
trapswerecollected

Woodlandgrasssoilsamplesupto23cmusually510cm
deepweretakennearemergencetrapsandincomparablebio
topeswithatrowelandexaminedforrhagionidimmaturesby
handsortingon35datesfromMarchtoNovember197881
also174mofsodwereprocessedinBerlesefunnelsfor47
daysin1981Weattemptedtorearmostrhagionidlarvaecol
lectedonadietofmealwormsandorhighlyorganicsoilsfrom
thenaturalhabitat

RESULTSANDDISCUSSIONEmergencetrapstudies
Sixtyonesnipefliesrepresenting4speciesofSymphoromyia
2speciesofChrysopilusand1specieseachofPtiolinaand
RhagiowerecollectedExceptforPtiolinaspwhichemerged
inDecemberallrhagionidsweretakenfromApriltoJune
Emergencedensitiesranged004to130fliesmfordifferent
speciesThebreedingsitesof6ofthesespecieshadnotbeen
foundheretoforeAlthoughour3emergencetrapscovered
only283mofavegetationaltypethatoccupiesover1700
acresatUCHFSwefound4ofthe10Symphoromyiaspecies
thathavebeenrecordedthere

InadditiontoRhagionidae197fliesdistributedamong20
familiesandapproximately48speciesalsoweretakenwith
Cyclorrhaphapredominatingwith147individualsin11fami
liesand29species

CollectionsofrhagionidimmaturesTheonlyrhagionidim
maturesfoundbefore1981belongedtothegenusPtiolina



whichhadnotbeenrecordedpreviouslyfromthestate
Twentythreelarvaeandapupawerecollected1to4cmdeep
insoilscolonizedbymossesandshadedbymadroneoroaks
AmaturelarvaandpupatakeninNovember1980each
yieldedanadultofaPtiolinaspnearzonataHardy Mc

Guire

In1981handsortingwoodlandgrasssoilsproduceda
greaterdiversityanddensityofrhagionidimmaturesthanwere
obtainedinprecedingyearsperhapsbecausesamplingwasper
formedfrommidMarchtoearlyMaypriortoemergenceof
mostrhagionidsFivePtiolina3Symphoromyiaand7Chry
sopilusandorRhagioimmatureswereextractedfrom1664
mofsoilforameandensityof090individualsmand092
individualshrofsortingAnadditional8zhrspentsampling
inearlyMayproducedanotherSymphoromyialarvaAtleast
1morePtiolinaand2ChrysopilusandorRhagiolarvaewere
funnelextractedfromsoilsamples174mx5cmdeepTwo
femalesofRcostatuswererearedfrompupaecollectedinthe
shadeofoaksQuercus

All4Symphoromyialarvaesharedseveralimportantfea
turesincommonwiththoseofthe4undeterminedAlaskan

SymphoromyiaspeciescharacterizedbySommerman1962
Maturelarvaearecreamywhitewitha12segmentedcylindri
calelongatebodytaperinganteriorlytoapartlyretractile
headThe8thabdominalsegmentisdeeplyclefthorizontally
withupperandlowersurfacescoveredbysemicircularsclero
tizedplateseachbearing4tuberclesalongtheiroutermargins

Table1comparesthemeannumberofrhagionidimmatures
foundhrbyhandsortingwoodlandgrasssoilsin19801981
withthosetakenbyhandsortingsoilsmossesborderingvernal
poolsandintermittentcreeksduringapreviousstudyat
UCHFSAndersonJRandJBHoyunpublisheddataOn
theaverageittookca245and22hrtocollecteachrhagio
nidimmaturefromwoodlandgrassandthebanksofinter
mittentcreeksrespectivelywhereas175hrwereexpended
foreachlarvaobtainedfromthemarginsofvernalpoolsAl
thoughthesedatasuggestthatwoodlandsoilsandintermittent

Table1Comparisonofthemeannumberofrhagionidimmatures
extractedhourbyhandsortingsoilsamplesfrom3habitattypes
UniversityofCaliforniaHoplandFieldStation196465198081

HABITAT

TOTAL

APPROXIMATEMEANNO
NOHOURS RHAGIONIDS

SPENTSORTING FOUNDHOUR

WOODLANDGRASS 71 0408

SOILS

BANKSMARGINSOF
INTERMITTENTCREEKS 150 0453

VERNALPOOLS 70 0057

291 0347

ASSOCIATED

TAXA

Ptiolinasp
Rhagiocostatus
Symphoromyia

Chrysopilusspp

Symphoromyia
pachyceras

Associationswerebasedlargelyuponspecimensrearedtoadults
Howevermostimmatureswereundeterminedparticularlythosetaken
fromsoilborderingintermittentcreeksandvernalpools
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creekbordersareofcomparableproductivityasbreeding
sourcesforrhagionidimmatureswoodlandsoilsactuallyyield
amuchhigherbiomassareawidebecausetheyencompassa
farmoreextensivehabitatintheHoplandarea

Finallytodeterminetherelativeefficienciesofourextrac
tionmethodsaswellasthedepthoccupiedbyrhagionidlarvae
inspringtimewecomparedhandsortingandBerlesefunnels
forextractingsnipeflylarvaefromwoodlandsoilsateachof2
depthsie05cm510cmTen01msamplestakenat
bothdepthswerehandsortedindividuallyinenamelpansfor
approximately15minandthenumberofrhagionidlarvae
notedAlllarvaewerethenreturnedtotheirrespectivesam
pleswhichwereplacedinsealedplasticbagsfortransportto
thelaboratoryandeachwasprocessedinaBerlesefunnelfor
6daysAsshowninTable2thenumberofrhagionidimma
turesextractedbyeachmethodwasnearlyidenticalandnone

Table2ComparisonofBerlesefunnelsandhandsortingforextracting
rhagionoidlarvaefromten01Mwoodlandgrasssoilsamplestakenat
eachof2depthsUniversityofCaliforniaHoplandFieldStation1981

DEPTHCM

05

510

Ptiolinaspwastheonlyrhagionidextracted

NORHAGIONIDSEXTRACTED

BERLESEFUNNEL HANDSORTING

ofthelarvaePtiolinaoccupiedsoildeeperthan5cmSince
suchlownumbersofonlyasinglerhagionidspecieswereob
tainedhoweverfurtherstudiesareneededinvolvingmany
morereplicatesandothergeneraoflarvalrhagionidsbefore
substantiveconclusionscanbereachedabouttherelativeeffi
cienciesofthesemethods
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SEASONALVARIATIONOFWINGLENGTHANDEGGRAFTSIZEINCULEXTARSALIS

Adultmosquitosizemaybeinfluencedbyseveralfactors
duringimmaturelifeDensitydependentconditionsinclude
theaccumulationofmetabolitesfooddepletionandproduc
tionofagrowthretardantfactorassociatedwithovercrowding
White1980MooreandFisher1969Jones1960Ikeshoji
andMulla1970Temperatureisadensityindependentfactor
andinfluencestherateoflarvaldevelopmentPreviousstudies
haveshownthatfecunditydecreasesasafunctionofdecreas
ingadultbodysizeinsuchspeciesasAnophelesstephensi
Reisen1975andAedesaegyptiJones1960White1980
reportedanegativecorrelationbetweenairtemperatureand
winglengthofCulextarsalisfemalesinKernCountyHealso
observedthatsmallfemaleslaidsignificantlyfewereggsthan
largefemalesThusanincreasedproportionofsmallfemales
mightexplainthemidsummerdeclineinCxtarsalisabund
danceobservedinearlierstudiesNelsonetal1978Asmanet
al1979Milbyetal1980

Thepresentstudyattemptstodocumentthistrendusing
datafromasterilemalereleaseexperimentatBreckenridge
KernCountyCaliforniain1980Milbyetal1981Thestu
dyrelatesadultfemalesizetoeggproductionfertilitypopu
lationabundanceandairtemperature

METHODSTheBreckenridgestudysiteislocated125
kmeastofBakersfieldinKernCountyCaliforniaandcon
sistsof3moreorlessparallelcanyonsWastewaterfromoil
fieldsgoesintoaseriesofholdingpondsDuringthesummer
waterissprinkledontothehillsidestoproducegrassforcattle

MarthaEBockandMarilynMMilby

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealth

UniversityofCaliforniaBerkeleyCA94720

ABSTRACT

ApopulationofCulextarsaliswassampledtodetermineseasonal
variationinfemalewinglengthraftsizehatchrateandrelativeabun
danceWinglengthsoffemalesrangedfrom31to53mmandrafts
from30to438eggsRaftsizeandwinglengthwerepositivelycorre
latedandbothwerecorrelatedpositivelywithhatchrateandnegative
lywithairtemperatureatthetimeoffemaletrappingRelativeabun
dancefemalescaughtpertrapnightwasnotsignificantlyrelatedto
anyofthevariablesstudied

123

TurnerWJ1979Acaseofseverehumanallergicreactiontobitesof
SymphoromyiaDiptcraRhagionidaeJMedEntomol15138
139

grazingThepondsarestockedwithGambusiabutsomemos
quitobreedingdoesoccurinwatercoursesbetweentheponds
incattlehoofprintsandindensetulegrowthonthepond
marginsIn198093ofthemosquitoescollectedatBreck
enridgewereCxtarsalis

FemaleCxtarsaliswerecollectedinCO2lighttrapsre
leasedinto30x30x30cmcagesandallowedtofeedonare
strainedchickenfor2nightsTheengorgedfemaleswereheld
aminimumof4daysforeggdevelopmentthentransferredto
individual6dramshellvialscontainingabout5mloftapwa
terforovipositionThisprocedureexcludedautogenousfe
malesfromthestudyEggraftswereremovedafter3days
placedonastripoffilterpaperdisruptedandcountedunder
adissectingmicroscopeEacheggwasclassifiedashatched
noapparentmaterialleftineggcaseandmicropilarcapopen
edempty unhatchedwithnoapparentembryoorembryo
nated unhatchedorpartiallyhatchedwithanembryovisible

Concomitantwithraftcountingthelengthofonewingof
theparentfemalewasmeasuredfromthealularnotchtothe
distalmarginexcludingthefringescalesusinganocularmicro
meterFigure1Femaleswhichdiedbeforecompletingovi
positionorwhichovipositedfewerthan30eggswerenotin
cludedinfurtheranalyses

Hatchrateswerecalculatedforindividualraftsthenaver

agedforeachweekfromJune1throughSeptember28Mean
raftsizeandfemalewinglengthwerealsocalculatedforthese
18weeks



Dailymaximumandminimumtemperaturesrecordedat
KernCountyAirportbytheNationalOceanicandAtmospher
icAdministrationNOAAwereaveragedthencombinedto
obtainmeantemperatureforeachweek

TheweeklyfemaleCxtarsalisTighttrapindexforthe
Breckenridgearea basedoncollectionsinCDClighttraps
supplementedwithCO2 wasusedasameasureofvariations

inpopulationabundance

Figure1WinglengthmeasurementofCxtarsalisfemales
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Figure2WeeklycomparisonsofaveragetemperatureAwithmean
winglengthBraftsizeChatchrateDandrelativeabundanceE
ofCxtarsalisfemalescollectedatBreckenridgeKernCountyCali
forniain1980
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RESULTSEggraftswithatleast30eggswereoviposited
by2422femaleCxtarsalisRaftsizeaveraged193eggswith
amaximumof438andwinglengthrangedfrom31to53
mmwithameanvalueof43mmThese2variablesshoweda
strongpositivecorrelationp 0001Theweeklymeans
hadasimilarsignificantpositivecorrelationFigure2Band
2C

Weeklymeanwinglengthwaslowest40mmforfemales
collectedinlateJulywhentemperatureswerehighestFigure
2AWeeklymeanraftsizewasalsolowest150eggsraftat
thistimeTherewasasignificantnegativecorrelationofboth
variableswithtemperature

Inadditiontotemperatureatthetimeofcollectionoffe
maleswealsoexaminedthecorrelationwithtemperatureone
weekbeforethefemaleswerecollectedThisisreferredtoas

temperaturelag1andwasevenmorehighlycorrelatedwith
winglengthandraftsizethantemperatureduringtheweekof
collectionr083vs072

Weeklymeanhatchrateswerepositivelycorrelatedwithfe
cundityandwinglengthTherewasanegativecorrelation
withtemperatureFigure2DFertilityfollowedthesame
generaltrendasraftsizeandwinglengthstartingwithahigh
of92inJunedecliningto63duringtheweekofpeaktem
peratureandrisinginlatesummer

ThelighttrapindexshowedaslightbimodaltrendFigure
2Eandreachedamidsummerlowpointwhentemperature
washighestbutthepopulationneverexhibitedtheextreme
fluctuationsobservedinotherstudiesinKernCountyAsman
etal1979

DISCUSSIONTemperatureappearstobeamajorfactor
affectingthesizeofadultmosquitoesItaccelerateslarval
metamorphosissothatcapacitytoformtissueisinhibited
Thiscouldexplainwhywinglengthcorrelatedbetterwith
temperaturelag1thanwithtemperatureatthetimeofcollec
tionSincetemperaturelag1measuresthetemperatureduring
thelatelarvalandpupalstagesofthetrappedfemalesitcould
indicatethatthetemperatureatthattimehasamajorinflu
enceonlarvaldevelopmentandthusmodifiestheultimatesize
oftheadult

Sizeofeggraftscorrelateddirectlywiththesizeofthefe
male ThiswasshownpreviouslyforCxtarsalisinKern
CountybyWhite1980andissupportedbyReisen1975
whofoundthatsmallAnstephensifemalesrearedfrom
crowdedlarvaeimbibedlessbloodproducedfewerandsmall
ereggsandhadreducedsurvivalcomparedtononcrowded
groupsAlsoCollessandChellapah1960foundthenumber
ofovarioleswasdirectlyrelatedtothesizeofthefemalein
Aeaegypti

Bothhatchrateandpopulationabundancemayhavebeen
modifiedbytheexperimentalreleaseofsterilizedmalesfrom
lateJunethroughtheendofAugustAlthoughreleaseefforts
werehamperedbylownumbersofavailableindividualsthere
were3periodswhenreleasesexceeded2000sterilizedmales
perdayTwooftheseperiodscoincidedwiththe2observed
dipsinmeanhatchrate

ThetrendsinfemalesizeandfecundityattheBreckenridge



studysitemaybeexpressionsofthepopulationdynamicsof
CxtarsalisSmallfemalescouldhaveseveraleffectsonalocal

populationTheyprobablyhavereducedflightrangeNayar
1969NayarandSauerman1970Schieferetal1973imbibe
lessbloodproducefewereggsandhavereducedsurvivalRei
sen1975Thesecharacteristicswouldcontributetoapopula
tiondeclineespeciallyinmarginalhabitatsduringperiodsof
unfavorableweatherIfsmallerfemaleshavereducedsurvival

theyalsowouldbelessefficientdiseasevectors
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INFLUENCEOFAQUATICSURFACEAREAONTHEPERCENT

EMERGENCEOFAEDESSIERRENSISADULTS

JohnRAndersonandRobertSLane

Synchronouslyhatchedfirstinstarlarvaeofthewestern
treeholemosquitoAedessierrensisLudlowwerereared
50100mlinfourdifferenttypesofcontainersthatmimick
edvariouslyshapedtreeholesThetypeAcontainersurface
area 143mmhadanarrowneckandalargelower area

typeBwasdeepandnarrowsurfacearea 1662mmtype
Cwasshallow30mmwithasurfaceareaof8825mmand
typeDwastheshallowest16mmandhadthelargestsurface
area26591mmInafifthtreatmentthelarvaldensityof
thetypeCcontainerwasdoubled100100ml

DivisionofEntomologyParasitology
UniversityofCaliforniaBerkeley

ABSTRACT

Aftercompletingeightreplicatesofeachtreatmentastep
wisemultipleregressionanalysisdependentvariablebeingthe
percentageofadultsemergingandtheindependentvariables
surfaceareavolumedepthandlarvaldensityrevealedthat
surfaceareawashighlysignificantinpredictingthepercentage
ofadultsemergingwhereasnoneoftheothervariableswas
significantp 05 Thepercentageofemergingadults
rangedfrom45 99Acontainerto7741367Dcon
tainer

CORRELATIONOFMOSQUITOABUNDANCETOASSOCIATEDENVIRONMENTAL

VARIABLESFORFORECASTINGMOSQUITOPOPULATIONLEVELS

RKWashinoandPAThomas

UniversityofCaliforniaDavis

Utilizingmosquitocollectiondatafromover22yearsof
lighttrapoperationsin3areasintheSacramentoValleyof
Californiamosquitoabundancewascorrelatedtoassociated
environmentalvariablesOnthebasisofstepwiseregression
withthebestRandadjustedRvaluesforAnophelesfree

ABSTRACT
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borniCulextarsaiisandAedesrnelanimonpredictedvalues
formosquitoabundancewerecalculatedandcomparedtoob
servedvaluesforthepastthreedecades



THESELECTEDAQUATICFAUNAOFARICE

FIELDECOSYSTEMWITHNOTESONTHEIRABUNDANCESSEASONAL

DISTRIBUTIONSANDTROPHICRELATIONSHIPS

TMiuraRMTakahashiandWHWilder

Insectandotheranimalpestsofriceplantsandtheircon
trolhavebeenreportedinvaryingdegreesofcompleteness
mainlyfromtheSacramentoValleyofCaliforniaDarby
1962Lange1970andWillson1979Howeverrelativelylit
tleinformationexistsonaquaticorganismsassociatedwith
ricefieldslocatedinthevicinityofSouthDosPalosCalifor
nia

MATERIALSANDMETHODSTwopermanentricefields
measuring20and27acresofKodaFarmsIncneartheEagle
FieldAirStripwereusedforthisstudyThefieldswereflood
edwiththeDeltaMendotacanalwateronApril20andseeded
onApril28Thewaterwascontinuouslyirrigatedatadepth
of6to8inchesduringthegrowingseasonanditwasdrained
onSeptember1forharvest

Planktonicnektonicandbenthicorganismsassociatedwith
ricefieldsweresampledby2methodsdippingandtrapping
Dipsamplesweretakenwithstandardwhiteenameldippers
450mlcapacityandHusbandsconcentratorsHusbands
1969usingfinenylonscreenvials200meshFiftydipsam
plesweretakenweeklyfromeachfieldbytransectingthefield
fromnorthtosouthFig1Allsampleswereplacedintovi
alscontaining95ethylalcoholforlaterexaminationinthe
laboratoryOnepaddyapproximately11acresizeonrice
fieldno4wasarbitrarilydividedinto100sectionsinagrid
patternasingledipsamplewastakenfromeachsectionand
waskeptseparatelyinascrewcapvialInthelaboratoryall
sampleswereexaminedunderdissectingmicroscopeswhere
theywerecountedandtabulated

Geeminnowtrapswereslightlymodifiedbyliningthein
nersidesofthetrapswithapieceofwindowscreenThese
wereusedtostudytheabundanceofnektonicorganismsand
theirseasonalfluctuationsEachweek5unbaitedtrapswere

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

Theaquaticfaunaofricefieldsisremarkablyrich62speciesor
speciesgroupsoforganismswereregularlycollectedandsporadically
another23differentkindsoforganismswerecollectedThemost
abundantorganismsinthericefieldswerecrustaceanswhileinsects
dominatedinthespeciescomposition

ThemosquitofishGambusiaaffinisBairdandGirardisatoppre
datorbutpredaciousinsectsdamselfliesnotonectidbugsandbeetle
larvaeprobablyplayanimportantroleinsuppressingmosquitoandchi
ronomidlarvalpopulationsintheFresnoWestsidericefieldsbecause
theyaresoabundantintheecosystem
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setineachfieldFig1onamorningandretrievedthefollow
ingmorningAllorganismscapturedwerecountedandtabula
tedinthefieldandthenreleasedattherespectivecapture
sites

DippingSites

TrappingSites

WeirBoxes

Irrigationditch

Figure1Studyareashowingsamplingsitesandirrigationwatermove
mentarrows

ThesamplingswerestartedonJune18andcontinueduntil
August311980

RESULTSANDDISCUSSIONTable1showsthelistof

organismscollectedinthisstudyThericefieldecosystem
supportsatremendousnumberoforganisms62speciesorspe
ciesgroupsoforganismswerecollectedregularlywhileanother
23taxawerecollectedsporadicallyAmongcollectionsin
sectsdominatedthelistofspeciesColeopteraDipteraand
HemipteraaccountedformostspeciesEphemeropteraand
Odonatawerepresentbutthenumberofspecieswerelimited



Thisisstillapreliminarystageofstudyhoweverthislistisin
cludedheretoserveasabaselinetowhichfurtherinforma

tionmaybeaddedatalaterdate

Table1AlistofaquaticorganismsfoundinricefieldsinFresno
Countyexcludingmosquitoes

Rotifera

Ploima

Asplanchanaspp
Oligochaeta

Plesiopora
AulophorusfurcatusMuller

Hirudinae

Leeches

Crustacea

Cladocera

Ceriodaphniaspp
Simocephalusspp
ScapholeberiskingiSars
MacrothrixroseaJurine
Alonaspp

Eucopepoda
CyclopsvernalisFischer
Diaptomusspp

Podocopa
ChlamydothecaunispinosaBaird
ChlamydothecaacuataSars
CyprissubglobosaSowerby
Stenocyprisspp

Decapoda
ProcambarusclarkiGirard

a

Insecta

Ephemeroptera
Callibaetissp

Odonata

AnaxjuniusDrury

EnallagmacivileHagen
IschnurasalvaHagen

Hemiptera
Gerrissp
BelostomaflumineumSay
CoriselladecolorUhler

NotonectaunifasciataGuerin
BuenoascimitraBare

MicroveliapulchellaWestwood
Coleoptera

Hygrotusspp
LaccophilusmexicanusmexicanusAube
LaccophilusmexicanusatristernalisCrotch
LaccophilusmaculosusdecipiensLeContc
RhantusgutticollisSay
Colymbetesspp
LiodessusaffinisSay
ThermonectusbasillarisHarris

CybisterexplanatusLeConte
HydrovatusbrevipesSharp
Berosusspp
HydrophilustriangularisSay
TropisternuslateralisF
TropisternusellipticusLeContc
Helophorusspp
Heliplusspp
EnochrushamiltonipacificusLeech
BagoustingiTanner

Diptera
Chironomusspp

Numberofmiscellaneousorganismsaquaticsemiaquaticorterres
trialwerenotcounted
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Figure2showstherelativeabundanceoforganismscollect
edduringthestudyCrustaceanspredominatedamongthe
numberofindividualcollectionswithostracodsbeingthemost

Arachnida

Acarina

Arrenurussp
Hydrachnaspp

Osteichthyes
Microcyprini

GambusiaaffinisBairdandGirard
Amphibia

Salientia

Hylaspp
Ranaspp

MiscellaneousCollection

Tardigrada
Waterbears

Coelenterata

Hydras
Porifera

Insecta

GoeldichironomusholoprasinusGoeldi
PentaneuramonilisL

Polypedilumspp
ProcladiusculiciformsL
Corynoneuraspp
CricotopussylvestrisFabr
Paralauterborniellaspp
Paratanytarsusspp
BrachydeuteraargentataWalker
CulicoidesvariipennisCoquillett
Chrysopssp
Tabanusspp
Limoniaspp

Sponges

Collembola

Smynthuridae
Isotomidae

Thysanoptera
Thrips

Homoptera
Aphids
Leafhoppers
Treehoppers

Trichoptera
Hydroptilidae

Diptera
Psychodidae

EphydridaeHydrelliagriseolaFallen
Arachnida

Acarina

Phytoseiidae
Araneida

Lycosaspp
Tetragnathaspp
Pardosaspp

GastropodaPhysasppHelisomaspp
OsteichthyesCyprinuscarpioL

PomoxisnigromaculatusLesueur

PercinamacrolepidaStevenson
LepomiscyanellusRafinesque
MoronesaxatilisWalbaum

MenidiaaudensHay



abundantfollowedbycladoceransandcopepodsThemost
abundantinsectwasdamselflynymphsandwerefollowedby
dytiscidbeetleadultsnotonectidbugsandchironomidmid
gesMosquitolarvaeandbelostomatidcollectionsweresmall
butconsistentlycollectedduringthestudyperiod

Meannoorganismscollectedduringthe1980fieldseason
001 01 10 109

4

5

6

7

8

9

10

1

12 Dragonflynymph

13 1Mayflynymph

5

Figure2Relativeabundanceofmajoraquaticorganismscollected
duringthe1980studyperiodfromtheFresnoWestsidericefields

Figures3thru7showthevisualdisplayofspatialdistribu
tionofcrustaceanschironomidmidgelarvaeanddamselfly
nymphsAllcrustaceansexaminedexhibitedacontagiousdis
tributioninthericepaddyiethepopulationisdensein
someareasandsparseinothersthefrequencydistributionof
individualperunitareaisskewedtotheleftandthevariance
exceedsthemeanChironomidlarvaealsoexhibitedacontagi
ousdistributionwhichagreeswiththefindingsofPatersonand
Fernando1972ShiozawaandBarnes1977andClement
andChristensen1979Howeverthevarianceandmeanof
damselflynymphalpopulationapproximatedto1102and
092whichimpliesamorerandomdistributionthanisde
scribedbyacontgagiousdistribution
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2 Cladocera1

3 Copepod1

4 1Damselflynymph

Mosquitolarva

1Belostomatid
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FrequencyDistribution
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1Chironomidlarva

1Mosquitofish
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Figure3Spatialandfrequencydistributionsofcladoceranpopulation
ina11acrepaddy
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COPEPODS
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Figure4Spatialandfrequencydistributionsofcopepodpopulationin
a11acrepaddy
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Figure5Spatialandfrequencydistributionsofostracodpopulationin
a11acrepaddy

Figure6Spatialandfrequencydistributionsofchironomidpopulation
ina11acrepaddy
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Figure7Spatialandfrequencydistributionofdamselflypopulationin
a11acrepaddy

Table2presentsdataontheseasonalabundanceofthe
principaltaxacollectedinthericefieldsRicefieldscreatea
uniqueaquaticenvironmenttheyaremanmadeshallowtem
porarybodiesofwaterinwhichonlyanimalssuchaswinged
insectsorplanktonicandnektonicorganismsintheirrigation
watercanestablishthemselvesanddevelopinenormousnum
bersinashortperiodoftimeCrustaceanpopulationsreached
equilibriumlevelsbythe2ndweekofJulyandthelevelswere
maintainedthroughouttheseasonAmonginsectsdamselfly
EnallagmacivilnymphsdytiscidadultbeetlesHygrotusspp
LaccophilussppandChronomidlarvaedominatedpopulation
counts

HemipteransNotonectaunifasciataCoriselladecolorand
ephemeridsCallibaetisspwereabundantintheearlypartof
ricegrowingseasonbutastheseasonprogressedtheydisap
pearedfromthefieldsHydrophilidbeetlepopulationswere
fewcomparedtodytiscidpopulationsandtheywerepoorly
distributed

Table2SeasonaldistributionofmajortaxacollectedinSouthDos
PalosCaliforniaricefields

June

organism 18 25

CladoceraD

CopepodD
OstracodD

MayflyD
DamselflyD
DragonflyD
BelostomatidD
NotonectidT
CorixidT
ChironomidD

DytiscidAdultT
DytiscidLarvaDT
HydrophilidAdultT
HydrophilidLarvaDT
MosquitoD
Mosquitofishi

0
01234

48

21

9

13

28

10

1

294

76

54

158

13

9

18

3

6

54

77

80

10

25

4

1

96

56

53

45

12

8

4

4

1

126

97

89

10

120

8

1

155

20

33

123

12

6

6

2

8

352

136

446

12

84

8

2

38

2

34

63

9

6

4

4

4

July

311

97

660

14

96

10

5

46

4

32

137

8

8

4

4

10

203

86

434

8

58

7

5

15

4

38

157

11

16

3

3

14

D100dipcollectionCladoceranecoepodaandoetrecoda10dipcollection

T10trapcollection
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Mosquitofishwerenotstockedinthesestudyfieldsbut
wereestablishedinthefieldsthroughtheirrigationwaterand
istheonlyorganismwhichincreasedinpopulationsteadilyas
theseasonprogressed

Figure8presentstrophicrelationshipforthosetaxamore
regularlycollectedduringthestudyperiodThenumbers
ofeachmajorgroupofpredatorscollectedindicatedeachen
tryTherearemanydifferentpredatorsinricefieldsamong
themthemosquitofishisatoppredatorandisdefinitelymore
effectiveonaperindividualbasisbutinsectpredeatorssuch
asdamselflynymphsnotonectidbugsandbeetlelarvaeare

NOTOHECTID
7122

Figure8Trophicrelationshipsbetweenmajororganismsinricefields
baseduponthe1980studyNumbersindicaterelativeabundance

ofpredatorsAadultsLlarvae
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muchmoreabundantthanfishThereforeonaperpopula
tionbasisinsectpredatorsmayplayanimportantroleinsup
pressingmosquitoandchironomidmidgelarvalpopulations
inricefieldecosystemsintheSanJoaquinValleyofCalifor
nia
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ACTIVITYOFNEWLARVICIDESAGAINSTMOSQUITOES

INTRODUCTIONSincetheappearanceofresistancein
larvaetovariousorganochlorineandorganophosphoruslarvi
cidesconsiderableadvanceshavebeenmadeintheevaluation
anddevelopmentofsubstitutematerialshavingvariousmodes
ofactionforthecontrolofmosquitolarvaeSuchmaterials
includepyrethroidsdecamethrinandpermethrininsect
growthregulatorsmethopreneanddiflurobenzuronmicro
bialinsecticidesBacillusthuringiensisserotypeH14andthe
parasiticnematodesRomanomermisculicivoras

Inrecentstudiesanumberofthenewcontrolagentsdis
playedexcellentbiologicalactivityagainstmosquitoesDar
wazehetal1978GoldbergandMargalit1977Mullaand
Darwazeh1976Someoftheseagentsexhibitedresultsequal
toorsuperiorthansomeoftheactiveandwidelyusedorgano
phosphoruslarvicidessuchaschlorpyrifosandtemephosIn
additionthesenewmaterialswerefoundtobenonresidualin
waterandtheypossessahighmarginofsafetyagainstsome
freshwaterfishesandothernontargetorganismsMullaetal
19781980Miuraetal1980

Thefollowingstudieswereinitiatedtoevaluatenewlyde
velopedsyntheticmaterialsagainstmosquitolarvaeinthelab
oratoryandunderfieldconditionsandtodeterminetheop
timumlarvicidalrateforthecontrolofstagnantandflood
watermosquitoes

METHODSANDMATERIALSSevennewcompounds
wereevaluatedinthelaboratoryagainst4thstagelarvaeof
CulexquinquefasciatusSaySuppliersandformulationsofthe
materialstestedarelistedinTable1Thecompoundsevalu
atedwereBayFCR1272Cyano4fluro3phenoxyphenyl
methyl 322dichloroethenyl22dimethylcyclopropane
carboxylateSumithrindcistransphenothrinOMS
2000fenvalerateButyricacid23chlorophenyl3methyl
acyano3phenoxybenzylesterZR3210DPX544415Bis
Ptrifluoromethyl phenyl3cyanoformazan OMS1356

11bisparaethoxyphenyl2nitropropaneandPhysan20
10ofnalkyl60C1430C165C18dimethylben
zylammoniumchloridesand10ofnalkyl68C12
32C14dimethylethylbenzylammoniumchloridesMos
quitolarvaeutilizedinthesestudieswereobtainedfromlabor
atorycoloniesattheUniversityofCaliforniaRiverside

1FarmAdvisorUniversityofCaliforniaCooperativeExtension
BlytheCalifornia92225

HADarwazehMSMullaLEdel
andCRodriguez

DepartmentofEntomologyUniversityofCalifornia
RiversideCalifornia92521
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Proceduresutilizedinthelaboratoryevaluationarethose
describedbyMullaetal1980Inbrief1 stocksolution

fromtheECformulationswvwerepreparedinacetoneand
serialdilutionswerepreparedinacetoneasneededThere
quiredaliquotofthedilutesolutionwasaddedto4ozdis
posablecupsSweetheartCupDivisionofMarylandBalti
moreMDcontaining204thstagelarvaein100mloftapwa
terAfter24hofexposureoftestorganismsinacontrolled

temperatureholdingroom78F1mortalityreadingswere
takenandLC50LC90inppmwereobtainedfromdosagere
sponselinesonprobitlogpaperbasedonmeanmortalityval
uesversusconcentrationsEachmaterialwastestedatseveral

concentrationsintriplicateon23differentoccasions
FieldevaluationswereconductedagainstCulextarsalis

CoquillettlarvaeinexperimentalpondsattheAquaticand
VectorControlResearchFacilityattheUniversityofCalifor
niaRiversideandintheCoachellaValleyofsouthernCalifor
niaDetaileddescriptionsofthesefacilitiesarereportedby
Mullaetal19741975TheCoachellaValleypondsmea
sure18x18ftwhilethepondsatRiversidemeasure12x24
ft Waterdepthatbothlocationswasmaintainedconstant
12inbyuseoffloatvalves

TherequiredamountoftoxicantasECformulationwas
mixedwith125mloftapwaterandappliedwithanallpur
pose1literhouseholdsprayerutilizing3replicatesperap
plicationrate Threepondswereleftuntreatedaschecks
Priortoand27and14daysaftertreatment5dipsperpond
weretakenandcompositedintoonesampleafterremovingex
cesswaterthrough150meshstainlesssteelstrainerclothThe
compositesamplewaspreservedwith95ethylalcoholAll
organismscollectedbythedipperwerecountedandidentified
inthelaboratoryunderadissectingmicroscope

StudiesonthefloodwatermosquitoPsorophoracolumbiae
DyerandKnabwereconductedin132or116acreplotsin
irrigatedpasturesofElRanchoDelRioinImperialCountylo
cated5milessouthofthetownofPaloVerdeonStatehigh
way78TherequiredamountoftheECformulationofthe
toxicantsweremixedwith500or1000mlofwaterdepend
ingonplotsizeandappliedwitha1galstainlesssteel
pressurizedhandsprayerEachmaterialwastestedat2or3
ratesutilizing3replicatesperrateEachratewastestedina
separateirrigationchecktoavoidmixingthehighrateswith
thelowratesAlongwitheachtest3separateplotswereleft
untreatedaschecksPriortoand24hraftertreatment10
dipsperplotweretakenandpercentreductionwascalculated



onthebasisofthemeannumberofalllarvalstagesandpupae
intheposttreatmentcountversuspretreatment

Table1Evaluationofvariousmosquitolarvicidesagainst4thstage
larvaeofCxquinquefasciatusinthelab

PPm

Material Supplier LC5oLCo

BayFCR1272

Sumithrin

OMS2000

ZR3210

DPX5444

OMS1356

Physan20

Pyrethroids

MobayChemCorp

McLaughlinGormleyKingCo

WorldHealthOrganization

ZoeconCorp

GeneralLarvicides

DuPont

WorldHealthOrganization

ConsanPacificInc

0000100002

0002500046

00200080

00500090

00050010

00180035

170420

RESULTSANDDISCUSSIONLaboratory Thepyre
throidBayFCR1272displayedhighlevelofactivityagainst
4thstagelarvaeofCxquinquefasciatusinthelaboratory
causing50and90percentmortalityattheconcentrationsof
01and02ppbSumithrinwas5timeslessactivebutcaused
50and90percentmortalityat25and46ppbTheother
twopyrethroidsOMS2000andZR3210werelessactive
thantheformertwoTheirLC90levelagainst4thstagelarvae
wasintherangeof8090ppbTable1

BayFCR1272wasthemostactivepyrethroidtesteddur
ingthesestudiesbutwas10timeslessactivethansomeofthe
previouslytestedpyrethroidsnamelydecamethrinFMC
45498Sumithrinproducedresultssimilartothoseobtained
withpermethrininearlierstudiesMullaetal1980

DPX5444anorangedyedisplayedgoodlarvicidalactivi
tysimilartotheactivityofthepyrethroidsumithrincausing
50and90percentmortalityat5and10ppbOMS1356re
latedtoDDTandZR3210wereequalinactivitycausing90
percentmortalityat80ppbPhysan20containingquarter
naryammoniumsaltswastheleasteffectivematerialtested
withanLC90inexcessof42ppmTable1

FieldEvaluation AgainstafieldpopulationofCxtar
salislarvaeinexperimentalpondsBayFCR1272eliminated
thelatelarvalstagesattherateof001lbA112ghaAt
thelowerratesof000100025and0005lbA8297and
99percentreductionofthelatelarvalstageswasobtained2
daysaftertreatmentNoresidualactivityinwaterwasap
parentandatallratesappliedthelarvalpopulationbeganto
recoverwithin7daysaftertreatmentZR3210alsowashigh
lyactiveattheratesof0010025and005lbAcausing
completecontrolofthelatelarvalstageswithintwodaysaf
tertreatment Poorresultshoweverwereobtainedatthe
lowerratesof00025and0005lbAPhysan20inonetest
produced9386and97percentreductioninthelarvalpopu
lationattheratesof61218lbsA48and12galformula
tionAwhilethelowerratesinanothertestproducedneg

74

ligibleresultsAttheratesof153and6lbAonly4223
and17percentreductionwasobtained2daysaftertreatment
Table2Physan20isanalgicideandatalgicidalrates24

Table2EvaluationofvariousmosquitolarvicidesagainstCxtarsalis
inexperimentalponds

Material

and

formulations

BayFCR1272
EC185

Check

ZR3210 00025

EC10 0005

0010

Check

ZR3210

EC10

Physan20
20

Check

Phyaan20
20

Check

Avgnooflarvae5dipspreandpoattreetdays
Rate Pretreat 2 7

lbA gha12341234 1812 34 111

00010

00025

0005

0010

15

30

60

60
120

180

UCRiverside62619807284Fa1

11191

28153

56321

112253

338613367830 0 94 733 0

CoachellaValley51819816588

28

56

112

0010 112

0025 280

0050 560

11

13

13

13

72

12

80

77

92

26

66

72

343 14 62 82

152 4 5 97

257 27 3 99

239 3 0 100

7
20

5

19 11 31 16 0 47 7 36

CoachellaValley41319816684

11

13
8

24

43

35

29

21

35

5 5

4 13

2 3

0

4

1

54

71

47

0

0

2

Meanminandmeanmaxwatertemp

0

0

14

33

29

2

3

1

29

35

40

100

100

100

42

23

17

18

79

63

59

12

26

9

41

350

120

282

3

3

0

8 0 100

40 0 100

1 0 100

41

33

105

47 19 36 16 16 27 33

CoachellaValley42119807284

93

86

97

7

7

3

22 8

32 26

65 0

4

3

2

88

0

53

0

57

85

100

86

86

94

19 25 2 29 0 2 16 36

galAnosignificantreductionofthemosquitolarvalpopula
tionwasapparentHigherratesarerequired812lbAto
obtainsatisfactoryresultsAtthesehighratesPhysan20will
beimpracticaltouseasmosquitolarvicideinmosquitocontrol
operationduetohighcosts

DPX5444EC2producedcompletecontrolofalllarval
stagesattherateof005lbA56ghaintheCoachellaVal
leypondsAtthesameratethelatelarvalstageswereelimi
natedintheRiversidepondsbutyoungerlarvaehowever
persistedduringtheentiretestdurationSimilarresultsat
bothlocationswereobtainedattherateof0025lbA28
ghaand97and86percentcontroloflatelarvalstageswas
achievedAtthelowerratesof0005and001lbApoorre
sults20and64reductionwereobtainedintheRiverside
pondswhilegoodcontrol82and90reductionwaspos
sibleintheCoachellaValleypondsTable3

EffectivenessofDPX5444intheCoachellaValleypondsat
thelowerratescouldbeattributedtoseveralfactorsTheRiv

ersidepondsharborheavierdensityoflarvalpopulationsfree
ofvegetativegrowthwaterpercolationinthepondsisinex
cessof2galminandwaterpHisintherangeof882Coach
ellaValleypondsarevegetatedpercolationrateislessthan1
literminandpHisintherangeof9194Waterpercolation
rateinRiversidepondsisextremelyhighthereforedilutionof
toxicantsinthepondsisrapidresultingininferiorresults

Against3rdandearly4thstagelarvaeofthefloodwater



Table3EvaluationofDPX5444EC2againstmosquitolarvaeof Table4EvaluationofvariousmosquitolarvicidesagainstPsorophora
Culextarsalisinexperimentalponds columbiaeinirrigatedpasturesPaloVerdeValleyCalif

Rate

lbA gha

Avgnooflarvaeandpupae5dipspreandposttreatdays

Pretreat 2 71
1234 P1234 P R 1234 P 210

UCRAquatic6VectorContFacility
TestAJune181980

0005 56 5143842941030852 2028825142 35

0010112 31413114141 4721 64145183 4 0

0025280 29423518107 7 6 97143236 0 0

Check 962333267723348 026440916

TestBJune21980

0025280 2910812 5 0 5 100114 47 0 56
0050560 5117517 2 011 100177 31 0 82
01001120 6722866 12 028 100440541 0 0

Check 2214829 3020617 012210639 28

CoachellaValleyAquaticVectorContFacility
TestAJune251980

0005 56 13 1717 12 3 2 82 18 9 0 47
0010112 12 55 5 10 5 2 90 19 5 2 90
0025280 14 14 1 7 2 1 86 30 6 0 57

Check 6 9 3 3 11 2 0 13 5 1 44

TestBApril211980

0050560 71 50 2 0 0 0 100 13 8 0 84
01001120 38 45 4 0 0 0 100 17 4 0 91

Check 19 25 2 2 29 0 0 2 16 2 36

qPopulationrecoveredandpupaewerepresent14daysposttreatin
allplots

bRPercentreductioncalculationisbasedonnoof3rdand4th
stagelarvaeinposttreatvpretreat

mosquitoPscolumbiaeBayFCR1272produced81control
attherateof001lbA112ghaAtthesameratehowev
eronly62reductionoccurredinamixedpopulationoflate
4thinstarsandpupaeandhigherratesof0025and005lbA
yieldedbetterresults90and93reductionAgainstthe
youngerstages3rdand4thDPX5444EC2producedexcel
lentcontrol93attherateof0025lbALowerrates
0005and001lbAalsocausedsubstantialreductioninthe
larvalpopulationcausing64and78reductionZR3210
waslesseffectivethanBayFCR1272andDPX5444yielding
only71reductionofthelate4thinstarsandpupaeatthe
rateof025lbATable4

Fromtheabovestudiesitcanbeconcludedthatthepyre
throidBayFCR1272isthemosteffectivematerialtesteddur
ingthesestudiesexhibitingexcellentactivityagainstboth
stagnantandfloodwatermosquitoesThismaterialhowever
waslesseffectivethanpreviouslytestedpyrethroidssuchas
decamethrinorFMC45498Mullaetal1980 Bay
FCR1272andDPX5444seemtobepromisingasmosquito
larvicidesandcouldbeusedeffectivelyforthecontrolof
floodwatermosquitolarvaeattherateof0025lbAAtthis
rateDPX5444wasequallyeffectiveagainstthestagnantwa
termosquitoCxtarsalisbutBayFCR1272wasmoreeffec
tive10foldandyieldedexcellentcontrolofthisspeciesat
therateof00025lbA28ghaabout3timestherequired
rateofdecamethrin

ThepyrethroidsMS2000fenvalerateandSumithrin
wereevaluatedearlierMullaetal1980Intheseearlier
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Material6 Rate

formulation lbA gha

Avgnolarvaepupaedip
Pretreat Posttreat24h

L P L P 2Reduction

July291980
ZR3210 0005 56 43 06 35 11 6
EC10 0010 112 56 11 18 09 60

0025 280 82 27 17 15 71

BayFCR1272 001 112 19 31 04 15 62
EC1852 0025 280 45 48 05 04 90

005 560 29 29 02 02 93

Check 28 23 49 65 0

Aug31980
DPX5444 0005 56 121 0 43 0 64
EC2 0010 112 36 0 8 0 78

0025 280 43 0 3 0 93

BayFCR1272 00025 28 131 0 114 0 13
EC185 0005 56 68 0 28 0 59

0010 112 36 0 7 0 81

Check 125 0 158 0

in116acreplotsPopulationconsistedoflate4thstage
larvaeandpupae

bConductedin132acreplotsPopulationconsistedof3rdand4th
stagelarvae

1Rpercentreductionisbasedonnooflarvaeandpupaeinpost
treatvspretreat

studiesSumithrinproducedexcellentcontrolofAenigro
maculisandCxtarsalisattherateof0025lbATheeffec

tiverateagainstthesetwospecieswithOMS2000fenvaler
atewasintherangeof0025005lbAFenvaleratedueto
itshighfishtoxicityMullaetal1978willprobablynotbe
amaterialofchoiceformosquitocontrolinmanyaquatic
habitats
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COMPARATIVEEFFECTSOFAEROSOLSOFBENDIOCARBCHLORPYRIFOS

MALATHIONANDPYRETHRINSUPONCAGEDHONEYBEESANDMOSQUITOES

ELAtkinsDJWomeldorfandLALewis

INTRODUCTIONNonthermalaerosolorultralowvol

umeULVgeneratorshavebeenwidelyincorporatedinto
mosquitocontrolprogramsinCaliforniaoverthepastseveral
yearsThesemachinesapplyhighlyconcentratedinsecticides
tocontroladultinsectsThedropletsareproducedinarela
tivelynarrowspectrumwithvolumemediandiametersinthe
neighborhoodof10micronsObservationshavebeenmadein
Californiaupontheeffectsagainstvariousnontargetorgan
ismsofchlorpyrifosaerosolsLusketal1976andofpyreth
rinsandpyrethroidaerosolsWashinoetal1977Noneof
theCaliforniastudiesevaluatedtheeffectsofnonthermalaero

solsuponhoneybeesApiamellifera HoweverAtkins

1972andWomeldorfetal1974havereportedontheef
fectsuponhoneybeesofaerialapplicationsofseveralmos
quitocontrolpesticidesincludinghighlyconcentratedchlor
pyrifospropoxurfenthionanddichlorvosThepresentpa
perreportsontestswhichevaluatedtheeffectsonnonthermal
aerosolsofcommerciallyavailableformulationsofmalathion
chlorpyrifosandpyrethrinsandofanexperimentalformation
ofbendiocarbuponcagedhoneybeesandcagedmosquitoes

METHODSANDMATERIALSFourassessmentlines

wereestablishedinruralColusaCountyEachwasapproxi
matelyonemilelongAllextendednorthfromthesameeast
westroadDistancesbetweenlinesvariedfrom1to15miles

Fourfootlathgradestakeswerespacedatintervalsfromthe
pointofaerosolreleasetotheendofeachassessmentline

Honeybeesobtainedfromalocalfieldhivewereconfined
inwiremeshcagesAtkins1972Culexpipienssubspfroma
knownsusceptiblecolonymaintainedbytheCaliforniaDe
partmentofHealthServicesVectorBiology ControlSec

tionlaboratoryatSacramentowereconfinedindisposablepa
perandnylonmeshassaypaper cagesasdescribedby
TownzenandNatvig1973Apapercageofhoneybeeswere
attachednearthetopofeachstakeforalltests

ForthebendiocarbtestsCxpipienssubspfromaknown
susceptiblecolonymaintainedbytheDiseaseVectorEcology
andControlCenterNavalAirStationAlamedawerecon
finedinwindowscreenwire cagesasdescribedbyStains

1DepartmentofEntomologyUniversityofCaliforniaRiverside

2VectorBiology ControlSectionCaliforniaDepartmentof
HealthServicesSacramento

3DiseaseVectorEcologyandControlCenterNavalAirStation
AlamedaCA
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etal1969Onewirecagewasattachednearthetopofthe
stakeateachstationduringonetestasecondwirecagewas
placedatgroundlevel

Followingexposurethebeesandthemosquitoesinthe
wirecagesweretransferredtocleanholdingcagesMortality
wasdeterminedat24hoursandcorrectedwithAbbottsfor

mulaformortalityinuntreatedcheckcages

Basicineteorologicalmeasurementsweretakenatintervals
ofabout1015minutesbeforeduringandaftereachaerosol
application Relativehumiditywasdeterminedwithasling
psychrometerAnanemometerwithadirectionalvanewas

handheldat6ftabovethegroundtodeterminewindspeed
anddirectionTemperaturesweremeasuredat10m32ft
and2m6ftabovethegroundwithanelectronicthermistor
thermometerThetestswerebegunonlywhenaninversion
wasdetectedwarmerairat10mthan2m

Tests14wererunmoreorlesssimultaneouslyusing4
ULVunitson2September1980Afterallowingtimeforthe
aerosolstotravelthelengthofthetestlinesallcageswerecol
lectedandnewonesputintoplaceTests57werethenrun
On3Septembertests8and9wererunbyexposingtwolines
toasinglepassoftheaerosolgeneratoratthesametimetest
10wasrunatanotherlineIneveryinstancethetruckmoun
tedgeneratorsweredrivenfromeasttowestbeginningabout
05mileeastofthelineandcontinuingtoabout05milewest

Table1liststhepertinentdataaboutthetestsTheaerosol
generatorsnotedasMADwerebuiltbythedesignatedmos
quitoabatementdistrictTheyweregenerallysimilartothe
machinedescribedbyWhitesell1973

RESULTSTwoseparatefindingsweredevelopedThe
majoronewasthecomparativeeffectoftheaerosolsupon
mosquitoesandhoneybeesThesecondonewasalimitedev
valuationoftheexperimentalformulationofbendiocarba
materialneverbeforetestedasanaerosolagainstmosquitoes
inCalifornia

ComparativeEffectsUponMosquitoesandHoneyBees
Thegraphsrepresentingtests1through10illustratethemor
talityobservedat24hoursandcorrectedforcheckmortality
Onlymosquitoesexposedinthepapercagesareincludedin
thegraphs

Thetoxicitytocagedhoneybeeswascomparedbyinspec
tionwiththetoxicitytocagedmosquitoesThefourinsecti
cidesshowedthisdecreasingorderoftoxicitytohoneybees
bendiocarbchlorpyrifosmalathionandpyrethrinsBendio
carbwasapproximatelyequallytoxictothehoneybeesand
themosquitoesChlorpyrifoskilledthebeeswhichreceived
thehighestdosagesMalathionproducedsomemortalityin



Table1Materialsequipmentandoperatingconditionsfor10testsofmosquitocontrolaerosolsappliedagainsthoneybees

1 2 3 4 5 6 7 8 9 10

Date 92 92 92 92 92 92 92 93 93 93

Timebegun 2016 2030 2016 2016 2112 2112 2112 1900 1900 1902

Insecticide pyrethrine bendiocarbmalathion chlorpyrifospyrethrine malathion chlorpyrifoebendiocarbbendiocarbchlorpyrifos

Formulation 12 25 8lbsgal 6lbsgal 127 8lbegal 6lbegal 259 259 6lbsgal

Diluent StoddardsolventKlearol None Motor011 Stoddardsolvent None Motoroil Klearol Klearol Motoroil

mineraloil mineraloil

Finalconcentration 25 125 8lbsgal 05lbagal 257 8lbagal 05lbgal 125 125 05lbgal

Equipment ButteCounty Microgen SutterYubaColusaMAD ButteCounty SutterYubaColusaMAD Microgen Microgen ColusaMAD

MAD ED220A MAD MAD MAD ED220A ED220A

Dischargeflozmin 2 4 409 125 2 409 125 25 25 25

Vehiclespeedmph 5 5 5 5 5 5 5 5 5 5

Distancedrivenmiles It 09 11 1 It 10 1 10 10 1

Temperature10mF 765 760 765 765 730 730 730 808 808 808

Temperature2mF 730 723 7300 730 715 715 715 779 779 779

Windspeedmph 46 46 46 46 52 52 52 46 46 46

Winddirection SE SE SE SE ESE ESE ESE ESE ESE ESE

Relativehumidity7 70 70 70 70 70 70 70 72 72 72

TEST

thecagedbeesPyrethrinswereessentiallynontoxicatthe Table2Percentmortalitiescorrectedofcagedmosquitoesresulting
fromapplicationsofanexperimentalformulationofbendiocarbdosagesapplied

EvaluationofBendiocarbAgainstMosquitoes Asnoted

inTable1theexperimentalformulationwas25weightvol
ume250gmliterItwasdiluted11withKlearolandap
pliedwithaMicrogenED220ATheexperimentalformula
tionutilizedwasfoundtobereasonablyeasytomixanddis
perseItalsohadnoodor

Table2liststheresultsoftheobservedlnortalitiesofcaged
mosquitoesforthreetestsSomeapparentdifferencesbet

weenmortalitiesofmosquitoesinthepaperandwirecagesare
notedbutingeneraltheresultsarecomparable

Onthenightof2Septembertheapplicationwasmadeus
ingaflowrateof4flozminuteofa125mixtureTest2
Aneffectiveswathwidthofabout600feetwasachievedeven
thoughcontinuingmeteorologicalreadingsindicatedarapidly
deterioratinginversionconditionfromthetimethetestwas
begunGroundlevelplacementlowofwirecagemosquitoes
didnotproducesginificantkillTheselowlevelplacement
findingsareconsistentwithresultsofearlierstudies

Ontheeveningof3SeptemberTest8producedaverysig
nificantkillto1200feetfromthepointofaerosolreleaseal
thoughtheflowratehadbeenreducedto25flozminuteof
the125mixtureTheimprovedswathwidthwiththislesser
dosagemayhavebeenduetothestronginversioncondition
whichpersistedforthedurationofthistest

77

Test2 Test8 Test9

Nofeetfrom Paper Wirecage Paper Wire Paper Wire

gedischargepoint ca Nigh low cage Sage cage cage

0 100 100 6 100 100 100 100

150 100 100 15 100 67 100 100

300 100 100 0 100 62 2 49

600 100 57 32 100 65 loo 0

900 1 1 I 100 87 87 0

1200 1 28 5 100 76 64 0

1800 0 28 14 51 42 40 0

2400 0 8 0 0 18 64 3

3000 0 17 23 0 26 5 16

3600 0 5 7 0 50 22 0

4200 9 10 22 0 15 0 0

4500 1 I 1 0 10 1 1

4620 1 1 1 1 I 19 0

4770 1 1 1 1 1 0 9

4800 7 18 D 0 27 1 1

4950 1 1 1 4 2 1 1

5400 0 23 0 1 I 1 I

1Nostationatthislocationthistest

2Missing
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Test9wasrunonalineparalleltoTest8butseparatedby
adistanceofnearly1mileBothlinesweretreatedbythe
samepassoftheaerosolgeneratorSignificantkillofmosqui
toesinthepapercageswasobtainedoutto900feet

DISCUSSIONANDCONCLUSIONSEffectsUponHoney
Bees Bendiocarbmalathionandchlorpyrifoswerehighly
hazardoustocagedworkerhoneybeeswhichweredirectly
contactedattheclosertestsitestationswithinthepathof
thenonthermalaerosolapplicationswhilepyrethrinshadno
substantiveeffectoncagedhoneybees

Wedidnothavecoloniesofhoneybeesplacedintheassess
mentlinesthereforewehavenodirectdatademonstrating
thatnonthermalaerosolsenteredbeehivesandaffectedordid

notaffectthebeeswithinShawandArmstrong1966show
edthatapesticidewhichishighlytoxictobeesupondirect
contactnaledwasnonhazardoustobeesintheirhivesIn
additiontheseniorauthorhasdonehundredsoffieldtestsin
agriculturalcropsatthehigheragriculturalcropdosagesand
hasappliedthespraysdirectlyoverunprotectedcoloniesin
theplotsThisdoesnotcausemeasurablebeemortalityas
longasthebeesareinthehiveandarenotclusteredonthe
outsideofthehiveasmightoccurinwarmweatherCluster
ingcontinuesuntilthetemperaturehasdroppedto70Fand
lowerandoruntilabriskwindprevails

Becauseofthesedataouropinionisthatnonthermalaero
solscontainingthesepesticidesatthedosagesutilizedand
appliedundertheconditionswhichprevailedwouldnotbe
hazardoustoworkerhoneybeeadultsintheirhivesduring
thetimeoftheactualpesticideapplicationHoweverprecau
tionsshouldbetakentobecertainthatbeesarenotclustered

onthehivesatthetimeofapplicationofthemoretoxicmat
erialsInagriculturalfieldsthebeecoloniesareinspectedfor
clusteringpriortoapplicationatnightIfbeesareclustering
theapplicationisdelayeduntilthebeesentertheirhiveorthe
beesaresmokedintotheirhiveandthehiveentranceisclosed

withwetburlapIftheseprecautionsaretakenwedonotex
pectanyhazardfromthenonthermalaerosolstobeesintheir
hivesinareaswithintheswathwidthoftheapplicationBees
outsideoftheexpectedswathwidtharenotconsideredtobe
atrisk

EvaluationofBendiocarbAgainstMosquitoes Thebeni

ocarbresultswereveryencouragingcomparingwellwiththe
dataofTapleyetal1980Anexperimentalusepermitis
pendingwhichwillallowtestingthematerialagainstmosqui
toesinthefield
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ABSTRACT

Methodsforthechemicalanalysesofapromisingchemicalcontrol
agentSIR8514andtwometaboliteswerefoundthatallowforthe
quantitativedeterminationofthesecompoundsinwatersoilandfish
tissuesWhenSIR8514istestedunderstandardizedstaticconditions
itdegradesinsoilandchannelcatfishdonotaccumulateitHowever
underconstantflowthroughconditionsbluegillsunfishaccumulate
SIR8514intheirtissuesupto100Xtheconcentrationofthetreated
water SIR8514ismetabolizedinfishtissuesandtrifluorometh

oxyphenylureaandtrifluoromethoxyanilineareproduced
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daysandnofishmortalitywasobservedBecauseSIR8514is
regardedashavinghighpotentialasamosquitocontrolagent
laboratorystudieswereinitiatedtodeterminetheaccumula
tionoftheparentcompoundintofishtissuesandthesubse
quentformationofmetabolites

MATERIALSANDMETHODSAnalyticalMethods
Proceduresusedfortheanalysisofdiflubenzuronand2met
abolitesSchaeferetal1980werealsoemployedinthis
studyAprobablypathwayofdegradationFigure1forSIR
8514wasdeviseditappearslikelybasedonpreviousexper
encewithdiflubenzuronthat4trifluoromethoxyphenylurea
and4trifluoromethoxyanilinewouldbedegradationproducts
Methodspreviouslydevelopedfortheanalysesofdifluben
zuronanditsmetabolitesDiPrima1976Rabenortetal
1978wereevaluatedforusewithSIR8514anditssuspected
metabolitesGenerallythisinvolvesseparationofSIR8514
4trifluoromethoxyphenylureaand4trifluoromethoxyaniline
bypHadjustmentsandpartitioningintoorganicsolventsand
theSIR8514and4trifluoromethoxyphenylureafractionsare
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hydrolyzedbyrefluxinginacidtoform4trifluoromethoxy
anilinethelatterisreactedwithheptafluorobutyricanhydride
toformtheheptafluorobutyric4trifluoromethoxyanilide
whichisthenanalyzedbygasliquidchromatographyusingan
electroncapturedetector

Samplesofsoilwaterandfishtissueswerefortifiedwith
knownamountsofSIR8514trifluoromethoxyphenylurea
andtrifluoromethoxyanilineThesewerethensubjectedto
extractionandanalysisasdescribedaboveandtherecoveries
ofeachweredeterminedInadditionitwasofimportanceto
determinetheextentastowhichSIR8514wouldhydrolize

duringthecourseoflaboratoryexposurestudiesTherefore
watersampleswerefortifiedat002ppmSIR8514the
maximumwatersolubilityandthenextractedimmediately
0hrsorheldfor2448or72hrsattemperaturesof24and
38CandunderpHsof77and100afterwhicheachwas
analyzedforSIR8514andthe2suspectmetabolites

StaticExposures Thesestudiesweredesignedtocom

plywithEPAdatarequirementsforregistrationofpesticides
Soilistreatedwiththehighestuserateprojectedforagiven
chemicalthesoilisagedaerobicallyforthirtydaysflooded
withwaterandagedanadditionalthirtydaysandthenchan
nelcatfishIctaluruspunctatusRafinesqueareexposedforin
tervalsuptothirtydaysandresiduesofthechemicalintheir
tissuesarethenanalyzedInthiscaseAtwatersandyloam
soilwascollectedandsievedtoremovedebrissmallestmesh
size14mmTechnicalSIR8514988activeingredient
wasdissolvedin10acetone 90methanolandbatchesof

thesoilweresprayedinarotatingcementmixertogivea
treatmentrateof004lbAIacrethehighestprojecteduse
rateTengallonaquariareceived10poundsandlargertanks
60poundseachoftreatedsoilThetengallonaquariawere
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heldindoorswhilethelargertankswereheldonaporchAll
ofthetankswereallowedtostandopenfor30daysbeforebe
ingfloodedTengallonaquariawerefloodedwith32Ltap
watereachandthelargertanks192Leachandalltankswere
heldanadditional30daysbeforefishwereaddedFishwere
acclimatizedfor15daysbeforeinitiationofexposureunder
thesameholdingconditionsasforthetanksFingerlingchan
nelcatfish50to70cminlengthand15to50gmeach
wereaddedtothetanksatloadingratesupto256gmper10
gallontankand1536gmper60gallontank10galtanksav
eraged7fisheachand60galtanks43fisheachBothtank
sizesweresampledforfishafter0136101422and30
daysoffishexposureTheconcentrationofresiduesofSIR
8514and2suspectmetaboliteswasdeterminedforthewater
andsoilaftereach30dayagingperiodandforthewholebod
iesedibletissuesandvisceraofthefishaftereachexposure
interval

DynamicExposures Underthisconditionbluegillsun

fishLepomismacrochirusRafinesqueareexposedtoacon
tinuousflowthroughtreatmentofthetestinsecticideSIR
8514wasdissolvedinwaterat20ppbthemaximumwater
solubilityandthissolutionwascontinuouslymeteredthrough
the10galaquariaat150mlperminuteduringtheexposures
thewaterlevelineachtank25cmdepthwaskeptconstant
byasiphondeviseInitially48fishaverage78cmlengthand
88gmeachwereplacedinthetreatmenttankAftereachgi
venexposureregimeanalysesweremadeforSIR8514and2
suspectedmetabolitesinwholebodiesedibletissuesandvis
ceraThreedifferentexposureregimeswerefollowed1the
fishwereexposedfor2448or72hrsandthenanalyzed2
thefishwereexposedfor2448or72hrsandthenplacedin
arinsetankwithflowinguntreatedwaterpassingthroughfor
24hrsandwerethenanalyzedand3thefishwereexposed
for24hrsandthetissueswereanalyzedimmediatelyaswellas
afterrinseperiodswithuntreatedwaterof2448andof72hrs

RESULTSANDDISCUSSIONAnalyticalMethods Re

coveriesofSIR8514anditstwosuspectedmetabolitesfrom
watersoilandfishtissuesareshowninTable1Itisclear
thattherecoveriesareadequatetoallowquantitativeanalyses
oftheseresiduesThehydrolysisofSIR8514inwateratits
maximumsolubility20ppbisshowninTable2underpH
77itisquitestableateither24or38CHoweveratpH
100ithydrolysestotrifluoromethoxyphenylureaatincreasing
ratesastemperatureincreasesbutthereisnoevidenceof
furtherdegradationtothecorrespondinganalineThusatpH
levelsnothigherthan77ieinthefishtanksnosignificant
hydrolysiswouldbeexpectedwithina72hrexposureperiod

StaticExposures Analysisofsoilsamplestakenfrom
the10galandfromthe60galaquariaimmediatelyafter
treatmentshowedanaveragelevelof958ofthetheoretical
treatmentdose012ppmhoweverafterthe30dayperiod
ofaerobicexposureandagingtheaveragesoilconcentration
wasonly26ofthetreatmentdoseandafteraginganaddi
tional30daysunderfloodedconditionsnoSIR8514wasde
tectedAnalysisoffishtissuesaftereachoftheexposureper
iodsrevealednodetectableamountsofSIR8514trifluoro



Table1RecoveryofSIR8514trifluoromcthoxyphenylureaaand
tritluoromethoxyanilinebfromwaterfishandsoilfollowing fortifi
ficationofsamplesof5ppb

Water
SIR8514 971 951 992

ureaa 951 927 965

anilineb 950 919 979

Soil

SIR8514 988 9781000
urea 918 882 964
anilineb 943 922 962

Fish

SIR8514 975 960 991

urea 974 954 992

aniline 964 939 985

Table2HydrolsisofSIR8514aftertreatedwater002ppmwas
heldat24and38CatpHsof77and100

Compound
tempC

pH77

holdingtimehrs

0

24

48

72

pH100

holdingtimehrs

0

24

48

72

cnot detectable

Average LowestDetectible
Recovery Range Limitppb

SIR8514ureaaanilinebSIR8514ureaaniline
24 38

194

153

119

111

199

115

85

83

NDc
ND

ND

ND

ND

17

20

29

trifluoromethoxyphenylurea
b

trifluoromethoxyaniline

ND

ND

ND

ND

ND

ND

ND

ND

127

106

102

49

30

11

ND

ND

04

44

61

69

04

03

02

03

02

02

04

03

02

ND

ND

ND

ND

ND

ND

methoxyphenylureaortrifluoromethoxyanilineThusSIR
8514haslimitedpersistenceinsoilandnofishtoxicityorbio
accumulationresultedfromthesestaticexposuresatthemax
imumprojecteduserateof0041bacre

DynamicExposures Analysisofthewaterusedfor
treatmentsshowedanaverageof193ppbor96ofthe200
ppblevelsoughtthelowestconcentrationmeasuredwas184
ppbor92oftheoretical

ResiduesofSIR8514trifluoromethoxyphenylureaandtri
fluoromethoxyanilineinbluegilltissuesfollowingthreediffer
enttreatmentandrinseregimesareshowninTable3Bioac
cumulationofSIR8514occurstoca100Xtissueconcentra
tiondividedbywaterconcentrationItisapparentthatthe
visceraaccumulatesthehighestconcentrationoftheparent
compoundhoweverthevisceraonlycomposesca7ofthe
bodymassTheedibletissuescomposeca74ofthebody
massandthusthemajorportionofSIR8514andthe2me
taboliteswasfoundthereNoapparenttoxicitytobluegillsre
sultedfromanyoftheseexposures

Bothtrifluoromethoxyphenylureaandtrifluoromethoxy
anilinearesignificantmetabolitesinfishtissues

83

Table3ResiduesofSIR8514trifluoromethoxyanilineaandtri
fluoromethoxyphenylureabinfishtissuefollowing exposureto20ppb
SIR8514inppb

TestNo1Exposurebutnorinse
Exposureperiod 24h

wholebody 8514
a

aniliBurea
edibletissue8514

anilineurea
viscera 8514

anilineurea

38068

65666507
35809

17467585
179438

378113902
TestNo2Exposurefollowedby24hrinseperiod

Exposureperiod 24h

wholebody 8514
aniline
urea

edibletissue8514
aniline
urea

viscera 8541

anilineurea

20469648
2340

253701074
16623

1224795423
107557

TestNo3Exposurefor24hfollowedbyrinseperiod
Rinseperiod 0h 24h

wholebody 8514

anilineurea
edibletissue8514

anilineurea
viscera 8514

aniline
urea

1962343320
13501

665553938
25107

275826

517338371
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80777

334828771
60361

37889351

2143507828
25415

48h 72h

59175 10418
3026 3279
6869 12988

28675 32491
1343 3181
6360 1815

176831 98550
4153 5380
6001 6853

48h 72h

21000 8112
1616 1256
6914 4529

13090 31014
8901 2531
5810 3086

73349 53014
14963 7716
18485 41387

48h 72h

48389 32107
2571 2256

12948 5850

28052 15680
2485 2227
9112 8658

163402 67947
5398 2742
33089 16614
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EFFICACYOFPETROLEUMLARVICIDALOILSAND

THEIRIMPACTONSOMEAQUATICNONTARGETORGANISMS

MSMullaandHADarwazeh

NTRODUCTIONMosquitocontrolagenciesinCalifornia
utilized270000gallonsofpetroleumhydrocarbonlarvicidal
oilsforthecontrolofmosquitolarvaein1954atatimewhen
chlorinatedhydrocarbonswerehighlyeffectiveandwidely
usedinmosquitoabatementoperationsIn1960whenresis
tanceinthelarvalstagestochlorinatedhydrocarbonsbecame
acriticalproblemtheuseofpetroleumoilsaslarvicidemore
thandoubledandover550000gallonswereutilizedLater
ontheuseofpetroleumoilsdecreasedsornewhatasthenewer
organophosphorusinsecticidessuchasfenthionandchlorpy
rifosbecameavailableHoweverduetothedevelopmentof
resistanceinthelarvalpopulationstheseandotherorgano
phosphoruslarvicidesbecamerelativelyineffectiveincertain
areasofCaliforniaWiththeemergenceofwidespreadresis
tancetheuseofpetroleumoilasmosquitolarvicideincreased
markedlyandexceeded577000gallonsin1977Mulla
1977

Tomeettheincreaseddemandformoreeffectivepetro

leumlarvicidaloilsseveralpetroleumhydrocarbonderivatives
wereevaluatedandreportedtopossessahighlevelofactivity
againstlarvaeofthemultiresistantstrainsofstagnantand
floodwatermosquitoesattherateof2galA Darwazeh

1973DarwazehandRamke1972Micksetal1968Mullaet
al1971SomeofthesematerialsincludeFlitMWGolden
BearGB1111GB1313andGB1356andothersEfficacy
andlongevityofFlitMLAandotherpetroleumhydrocarbons
suchasToxisolFLCandToxisolTBAtlanticRichfieldCo
againstmosquitolarvaeandothernontargetaquaticorganisms
weredeterminedandreportedbyMullaetal1971How
evernostudieswereconductedtodeterminethelongevity
andimpactoftheGoldenBearpetroleumoilsonnontarget
aquaticorganismsandtheseformulationsarewidelyemploy
edformosquitocontrolinCaliforniaandelsewhere

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

CompletecontrolofstagnantwatermosquitolarvaeofCulextarsal
isCoquilletCulisetainornataWillistonandAnophelesfranciscanusMc
Crackenwasachievedattherateof2and4galsAinexperimental
pondswithGoldenBearpetroleumlarvicidaloils GB1111and

GB1313producedexcellentcontrolforoneweekwhileBG1356was
effectiveforover2weeksAlltheseformulationswerefoundtobe
harmlessatbothratesappliedagainstbottomdwellingmacroinverte
bratespresentwhichincludemayfliesdragonfliesanddamselfliesSur
facebreathingorganismssuchasdivingbeetlelarvaeandadultsnoto
nectidsandcorixidshoweverweremarkedlyaffectedandmortality
occurredsoonaftertreatmentuponcontactwithpetroleumoilfilmon
thewatersurface
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Thecurrentstudiesthereforewerecarriedouttoinvesti

gatetheefficacyandlonevityofGoldenBearpetroleumlarvi
cidaloilsonmosquitolarvaeandtodeterminetheirimpacton
selectedaquaticnontargetorganismsinmosquitobreeding
habitat

METHODSANDMATERIALSInvestigationswerecon
ductedattheAquaticResearchFacilityoftheUniversityof
CaliforniaRiversidelocatedneartheSaltonSeaintheCoa
chellaValleyofSouthernCaliforniaasdescribedelsewhere
MullaandDarwazeli1971Thepondsystemiscomposedof
64identicalpondsof8rowswith8pondsineachrowand
eachpondis36m18x18insizeWaterfortheponds
areprovidedfromanartesianwellandwaterdepthiskept
constant1215 byfloatvalvesTheexperimentalmater
ialswereprovidedbyWitcoChemicalGoldenBearDivision
BakersfieldCalifornia Thecompositionandpropertiesof
theseoilsareshowninTable1

Eachmaterialwasappliedat2and4galsATherequired
amountwasappliedwith1qtallpurposehouseholdsprayer
fromthesidesandthemiddleofeachpondcoveringtheen
tiresurfaceareaTwopondswereusedperrateofapplica
tionand2leftuntreatedascheckMosquitopopulations
consistedmostlyofalltheaquaticimmaturestagesofCulex
tarsalisCoquilletbutCulisetainornataWillistonandAnoph
elesfranciscanusMcCrackenalsowerepresentinsmallnum
bers510

Priortotreatmentand27and14daysaftertreatment5
dipsperpondweretakenandwereconcentratedintoone
compositesampleMullaetal1975andorganismspresent
wereidentifiedandcountedunderadissectingmicroscopein
thelaboratory Theseorganismsincludemayflydragonfly
anddamselflynaiadsmosquitolarvaeandpupaedivingbeetle
larvaetadpolesandostracodsPercentmosquitolarvalcon



Table1PropertiesandcompositionofGoldenBearpetroleumlarvicidaloils

Property
GB1111

Petoilstested

GB1313 GB1356

Appearance Colorlessliquid Colorlessliquid Colorlessliquid

SpecificGravity 60F 0892 0875 0891

Poundsgal 74 73 74

ViscositySSU 100F 490 570 470

FlashPointCOCF 2650 3050 2800

UnsulfonatedResidue

Odor slight slight slight

Additives

Surfactant a a 13

Aliphaticamines 0 0 05

a
Containundisclosedsurfaceactiveagents

Table2EffectivenessofGoldenBearpetroleumoilsagainstmosquitolarvaeinexperimentalmosquitobreedingpondsaOasisCaliforniaApril
1978

PetOil Rate
Pretreat 2 7 14

GalA 12 34 P 12 34 P C 12 34 P C 13 34 P C

GB1111 2 12 8 1 0 0 0 100 7 0 0 67 10 3 0 38

4 19 4 4 1 0 0 96 2 0 0 93 17 7 0 14

GB1313 2 13 4 1 1 0 0 94 3 0 0 83 6 2 0 56

4 17 6 0 1 0 0 96 1 0 0 96 24 1 0 0

GB1356 2 10 4 0 0 0 0 100 3 0 0 79 3 0 0 79

4 17 13 2 0 0 0 100 1 0 0 97 4 2 0 81

Check 4 5 1 8 11 0 18 11 1 9 3 1

MosquitopopulationconsistedmostlyofCxtarsalisbutAnfranciscanusandCuinornata

alsowerepresentinsmallnumbers

Avgnooflarvaeandpupae5dipscompositsamplepreandposttreatdays
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trolwascalculatedbytheformula Control 100

X100wherex numberoflarvaeandpupaeposttreat
mentand y numberoflarvaeandpupaepretreatment

RESULTSANDDISCUSSIONAllthreelarvicidaloilfor

mulationswereequallyeffectiveforthecontroloflarvaeof
stagnantmosquitoesCxtarsalisCuinornataandAnfran
ciscanusat2and4galsAEffectivecontrolwasachievedfor
oneweekwithGB1111andGB1313GB1356whichcon
tainsanaliphaticamine05 wassuperiortoGB1111and
GB1313andityieldedgoodcontrolforovertwoweeksat
bothratesTable2Itisimportanttonotethatpupaedis
appearedcompletelyfromthetreatedpondsformorethan2
weeksevenatthelowerrateof2galAthereforefurther
treatmentsifnecessaryshouldbespacedat23weekintervals
foradequateresults

OnnontargetorganismsGoldenBearpetroleumoilspro
ducedresultssimilartothoseobtainedwithFlitMLOToxisol

FLCandToxisolTBwhichwasreportedearlierbyMullaetal
19691971Attheratesof2and4galsAnoeffectwas
observedonthenaiadsofrnayfliesdragonfliesanddamsel

Table3EffectsofGoldenBearpetroleumoilsagainstnontargetorganistnsinexperimentalpondsOasisCaliforniaApril1978

Petoil Rate

GalA Pre 2 7 14

GB1111 2

4

MFN

1 2 6 6

6 5 3 3

GB1313 2 9 19 15 19

4 2 3 5 6

GB1356 2 13 43 18 14

4 17 29 27 25

Check 13 25 8 14

Avgnooforganisms5dipscompositsamplepre Posttreatdays

MGNMayflynaiadBaetisspDFNDragonflynaiadAeshnidaeandLibellulidae

DBLDivingbeetlelarvaeDytiscidaeandHydrophilidae

Pre 2 7 14 Pre 2 7 14

0 0 0 1 4 0 3 3

1 0 1 1 6 2 0 1

1 2 2 1 7 3 5 7

2 1 1 4 7 3 3 2

2 1 0 1 15 6 6 3

5 4 6 3 5 3 5 2

1 1 0 0 6 10 4 2
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fliesEventhoughthenumbersofdragonfliesanddamselflies
werelowtheyremainedstableandprevailedatconstantlevel
duringthedurationoftheexperimentDivingbeetlelarvae
howeverwereaffectedbutwerenotcompletelyeliminated
Table3

NoneoftheGoldenBearlarvicidaloilshadanyapparentef
fectonthetadpolepopulationateitherrateof2and4galsA
GB1313displayedhighbiologicalactivityagainstostracodsat
bothratestestedwhileGB1111causeddrasticreductionin
thepopulationatthehigherrateonlyNodrasticeffectswere
observedateitherratewithGB1356Table4

FromthedatapresentedGoldenBearpetroleumlarvi
cidaloilsseemtohaveagoodmarginofsafetyatlarvicidal
rate2galsAagainstbottomdwellingmacroinvertebrates
suchasmayfliesdragonfliesanddamselfliesDivingbeetlelar
vaeandadultsaswellascorixidsandnotonectidswhichcome

tothesurfaceforbreathingaremarkedlyaffectedandbulk
ofmortalityoccurredsoonaftertreatmentasobservedduring
thecourseofthesestudiesInconclusionthesepetroleumhy
drocarbonlarvicidesproduceeffectssimilartothosereported
earlierbytheseandotherauthors

DFN DBL



Table4EffectsofGoldenBearpetroleumoilsagainstnontargetorganismsinexperimentalpondsOasisCaliforniaApril1978

GB1313 2

4

AvgNooforganisms5dipscompositsamplepreandposttreatdays

Petoil Rate

GalA Pre

GB1111 2 75 190 186 269

4 22 8 0 3

GB1356 2 92 156 392 268

4 43 96 230 263

Check 148 176 242 149
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Ostracods

20 56 8 151

79 252 12 30
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Tadpoles Damselflies

2 7 14 Pre 2 7 14 Pre 2 7 14

3 1 3 2 0 0 1 1

4 4 13 9 0 0 0 0

0 1 2 2 2 2 2 2

0 1 4 2 4 3 4 0

3 0 4 2 1 1 2 2

1 1 2 2 1 2 6 2

1 0 0 0 1 1 1 1
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RCONH2
RCONHCH3
RCONCH32

NNDIALKYLALKANAMIDESANDALKYL

NMETHYLCARBAMATESASMOSQUITOLARVICIDES

YihShenHwangMirSMullaandCesarRodriguez

Duringourinvestigationsonlarvicidalactivityofunsub
stitutedandnitrogensubstitutedaliphaticamideswefound
thatunsusbstitutedamidesandNmethylamidesdisplayedno
larvicidalactivitywhereasNNdimethylamidesshowedahigh
degreeofactivityHwangandMulla1980NNDimethyl
alkanamidesfromC13throughC18demonstratedanexcel
lentlarvicidalactivityagainstthefirstinstarlarvaeofCulex
quinquefasciatusSaywithbothLC50andLC90below1ppm
TheregressionlinesoftheNNdimethylalkanamideshadsteep
slopesonlogprobitpaperindicatingthattheirLC50and
LC90valueswereclosetogether

UniversityofCalifornia
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notactive

notactive

active

R C12H25 C13H27 C14H29 C15H31
C16H33or C17H35

Tostudytheeffectofalkylgroupsattachedtotheamide
nitrogenonthelarvicidalactivitywesynthesizedNNdiethyl
NNdipropyl NNdiisopropyl andNNdiisobutylalkana
midesfromC8throughC22andevaluatedtheiractivity
againstthefirstinstarlarvaeofCxquinquefasciatus

TheNNdialkylakanamideswerepreparedasfollowsAn
alkanoicacidwasallowedtoreactwithanexcessofboiling
thionylchlorideTheresultingalkanoylchloridewasadded
intoasolutionofdiethylaminedipropylaminediisopropyla
mineordiisobutylamineinbenzeneThecrudeproductwas
distilledinvacuoorrecrystallizedfromacetoneorethanolto
giveapureNNdialkylalkanamide

TheNNdialkylalkanamideswerebioassayedfortoxicity
againstthefirstinstarlarvaeofCxquinquefasciatusaccording
totheprocedurereportedelsewhereHwangetal1974The
bioassaydataobtainedaspercentmortalitiesatvariouscon
centrationswereanalyzedforthelogprobitregressionanaly
siswithaCompucorpmodel145EcomputerThelarvicidal
activityofthetestcompoundswasexpressedaslethalconcen
trationsinpartspermillionaffecting50and90ofthepopu
lationLC50andLC90Inthisreporttheleveloftoxicity
oftheamidesisdescribedashighLC501ppmmoderate
1ppmLC505ppmlow5ppmLC5010ppmornone
LC5010ppm
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OftheNNdiethylalkanamidesRCONC2H52synthe
sizedandevaluatedthelowestC8amideshowednolarvicidal
activitybuttheactivityincreasedasthecarbonchainincreas

sedC9amidedisplayedalowdegreeofactivityandC10

throughC13amidesshowedmoderateactivitywhichgradually
increasedfromthelowertothehigheramidesC14amidewas
themostactivewithanLC50of05andanLC90of07ppm
Whenthecarbonchainincreasedfurthertheactivitygradually

diminishedThusamidesfromC15throughC19showedlow
degreesofactivityandC20andhigheramidesshowedno
activity

IntheseriesofNNdipropylalkanamidesRCONC3H72
thelarvicidalactivityfluctuatedatamoderatelevelfromC8
throughC14amideswithC11andC14amidesshowinganin
creasedactivityoverothersThereaftertheactivitydiminish
edgraduallyfromC15throughC18anddisappearedcomplete
lyinC19andhigheramides

ThelarvicidalactivityoftheNNdiisopropylalkanamides
RCONCHCH322followedasimilartrendasthoseofthe
diethylanddipropylseriesofamidesWiththeincreasein
carbonchainthisseriesofalkanamidesdisplayedanincreasing
activitywhichreachedthehighestlevelinC11amidewithan
LC50of05andanLC90of10ppmTheactivitytrend
graduallydecreasedfromC12throughC18amidesandthe
activitycompletelydisappearedinC19andhigheramides

C9andC12amidesshowedthehighestdegreeoflarvicidal
activityintheseriesofNNdiisobutylalkanamidesRCON
CH2CHCH32 TheactivityincreasedfromC8amideand
reachedthehighestlevelfromC9throughC12Thereafter
theactivitydecreasedfromC13throughC16anddiminished
completelyinC17andhigheramides

Ithasbeenknownthatinahomologousseriesoforganic
compoundseachmemberintheseriesisusuallyfoundtobe
morebiologicallyactivethanitslowerhomologueuntilsud
denlytheadditionofjustonemoreCH2groupseverely
diminishesorevenabolishesthebiologicalactivityAlbert
1979Wealsohavefoundthistendencytobetruewiththe
larvicidalactivityofbranchedchainfattyacidsandesters
Hwangetal1974197619782haloalkanoicacidsand
estersHwangandMulla1976andNNdimethylalkanamides
HwangandMulla1980Thepresentstudiesagainconfirm
thepreviousfindingsmadeinthisandotherlaboratories

Tostudytheeffectofthealkylgroupsattachedtothe
amidenitrogenonthelarvicidalactivitywecomparedthelar
vicidalactivitiesoftheNNdialkylalkanamideswiththeRCO



groupsetataconstantlengthandwiththenitrogenatom
attachedtovariousalkylgroupsintheorderofmethylethyl
propylisopropylandisobutyl

r
R

RCON

RCH3C2H5C3H7CHCH32andCH2CHCH32

InthecaseofC9amidesRC8H17theactivitydeclinedas
theRgroupvariedfrommethylthroughisobutylgroupsThe
activityofC14amidesRC13H27onthecontraryin
creasedasthesizeoftheRgroupincreasedInC17amides
RC16H33theactivityfluctuatedirregularlyInconclu
sionthesizeofthealkylgroupsattachedtothenitrogenatom
didnotbearanydefiniteandclearcutinfluenceontheactivi
tyofaseriesofamideswithaconstantlengthofcarbonchain

AmongthevariousNNdialkylalkanamidesstudiedNN
dimethylalkanamidesfromC13throughC18werethemost
activedemonstratingahighdegreeoftoxicityagainstthe
firstinstarlarvaeofCxquinquefasciatus

RCONCH32
NNdimethylalkanamides

ROCONCH32
AlkylNNdimethylcarbamates

ROCONHCH3
AlkylNmethylcarbamates

Incomparingthechemicalstructuresgivenabovewenoticed
thatalkylNNdimethylcarbamatesandalkylNmethylcarba
mateswerestructurallyanalogoustotheNNdimethylalkana
mides Toascertainwhetherthisstructuralsimilaritywas
associatedwithbiologicalactivitywesynthesizedvariousali
phaticcarbamatesandevaluatedtheirlarvicidalactivityagainst
thefirstinstarlarvaeofCxquinquefasciatus

Thesynthesisofthecarbamateswasconductedinthefol
lowingmannersThealkylNNdimethylcarbamateswerepre
paredbytreatingasodiumalkoxidewithdimethylcarbamyl
chlorideinrefluxingbenzeneThealkylNmethylcarbamates
werepreparedbyreactinganalkanolwithmethylisocyanate
inetherinthepresenceoftriethylamine

Ofnumerousaliphaticcarbamatessynthesizedandevalu
atedonlyafewshowedsomeactivityTable1 1Decyl
NNdimethylcarbamate1wastheonlydimethylcarbamate
whichshowedconsiderablelarvicidalactivityhoweverthe
levelofactivitywasbynomeansimpressiveAlthough1
decylNmethylcarbamate2displayedmoderatedegreeof
activitytheotheralkylNmethylcarbamatessuchas1
undecyNmethylcarbamate31dodecylNmethylcarbamate
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Table1Larvicidalactivityofvariousaliphaticcarbamatesagainst
firstinstarlarvaeofCxquinquefasciatus

No Carbamates

1 C
2 C10H21000NHCH
3 C11H23000NHCH
4 C
5 C18N37000NHCH

LC

26

12

27

31

30
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ppm

LC

10

23

407

90

66

4and1octadecylNmethylcarbamate5weremerely
slightlyactiveWecanthereforeconslusivelystatethatde
spitethestructuralsimilaritythealiphaticcarbamatesstudied
heredidnotdemonstrateahighdegreeoftoxicityasshown
bytheNNdimethylalkanamides
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ENCAPSULATEDFORMULATIONSOFPRIMIPHOSMETHYLAGAINSTMOSQUITO

LARVAEANDSOMENONTARGETORGANISMS

HADarwazehandMSMulla
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Duringthecourseofstudiesonthedevelopmentofnew
substitutematerialsformosquitocontrolalargenumberof
larvicidalchemicalswereevaluatedagainstvariousspeciesof
mosquitoesinthelaboratoryandunderfieldconditionsMulla
etal19661970GasandRioux1969Soineofthesema
terialsshowedexcellentbiologicalactivityagainstbothstag
nantandfloodwatermosquitoesIntensiveandfrequentuse
ofsomeofthesemosquitocontrolagentsresultedintheemer
genceofresistantstrainsofthemalariamosquitoAnculici
faciesandresurgenceofmalariaincidenceinIndiawithanin
cidenceof5millioncasesin1975ascomparedto100000
casesin1965SamnotraandKumar1980

InearlierstudiesreportedbyMullaetal1973primiphos
methylanorganophosphoruscompoundwhithalowmam
maliantoxicitycomparabletothatoftemephoswasreported
tobeactiveagainstlarvaeofCxtarsalisCoquillettandAe
nigromaculusLudlowinthecentralSanJoaquinValleyof
CaliforniaExcellentcontrolofthesespecieswasobtainedat
therateof005and01lbA55and100ghaInrecent
studiesprimiphosmethylwasreportedtobehighlyactiveas
anadulticideaswellasalarvicideagainstthemultiresistant
strainsofthemalariamosquitoesinIndiaandIndonesiaAt
theadulticidingrateof1gmexcellentcontrolofAnaconi
teswasobtainedfor8weekswhenappliedonbamboosur
facewhile18weekscontrolwaspossibleonwoodsurface
Pradhanetal1979Weeklylarvicidalapplicationsatthe
rateof125ghaalsoproducedexcellentcontrolandresulted

ABSTRACT

Thethinwallencapsultatedformulationsofprimiphosmethylren
deredmoresuperiorresultsinthelaboratorythanthethickwallform
ulations TheLC90levelagainstCxquinquefasciatusSayofthe
thinwallformulationwasintherangeof00040017ppmwhilethe

thickwallformulationswere810foldslesseffectiveandtheirLC90
wasintherangeof0058008ppm

Allformulationstestedat01lbAwereequallyeffectiveand
caused8895reductioninthelarvalpopulationofCxtarsalisCo
quillettinexperimentalpondsAtthesameratethemayflynaiads
CallibaetispacificusSeemanandtheOstracodapopulationwerecom
pletelyeliminatedbutbegantorecoveroneweekaftertreatmentAt
allratesapplieddragonflynaiadsErythemissimplicicollisSaydiving
beetlesTropisternuslateralisHydrophilidaeRhantusgutticollisSay
DytiscidaeandthedamselflynaiadIschnuracervulaSelyswerenot
affected

Allformulationsshowednoresidualactivityinwaterandallor

ganismsobservedpriortotreatmentwhichwereeliminateddueto
chemicalapplicationwererecoveredwithinoneweekaftertreatment

90

inareductionoftransmissionofmalarialoweringtheinci
dencerateinchildrenanddecreasingthePlasmodiumfalci
paruminfectionintheurbancommunityofBhiwaniIndia
SamnotraandKumar1980

Thereforeinordertoenhanceandprolongthelarvicidal
activityofprimiphosmethylseveralencapsulatedformula
tionswerepreparedeachwithvariousphysiochemicalproper
tiesTheactivityoftheseformulationswasstudiedagainst
mosquitolarvaeinthelaboratoryandfieldalongwiththeir
impactonsomenontargetorganismspresentinfieldtestplots

METHODSANDMATERIALSThirteenformulationsof

primiphosmethylOMS1424O2diethylamino6methyl
4pyrimidinyl00dimethylphosphorothioatewereprepared
2ofwhichweresolidifiedanddisregardedTheremaining11
formulationslistedinTable1wereevaluatedinthelaboratory
andunderfieldconditionsasfollows

Laboratory Onepercent1 stocksuspensionofeach
formulationwvwaspreparedinwaterandserialdilutions
werepreparedinwaterasneededTherequiredamount02
10mlofagivenstrengthsuspensionwasaddedto4ozdixie
cupscontaining204thstagelarvaeofCulexquinquefasciatus
Sayin100mloftapwaterLarvaeusedinthesestudies
wereobtainedfromalaboratorycolonyattheUniversityof
CaliforniaRiversideEachmaterialwastested34timesuti

lizing2replicatesperconcentrationeachtimeandalongwith
eachtest2cupswereleftuntreatedaschecksPriortoeach
testnewstocksuspensionandserialdilutionsweremadeto



preventanylossofactivitywhichmightoccurinstorageas
aqueoussuspensionAfter24hrofexposureoftestorgan
ismsinacontrolledtemperatureholdingroom75F1mor
talityreadingsweretakenandLC50andLC90valuesinppm
wereobtainedfromadosageresponselineonprobitlogpaper
basedonmeanmortalityvaluesvsconcentrations

FieldEvaluation Fieldtrialswereconductedinpondsat
theAquaticandVectorControlResearchFacilityintheCoa
chellaValleyofsouthernCaliforniaMullaandDarwazeh
1976Thesefacilitiesconsistof64pondsmeasuring18x18
fteachWatertoeachpondissuppliedfromanartesianwell
throughundergroundpipelineWaterdepthinthepondsis
keptconstantat12inbyfloatvalvesMosquitopopulations
duringstudiesMayJuneconsistedmostlyofalltheaquatic
stagesofCulextarsalisCoquillett

Therequiredamountofmaterialwasmixedwith120mlof
waterandappliedwithanallpurposehousehold1qtspray
erutilizing2pondsperapplicationrateand2aschecksPro
cedureemployedintheevaluationagainstmosquitolarvaeand
nontargetorganismswerethosedescribedbyMullaetal1975
Fivedipsperpondweretakenpriortotreatmentand2and7
daysaftertreatmentThefivedipsthenwerecompositedinto
onesamplepreservedin95alcoholandorganismspresent
inthesamplewereidentifiedandcountedunderadis
sectingmicroscopeinthelaboratoryPercentlarvalreduc
tionwasbasedonthenumberof3rdand4thstagelarvaein

Table1Initialactivityofvariousformulationsofprimiphosmethylagainst4thstagelarvaeofCulexpipiensquinquefasciatusinthelaboratory

CodeNo Formulation

JF2964B

JF6999

JF6912A

JF6915

JF5742

JF6918

YE6704

JF6914

JF6914A

JF6913A

JF6913

JF6919

JF6920

Actellic20Microencapthinwall2udia

Asabovewithwaxlineblue

20encapthinwalled ludia

20encapfloatingcapsule4pdia

Actellic25WP

10encapthinwalled10pdia

Primotec 20microencap

20encapthickwalled

20encapthickwalled

20encapthickwalled

20encapthickwalled

10encapthickwalled

10encapthickwalled

crosslinked4udia

crosslinked 111dia

ludia

4pdia

crosslinkedlopdia

l0udia

91

posttreatmentvspretreatment

RESULTSANDDISCUSSIONInlaboratoryteststhin
wallencapsulatedformulationsofprimiphosrnethylshowed
higherinitialactivitythanthickwallformulationsSizeofpar
ticlesintherangetestedhoweverdidnothaveanyappreci
ableeffectontheactivityoftheformulationsagainst4thstage
larvaeofCxquinquefasciatusThelargersizeparticles10u
diaofthethickwallformulationstendedtocoalesceandset
tleoutofsuspensionrapidlywhilethefinerparticles4Adia
orlessremainedinsuspensionforconsiderableperiodsThe
LC90levelofthethinwallformulationswasintherangeof
00040017ppmwhilethethickwallformulationswere8
10timeslesseffectiveandtheirLC90wasintherangeof
0058008ppmTable1Similarlycrosslinkagedecreased
initialactivityprobablyduetoslowreleasecharacteristicsof
theformulations

ThethreemosteffectiveformulationslistedinTable1were

thentestedinthefieldattheratesof0025and005lbA28
and55ghaAtthelowerrateJF2964Bwasthemosteffec
tivecausing95reductioninthelatestagesofthelarval
populations2daysaftertreatment AtthesamerateJF
6912AandJF6915werelesseffectiveandproduced84and
57reductionrespectivelyAtthehigherrate005lbAall
3formulationsdisplayedgoodactivitycausing8093re
ductioninthelatelarvalstages2daysaftertreatmentTable
2

PPm
LC50 LC90

00015 00040

00050 00088

00060 00090

00070 00120

00080 00160

00090 00170

00250 0056

00280 0058

00330 0080

00350 00750

00480 0080

solidified

solidified



Table2ShorttermactivityofvariousmicroencapsulatedformulationsofprimiphosmethylagainstlarvaeofCulextarsalisinexperimentalponds
CoachellaValleyAqResandVectorContFacility

Material

and Rate

Formulation lbA gha

JF2964B

20 0050 55

JF6912A 0025 28

20 0050 55

JF6915 0025 28

20 0050 55

Check

JF2964B 0050 55

20 0100 110

JF6912A 0050 55

20 0100 110

JF6915 0050 55

20 0100 110

Check

TestAJune1979

0025 28 19

TestB

aWater tempmeanmin23andmeanmax338C

bWatertemp meanmin222Candmeanmax288
Risbasedonnoof34stagelarvaeinposttreatvpretreat

Duetoalackofcompletecontrolofthelarvalstagesthesame
3materialswereretestedatthehigherratesof005and
01lbA55and110ghaalongwithremainingformulations
AgainJF2964Bwasthemosteffectiveeliminatingthelate
larvalstagesattherateof01lbAandcausing80reduction
atthelowerrateof005lbAAtbothratesapplied005and
01lbA92and93reductionwasobtainedwithJF6912A
while50and82reductionoccurredwithJF6915However
somewhathighercontrolwasobtainedwiththelattermaterial
sevendaysposttreatmentTable2

Atthehighrateof01lbAallformulationswiththeex
ceptionofthe25WPwereequallyeffectivecausing8895
controlTable3The25WPwaslesseffectiveandcaused
only75reduction2daysaftertreatmentTable3All
formulationsshowednoresidualactivityinwaterandthe
mosquitolarvalpopulationwasreestablishedoneweekafter
treatmentPresenceofyoungerlarvalstages1stand2nd2
daysafterchemicalapplicationindicatesthelethallevelsof
thematerialpersistedinwaterforaperiodof2448hrsonly

Studiesontheimpactofmicroencapsulatedformulations
onnontargetbiotashowedinterestingtrendsThemayfly
naiadsCallibaetispacificusSeemanandOstracodapopula
tionsweremarkedlyaffectedatthelowrateof005lbAand

Avgnooflarvae5dipspreandposttreatdays
Pretreat

Larvae

14

19

6

7

5

3

May 1980
10

14

13

14

14

44

27

92

2 7

Larvae R

1 95

1 93

3 84

1 83

3 57

1 80

7 0

2 80

0 100

1 92

1 93

7 50

8 82

18 33

Larvae R

4 79

18 0

9 53

15 0

13 0

7 0

5 0

6 40

21 0

5 62

3 79

8 43

8 82

10 62

werealmostcompletelyeliminatedatthehigherrateof01
lbA Howeverthesetwoorganismsbegantorecoverone
weekaftertreatment DragonflynaiadsErythemissimpli
cicollisSayandthedamselflynaiadsIschnuracervulaSelys
werenotaffectedatallratesappliedTables4 5Diving
beetlesTropisternuslateralisHydrophilidaeandKhantus
gutticollisSayDytiscidaealsowerenotaffecteddataon
beetlesnotincluded

Inconclusionnoprolongedorincreasedactivityagainst
mosquitolarvaewasapparentwiththesemicroencapsulated
formulationsofprimiphosmethylEmulsifiableconcentrate
formulationstestedearlierMullaetal1973displayedsimilar
orbetterresultscontrollingthestagnantwatermosquitoesCs
inornataWillistonCxtarsalisCoquillettandCxpeusSpeiser
attherateof005lbAAttherateof01lbAcomplete
controloffloodwatermosquitoAenigromaculisLudlowalso
wasreported

Fromthedatapresentedabovemicroencapsulatedfonnu
ulationsofprimiphosmethylcouldbeusedeffectivelyfor
mosquitolarvalcontrolattherateof01lbAHowever
weeklytreatmentswillbenecessaryagainstasynchronouspop
ulationsinsemipermanentandpermanentbodiesofwater



Table3ShorttermactivityofvariousformulationsofprimiphosmethylagainstlarvaeofCulextarsalisinexperimentalpondsCoachellaValley
AqResandVectorContfacilityJune198k

Material Avgnooflarvae5dipspreandposttreatdays

and Rate Pretreat 2 7

Formulation lbA gha Larvae Larvae R Larvae R

JF6913 005 55 21 8 62 16 24

20 010 110 19 1 95 15 21

JF6914A 005 55 7 4 43 17 0

20 010 110 16 1 94 10 38

JF6913A 005 55 22 8 64 11 50

20 010 110 14 1 93 3 79

JF6999 005 55 28 5 82 5 82

20 010 110 24 2 92 20 17

YE6704 005 55 23 10 57 24 0

20 010 110 13 1 92 12 8

JF6914 005 55 8 1 88 6 25

20 010 110 17 2 88 9 47

JF5742 005 55 24 15 38 26 0

25WP 010 110 32 8 75 48 0

Check 27 18 33 10 63

AIWatertempmeanmin23andmeanmax338andRisbasedonthenoof34stagelarvaeinposttreatvspretreat

Table4ImpactofvariousformulationsofprimiphosmethylagainstnontargetorganismsinexperimentalpondsCoachellaValleyAqResand
VectorContFacility

Material Avgnooforganisms5dipssamplepreandposttreatdays

and Rate Mayflies Dragonflies Damselflies Ostracoda

Formulation lbA gha Pre 2 7 Pre 2 7 Pre 2 7 Pre 2 7

TestAJune1979

JF2964B 0025 28 10 2 2 5 7 8 2 3 4 0

20 0050 55 10 0 3 9 7 4 2 3 3 0

JF6912A 0025 28 7 3 6 5 4 4 1 0 2 0

20 0050 55 6 2 3 1 3 4 2 1 2 0

JF6915 0025 28 11 1 9 3 5 2 2 2 3 0

20 0050 55 27 1 2 7 2 2 4 3 2 0

Check 4 9 11 6 8 6 2 3 5

TestBMay1980

JF2964B 005 55 2 1 1 0 1 0 2 4 0 45 4 0

20 010 110 3 0 0 1 1 0 0 0 0 68 0 0

JF6912A 005 55 5 0 3 0 0 1 1 2 1 70 0 2

20 010 110 4 0 0 1 2 1 3 3 0 300 5 6

JF6915 005 55 6 2 2 1 0 0 0 4 3 0 0 0

20 010 110 2 0 1 0 1 1 0 1 0 3 0 0

Check 2 3 2 2 2 1 8 10 10 38 93 91

MayflynaiadsCpacificusDragonflynaiadsEsimplicicollisDamselflynaiads1cervula

93



Table5ImpactofvariousmicroencapsulatedformulationsofprimiphosmethylagainstnontargetorganismsinexperimentalpondsCoachellaValley
AquaticandVectorControlResearchFacilityMay1980

Material

and Rate Mayflies

Formulation

Avgnooforganisms5dipssamplepreandposttreatdays

Dragonflies Damselflies Ostracoda

lbA gha Pre 2 7 Pre 2 7 Pre 2 7 Pre 2 7

JF6913 005 55 20 0 0 1 1 0 2 2 4 0 0 1

20 010 110 10 0 0 3 1 0 1 2 2 0 0 1

JF6914A 005 55 4 0 1 0 0 1 1 3 1 30 5 8

20 010 110 2 0 0 1 1 2 3 6 4 212 0 0

JF6913A 005 55 5 0 0 2 0 0 2 3 0 190 0 0

20 010 110 7 0 0 1 0 0 0 5 2 0 0 8

JF6999 005 55 3 0 0 0 1 1 0 2 4 9 0 0

20 010 110 3 1 0 1 0 0 0 1 0 0 0 0

YE6704 005 55 2 0 0 2 1 0 0 9 2 0 0 0

20 010 110 8 0 0 4 0 0 2 0 2 1 0 3

JF6914 005 55 1 0 0 0 1 0 0 0 1 15 0 0

20 010 110 2 0 1 1 1 2 0 0 0 20 0 0

JF5742 005 55 7 8 5 1 0 1 0 7 2 2 0 94

25WP 010 110 8 2 2 1 1 0 0 1 3 0 0 0

Check 2 3 2 2 2 1 8 10 10 38 93 91
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FIELDEVALUATIONOFTHEEFFECTSOFSLOWRELEASE

WETTABLEPOWDERFORMULATIONOFALTOSIDONNONTARGETORGANISMS

GDCreekmurMPRusse11andJEHazelrigg

INTRODUCTIONWithincreasedinterestbeingfocused
ontheuseofslowreleaseformulationsofthegrowthregula
torMethoprenemarketedasAltosidbyZoeconCorp
PaloAltoCAformosquitoandmidgecontrolitbecameim
perativetoassesstheeffectsoftrulychronicexposureofnon
targetanimalsparticularlypredatoryinsectstothecom
poundasitwouldbeusedinarainpondorashallowsettling
basinThenewestoftheseformulationsa10wettablepow
derwasselectedforthisstudy

METHODANDMATERIALSAstudysiteoffourponds
IOmxIOmx06mwasselectedintheRioHondoCoastal
BasinSpreadingGroundinMontebelloCASamplingwas
carriedouteverytwotofourdaysfortwoweekspriortothe
treatmentsandtwoweeksfollowingTwosamplingdevices
wereuseda50cmplexiglasscylinderdescribedbyLegneret
al1976andastandardmosquitodipnet40cmdiameter
Bothdeviceswereusedtosampleeachpondfourtimesintwo
ramdomlyselectedquadrantsoneachsamplingdate

InadditiontosnailsandChironomidmidgesthefollowing
familiesofColeopteralarvaeandadultsandHemipterawere
sampled DytiscidaeHydrophilidaeDryopidaeNotonecti
daeandCorixidaeThedatapresentedrepresentthecom
binedtotalsofspecimensrecoveredbybothsamplingmeth
ods

Allannealswerereturnedtothepondsafteridentification
andcountingovernylonscreens

1Thisstudywaspartiallysupportedby agrantfromCalifornia
StateUniversityatLosAngeles

2BiologyDepartmentCaliforniaStateUniversityLosAngeles
California90032

3SoutheastMosquitoAbatementDistrict

ABSTRACT

Threeidenticalshallowpondsweretreatedwithonetwoandfour
timesrecommendedratesof10AltosidRRwettablepowderTwo
samplingtechniqueswereusedtomonitorpreandposttreatment
populationsofthreefamiliesofColeopteratwoofHemipteraandone
ofDiptcraandsnailstocomparepopulationchangeswithacontrol
pondAdultemergencewasusedtogaugethelengthofeffectiveness
Midgeemergencewasvirtuallyeliminatedforapproximatelythree
weeksTherewerenosignificantdeleteriouseffectsonnontarget
animals
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AChapinNo121compressedairsprayerwasusedtoapply
thewettablepowderatdosageratesequivalentto210420
and840gmhectareleavingoneponduntreatedTreatment
wasmadeon20July1980Toestimatetheeffectivelength
ofmidgecontrolaquaticconetrapsforadultsasdescribed
byMullaetal1974weresubmergedfrom25to40cmin
eachpondAdultmidgeswerecountedonthesamedaysthat
thenontargetformsweresampledandthetrapsweremoved
tonewlocationsineachpondAlldatawasanalyzedusing
twowayanalysisofvarianceANOV

RESULTSANDDISCUSSIONTheeffectsofMethoprene
onmidgeemergenceisshowninFigure1andTable1There
werenosignificantdifferencesinadultmidgeemergencefrom
thefourpondspriortotreatmentbutthereweresharpsignifi
cantdropsbythetimeofthefirstsamplingtwodaysafterap
plicationSignificantlyP01fewermidgeswererecovered
fromalltreatedpondsforapproximatelythreeweeksfollow
ingtreatmentTherewerenodifferencesnotedbetweenthe
treatedpondsmidgecontrolbeingalmostabsoluteinallof
themwhilethecheckpondpopulationremainedrelatively
stableIncontrasttherewasonlyoneinstanceinwhichthe
nontargetinsectsorsnailsvariedsignificantlyafterthewet
tablepowderwasappliedThenumberofnotonectidsrose
significantlyduringtheposttreatmentperiod Allother

changesthatoccurredinthetreatedpondswereparalleledby
changesinthecheckpondThedataobtainedfromthetwo
samplingmethodswereanalyzedseparatelyandcombined
withnochangesinresultsTheFvaluesforsignificanceatthe
5levelwere928forpondinteractionand1013forAlto
sideffectsThelargestvaluesrecordedinthistrialwere149
forpondinteraction1045forAltosideffectsonnoto
nectidsAllotherswerelowerthan845forAltosideffects

Noteworthyisthattherewereapproximatelytwiceas
manyspecimensrecoveredusingthedipnetmethodbutal
mosthalfthevariationincountsbetweenpondsusingtheLeg



Table1CollectionsusingLegneranddipnetsamplerspriortoandaftermethopreneapplication

Order

and

Family Pond

Collection

Date PreTreatment PostTreatment

7578711714717720Totalx 7227237277298487Totalx

Coleoptera
Dytiscidaeadult

Control1 6 1929 35 70 49 208 35 28 29 34 28 30 21
2 7 31 12 12 26 28 116 19 28 34 14 16 20 24
3 2 25 3 7 10 17 64 11 23 10 24 25 19 24
4 7 21 3 2 21 24 78 13 31 6 11 15 20 12

larvae
Control1 1 2 5 13 27 58 106 18 30 15 25 25 31 12 138 23

2 5 5 5 3 10 7 35 6 17 13 11 17 22 6 86 14
3 4 7 1 4 8 13 37 6 6 5 12 18 5 11 57 10
4 1 17 1 1 9 5 34 6 2 3 14 22 4 4 49 8

Hydrophilidae adult
Control1 1 0 1 1 6 2 11 2 3 5 6 3 0 0 17 3

2 3 2 2 1 1 0 9 2 1 11 5 3 4 0 24 4
3 0 1 0 2 5 1 1 8 1 0 4 0 0 1 5 1
4 1 5 2 1 5 1 15 3 3 7 1 1 4 2 18 3

larvae
1 7 15 3 3 1 0 29 5 19 16 20 24 18 10 107 18
2 10 15 10 0 1 0 36 6 17 26 3 3 11 7 67 11
3 8 5 0 0 1 1 15 31 7 16 1 2 3 2 31 5
4 7 7 3 0 3 1 21 4 8 12 6 2 1 9 28 5

170 28

136 23
125 21

95 16

Dryopidae
Control1 1 6 15 35 173 30 26043 13 65 11 11 0 3 103 17

2 10 1058 81 157 22 33856 34 84 17 29 3 6 173 29

Hemiptera
3 11 13 95 87 20 25 25142 28 64 60 37 14 6 209 35

Notonectidae
4 19 45114272 31 103 584 97 32 96 64 88 4125 346 58

Control1 3 0 0 9 0 3 15 3 3 2 2 2 6 19 34 6
2 0 0 0 0 0 0 0 0 2 0 0 11 2 2 17 3
3 1 0 0 2 0 0 3 1 2 0 1 4 8 16 31 5
4 0 0 0 0 0 0 0 0 2 0 0 3 3 10 18 3

Corixidae

Control1 23 57 76 10 68 18 252 42 20 7 25 18 41 17 128 21
2 11 17 16 6 37 38 125 21 73 16 42 56 37 41 265 44
3 1 4 3 3 12 13 36 6 25 12 19 36 32 13 137 23
4 6 8 0 5 10 9 38 6 11 4 13 26 18 12 84 14

Diptera
ChironomidaeAdults

Control1 12 5 17 9 4 8 8 12 24 7 63 10
2 6 19 25 13 2 0 1 0 2 1 6 1
3 6 5 11 6 1 0 0 0 1 0 2 3
4 12 8 20 10 1 0 3 0 0 0 4 7

larvae
Control1 72 39 28 39 28 18 22437 26 19 27 17 11 10 110 18

2 42 24 11 34 34 25 17028 15 19 17 17 8 17 93 16
3 40 22 15 34 37 28 17629 20 10 5 10 7 10 62 10
4 11 30 4 31 22 15 113 19 10 11 14 11 9 8 63 11

Gastropoda Control1 0 1 6 2 5 2 16 3 4 6 6 3 5 5 29 5
2 0 1 4 0 0 0 5 8 1 5 0 2 1 4 13 2
3 0 3 7 0 0 9 19 3 3 6 3 3 1 9 25 4
4 9 4 10 0 1 1 25 4 11 4 7 0 4 4 30 5

96
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Figure1EffectsofWPAltosidTonchironomidae

IF1123

DAYS AFTER

nersamplerIndicatingthefargreaterconsistenceobtainable
withthelattermethod

Thisstudyindicatesthat10oAltosidwettablepowder
usedattherecommendedrategaveexcellentcontrolofmidges
intheseshallowpondsforapproximatelythreeweeksandthat
therewerenostatisticallysignificantdeleteriouseffectsonany
ofthenontargetanimalssampledwhenthatratewasdoubled
orquadrupled

13 15 17 19 21 23 25 27

TREATMENT
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OPOND1

APOND2

POND3

OPOND4
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watercolumnsamplerhabitatsProcCalifMosqControlAssoc
43110

MullaMSRLNorlandTIkeshojiandWCKramer1974
InsectgrowthregulatorsforthecontrolofaquaticmidgesJour
ofEconEntomol67165170



FIELDEVALUATIONOFMOSQUITOOVIPOSITIONALREPELLENTS

Volatileorganicchemicalsinbreedingwaterareknownto
influenceovipositingbehaviorinmosquitoesThesevolatile
chemicalscanbeeitherattractiveorrepellenttoovipositing
mosquitoes Attractivecompoundshavebeenshowntobe
presentinvariousorganicinfusionssuchaschickenmanurein
fusionsHayashi1962andgrassinfusionsGjullinetal
1965

Compoundsrepellenttoovipositingmosquitoeswerepro
ducedina1labchowinfusionKramerandMulla1979
Throughaseriesofexperimentsthisrepellencywasstudiedto
chemicallyidentifythesecompoundsandtodetermineifthey
hadafutureinanymosquitocontrolprogramHwangetal
1980isolatedandidentifiedtheactivechemicalsfromthe
labchowinfusionandidentifiedthefollowingloweraliphatic
carboxylicacidsshowingovipositionalrepellencyaceticpro
pionicisobutyricbutyricisovalericandcaprioicacidsWith
laboratoryolfactometerseachacidwastestedforoviposition
alrepellencytheywererepellentat6x10 andallbut

aceticacidwererepellentat6x10 againstCulexquinque
fasciatusSayKrameretal1980Thisresearchwascontin
uedbytestingadditionalaliphaticcarboxylicacidsfromCSto
C13forovipositionalactivityHwangetal1981Results
showedthatcarboxylicacidsintheC8toC10rangewerethe
mosteffectiveinreducingovipositionforCxquinquefasciatus
CxtarsalisCoquillettandAedesaegyptiL

Thenextstepinthisstudywastheevaluationofrepellents
undersemifieldandlaterfieldconditionsSemifieldtests

consistedoftestingportionsofpondswithoctanoicacidCg
astherepellentDatafromthesesemifieldtestsgaveusabet
terunderstandingoftheproblemsinvolvedinapplyingovi
positionalrepellentstowaterThenextstepwastestingfirst
octanoicacidandlaternonanoicacidC9underfieldcondi
tionsforeffectivenessinreducingoviposition

ExperimentswereconductedattheAquaticResearch
FacilityUniversityofCaliforniaRiversideSemifieldtests
consistedofplacing4sheetmetalcylindersabout45cmdia
meterineachof4ponds36x72mThepondsandcylin
derswerefilledwithwaterThetopedgesofthecylinders
wereafewcentimetershigherthanthewaterlevelinthe
pondssothatwaterinthecylinderswouldbeisolatedfrom
therestofthepondIntothe4cylinderswereapplied1
chickenmanure02 and15ppmoctanoicacid2chicken
manure02 and30ppmoctanoicacid3onlychicken
manure02 and4nothingasuntreatedchecksChick

GeorgeWSchultzYihShenHwangWayneLKramer
HaroldAxelrodandMirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521
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enmanurewasaddedtoincreasetheovipositionratewithin
thesmallsurfaceareaofthecylindersThechickenmanure
wasapplied1dayafterfloodingandoctanoicacidwasap
plied5daysafterfloodingEggraftswerecollectedpost
floodingfromthecylindersandcountedeverydayfor20
days

Resultsofthissemifieldtestshowedthatoctanoicacidat

boththe30and15ppmconcentrationwaseffectiveinreduc
ingoviposition Forexampleafter3daysposttreatment
boththe30and15ppmoctanoicacidcylinderswithmanure
hadanaverageof1eggraftpercylinderThecheckcylinder
hadanaverageof3eggraftspercylinderandthosewith
manureonlyhadanaverageof8eggraftsThroughoutthe
entire15daysposttreatmentthenumberofeggraftsre
mainedlowerthaneitherthecheckormanureonlycylinders

Severalpreliminaryfieldtestswithoctanoicacidasrepel
lentwereconductedatlowconcentrationsbetween10and50

ppmAlthoughsomereductioninegglayingoccurreditdid
notgivesignificantresultsThisisprobablyduetosomeof
therepellentbeingabsorbedbythepondsedgeswhichcould
notoccurinthemetalcylindersEachofthesubsequent
fieldtestswereconductedwithnonanoicacidasrepellent

TwofieldexperimentswereconductedIneachexperi
mentnonanoicacidwasformulatedwithasolventandasur
factantThesurfaceactiveagentwasusedforobtainingarela
tivelyevendistributionoftherepellentonthewatersurface
InthefirstexperimentPolyTergentG300wasused inthe

secondexperimentTritonX100wasusedThesolventin
bothtestswasxyleneTherepellentwasformulatedinthe
ratioof80volumepartsnonanoicacid17volumepartssol
ventand3volumepartssurfactantTherepellantformula
tionwasappliedtothepondswitha1galhandsprayer
Duringthenextseveraldaysthepondswereexaminedforegg
raftswhichwerecountedbutnotcollectedThreedaysafter
applyingtherepellentlarvalcountswerealsomadebytaking
5dipsfrompredeterminedlocationsaboundtheperimeter
ofthepondsThesampleswereconcentratedandreturnedto
thelaboratoryforcountingEggraftsandlarvalcountswere
takenseveraltimeseachweekforseveralweeksThefirst

experimentconsistedof12ponds3with150ppmnonanoic
acid3with75ppmnonanoicacid3beinguntreatedcheck
pondsatthesamerateasthe150ppmpondsand3beingun
treatedcheckpondsInthesecondexperiment9pondswere
tested3with50ppmnonanoicacid3with25ppmnonanoic



acidand3beingsolventcheckpondsatthesamerateasthe
50ppmponds

Resultsoftheseexperimentsshowedthatcompleteovi
positionalrepellencycouldbeobtainedfor1dayat25ppm2
daysat50ppmabout5daysat75ppmandabout6to7
daysat150ppmAthigherconcentrationsnonanoicacid
couldbeseenasathinlayeronthewatersurfaceThesurfac
tantswereeffectiveinobtaininganevensurfacedistribution
oftherepellent

Itispossiblethatovipositionalrepellentscouldsomeday
becomeincorporatedintoamosquitocontrolprogramInan
areawithmultiplebreedingsitesmanycouldbetreatedwith
anovipositionalrepellentwhileleavingafewsitesformosqui
toovipositionThesefewsitescouldthenbetreatedperiodic
allywithconventionalinsecticides Anothermethodthat

couldbeemployedistomixtheinsecticideandrepellentto
getherSprayingabreedingsitewiththismixturewouldkill
larvaeandpupaealreadypresentanddelayanyfutureegglay
ingforsometimethusdecreasingthetotalnumberofapplica
tionseachyear

ANEWTRIAZINEINSECTGROWTHREGULATORFOR

FLYCONTROLONPOULTRYRANCHES

HaroldAxelrod

Numerousstudiesontheefficacyofinsectgrowthregulat
orsIGRsforthecontroloffilthbreedingflieshavebeencon
ductedAblesetal1975obtainedsignificantreductionin
adulthousefliesemergingfromDimilintreatedmanure
Wright1974obtained90controlofhousefliesatacattle
feedlotandwastewatertreatmentplantwithDimilintreat
mentsMilleretal1975feedingDimilintochickensre
portedcompleteinhibitionofemergenceofMuscadomestica
Breedenetal1975foundgoodinhibitionofhouseflyem
ergence3daysafterinitiationoffeedthroughwithmetho
prene

WhenCGA72662atriazinetypeIGRwassprayedonto
chickenmanureWilliamsandBerry1980foundatleasta
70reductioninemergenceofnativehousefliesatsomeof
theapplicationratestested WhenfeedingCGA72662to
chickenstheyfoundthat15ppmand5ppminfeedgaveup
to100mortalityofhousefliesHallandFoehse1980us
ingCGA72662astopicalmanuresprayseffectivelyreduced
emergenceofmuscoidfliesinpoultrybovineandswineman
ureWhenfedtopoultryat15ppminfeedtheyfoundit
producedahighlevelofinhibitionofhouseflyemergence

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521
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toorganicinfusionsEnvironEntomol8111117

InstudiespresentedhereCGA72662Ncyclopropyl11
35triazine246triamineanexperimentalIGRwasevalu
atedundertypicalfieldranchconditionsforthecontrol
offliesbreedinginpoultrymanureoncommercialcaged
poultryranchesApplicationoftheIGRwasfieldoriented
withtheevaluationworktakingplaceinthelaboratory

METHODSANDMATERIALSFourseparatetrialswere
conductedwhereinthe1sttwoentailedapplicationoftheIGR
asatopicalsurfacespraytomanurebeneathcagerowsInthe
othertwotrialstheIGRwasmixedwiththefeedandfedto
thechickens

Proceduresfortheevaluationoftheeffectivenessofthe

treatmentswasthesameforalltrialsAtweeklyintervals
biasedmanuresamplesweretakenformuscoidlarvaeandre
turnedtothelaboratoryIfnomuscoidlarvaewerefound
manurethatcouldsupporttheselarvaewassampledNoat
temptwasmadetoseekoutFannialarvae06literaliquots
wereremovedfromthesamplesandplacedintoaBerlesefun
nelfor24hrlarvalrecovery 19literaliquotswerealso
placedinanemergencecagewheretheemergingadultswere
collectedfor14daystodeterminetheextentofinhibitionof



mergenceTherecoverynumbersofthetreatmentswerecom
paredtothenumbersrecoveredwithincheckstodetermineef
fectivenessThevarioustreatmentswereasfollows

Trial1Surfacesprayapplicationof38litersofa2
sprayper93m08gmAIofmanuresurfacetoplots
underthechickencagesThistreatmentwasrepeated14days
afterinitialspraying

Trial2Topicalsprayapplicationof19litersofa2
sprayper93m04gmAIofmanuresurfacetoplots
underthechickencagesOnlyoneapplicationwasmade

Trial3Feedthroughof5ppmoftheIGRinchickenfeed
Fedfor42days

Trial4Feedthroughof15ppmofIGRinchickenfeed
Fedfor33days

Thedatawereanalyzedbyttestmethodandsignificance
wasdeterminedbetweenlarvaeoftreatmentandcheckor
adultsoftreatmentandcheck

RESULTSANDDISCUSSIONTrial1Asignificantre
ductioninmuscoidlarvaeamixtureofMuscadomesticaand
Muscinastabulanswasevident6daysafterthefirstsurface
treatmentandlastedthrough13daysafterthe2ndtreatment
Recoveryofsomelarvaewasevidentfrom2755daysafter
treatment2butlargenumbersdidnotappearuntil55days
after2ndtreatmentSignificantsuppressionofadultmuscoid
emergenceappeared6daysaftertreatment1andlasted
through55daysafter2ndtreatment

AsignificantreductioninnumbersofFanniafemoralislar
vaedidnotappearuntil13daysaftertreatment1andlasted
through27daysaftertreatment2Asignificantsuppression
ofemergingadultFfemoraliswasevident6daysaftertreat
ment1andlastedthrough34daysaftertreatment2The
Fanniapopulationsduringthecourseofthesestudieswere
quitelownotindicativeofthenormallyhighpopulations

Trial2AsignificantreductioninlarvalrecoveryofMusca
domesticawasevidentatthe6dayposttreatmentperiodand
continuedthrough27daysposttreatmentThesamplingper
iodsfrom34daysupto62dayslastsampletakenalsoindi
catedsignificantlyfewerlarvaeinthetreatmentthanthe
checkplotsEventhoughsignificantlylessthaninthecheck
plotsthenumbersrecoveredfromthetreatmentplotswere
highBecauseofthesehighnumberslarvaleffectivenesscould
besaidtohavebeenlostbetween27and34daysafterspray
ingSuppressionofemergingadultMdomesticawasalmost
100at6daysaftersprayingandcontinuedatthatlevel
through41daysaftersprayingAt48daysaftersprayingand
beyondlargenumbersofadultsbegantoemerge

Againasinthe1sttrialtheFanniapopulationwaslow
howeverasignificantreductioninFfemoralislarvaeappear
ed6daysaftersprayingandlastedthrough34daysposttreat
mentEmergenceofadultFfemoraliswassignificantlyde
pressed6daysaftertreatmentandlastedthrough27daysaf
tertreatment

Trial3Inthe1stoftwofeedthroughtrialsapoultry
housecontaining38000chickenswasdivideddownthemid
dleonehalfbeingfedCGA72662treatedfeedat5ppm
andtheotherhalfusedasthecheck

AsignificantreductioninMdomesticawasevident6
daysafterthefeedingwasinitiatedandcontinuedthroughthe

100

42daysoffeedingthetreatedfeedBy28daysintothefeed
ingthelarvaewerecompletelyeliminatedandthiscondition
lastedtheremainderofthefeedingperiodto42daysAfter
42daysoffeedingtherationcontainingtheIGRitwasreplac
edwithnontreatedfeedOneweekaftercessationoftreated
feednolarvaewereevidentAttwoweeksaftercessation

somelarvaebecameevidentandby21daysafterreplacement
largenumbersoflarvaewerefoundinthemanure

AdultemergenceofMdomesticawassignificantlysup
pressed6daysafterinitiationoffeedingofthetreatedfeed
andlastedthroughthetreatmentperiod42daysandupto3
weeksafterreplacementofthetreatedfeedwithnontreated
feed

ThepopulationdensityofFfemoralisonthisranchatthe
timeofthistrialwasverylowLittleinformationastotheef
fectofthetreatmentcouldbeascertainedfromthelowlevel

ofFanniarecovery
Trial4Inthistrialanotherfeedthroughexperimentwas

established Hereanentireranchwasfed15ppmCGA
72662infeedAnotherranchlocatedinthesameareafed
rationwithouttheIGRwasusedasacheck

NosignificantreductioninMdomesticalarvaeappeared
throughouttheentirefeedingperiodof33daysFor21days
afterthetreatedfeedwasreplacedwithnontreatedfeedno
reductioninlarvaldensitywasnotedHoweveremergenceof
adultMdomesticawassignificantlysuppressed12daysafter
initiationofthefeedingduringtheremainingfeedingperiod
andlastingfor14daysafterthetreatedfeedwasreplaced

Thistreatmentof15ppminchickenrationhadnoeffect
onFfemoralislarvaeinthemanureoralteringadultemer
gencefromthemanure

InsummaryCGA72662washighlyeffectiveinsuppress
ingthedevelopmentofmuscoidlarvaeinmanureandorin
preventingthesefliesfromemergingasadultswhenappliedas
topicalsurfacesprays Whenaddedtochickenrationat5

ppmeffectivenesslastedthroughoutthefeedingperiodand
for23weeksafterreplacementofthetreatmentfeedwith
nontreatedfeedAtthelowdosagefeedthrough15ppm
muscoidlarvaewerenotsuppressedbutadultemergencewas
inhibited

FanniafemoraliswasalsoadverselyaffectedbythisIGR
buttoalesserextentthanthemuscoidflies
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THEBREEDINGOFCULEXQUINQUEFASCIATUSWITHINTHE

FRESNOURBANSTORMDRAINSYSTEM

FSMulliganIIIandCHSchaefer

INTRODUCTIONMosquitobreedinginurbanareashas
longbeenassociatedwithstreetcatchbasinsAlmost40years
agoHermsandGray1944describedanoperationalcontrol
methodwithoilappliedtocatchbasinsusing3wheeled
motorcyclesVariousmaterialsandmethodshavebeentested
orusedtocontroltwomajorcatchbasinbreedersCulexpipi
ensLandCxquinquefasciatusSayTreatmentshaveinclud
edoilsKimballandPerruzzi1970andPfunter1978chlori
natedhydrocarbonsandorganophosphorusinsecticidesDill
andRoberts1975insectgrowthregulatorsStewart1977
bacterialagentsMulliganetal1981andflushingoutthesys
temwithseawaterSchoeppner1977

TherearetwobasictypesofcatchbasindesignsThedead
welltypeallowswatertostandbelowtheleveloftheexit
pipewhereasnowaterisretainedinthefullflushingsloped
bottondesignPreferencefromanabatementviewpointof
thelatterovertheformerwasreadilyapparenttoHermsand
Gray1944

InthecityofFresnoCAtheseslopedbottomcatchbas
inshavebeenincorporatedintocomplexdrainagesystems
stormdrainsCatchbasinsareconnectedvialargeupto15m
diamundergroundtrunklinestofloodcontrolpondsoften
5kmdistance TheFresnoMosquitoAbatementDistrict
FMADbeganreceivingcomplaintsofmosquitoesfrom
housesnearstormdrainlinesThedrainlineshadbeencon

structed2yearspreviouslySincethecatchbasinswerebeing
routinelytreatedinspectionsweremadeofthemanhole
chambers Manysectionsofthetrunklineswerefoundto
holdstandingwaterandcontainedlarvaeandadultsofCx
quinquefasciatusAregularscheduleoflarvicidingthewater
standinginmanholechamberswasinitiatedbytheFMAD
howeverthecomplaintscontinued

Thisstudyoriginatedwithintenttodeterminetheextent
ofmosquitobreedinginstormdrainlinesandtoinvestigate
controlmethodswithinthishabitatThepracticalityofelimi
natingmosquitobreedingincatchbasinsbyconvertingdead
welltypestoslopedbottomswasalsostudied

MATERIALSANDMETHODSDrainLineStudySite
A16kmsectionofstormdrainline48kmtotallengthin
cludingtheoriginwaschosenasaprincipalstudysiteBe
causethissectionincludedtheoriginandwaterflowwasuni
directionaltheeffectsofchemicaltreatmentscouldbecon
trolledThemaintrunklinesconsistedof11mdiampipes
Manholechambersmanholesvariedinshapeanddepthand
werelocatedontheaverageof2blocksapartalongthetrunk
lineSidelinesof06mdiampipeand1blockinlengthjoin

MosquitoControlResearchLaboratory
5544AirTerminalDriveFresnoCalifornia93727
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edthetrunkat2locations Twentyslopedbottomcatch
basinswerescatteredthroughoutthissectionsomejoinedthe
trunklinesatthemanholeswhileotherswerebetweenman
holes

BreedingWithinDrainLine Theadultpopulationswere
monitoredat5locationswithinthetrunklinesectionMini

atureCDCtypelighttrapsBioQuip2802EVSwereplaced
inthemanholescalmabovethebottomifdryorabovethe
surfaceofstandingwaterEachtrapcontainedlkgofdryice
andhadfreshbatteriesateachuseThetrapswereoperated
overnightabout17hforeachcollectiontimeThreetraps
werealsoplacedoutsideofhouseswithina1blockareaofa
manholethatwasimmediatelyconnectedto2catchbasins
Trapswerealsoplacedwithinaseparatedrainlinethatwas
beingroutinelytreatedbytheFMAD

Aftercollectiontheadultswereseparatedbysexandcoun
tedWherenumberswereveryhighthesamplewasweigheda
subsamplecountedandthetotalcalculatedSamplingwas
doneonaweeklybasisandsemiweeklythroughJulyand
Augustatthehouses

TreatmentsofDrainLine Treatmentsoftheentiresec

tionweremadeon3occasionswith3differentequipment

modificationsAjeepmountedmistblowerwasmodifiedby
connectingthree21mlengthsof15cmdiamflexiblealumi
numtubingandattachingthemtothedischargeThetubing
wasextendedintothetrunklinesviathemanholesThis
modificationwasusedon81580toapply045wtvol
malathionat408atm60psiThedurationofapplication
foreachsubsectionoftrunklinewasdeterminedbydetection
ofodoratthedistalendmaximumrun5min

Asecondapplicationof48wtvolmalathionwas
madewithanothermodificationofthemistbloweron829
80 Airfromtheblowerwaspassedthrougha61mlong
15cmdiamfabrictubetothespraynozzlewhichwasde
tachedfromtheblowerAseparate13cmIDhoseconnected
thenozzletothepesticidetankandtheextendednozzleas
semblywasmanipulatedbyuseofanattachedtelecopingalu
minumpoleTheaveragefoggingrundownasubsectionwas
23minmaximumrun5min

Theprinciplesofthesecondmistblowermodificationwere
alsousedtomodifyajeepmountedLECOModelHDULV
generatorTheatomizingheadwasplacedontheendofa
61mlong76cmdiamflexiblehosewhichattachedtothe
blowerAseparate06cmpolyethylenelinecarried91Cy
thionconcentratetotheheadwhichwasmanipulatedwithan
aluminumpole Applicationtothedrainlinesectionwas



madeon91280Theaveragefoggingrundownasubsection
was2minmaximumrun4min

CatchBasinRetrofit Deadwelltypecatchbasinsinthe
cityofKermanwereretrofittedtoeliminatestandingwater
andmosquitobreedingThebasinshadheldwaterthroughout
theprevioussummer1979withresultantmosquitobreeding
Mulliganetal1981Readymixcementwasaddedtolevel
withthebottomoftheexitpipeandthensloped10cmtothe
basinwallsAgradewasformedwhichslopeddowntothe
exitpipeSevenbasinswereconvertedwithanequalnumber
leftascontrolsThebasins53cmdiamand80120cmdeep
wereconnectedtotrunklinesby15cmdiamexitpipes

RESULTSANDDISCUSSIONBreedingWithinDrain
Line Undergroundstormdraintrunklineswerefoundto
provideexcellentharborageforadultmosquitoesDuringthe
summerandfalltemperaturesinthemanholesmaintaineda
nearconstant27C80Fduringbothdaysandnightsin
spiteofambientairtemperatureswhichwereoftenabove
38C100Finthesummerandbelow15C60Finthe
fallRelativehumiditywithinthelineswasgenerallyaround
7080

Largenumbersofadultmosquitoesweretrappedthrough
outthestudyIndividualtrapnightcountsabove3000adults
werenotuncommonthelargestsinglecatchyielded8180
adultsInthelargersamplestherewasapparentequalityin
numbersbetweenthesexesmalesandfemaleswereequally
attractedtothetraps

Miura1980demonstratedestimationoftotallarvalpopu
lationinaconfinedareabysequentialremovaloflargesam
plesAnattempttoutilizethismethodtoestimatethetotal
adultpopulationinamanholeyieldedrespectivecapturesof
267026094708and3101adultson4consecutivenights
Failuretoobtainreducednumbersindicatethatthesamples
capturedwerenotlargeenoughtodentthepopulationreser
voir

Dataobtainedthroughthefirst6weekswasusedtogroup
the5manholetrappingsitesbyanalysisofvarianceandpaired
ttestsP005Twogroupingswereusedandweeklymeans
werederivedforeachFigure1Onegroupof2trapsitesX
consistentlyproducedmeanswellover1000adultstrapnight
whilethemeansfortheothergroupof3trapsitesZwere
lessGrandmeansfortheinitial6weekpretreatmentperiod
were3310and383adultstrapnightrespectively anear

10Xdifference

Thesexratiosofadultstrappedalsodifferedbetweenthe
twomanholegroupsThegroupwithhighermeannumbers
producedparityofsexes05220478femalemalediffer
encenotsignificantWhereasintheothergrouptherewere
significantlymorefemales06310369femalemale

Notonlydidtheadultcollectionquantityandqualitydif
ferbutthephysicalenvironmentofthemanholegroupsdif
ferredaswell TrunklinesoftheformermanholegroupX
hadconstantdeep05mstandingwaterthroughoutthe
summerWaterdepthinthelattergroupZwas3cmand
intermittentlydry Breedingwasprimarilyconcentratedin
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Figure1MeannumbersofadultmosquitoesCulexquinquefasciatus
collectedinminiatureCDCtrapsplacedindeepwaterXandshallow
waterZmanholesofastormdraintrunklineinFresnoCAArrows
denoteapplicationsofadulticidetothetrunkline

thedeeperwaterareasasindicatedbythelargetotalnumbers
andtheequalnumbersofbothsexesWhilelimitedbreeding
occurredintheshallowwaterareasitwasapparentfromthe
greaterratiooffemalesthattherewassignificantdispersal
fromdeeperwaterareasthroughoutthetrunklines

Femalestrappedfromthemanholesreadilytookblood
frommiceinthelaboratoryandaselfmatingcolonywasstart
ed Suchfemalesdidnotovipositwithoutabloodmeal
Sincenoautogenousreproductioncouldbeinducedinthelab
oratorythemosquitoeswereregardedaspureCxquinque
fasciatusNootherspecieswasidentifiedfrommanholecol
lections

Ofseveralthousandfemalescollectedfrommanholesand

examinedonly1wasfoundtobebloodedWhilethisshowed
thatgravidfemaleswerereenteringthedrainlinesuchindi
vidualsweremaskedbythetotalproductionfromthebreed
ingsourceTheprobableavenuesofexitandentrancewere
thestreetcatchbasinopenings

Thenumbersofbloodedfemalesweremuchgreaterincol
lectionsfromyardtraps ca4werebloodedoutof350
femalesMalescomprised2oftheyardcollectionsandonly
2mosquitoesotherthanCxquinquefasciatuswerecaught1
CxtarsalisCoquillettand1CulisetainornataWilliston
bothfemales Duringtheentirestudyperiodtheoverall
meanwas29adultstrapnightwithindividualpernight
meansrangingfrom7to91adultstrapFigure2

Threemanholesinaseparatedrainlineweremonitoredon
threenights727811and81980andproducedmeansof
18693184and1854adultstrapnightThesemanholes
withconstantstandingwaterwereknowntoproducemosqui
toesandhadbeenroutinelytreatedbytheMADwithlarvicide
oilfromthebeginningofsummerEvidentlythelarviciding
treatmentswerenotspreadingthroughthetrunklinestoany
greatextentasindicatedbyadultcollectionsasgreatasfrom
theuntreatedline

TreatmentsofDrainLineApplicationofmalathionon
81580Figure1firsttreatmentresultedinareductional
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Figure2MeannumbersofadultmosquitoesCulexquinquefasciatus
collectedinminiatureCDClighttrapsplacedat3housesadjacenttoa
stormdrainlineinFresnoCAArrowsdenoteapplicationsofadulti
cidetothestormdrainline

most10Xintheadultscollectedfrombothmanholegroups
Afterapplicationanincreaseinadultstrappedoccurredin
shallowwatermanholesZbutnotindeepwatermanholes
XhoweverthisresurgencedidnotreachformerlevelsThis
firstequipmentmodificationhadseveraldrawbacksthealu
minumtubingwasnotadequatelyflexibleordurablethefit
tingsleakedsprayandamethodfordirectingthetubingwas
neededHoweverthemainproblemwascondensationofthe
sprayinthetubingwhichresultedinrunoff

Tocorrecttheproblemsthemistblowerwasmodified
againandasecondrnalathionapplicationmadeon82980
Againtherewasanalmost10Xadultreductionintheshallow
watermanholesNocoincidingdecreasewasapparentinthe
deepwatermanholesalthoughtherewasnoincreaseeither
Thissecondmodificationwaseasiertomaneuverandtransport
onanoperationalbasisalthoughtherewerestillspraydisper
salanddetectionproblemsDropletsizesofthemistweretoo
largetobeblownthroughanyconsiderablelengthoftrunk
lineOnlytheodorwascarriedthroughthelinesanddetec
tionwasbyodoralonewithinherentdifficulty

ThemodifiedLecocoldfoggerproducedafineparticlefog
whichreadilycarriedlongdistances3blocksinthelineand
waseasytodetectvisuallyTheequipmentwasdurableand
practicalbuttwoormoreoperatorswererequiredforeffi
cientuseasfortheothermodificationsItwasnecessaryto
covercatchbasininletswithplasticsheetingtopreventleakage
offogwhichfollowedthepathofleastresistance

Adultpopulationsdecreased 10XfollowingtheCythion
treatmentwithLecounitFigure1lasttreatmentAswas
thegeneralcaseaftereachadulticideapplicationthenumbers
ofadultstrappedincreasedwithintwoweeksoftreatmental
thoughtherewasanapparentcumulativereductioninnum
berscausedbythethreeconsecutiveapplicationsAfterthe
thirdapplicationtrappingcontinued Adultnumberswere

highbutgenerallydidnotreachpretreatmentlevelsAde
clineinnumbersoccurredinthelatterpartofOctober

Althoughadulticideapplicationsreducedadultpopulations
inthestormdrainlinethetreatmentswerenevercompletely
effectiveandtheeffectswereshortlived Thepopulation
provedtobehighlyresilientSuchdosingofaconfinedpopu
lationwithconcentratepesticidewouldmostprobablyleadto
rapiddevelopmentofresistanceHighlevelsofresistancetoa
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broadspectrumoforganophosphorusinsecticideshavedevel
opedinCxquinquefasciatusoftheSanJoaquinValleyCA
Georghiouetal1975

Preliminaryinsecticidesusceptibilitytestswiththecolony
obtainedfromthedrainlinesindicatesamoderatetohighde
greeoforganophosphorusresistanceispresentinthispopula
tion Thisindicatesaneedtodeterminethesusceptibility
ofthispopulationtootherchemicaltypesegresmethrin
TheFMADcanexpectconsiderablecontroldifficultiesif
organophosphoruscompoundsareusedroutinelyagainstthese
populations

Thuschemicaltreatmentshouldnotbeconsideredasmore

thanalimitedtoolOthermorepermanentcontrolstrategies
egphysicalcontrolmethodsarecalledforinexistinglines
Inthefutureeveryeffortmustbemadetoconstructnew
trunklinesatanadequategradefordrainageandpumpingsta
tionsshouldbeaddedandoperatedifnecessarytoprevent
waterfromstandinginthelines

CatchBasinRetrofit TheretrofittedcatchbasinsinKer

mandidnotholdwaternorbreedmosquitoesWatercontin
uedtostandinthecontrolbasinsthoughandmosquitolar
vaewerefoundinthemnecessitatinglarvicidaltreatmentOn
oneoccasiondrainwaterbackedupinthetrunklinesintothe
retrofittedbasinshoweverthecausewasafloatfailureatthe
pumpingstationByretrofittingtheoldstylebasinstheneed
forroutinechemicalandoiltreatmentswaseliminatedOnly
occasionalspotcheckstodeterminelineblockageorpumping
stationfailurewererequired
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DIELRHYTHMSINSUSCEPTIBILITYOFSIMULIUMARGUSWILLISTONTOABATE

Recentlydielrhythmicsusceptibilitytoinsecticideshas
beendocumentedinanumberofmedicallyimportantinsects
suchasBlatellagermanicaLMuscadomesticaLinnaeusand
AedesaegyptiLBeck1963Halbertetal1974Roberts
etal1974 UnderlaboratoryconditionsRobertsetal

1974notedthat4thinstarlarvaeofAaegyptiweremore
susceptibletoDursbantreatmentduringthedarkperiod
21000100hthanduringthelightperiod09001300hThe
establishmentofdielrhythmsofsusceptibilityinmanypesti
ferousanddiseasevectorarthropodswillenableustoapply
theleastamountofinsecticidesatthepropertimetoobtain
thehighestlevelofcontrolThispaperpresentstheresultsof
aseriesofbioassaystodeterminethedielrhythmsinsuscep
tibilityofSimuliumargusWillistonlarvaetothecommonly
usedlarvicideAbate

MATERIALSANDMETHODSThedielrhythmsinsus
ceptibilityofSarguslarvaetoAbate50EC0000tetra
methylOOthiodipphenylenephosphorothiratewasstudied
inthelaboratoryemployingtheflushingbioassaysystemdev
elopedbyLaceyandMulla1977andfollowingtheproce
duredescribedbyMohsenandMulla1981aAbatewasse
lectedforthesetestsbecauseitisthemostcommonlyused
larvicideanditshowsgoodactivityagainstSargusLC50
0201LC9000383ppmlhinthelaboratoryandwas
foundselectiveinthefield MohsenandMulla1981a
1981bItiscurrentlyusedinareawidecontrolprogramsof
OnchocerciasisinwestAfricaWalshetal1979andforSim
uliumcontrolelsewhere

Fourreplicatesof3540fieldcollectedpenultimateandul
timateSarguslarvaewereexposedto0025ppmofAbatefor
1h4timesduringadayat180024000600and1200h
Eachtreatmentincludingcheckwasreplicated4timesThe
experimentswereconductedon3differentoccasionsutilizing
larvaefrom3differentpopulationsbreedinginanartificial
creeklocatedatThousandPalmsCanyonCAWatertempera
tureinthelaboratorywasmaintainedat201CThroughout
theperiodofthesetestsnospecificphotophasescotophasecy

ZohairHMohsen

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

ThedielsusceptibilityrhythmsinSimuliumargusWillistonlarvae
werestudiedinthelaboratoryPenultimateandultimatelarvaewere
exposedtoafixedconcentrationofAbate0025ppmfor1hand
thenheldfor24hafterwhichmortalitywasassessedThelarvaewere
treatedat180024000600and1200hintheseexperimentsMaxi
mummortalityamongSarguslarvae77 wasproducedinthe2400
htreatmentTheaveragemortalitiesproducedin18000600and
1200htreatmentswerenotsignificantfromeachotherbutwereall
highlysignificantfromtheaveragemortalityofthe2400htreatment
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clewasfollowedHoweverduringtheday14hlarvaereceiv
ednaturallightthroughlaboratorywindowsduringthenight
IOhthelaboratorywaskeptdarkbutfluorescentlightwas
turnedononlyforapproximately15htheperiodrequiredto
carryoutthe2400htreatments

RESULTSANDDISCUSSIONFig1showstheaverage
mortalityofSarguslarvaeexposedfor1hto0025ppmof
Abateappliedat180024000600and1200hInthe3ex
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Figure1AveragepercentmortalityofSarguslarvaeexposedto
0025ppmofAbatein24hperiodstudy



perimentsthehighestmortalityinSarguslarvaewaspro
ducedinmidnighttreatmentFig1Theaveragemortality
inthistreatmentwas77 whiletheaveragemortalitiespro
ducedatothertimesoftheday18000600and1200hwere
56 57and59respectivelyThesemortalitieswerenot
significantlydifferentfromeachotherbuttheywerehighly
significantfromtheaverage2400hmortalityat001probabil
itylevel

Sincethetestlarvaewereexposedtothesamedosageof
Abatethedifferentialsusceptibilitytothislarvicideamong
Sargusreportedheremaybeattributedtosomelarvalendog
enousfactorsItisbelievedthatdifferentialsusceptibilityof
insectstoinsecticidesatdifferentcircadiantimesreflectssome

endogenousbiochemicaloscillationswhichmaybephase
controlledbyexternalphenomenasuchasphotophase
scotophasecyclesSaunders1976InSimuliidaesomeother
physiologicalphenomenaofthissorthavebeendescribedsuch
aslarvaldriftDisney1972pupationandadulteclosionDis
ney1969Hunder1977andovipositionHunter1977Sus
ceptibilityrhythmsinSargustoAbateasevidencedinthis
studymaybeaddedtothosealreadyreportedrhythmicor
cyclicphenomena

ThisstudyclearlyindicatesthatefficacyofAbatelarvi
cidingmaybemaximizedifthischemicalisappliedatmid
nighttime Howeverfieldtrialsarenecessarytoconfirm
theselaboratoryfindings

105

REFERENCESCITED

DisneyRHL1968ThetimingofadulteclosioninblackfliesDipt
SimuliidaeinWestCameroonBullEntomolRes59485503

DisneyRHL1972Observationsonsamplingpreimaginalpopula
tionsofblackfliesDiptSimuliidaeinWestCameroonIbid61
485503

HalbergJFHalbergLeeJKCutkompLSullivanWN
HayesDKBMCawleyandJRosenthal1974Similartimingof

circadianrhythmsinsensitivitytopyrethrumofseveralinsectsInt
JChronob2291296

HunderDM1977EclosionandovipositionrhythmsinSimuliumor
natipesDipteraSimuliidaeJAustEntomolSoc16215220

LaceyLAandMSMulla1977Anewbioassayunitforevaluat
inglarvicidesagainstblackfliesJEconEntomol70453456

MohsenZHandMSMulla1981aToxicityofblackflylarvicides
totwospeciesofSimuliumandtwonontargetinsectsinthelabora
toryMosqNewsmanuscriptsubmitted

MohsenZHandMSMulla1981bFieldevaluationofSimulium

larvicideseffectsonsomenontargetinsectsEnvironmEntomol
manuscriptsubmitted

RobertsDMHSmolenskyBPHsiandJEScanlon1974Cir
cadianpatterninsusceptibilityofAedesaegyptiLlarvaetoDurs
banInChronbiologyeditedbySchevingLEHablergFand
PaulJEIgakuShoinLtdTokyopp612616

SaundersDS1976InsectclocksIntSerPure AppBiolDiv
ZoologyVol54280pp

WalshJFJBDaviesandRLeBerre1979Entomologicalaspects
ofthefirstfiveyearsoftheonchocerciasiscontrolprogrammein
theVoltaRiverbasinTropenmedParasit30328344



FATTYACIDSASOVIPOSITIONREPELLENTSFORMOSQUITOES

Volatilechemicalswhichareproducedbythedecomposi
tionoforganicmatterinnaturalhabitatsareimportantfac
torsinfluencingtheovipositionalbehaviorofgravidfemale
mosquitoesInourpreviousworktheovipositionalactivity
ofvariousorganicinfusionswasquantitativelystudiedinlab
oratoryolfactometersagainstCulexquinquefasciatusSayand
CxtarsalisCoquillettInadditiontheproductionofoviposi
tionmodifyingchemicalsintheorganicinfusionswasdeter
minedtobeduetotheactionofmicroorganismsKramerand
Mulla1979Subsequentchemicalinvestigationsresultedin
theisolationandidentificationofsixaliphaticcarboxylicacids
fromaninfusionofPurinaLaboratoryChowTheyincluded
aceticC2propionicC3isobutyricisoC4butyricC4
isovalericiso05andcaproicC6acidswhichsinglyorin
combinationshowedsignificantovipositionalrepellency
againstovipositingfemalesofCxquinquefasciatusHwanget
al1980Therepellencyoftheseloweraliphaticcarboxylic
acidswaslaterquantifiedandtheovipositionalrepellencyof
butyricacidagainstothermosquitospeciessuchasCuliseta
AedesandAnopheleswasalsoquantitativelydetermined
Krameretal1980

Ourstudiesontheconcentrationactivityrelationshipshow
edthatthelowestconcentrationatwhichtheloweraliphatic
carboxylicacidsdemonstratedsignificantovipositionalrepel
lencyagainstgravidCulexmosquitoeswas6x1060
ppmThisconcentrationseemedtoohightobeusefulinpest
managementprogramsInordertoprocuremoreactivechem
icalsweevaluatedhigheraliphaticcarboxylicacidsfromC5
throughC13fortheirovipositionalrepellencyagainstCx
quinquefasciatusCxtarsalisandAedesaegyptiL

Laboratoryolfactometersdevelopedinthislaboratory
KramerandMulla1979wereusedforbioassayteststode
termineovipositionalactivityofthefattyacidsTheolfac
tometerunitconsistedoftwoStenderdishesa1literpoly
styreneplasticfoodcupandanoutlettubingattachedtothe
centerofthebottomofthefoodcupTwoStenderdishes
wereplacedsidebyside35cmapartonapieceofpapertow
elonedishcontainedasolutionorasuspensionofatest
chemicalandtheothercontaineddistilledwaterascontrol
Theplasticfoodcupwasinvertedoverthedishessothatthe
outlettubingwasleadingupwardTheoutlettubingwascon
nectedtoavacuumlinethroughaflowmeterwhichwassetat
50mlminAftertheolfactometerunitwassetupfivegra
vidmosquitoeswereintroducedintotheunitThetestswere
replicatedatleasteighttimesandtheeggsoreggraftsovi

YihShenHwangGeorgeWSchultzHaroldAxelrod
WayneLKramerandMirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521
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positedonthetreatedandcontroldisheswerecountedafter
24and48hrs

FortestingAeaegyptisomemodificationsweremadeA
stripofpapertowelorfilterpaper25x11cmwasplacedin
theliquidalongtheinsidemarginoftheStenderdishtopro
videadampsubstrateforoviposition

Theresultsofthebioassayswereexpressedintermsofthe
ovipositionactivityindexOAIwhichwascalculatedaccord
ingtothefollowingformulaKramerandMulla1979
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whereinNTrepresentsthenumberofeggsforAeaegyptior
eggraftsforCxquinquefasciatusandCxtarsalisinatreated
sampleandNSrepresentsthoseinthecontrolTheOAIval
uesfallbetween1and1themaximumnumbers1and1
representthemaximumovipositionalactivityApositiveOAI
indicatesanattractancystimulancyoracombinationof
bothandanegativeOAIindicatesarepellencydeterrencyor
acombinationofbothThedatawereanalyzedbythechi
squareanalysistodeterminethesignificanceofallindices

TheresultsofourstudiesareshowninFigure1through3
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Figure1OvipositionalrepellencyoffattyacidsagainstCxquinque
fasciatus



inwhichthenumberofcarbonatomsinastraightchainfatty
acidisplottedagainstitsovipositionactivityindexandthose
pointswithasingleasteriskanddoubleasterisksdenotethat
theOAIsaresignificantlydifferentfromthecontrolatthe5
and1levelrespectively
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AFAtom

IX10

PO

POol

r
1X10M

Figure3OvipositionalrepellencyoffattyacidsagainstAeaegypti

WhentestedagainstCxquinquefasciatusFigure1pen
tanpicC5hexanoicC6heptanoicC7octanoicC8
nonanoicC9decanoicC10undecanoicC11anddode
canoicC12acidsshowedalmost100repellenceOAI10
atthe10concentration Atthe10concentration
onlyC8C9C10C11andC12acidsdisplayedsignificant
repellencyC9acidshowedanOAIof035evenatthelowest
104MconcentrationAmongthecarboxylicacidsevaluated
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C9acidseemedtobethemostactiveagainstCxquinque
fasciatus

ThecarboxylicacidsfromC5throughC12exhibitedal
mostcompleterepellencyat10againstCxtarsalisFigure
2howeverat10onlyC7C8C9C10andC12acids
weresignificantlyrepellentAt104MonlyC9acidshowed
significantrepellencyThereforeC9acidwasalsothemost
activeagainstCxtarsalis

TheevaluationsofthesecarboxylicacidsagainstAeaegyp
tishowedthatC5throughC11acidsweresignificantlyrepel
lentat10Figure3At10C5throughC10acids
wererepellentAt10onlyC9acidwassignificantlyrepel
lentFurtherinvestigationsonC9acidrevealedthatthisacid
demonstratedsignificantrepellencyagainstAeaegyptievenat
10

Inourlaboratoryevaluationswethereforeconfirmedthat
nonanoicacidwasthemostactiveacidinsuppressingoviposi
tionalresponsesinallthreespeciesofmosquitoesThisacid
wasrepellentatconcentrationsbetween 10 to10against
thethreemosquitospecies

Basedonthedatapresenteddosageresponsecurvesofthe
acidsweredrawnonlogprobitpaperandtheconcentrations
showing90repellencyR90wereobtainedbyextrapola
tionforcomparativepurposesC6andC9acidsshowedthe
lowestR90valuesagainstCxquinquefasciatusTheirR90
valueswereabout30x10C8C9andC10acidsshowed
R90of5091x10againstCxtarsalisAeaegyptife
malesweremostrepelledbyC9acidwhichshowedanR90of
74x10

Thelaboratorystudiesreportedhereestablishesaworking
basisforfieldevaluationsDetailedresultsofoursemifield

andfullscalefieldinvestigationsofthefattyacidsasmosquito
ovipositionrepellentsarereportedelsewhere
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INTRODUCTIONDuringthe1979sterilemalereleasefor
CulextarsaliscontrolReisenetal1981larvalsamples
fromthefieldrevealedthepresenceofamicrosporidianin
fection ThemicrosporidianoriginallydiscribedasThelo
haniacalifornicaKellenandLipa1960waslaterdisignated
Amblyosporacalifornicaasthetypespeciesforanewgenus
HazardandOldacre1975

Acalifornicahastwodevelopmentalsequencesinthehost
Octosporesareproducedinoenocytesofmalelarvaeresulting
inafatalinfectionusuallyinthethirdorfourthinstarIn
fectedfemalesdonotshowsignsofinfectionbutpassthe
parasitetransovariallytotheirmaleandfemaleprogeny
Thusthesurvivingprogenyofinfectedfemalescanbeexpect
edtobealmostentirelyfemaleThespeculationisthatifthe
prevalencerateofthisinfectioncanbeincreasedinthesterile
malereleaseareatheratioofwildmalestonativefemaleswill
bereducedconsiderablygivingthereleasedsterilemalesanu
mericaladvantageOnepurposeofthispaperistoexplorevar
iousmechanismsbywhichtheprevalencerateoftheparasite
couldbeincreased

Unlikemostmicrosporidianinfectionsininsectsthespores
producedinmaleCxtarsalislarvaeareapparentlynotdirectly
infectiousforthismosquitospeciesThusthemechanismof
horizontaltransmissionifthereisoneisunknownKellen
andLipa1960reportedsoilandwaterfromafieldsite
whereinfectedlarvaehadbeentakenwasinfectiousfor
healthyCxtarsalisTheyalsoreportedtransmittingtheinfec
tiontohealthylarvaeusingsporeswhichhadbeenalternately
driedandrehydratedTheseresultshavenotbeenconfirmed

byotherstudiesandsubsequentauthorshaveemphasizedthe
apparentabsenceofhorizontaltransmissionAndreadisand
Hall1979

Recentadvancesinthegeneticsofthemicrosporidahave
promptedspeculationthatanalternatehostmaybeinvolved
Hazardetal1979Octosporesfoundinmalelarvaeofthe
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speciesCulexsalinariusareuninucleateandhaploidmeiosis
havingbeenobservedinthesporontsThusthese sporesare

differentfromthebinucleatesporesofother generaeg
NosemawhichareinfectiousMeiosishasnotbeenobserved
inNosemathusthereisstillsomequestionabouttheploidy
ofthenucleiinthesporesSincetherearetwohoweverthey
arecalledminimallydiploid SporesfoundinfemaleCx
salinariusarenotformedinoctosporearrangementsand are

diploidNomeiosishasbeenobservedintheformationof
thesesporesThequestionthenisdotheseuninucleatehap
loidoctosporesfoundinthemalelarvaeofCxsalinariushave
afunctionoraretheymerelyabiologicaldeadendHazard
etal1979speculatethatsincethesporesareproducedin
suchlargenumbersandsinceitisdifficulttoimaginehowthe
infectioncouldbemaintainedinnaturewithouthorizontal
transmissionsseealsoAndreadisandHall1979thespores
mayhavebiologicalsignificanceperhapsasgameteswhichfuse
inanalternatehost

TheunnamedmicrosporidianinCxsalinariusisslightly
differentfromAcalifornicainCxtarsalisalthoughboth are

TypeIinfectionsinwhichoctosporeformationissuppressed
infemalesKellenetal1965Asignificantnumberofinfect
edCxsalinariuseggsfailtohatchandthereissome recovery

amongfemalesNoreductionofegghatchorrecoveryoffe
maleshasbeennotedinCxtarsalisinfectedwithAcaliforni
caThereforethepossibilityexiststhatAcalifornicasustains
itselfinnaturethroughtransovarialtransmissionaloneWhe
therAcalifornicainfectioninCxtarsalisissimilartoinfec
tionoftheundescribedmicrosporidianinCxsalinariusisnot
certainbutthemanysimilaritiesbetweenthetwosuggestthat
itisItisworthwhilethereforetocontinuesearchingforpos
siblealternatehosts

AcolonyinfectedwithAcalifornicaiseasilymaintainedin
thelaboratorybycrossinginfectedfemalestolaboratory nor

maltypemalesWeareinvestigatingthebiologyofthesein
fectedfemalestoincreaseourunderstandingoftheecologyof
themicrosporidiainnatureThusanotherpurposeofthis pa

peristopresentourpreliminaryfindingsinthisregard

MATERIALSANDMETHODSAcolonyofCxtarsalis
infectedwithACaliforniawasestablishedinOctober1980
frommaterialcollectedattheexperimentalfieldsitenearBa
kersfieldinKernCoCALarvaeandadultsweremaintained

inaPercivalenvironmentalchamberataconstanttemperature
of80Fandaphotoperiodof12lightand12darkhoursLar



vaewerefedamixtureofliverextractpowderandratchow
Adultsweremaintainedin1gallonpapercontainerswithrai
sinsandacupofwaterformoistureandovipositionBlood
mealswereprovidedintheformofmiceanesthetizedwithdia
butalwhichwereplacedonthetopscreenedsectionofthe
cages

HorizontalTransmission HorizontaltransmissionofA

californicawasattemptedbyusing5differenttechniques1
Infectedcadaversweregentlymaceratedinamortarandpes
tleandfilteredthroughacottonplugtoremovecelldebris
Theresultingsporesuspensionwasexaminedunderphase con

trasttodeterminewhetherintactsporeswerepresentandun
damagedbytheisolationprocedureHealthyneonatelarvae
wereexposedtohighconcentrationsofthesesporesapprox
10sporemlcontinuouslythroughouttheirlarval develop
ment2Analiquotofthepartiallypurifiedsporeprepara
tionwasdividedamonganumberofplasticpetriplatesand
thewaterwasevaporatedleavingadryfilmofsporesThese
wereplaceddirectlyinpansofwatercontainingneonatelarvae
whichwereexposedtotherehydratedsporesthroughoutlar
valdevelopment3Infectedadultfemalecadaverswerecol
lectedmaceratedandplacedinwatercontainingneonatelar
vaeasabove4Healthyneonatelarvaewererearedinpansof
waterandaccumulateddebriswhichhadpreviouslycontained
agenerationofinfectedlarvae5Healthyandinfectedlarvae
werealsorearedtogetherinthesamepan

Ineachofthefiveexperimentsoutlinedabovethelarvae
wererearedtomaturityandobservedforinfectionbymaking
wetmountsandgeimsastainedsmearsofselectedindividuals

usingthetechniquesofKellenandLipa1960Sexratios
werecomparedthehealthycontrolfamiliesrearedunder
identicalconditions

Thelaboratorystrainusedintheabovehorizontaltrans
missiontrialswasPWC79astrainoriginatingnearthesame
geographicareawheretheinfectedindividualshadbeenob

tainedandwhichhadbeenincolonizationforapproximately
2yearsInadditionthefewmalesthatsurvivedinfectionin
theinfectedcolonyapproximately05 werebredto

healthyfemalesandtheprogenywerebackcrossedtoaddition
alsurvivormalesTheprogenyfromthebackcrosswerechal
lengedbymethods1and2aboveandobservedforinfection
aspreviouslyindicated

LongevityRelatedtoBloodMeals Twoonegallonpaper
containersweresetupwith125infectedfemalesand40PWC

79malespercageBloodmealswereprovidedregularly3
timesperweekforonecontainerbutwithheldfromtheoth
erMortalitywasscoredperiodicallyandcomparedtosimilar
studieswhichhadbeendonepreviouslywithhealthyadults

FitnessStudies Todeterminewhetherindividualsinfect
edwiththemicrosporidianareasfitasthosenotharboringthe
infectionlarvalsurvivaltestsandadultfeedingexperiments
weredonewithbothinfectedanduninfectedgroupsInrepli
catedstudiestenlarvaefromahealthystockand10fromthe
infectedstockwereplacedtogetherinasmallplasticcontainer
100ml5cmdeepandrearedtotheadultstageTheresult
ingsexratioasadultswascomparedto2separatecupscon
tainingeither20healthyor20infectedcontrols
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Twoonegallonpapercontainersweresetupwith100in
fectedfemalesand100healthyPWC79femalesrespectively
Approximately50malePWC79adultswereaddedtoeach

containerOneanesthetizedmousewasplacedontopofeach
containerforthefemalestotakeabloodmealAfter30min

utesthemicewereswitchedtoavoidanyindividualdifferen
cesbetweenthemFeedingcontinuedfor30minutesafter
whichtheengorgedfemalesineachsamplewerecounted

ExposureofInfectedFemalestoRadiation Infectedfe

maleswereexposedto3000rofgammaradiationinasingle
exposureandthencrossedtohealthymalesformatingand
ovipositionEarliertestshadindicatedthatinfectedfemales
couldnottolerateasmuchradiationasnormalfemalesThe

latterforcomparisonstudiesofovipositionwereexposedto
6000rofgammaradiationandsetupinasimilarmanner
BloodmealswereofferedeachgroupeveryotherdayEgg
raftswerecollectedandscoredforpercenthatch

SterilemaleMatingStudies Todeterminewhetherin

fectedfemaleswouldmatewithradiosterilizedmalesandpro
ducelowhatchrafts82infectedand82healthyfemalescol
onizedfromthesamegeographiclocationwereplacedinsep
eratewoodencages2squarewithraisinsforfoodandapan
ofwaterforoviposition Sixtyradiosterilizedmaleswere
placedineachcageInaddition60nonirradiatedmalesfrom
thesamesourcewereplacedinthecagewithhealthyfemales
sinceinnatureuninfectedpopulationswouldcontainnormal
maleswhileinfectedoneswouldnotBothwerebloodfed

withanesthetizedmiceapproximatelyeveryotherdayEgg
raftswerecollectedandscoredforpercenthatch

RESULTSANDDISCUSSIONAllattemptsathorizontal
transmissionwereunsuccessfulEitherenvironmentalcondi

tionswerenotsuitablesporeswerenotattheinfectiousstage
orthehostwasnotatthesusceptiblestageFurthertestswill
exploreotherpossibilitieswiththeconceptofaalternatehost
playingavitalroleThelongevitystudiesindicatedthatin
fectedfemalesdonotliveaslongasuninfectedfemalesbut
dolivelongenoughtoserveasvectorsofencephalitisvirus
Table1Theacquisitionofabloodmealdoesnotaffectthe

Table1LifespanofnormaladultCulextarsalisfemalesandfemales
infectedwithAmblyosporacalifornica

7

9

14

17

26

7

18

80

90

98

Xmortality

infected healthy

Day BloodFed Unfed BloodFed

3

11

81

93

99

Healthyandinfectedtestsdoneatdifferenttimes

9

9

27

43

Nodata



longevityofinfectedfemalesFertileeggraftswerealsoob
tainedfrombothinfectedanduninfectedfemalesthathadnot

yetreceivedabloodmealindicatingthatautogenyisnotlim
itedtonormaluninfectedfemalesofCxtarsalisTherateof

autogenybetweenthe2groupshoweverwasnotcomparedin
thisstudy

Whenhealthyandinfectedlarvaewererearedtogetherina
confinedspacetheywerefoundtobeequallycompetitivefor
survivalTable2Thisplustheobservationthatdevelop
mentaltimesaresimilarforbothhealthyanddiseasedinstars
indicatedthatinthelarvalstageinfectedandhealthyfemales
arecompetitiveforlimitedresources

Asadultshoweverthefemalesinfectedwiththemicro
sporidianappeartobemorevigorousinbloodfeedingthanare
healthyonesElevenpercentmorefemalesfromtheinfected
colonybecameengorgedina60minutetimeperiodthandid
femalesofthesameagefromthehealthycolony

Table2Larvalcompetitionforlimitedsources

Noof Noof

replicateslarvaepercup

3 20healthy

3 20infected

9 10healthyand
10infected

Expected

SurvivingAdultsAverage

females males

13 33

67 0

38 18

40 17

Regardingexposuretoirradiationthedataclearlyindica
tedthatuninfectedfemalesareconsiderablylesssensitiveto
gammaradiationthanareinfectedonesTable3Thismay
indicatethattherearemoreradiosensitiveprocessesoccurring

inyounginfectedfemaleswhichinturnmayindicatemore
vigorousovigenesis

Thelatterpointwasdemonstratedinmatingsofbothin
fectedanduninfectedfemalestomalesirradiatedby6000r
Table4illustratesthatbothgroupsmatedwiththesesterilized
malesandproducedlowhatchraftsHoweverthenumberof
eggraftsobtainedfrom82infectedfemalesovera30dayper
iodwassignificantlyhigherthanthenumberofraftsobtained
fromequalnumberoffemalesfromtheuninfectedlineThe
percenthatchforeggsfromthetwogroupswassimilaraswas
theaverageeggraftsize138forinfectedand149for
healthyThedataareconsistentwiththehypothesisthatin
fectedfemaleadultsaremorevigorousthanarehealthyfe
malesinbloodfeedingandovipositionIfasthedatasuggest
infectedfemalesaremorereproductivelyfitinfectedindivid

Table3Effectofexposuretogammairradiationonoviposition

Co60Dose

Healthyfemales 6000r

Infectedfemales3000r

EggRafts

NoPercentHatch Dayspostirradiation

6 25 9

2
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Table4OvipositionofuninfectedandinfectedCulextarsalisfemales
matedtosterilizedmales

NoRafts RaftsPerPercent

After30Days Female Hatch

82uninfectedfemales 5 006 25

82infectedfemales 41 05 28

alsmayhaveacompetitiveadvantageinnatureinwhichcase
releasesofinfectedmaterialmayactuallyreducethenumber
ofhealthyfemalesbycompetitiveexclusionThiswouldbe
anothermethodofincreasingtheprevalancerateofthedisease
innatureInadditionpreliminarytestsindicatethatinfected
femalesareincompetentasvectorsofWEEvirusthusapopu
lationreplacementmighthaveadditionaladvantagesSuchan
approachwouldhavetobethoroughlytestedincagesand
withmodelingsimulationsbeforefieldreleaseswereattempted

Insomeordersofinsectsmicrosporidiahavebeenimpli
catedwiththeproductionofsubstanceswhichslowdownor
preventpupationanddecreasesusceptibilitytodiapauseIn
somecasessubstancesanalogoustojuvenilehormonehavealso
beenidentifiedWeiser1976Juvenilehormonesininsects
arerelevanttothedevelopmentofovarianfolliclestheinitia
tionofsexualbehaviorandbitingbehaviorMeolaandPetralia
1980Ifinfectedfemalesaremorereproductivelyfitthan
uninfectedfemalesasourdatasuggestthehypothesisthatjuv
enilehormoneanaloguesareproducedasaresultofinfection
wouldbeconsistentwithobservationsinotherinsectorders

Inthesearchforpossiblealternatehoststhefollowingob
servationsinresearchwithothermicrosporidiashouldalsobe
consideredInonestudylYosemaalgeraeinfectingAnopheles
stephensiwasfedtoBiomphalariaglabratasnailsthatwerein
turninfectedwithSchistosomamansoniTheresultsindicated
thatthetrematodeSmansonibecameinfectedratherthan
thesnailwhichwasitshostInsearchingthehabitatofCx
tarsalisattentionshouldbepaidnotonlytotheinvertebrates
foundtherebutalsoanypossiblepredatorsorotherparasites
ofCxtarsalis
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THERELATIONSHIPOFTHELONGEVITYOFIRRADIATEDCULEXTARSALIS

MALESTOMATINGBEHAVIORS

SMonicaAsman12andPeterJStoddard

ReleasingradiosterilizedCulextarsalismalesintoisolated
fieldpopulationsispartofastudyevaluatingtheuseofster
ilemalesforthecontrolofthisspeciesThesuccessofthe
programdependsinpartontheselectionofacloseofgamma
radiationwhichmaximizesdamagetosexcellswhileminimiz
ingdamagetosomaticcellsPreviousworkindicatedthatlab

oratoryrearedmalesexposedto6000rinasingleexposureof
160rminwerecompetitivewithlaboratorymalesforlabora
toryfemalesThesesterilizedmaleshoweverwerelesscom
petitiveagainstwildmalesforwildfemalesandcompetitive
nessdecreasedwithtimeTwohypothesesconsistentwiththis
observationarethatradiationreducesmalelongevityorthe
abilityofsterilemalestoinseminatefemalesExperiments
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inBiomphalariaglabrataIntJParasitol10293301
MeolaRWandRSPetralia1980Juvenilehormoneinductions

ofbitingbehaviorinCulexmosqutioesScience20915481550
ReisenWKSMAsmanMMMilbyMEBockPJStoddard

RPMeyerandWCReeves1981Attemptedsuppressionofa
semiisolatedpopulationofCulextarsalisCoqbyreleaseofir
radiatedmalesMosquitoNews41736744

WeiserJaroslay1976 MicrosporidiainInvertebratehostparasite
relationsattheorganismallevelInLABullaJrandTC
ChengEds ComparativepathobiologyNo1Biologyofthe
microsporidiaPlenumPressNewYork

reportedheretestedthesehypotheses
Laboratoryrearedmaleswereexposedto50007000rat

160200rminTherewasnodifferenceinlongevitybetween
irradiatedandunirradiatedmaleswhetherornottheywere
cagedwithfemalesorwhethertheywereirradiatedat024or
2428hoursposteclosionThusanexposureofapproximate
ly6000rinasingledosedoesnotappeartoaffectlongevityof
themaleCxtarsalis

Malesexposedinthesamemannerwereplacedwithfe
malesofthesamestrainatmaletofemaleratiosof1112
and15After1weekthefirstharemoffemaleswasremoved
andreplacedwithasecondFemalesofbothharemsthatfail

edtoovipositweredissectedtodeterminewhethertheywere
inseminatedDataindicatedthattherewasnodifferencein

theinseminatingabilityofirradiatedmalescomparedtoun
irradiatedmalesatanyofthesexratiosorbetweenthefirst
andsecondharems

Thedecreaseincompetitivenessoflaboratoryrearedmales
againstwildmalesforwildfemalesmayinvolveassortative
matingorotherbiologicalfactorsinsteadofasimplereduction
inmatingabilityofsterilemalesduetosomaticdamage



THEDEVELOPMENTOFPSEUDOHOMOZYGOTETRANSLOCATION

STRAINSFORGENETICCONTROLOFCULEXTRASALIS

PTMcDonaldandSMAsman

Thegoalofthisresearchwastoisolatestrainsofchromo

somalvariantsforuseinthesuppressionofCulextarsalispop
lations Translocationsarechromosomalrearrangements
withautocidalpropertiesAsmanMcDonaldandProut1981
Inanindividualheterozygousforatranslocationgametesthat
areduplicateforsomegeneticinformationanddeficientfor
othergeneticinformationareproducedThesegametescause
thedeathofasubstantialproportionofoffspring

Translocationheterozygoteswithdesirablecharacteristics
cannotbemaintainedassuchinlaboratorycoloniesInstead
translocationhomozygoteswhichproduceheterozygoteoff
springwhenoutcrossedaremaintainedtofurnishtheneeded

heterozygotesThehomozygotesproducenoduplicationde
ficiencygametesarefertileandbreedtrue

Ingeneraltranslocationhomozygotestrainshaveprovedto
beunsuitableforlaboratorycolonizationbecausetheyare
highlyinbredThuspseudohomozygotestrainsthatwouldbe
lessinbredandyetessentiallyhomozygousforatranslocation
rearrangementhavebeensoughtThesestrainswouldbehet
erozygousfortwoverysimilartranslocationsandproduce
gameteswithsuchinsignificantduplicationsanddeficiencies
thatnomortalityresultedThesefertilestrainswouldshow
heterosissincetheyresultedfromthecombinationoftwo
translocationstocks

MATERIALSANDMETHODSInthefirststageofinves
tigationthequestionofhowsimilartwotranslocationswould
havetobeinordertocombineintoafertilepseudohomozy
gotewasraisedTwoautosomalandmutantmarkedtransloc

ationsofsimilarstructurewereinterbredTheT2315Ahad

ThisresearchwassupportedbyUSArmyContractGrant No

DAMD1774C4128USArmyMedicalResearchandDevelopment
CommandWashingtonDCandinpartbyspecialStatefundsfor
mosquitocontrolresearchappropriatedbytheCaliforniaLegislature
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ABSTRACT

Translocationpseudohomozygotesarefertileindividualsheterozyg
ousfortwoverysimilartranslocationsMethodstoproduceand
capturepseudohomozygoteshavebeenexploredSelfperpetuating
stockscontainingpseudohomozygoteshavebeencolonizedformore
thantengenerations
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apseudolinkagebetweencarmineeyecararecessiveoflink
agegroupIIIblackeyeblearecessiveoflinkagegroupIIof
53crossoverunitsMcDonaldetal1978TheT2316A
hadapseudolinkagebetweencarandbleof16crossover
unitsIntheexperimentalcrossindividualsheterozygousfor
boththetranslocationswerecrossedtonormalsInthecon
trolnormalswereinbredThehatchofraftsderivedfromthe

crosseswerecategorizedashigh80orreduced80

Inthesecondstageofinvestigationacrossingschemeto
captureapseudohomozygotewasfollowedFigure1Inthe
firstgenerationanestablishedcarblemarkedtranslocation
homozygotestockwascrossedwithanirradiated2500rads
wildtypenormalstockInthesecondgenerationthenormal
carblestockwascrossedwithindividualF1progenyOnlyin
thecasewhereapseudohomozygoteFIwasproducedwould
fertilityofacrossbehigh

Alltheprogenyofahighlyfertilepseudohomozygote
wouldbeexpectedtobesemisterileheterozygtesThemem
bersoffamiliesdescendantfromasuspectedpseudohomozy
gotewerecrossedwithnormalcarblestockandthefertilityof
theraftsdeterminedFamilieswithsometestedmembersof

Step Generation

Irradiation 1P

Heterozygote 2F1

capture

c bte
car She
homozygote

car ble
normal

car

x

normal

xcar bte

heterozygote

xcar 12

oar ble

normal pseudohomozygote

Fertility

1
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medium

discard

high
save

Figure1Amethodtoscreenforpseudohomozygotesbyselectinghigh
fertilityprogenyfromthecrossofanestablishedhomozygotewithan
irradiatednormal



highfertilitywereclassifiedasdescendantsofheterozygotes
ratherthanpseudohomozygotes

RESULTSANDDISCUSSIONIntheinitialstageofin
vestigationthecombinedT2315AT2316Aindividuals
weretestedandonoutcrossproduced13of20raftswithhigh
hatchThecontrolhad4of4raftswithhighhatchasexpect
edThefindingthattwotranslocationswhichweredissimilar
totheextentof37crossoverunitscouldcombinetoyieldfer
tileandpresumablypseudohomozygoteprogenybecamethe
stimulusforfurtherinvestigationsintocreationofpseudo
homozygotecombinations

Inthesecondstageofinvestigationoutof374raftsatotal
of17fertileraftsfrompresumedpseudohomozygoteswerere
coveredThe17familiesfromtheseraftswereclassifiedac

cordingtofertilityoftheirmembersOnly12familieswere
reproductiveandallofthemhadsomefertilemembersand

thusweredescendantsofheterozygotesratherthanpseudo
homozygotesItwasunexpectedthatthehighhatchraftsre
sultedfromheterozygoteratherthanpseudohomozygote
matingsPerhapsinthesecasestheexpressionofmortality
ordinarilyduringprehatchdevelopmentwasdelayedtoa
posthatchtime

Throughtheuseofmethodssimilartothosepresentedhere
threepseudohomozygotelineshavebeenisolatedandcoloniz
edforseveralgenerationsAsmanMcDonaldandStoddard
TheT235AT2316Alineillustratesthefeaturesofthe
pseudohomozygotestockswithregardtogeneticsandrepro
ductivecharacteristics Apolymorphicsystemwascreated
andincludedthetwohomozygoteswhichwheninterbredgen
eratethepseudohomozygote Thissystemconsistedof
T235AhomozygotesofwildphenotypeT2316Ahom
ozygotesofcarblephenotypeandtheT235AT2316Aof
wildphenotype

Inthegeneticanalysisofthestockthefrequencyofre
combinantphenotypescarorbleremainedlowafter10gen
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erationsindicatingthatthetranslocationswerenotlostTa
ble1Oncemorethepresenceofthecarblehomozygoteat
asignificantandlowfrequencyafter10generationswasevi
dencethatabalancedpolymorphicsystemhadbeenestablish
edApseudohomozygotefitnessgreaterthanthatofeither
homozygotewouldaccountforthis

Table1Phenotypesandhatchabilityofraftsfromthestrainderived
bycombiningT235AwithT2316AThephenotypesofT235A
homozygotesandT235AT2316Apseudohomozygotesarewild
andthatofT2316Acarhle

Generations

1 3 1510 116

1113 1704 85

Phenotypesscored Hatchofrafts

wildcarblecarorblecarbleReducedHigh High
70 70

7 71 139 10 67

2 47 245 10 39

Whenthehatchesofraftswereclassifiedforearlyandlater
generationsadeclineintheproportionofhighhatchraftswas
seenTable1Inthefutureitishopedthatinthisoroneof
theotherpseudohomozygotelinestheprocessesofsegretation
andrecombinationwillenrichthestockyieldingapurebreed
ingstrainthathashighreproductivevigor
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ASECONDEVALUATIONOFIRRADIATEDMALECULEXTARSALIS

FORMODIFICATIONOFFIELDPOPULATIONS

MarilynMMilbySMonicaAsmanandWilliamCReeves

Culextarsalismaleswerefieldcollectedaspupaeradioster
ilizedwith6000RfromaCosourcemarkedwithfluores
centdustandreleasedintoasemiisolatedfieldpopulationata
foothillsiteeastofBakersfieldinKernCountyCalifornia
Analysisofrecapturedatashowedthereleasedmaleshadana
averagedailysurvivalrateof72andmixedwellwithmales
fromthenativepopulationTheuseoffieldcollectedmales
circumventedthelossofmatingcompetitivenessobservedin
previousreleaseexperimentswithutilizedmalesfromlabora
torycoloniesTheproportionofsterileraftsrecoveredfrom
nativefemalesincreasedsignificantlyduringthereleaseperiod
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SchoolofPublicHealth
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indicatingthesterilemalescompetedwellwithnativemales
Although71016maleswerereleasedbetweenJune17and
August281980thisnumberwasnotsufficienttocausesub
stantialreductionofthenativepopulation
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LABORATORYSTUDYONTHEAGESPECIFICSURVIVORSHIPOFCULICOIDES

VARIIPENNISDIPTERACERATOPOGONIDAEFROMBORAXLAKECALIFORNIA

MJORourkeandRKWashino

INTRODUCTIONLifetablesofmedicallyimportant
insectshavebecomeanecessarytoolinunderstandingthe
epidemiologyofvectorbornediseasesInparticularmosquito
lifetablesforvectorsofyellowfevermalariaandJapanese
encephalitishavebeenmuchstudiedLansdowneandHacker
1975Chubachi1979Reisenetal1979Reisenand
Mahmood1980 Theseinvestigationshavecontributedto
boththeunderstandingofthediseasesandtheeffectivenessof
controlmeasures

TodatenolifetablesexistforanyCulicoidessppofbiting
midge IntheUnitedStatesCvariipennisistheprimary
vectorofbluetonguevirusinruminantsFosteretal1968
EpizooticsofthevirusappearmostofteninmidfallThis
raisesthequestionofwhetheranassociationbetweenseasonal
occurrenceofthevirusandapatternofvectorsurvivalexists

Theinvestigationexaminesandcomparesthevariation
insurvivorshipofanadultpopulationofCvariipennisatcon
stantandseasonaltemperaturesandphotoperiods Results

indicatesignificantdifferencesinsurvivalwhichmaycon
tributetotheseasonalityofbluetonguevirusepizootics

MATERIALSANDMETHODSPupaeofCulicoides
variipennisoccidentaliswerecollectedfromthemarginsof
BoraxLakebyremovingsectionsofthemudhabitatand
swirlingthesamplesinwaterfilledpansPupaewhichfloated
tothesurfacewerepouredthroughaseriesof540and80
brassmeshsievesandreturnedtothelaboratory

Inthelaboratorypupaeweretransferredtomoistened
cottonlinedenamelpansandplacedinorgandyscreened
cagesatroomtemperatureuntiltheadultsemerged Be

causeofthelargenumbersofpupaecollectedonlythose
adultswhichemergedbetween024hourswhereusedforthe
experiment

Toreducethechanceofinjurygnatswerecollectedwitha
mouthaspiratorandtransferreddirectlyto05litrecardboard

DepartmentofEntomology
UniversityofCalifornia

DavisCA95616

ABSTRACT

Laboratoryexperimentswereconductedtodeterminetheage
specificsurvivorshipoffemaleCulicoidesvariipennisoccidentalis
atconstantandvariabletemperaturesandphotoperiodsMeanand
maximumlongevitiesweresignificantlygreaterforgnatsheldatvari
able16789C11L13Dandconstant156C14L10Dconditions
comparedtothoseat267183C14L10Dand322C14L10Dre
spectivelySurvivorshipcurvesandpartiallifetableswerecompiled
foreachofthetemperatureandphotoperiodconditionsThesignifi
cantvariationingnatsurvivalisdiscussedinthecontextofbluetongue
virusepizootics
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containerswithorgandyscreenedtopsTwooverlaid5x5cm
piecesofrubberdamcentercutwereinstalledforaccessinto
thecontainersEachexperimentconsistedof8replicateco
hortswithameanandstandarddeviationof553 76gnats

Eachcontainerhadrestingonitsscreenacottonwickex
tendingfroma50mlbeakerof10sucroseandacotton
pledgetmoistenedintapwaterThepledgetswereremoisten
edevery24hoursandthewicksreplacedwheneversucrose
wasaddedtothebeaker Forthefourexperimentscon
tainerswerekeptinenvironatorsattemperatureandphoto
periodsettingsofconstant322 10C14L10D156
25C14L10Dandvariable267183 10C14L10D
and16789 25C11L13DVariabletemperatureco
hortswereusedinanattempttosimulateseasonalconditions

Containerswerecheckedevery24hoursanddeadadults
wereremovedcountedandsexedMortalityvalueswereaver
agedandusedtodeterminesurvivorshipcurvesLifetable
estimatesSouthwood1978foreachexperimentdetermined
thefollowingpopulationparameterslthenumberofadults
survivingtoagexcorrectedforonethousanddthenum
berofadultsdyingduringagexandetheexpectationof
liferemaingingforindividualsofagex

Studentttestwasusedtocomparesurvivorshipcharacteris
tics

RESULTSResultsfortheseexperimentsareshownin
Figures1and2andTables1through4Table1comparesthe
agespecificsurvivorshipoffemalesheldatvariabletempera
turesandphotoperiodsThelifeexpectancyondayonee1
is16timesgreaterforgnatsincubatedat16789Gnatsur
vivallundertheseconditionstotaled77dayscomparedto
41daysat267183CFigure1

Similarresultsareseenwithgnatsheldatconstanttempera
turesandphotoperiodsTable2Survivorshipbecomesgreat



lyreducedatthewarmertemperaturewithgnatsincubatedat
322Csurviving25daysincomparisonto73daysat156C
Figure2Newlyemergedfemalese1havealifeexpectancy
41timeslongerattheconstantcoolertemperatureTable2

Tables3and4showthelifetablecharacteristicsforC
variipennisFemalelongevityandmaximumlongevitywere
significantlygreaterforgnatsincubatedatthecoolervariable
Table3andtheconstantTable4temperaturesMeandaily
survivalforfemalesrearedin156Cwassignificantlygreater
thanthoseat322CNosignificantvariationindailysurvival
wasobservedatvariabletemperatures
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Figure1 AgespecificsurvivorshipcurvesforfemaleCulicoides
variipennisheldatvariabletemperaturesandphotoperiods

156C141100

322C141100

0 10 20 30 40 50 60 70 80

Ageindaysx

Figure2 AgespecificsurvivorshipcurvesforfemaleCulicoides
variipennisheldatconstanttemperaturesandphotoperiods

Table1Comparisonofagspecificsurvivorshipof femaleCulicoides

variipennisheldat16789C11L13Dand267183C14L10D

16789C 267183

x i d e lx dx ex

1 1000 55 267 1000 57 167

3 919 31 269 929 34 159

5 878 15 262 854 54 152

7 850 7 250 755 27 150

9 822 13 238 698 14 142

11 790 12 227 663 18 129

13 774 8 212 609 29 119

15 756 18 197 539 27 113

17 718 20 187 475 27 107

19 683 29 176 412 21 102

21 634 13 169 361 23 95

23 606 22 156 311 27 88

25 557 16 149 252 13 87

27 512 22 141 210 14 82

29 462 29 135 176 14 75

31 393 17 137 151 9 66

33 347 17 133 124 7 58

35 310 11 128 101 9 39

37 281 16 120 71 13 30

39 250 13 114 53 11 18

41 219 11 108 29 29 05

43 190 13 103

45 164 11 98

47 141 13 92

49 118 7 88

51 107 7 77

53 94 10 66

55 76 9 59

57 57 9 56

59 41 3 55

61 31 6 49

63 17 3 61

65 14 3 53

67 10 0 52

69 7 2 49

71 5 0 46

73 4 0 35

75 3 1 20

77 1 1 10

x ageintervalindays
lagespecificsurvivorshipdagespecificdeathrateelife

expectancyatagex



Table2ComparisonofagespecificsurvivorshipoffemaleCulicoides Table3LifetablecharacteristicsMean1SDoffemaleCulicoides

variipennisheldat156Cand322C14LOD

156C 322C

x l d e l d e

1 1000 8 447 1000 46 108

3 983 9 434 912 40 98

5 965 10 422 833 37 86

7 944 13 411 760 98 73

9 922 2 401 621 57 67

11 917 3 383 570 50 59

13 912 4 365 423 46 50

15 903 4 349 322 47 42

17 895 3 332 238 43 34

19 888 6 314 156 37 26

21 871 8 300 86 28 20

23 851 10 287 36 14 14

25 836 11 272 10 16 05

27 811 12 260

29 786 12 248

31 763 12 235

33 738 19 223

35 707 13 212

37 679 16 200

39 646 16 190

41 610 18 181

43 576 8 171

45 551 18 158

47 515 19 148

49 478 14 139

51 448 19 128

53 415 9 117

55 391 19 103

57 355 13 93

59 322 5 81

61 302 22 66

63 257 23 56

65 205 23 47

67 158 14 38

69 120 18 27

71 79 25 15

73 26 26 05

x ageintervalindays

l agespecificsurvivorshipd agespecificdeathrate
elifeexpectancyatagex

variipennisheldatvariabletemperaturesandphotoperiods

16789C
11L13D

Longevity 299t21

Maximumlongevity 684 66

Dailysurvival 091 017ns

P0001

NSnotsignificantatP005

267183C
14L10D

167 25

292 23

089 015

Table4LifetablecharacteristicsMean1SDoffemaleCulicoide

variipennisheldatconstanttemperaturesandphotoperiods

156C 322C

14L10D 14L10D

Longevity 477 49 128 34

Maximumlongevity 699t22 229 33

Dailysurvival 094 014 0812021

P0001

DISCUSSIONInformationonadultCulicoidessurvivor

shipislimitedAkeyetal1978comparedtheeffectsoflar
valdensityonsurvivalofadultCvariipennisFliesrearedat
lowlarvaldensityhadameansurvivalof589 005anda

maximumlifespanof808 017daysComparisonsbetween
theseresultsandourscannotbemadesincemortalityinAk
eysexperimentwasduetointentionalstarvationratherthan
aging

Theincreasedsurvivorshipatthecoolertemperaturemay
bebiologicallysignificantwhencomparedtotheseasonalityof
bluetonguevirusepizootics ThediseaseintheUnitedStates

ismostfrequentlyobservedinlatesummerandearlyfall
Bowne1971Withcoolingseasonaltemperatureincreasing
gnatlongevityasshownexperimentallytheprobabilityof
virustransmissionshouldincreaseJonesandFoster1971
haveshownthattheinfectionrateingnatsincreaseswithre
peateduptothreebloodmealsinfectiveforbluetongueIf
allothervariablesareconsideredequalthenduringfallwhen
survivorshipisgreatesttheprobabilityofepizooticsshouldbe
neartheirpeakduetothepresenceoflongerlivedpopulations
withpotentiallyhigherinfectionrates

Survivalundertheconditionsinourexperimentwouldhave
tobeconsideredapproachingtheoptimumpossibleforthese
gnatsUnderfieldconditionsmeanlongevitieswouldbeless
thanwhatwasdeterminedinthisexperiment Fosterand

Jones1979haveshownthattheextrinsicincubationperiod
ofbluetonguevirusis14daysat23CSurvivaltotheage
whenthegnatiscapableoftransmittingthevirusmaynotbe
possibleduringwarmerseasonaltemperatureswhengnatlon
gevityissoreduced



Survivorshipandfecunditystudiesofthesegnatsunder
fieldconditionsareneededtoconfirmthelaboratorystudy
andtodeterminearealisticadultlifebudgetInadditionim
maturesurvivorshipstudiesshouldbeestimatedtoassessthe
effectivenessofpossiblecontrolmeasures
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PANELDISCUSSIONOFCOMPUTERSINMOSQUITOCONTROL

MosquitocontrolisabusinessTobesureitisgovernment
relatedbutitmostdefinitelyhasaproductthehealthand
welfareofthepeopleitserves

Toaccomplishtheendtowhichweareentrustedtoolsare
neededWeareallacquaintedwiththesetoolspickupsjeeps
aircraftspraysfoggersetcThespecifictypeoftoolisse
lectedbyeachagencybaseduponconditionsresultantneeds
andeconomicsoftheareathereforethereareavarietyof
toolequipmentcombinationsfromagencytoagency

Recordkeepingisanintegralpartofourbusinessandde
pendinguponthesizeandnumberofthefieldproblemsthe
programsoutlinedbythedistricts managementstaffthe
imaginativeproblemsolvingtechniquesetconemayfindas
manyrecordkeepingstoringandretrievalsystemsinCalifor
niamosquitocontrolastherearedistricts

GatheringinformationinthefieldisrelativelysimpleWe
allhavepersonneltrainedtodothisStoringthisinformation
inrawformissimpleiftheagencyissmallandstoragearea
largeIntimehoweverneededspacewillbecomeaproblem
Retrievalofthisinformationintoausableformformanage
mentdecisionpurposesrequiressomanymanhoursthatonly
certainbitsandpiecesofdataaresummarizedandusedThe
restarestoredandordestinedforoblivion

Thereisatool amuchmalignedtool nowbeingusedin
threeMADswhichcanaidinmakingavailablemoreinforma

INTRODUCTORYREMARKS

DavidEReedModerator

FresnoWestsideMosquitoAbatementDistrict
P0Box125Firebaugh93622
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tionmorerapidlytomanagement thecomputerThisis
whatwearetodiscussinthenexthourorso

Onceaninformationstorageretrievalprogramhasbeenset
upthereisalmostnolimitonhowthisinformationcanbeof
immediateusetotheDistrictIwishtoemphasizetheword
immediateWhatwouldtake8to20hourstocompileand
summarizecanbedoneinafewminuteswiththecomputer
MuchinformationispresentlystoredinMADswhichistoo
difficultandtootedioustoextractbutthecomputercando
itinaflashwithouttiring

Aboutsavingstoragespace twoorthreeteninchdiscscan

storealltherawdatathatmydistrictscontroltechnicians
bringinfromthefieldinoneyearItpresentlytakesa12X
16X10cartontostorethissamematerialandFWMADis
asmallagency

Eachofthenextthreespeakerswilldiscussdifferentas
pectsinvolvedintheoperationsofacomputerFredRoberts
istoreviewwhatisnecessarytodoinyouragencytomakea
computerreallyvaluabletoyouMarkDawsonistodiscuss
thevarioustypesofcomputersandhowtochooseonetofit
yourneedsaswellashowtomakethecomputerworkforyou
orfortheprogramDonRoheistoreviewoneoftheimpor
tantandnecessaryfactorsrequiredtomakeonecomputer
communicatewithanotherinanunderstandableforma

universalcode



Thereareanumberofverygoodreasonswhymosquito
controlagencieswouldfindcomputersbeneficialtotheiroper
ations Mosquitocontrolagenciesgenerallyprocesslarge
amountsofbiologicaloperationalandadministrativedata
Theinformationisusuallyhandprocessedbyoneortwo
membersoftheclericalstaffComputerswouldhandlethese
largeamountsofinformationrapidlyandefficiently

Mosquitocontrolagenciesalsolookatdatainmanydiffer
entwaysForexampleitmaybenecessarytocollectinfor
mationaboutthespeciesofmosquitoesataparticulartypeof
sourceorthenumberofmanhoursspentataparticular
sourceorthemanhoursspentonaparticularspeciesA
computercanbeprogramedtoprovidethedatainanyvariety
ofcombinations

Thecomputerisalsoanextremelyusefultoolinmosquito
controlbecauseofthecomplexnatureofmosquitoproblems
EffectivemosquitocontrolinCaliforniausuallyrequires
knowledgeofthelifehistoryofanumberofspeciesofmos
quitoesandtheirnumericresponsetoavarietyofenvironmen
talparametersThecomplexityisfurtherincreasedbythe
necessitytoconsiderthepotentialenvironmentalimpactof
controlmethodsandpotentialinsecticideresistanceproblems
Thecomputerofferstheopportunitytohavedataimmediate
lyavailableandtoprocessitappropriatelytoprovideperti
nentandtimelyinformationtosupportcomplexmosquito
controldecisions

Oneofthestrongestargumentsforcomputersinmosquito
controlisthatourproblemsaregenerallyofacyclicnature
andthelogicpatternsreoccurAsbiologistswespendmuch
ofourtimelearningaboutthesecyclicpatternssothatwecan
effectcontrolinthefutureThecomputercanprovideus
withtheopportunitytosimulatethesecyclicphenomena
Theresultcanbebetterpredictionsconcerningthelevelsof
mosquitopopulationsandbetterdecisionsconcerningthe
needandortypeofcontrol

Thecomputercanbeahelpfultoolbecausemosquitocon
troloftenrequiresaccuratesolutions Forexamplethe
chemicalequipmentneedstobeproperlycalibratedinorder
toassurethatproperamountsofinsecticidearebeingapplied
ThecomputercommitteeoftheCaliforniaMosquitoand
VectorControlAssociationhasdevelopedaprogramtocali
bratesprayequipmentformosquitocontrolagenciesThe
programeliminatestheneedforlaboriousanddifficultmathe
maticalcalculationsbythetechnicianandprovidesimmediate
accurateresults

WHYMOSQUITOCONTROLAGENCIESSHOULD

CONSIDERAUTOMATEDDATAPROCESSING

FredCRoberts

AlamedaCountyMosquitoAbatementDistrict
3024E7thStreetOaklandCalifornia94601
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Finallyastrongargumentcanbemadethatcomputers
shouldbeutilizedinmosquitocontrolbecausetheyareinex
pensiveandhighlyreliableJustafewyearsagothecostwas
prohibitiveformostsmallagencies Todayanumberof
highlyreliablemicrocomputersystemsareavailablethat
wouldmeettheneedsofmostmosquitocontrolagenciesand
wouldcostonlyafewthousanddollars

COMPUTER APPLICATIONS INMOSQUITOCON
TROLIfyouarenotyetconvincedthatmosquitocontrol
agenciescouldbenefitbyautomateddataprocessingletme
givesomespecificexamplesofhowcomputerscanbeusedin
anagencyFirstthevariouskindsofdatacanbestoredon
disksorothermediumBiologicalrecordsoperationaldata
weatherdataliteratureandaccountinginformationcanallbe
storedondisksincreasingitsaccessibilityandsavingvol
uminousspacecomparedtopaperfilesTheserawdatafiles
canthenbeupdatedbycomputerprogramstodevelop2nd
generationdatafilesthatcanbeupdatedroutinelyasraw
dataiscollectedandprocessedAnexampleofa2ndgener
ationdatafilewouldbeafileofmosquitosourcesthatwould
beconstantlyupdatedtoreflectthecostsofmosquitocontrol
foranyparticularsource

ThecomputercanalsobeusedtogeneratereportsThe
storeddatacanbeprocessedefficientlyandaccuratelytocre
atereportsforthetrusteesmanagerentomologistsortechni
ciansThesereportscanbeparticularlyeffectiveiftheyput
currentfieldinformationintothehandsofemployeeswho
mustmakecriticalcontroldecisions

Computerscanalsobeusedtotransmitdatafromoneloca
tiontoanotherbytelephoneIfanagencyhasmorethanone
divisionthecomputercanincreasetheefficiencyofinforma
tionflowThedatathatistransmittedmaybequantitative
ortextualinnatureForexampleitmaynotbetoofaraway
thatwewillbereportingourlighttrapdatatothestate
throughacomputertelephonesystem

BENEFITSOFAUTOMATEDDATAPROCESSING

ADPThecomputershouldbenefitmosquitocontrolbe
causebetterdecisionscanbemadebyemployeestoeffectbet
tercontrolBetterdecisionsshouldbemadebecausegreater
amountsofmoreaccurateinformationcanbeprocessedfaster
Theresultmayalsobeareductionofcosts

Anotherbenefitprovidedbycomputersistheopportunity
toprovideadministrativecontrolTheprogramsthatarede
velopedforthecomputercanbedesignedtoprovideessential



informationtosupervisorsmanagerandentomologistscon
cerningactivitiesforallpersonnel Decisionscanthenbe

madetoadjusttheemployeeefforttoinsurethatgoalsand
objectivesarebeingmet

AfinalbenefitthatADPcanprovideistoreevaluatethe
logicofanagencysapproachtomosquitocontrolTheim
plementationofADPinamosquitocontrolagencyrequires
ananalysisofinformationflowTheselectionofthekindsof
datathatisnecessarytomakethevariousadministrativeand
controldecisionsmaywellbeaworthwhilereevaluationre
sultinginmajororminormodificationsofthecontrolpro

gram

BEFOREYOUPURCHASEACOMPUTERIfyouare
nowreadytorunoutandbuytheinexpensivemiraclejustde
scribedforyourmosquitocontrolagencyperhapsafew
wordsofcautionAmasterplanshouldprobablybedevelop
edtoinsuretheefficientimplementationofADPThepoten
tialapplicationsofthecomputercouldbelistedandtheob
jectivesdefinedforeachapplicationPrioritiescouldthenbe
establishedforthevariousapplicationsItmayalsobepru
denttoinvolveasmanyemployeesaspossibleintheplanning
process



APROPOSEDSTANDARDCMVCAACTIVITYTREATMENTINPUTCODE

Inordertoworkwithacomputertwoneedsmustbemet
Firstthecomputerhastounderstandwhatwewantdoneand
secondwehavetounderstandwhatthecomputerissaying
PartofthechargereceivedbytheCMVCAComputerCommit
teewastodevelopameansofmeetingtheseneedsTheresult
istheStandardCMVCAActivityTreatmentInputCodeAs
withanycodingsystemthisinputcodehastwoprimaryaims
Oneistoreduceusefuldatatoparcelsofmanageablesizeso
thattheycanbeprocessedforstorageandretrievalThesec
ondistoprovideakeywhichtranslatesdataintocodesand
thenenablesspecificcodestobetranslatedbackintomeaning
fuldatastatements

Thisparticularcodedocumentcontainsagreatdealofma
terial39pagesthatcoverawiderangeofsubjectsandsoit
isquitediverseinitsstructureandformatTable1Every
codeitemhasanumericalcounterpartandallcodesaremade
upofnumbersonlyThiswasdonesothatopticalcardread
erscouldultimatelybeusedtoputdataintothememoryofa
computerinlieuofmoretimeconsumingkeyboradinput
Thedocumentcontainsmorethan1283codeditemswhich

aregroupedundersevenprimarydivisionheadingsTable2
showsthenumberofcodeditemsineachdivisionandthe

numberofdigitsusedtomakeupthecodeforeachdivision
Withfewexceptionsallcategoriesincludingcategory

headingshavereceivedcodenumbersThiswasdonetoallow
eachusertheflexibilitytodeveloptheirownusecodeswhich
areasgeneralordetailedasaspecificagencysprogramre
quiresChoosingcodenumbersforeachcodeitemwaslargely
arbitrarybutfollowedtheseguidelines

1Sufficientspaceshouldbeleftbetweencodenumbers
toallowforfutureexpanionandmaintainthegeneral
alphabeticalorderofthelistings

2 Eachcodenumbershouldbeconstructedofoneor

moresubcodesrelatingtothecategoryinwhichtheitemis
listedForexampleinthefivedigitcodeforactivityac

DonaldLRohe

CaliforniaDepartmentofHealthServices
VectorBiologyandControlSection

606EMillStSanBernardinoCalifornia92408

ABSTRACT

TheproposedstandardCMVCAactivitytreatmentinputcodedevel
opedbytheCMVCAComputerCommitteeisdiscussedThecodecon
tainsover1283codeditemsTheformatstructureandrationaleused
intheconstructionofthecodingsystemisdescribed
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tionitemsallphysicalcontrolactivitycodesarefoundin
the40000seriesandallvegetationcontrolitemsofthat
seriesarefoundwithinthe46hundredsandthesoilsteri
lantswithinthatseriesareprefixedwiththenumber463
leavingspaceforthelistingof99potentialcompoundsin
thatcategory

Table1ContentsofStandardCMVCAActivityTreatmentInputCode

IActivityAction
AAdministration

BInspection
CPreventivePlanning
DAlternateControlActions

EPhysicalControl

FBiologicalControl
GChemicalControl

HMonitoringResearch
ISupportMaintenance

IISourceType
AAgricultural
BDomestic

CIndustrialCommercial
DNatural

ERecreational

IIISourceConditionDescription
IVOtherAnimalSpeciesObserved

ANaturalControlOrganisms
BNonTargetOrganisms
CEndangeredSpecies

VVectorFindings
AGenusandSpeciesDescription
BDevelopmentalStageDensity

VIMeasurementMethodCollectionMethod
AAdults

BAquaticLarva
CEggs

VIIMethodofApplication
AAircraft

BBoatHovercraft
CGroundRig
DHand

EULV



3Thecodeformatforeachdivisionshouldallowformax

imumflexibilityofusewithspecialemphasisonelimi
natingtheneedformultiplelineentrieswhereverpossi
bleThisisespeciallyapparentinthestructureofthecod
ingformatusedinthedevelopmentalstagedensitysection
undervectorfindings

Table2CodedItemsandNumberofDigitsMakinguptheCodes
forVariousDivisionsoftheCMVCAInputCode

CODEDIVISION CODEDITEMS DIGITS

I ActivityAction

IISourceType

IIISourceConditionDescription

IVOtherAnimalSpeciesObserved

V VectorFindings

AGenusandSpeciesDescription 343

BDevelopmentalStageDensity

VIMeasurementMethodCollectionMethod 36

VIIMethodofApplication

351

333

70

144

5

6 2

Theaboveguidelinesandthelargenumberofitemswhich
wereincludedmadeitnecessarytouselargecodenumbersof
fourtosevendigitsinmostcodedivisionsAlthoughnocode
evercontainseverythingthateverybodywantsmostagencies
wouldprobablynotneedtouseeveryitemthiscodedocu
mentcontainsThesizeofthiscodesystemcanbejustified
onthebasisthatsinceitrepresentsacompilationofjustabout
everycodealreadyusedinCaliforniaeveryitemisalready
importanttosomebodymakingitimportantenoughtobein
cludedinthisdocument

Thiscodesystemcanbeviewedasasourceofnumbers

thatrefertospecificthingsandactionsItsprimaryvalueis
4 thatitprovidesameanswherebythesamenumbermeansthe

samethingtoeverybodytherebygreatlyassistingtheneedfor
6 compatibilityindataprocessing

4

4

7

2

Inactualusethecodedocumentneednotbeusedasasen
tireunitTheusercanpickandchoosethoseitemswhichare
usefultoaparticularprogramandusetheminanydesirable
wayAlsothecontentofthiscodecanbeexpandedandsug
gestedadditionstothelistingofcodeditemsareinvitedbythe
committee Copiesofthecompletestandardactivitytreat
mentinputcodewillbeavailabledirectlyfromCMVCAAlso
noticesofadditionstothecodewillbedistributedasneeded



COMMITTEEACTIVITIESOFTHECALIFORNIAMOSQUITO

ThesuccessoftheCaliforniaMosquitoandVectorControl
AssociationIncCMVCAsinceitsinceptionin1930isdi
rectlydependentupontheproductivityofitsvariouscommit
teesWithoutexceptionthroughouttheyearstheaccomplis
mentsofthecommitteeshavebeenoutstandingThisyear
thecommitteeswereveryproductiveasshownbytheirfollow
ingactivities

BUDGETANDEXECUTIVEThiscommitteewasassign
edtodeveloptheannualbudgetoftheassociationreviewex
pendituresprepareanagendaforeachquarterlymeetingof
theBoardofDirectorsandtocoordinateandstimulatethe
CMVCAactivities Thecommitteefulfilleditsresponsibili
tiesadmirably

COMPUTERCOMMITTEEThiscommitteewasestab

lishedbytheBoardofDirectorsin1980Itwasassignedto
reviewapplicablecomputersanddevelopacodingsystemfor
recordingfielddataonsurveillanceandsuppressionofvectors
Arequestwasmadetoallagenciesforbackgrounddatafor
developingthecodingsystemManymeetingswereheldfor
thepurposeofselectingacomputerandstudyingthedatasub
mittedforthecodingsystemProgressreportstotheBoard
ofDirectorsindicatemanyachievements

BIOLOGICALCONTROLThelongawaitedFishesin
CaliforniaMosquitoControldevelopedbythecommitteewas
publishedThepublicationrepresentsdedicatedeffortsbyall
committeemembersContinuingprojectsstudiedareanon
fishbiocontrolnotebookandadirectoryofMADfacilitiesfor
rearingbiocontrolagents

CHEMICALCONTROLCosponsoredwiththeDivision
ofToxicologyandPhysiologyUniversityofCaliforniaatRiv
ersideaWorkshoponInsecticideResistanceThisworkshop
heldinOctoberwasverysuccessfulasindicatedbythenum
berofpersonsattendingThecommitteecontinuedtheirre
viewandupdatingofpromisingnewchemicalsformosquito
control

PHYSICALCONTROLThecommitteecritiquedapro
posedWaterBankProgramtoestablishawaterfowlareainthe
SacramentoValleyThisprogramwasinitiatedandsponsored
bytheUSSoilConservationServiceandtheCaliforniaWa
terfowlAssociationtoincreasewaterfowlhabitatinCalifor
nia Thecommitteealsoprovidedvaluableinputtothe
VectorBiologyandControlSectionCaliforniaDepartment

1VicePresidentCaliforniaMosquitoandVectorControlAssoci
ationInc

ANDVECTORCONTROLASSOCIATIONINC
January1980April1981

EmbreeGMezgerl

SolanoCountyMosquitoAbatementDistrict
P0Box304SuisunCalifornia94585
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ofHealthServicestowardthisagencysdevelopmentofastate
wideMosquitoPreventionCriteriaforWaterBankPrograms

COOPERATIVEPLANNINGCOMMITTEEAsthename

impliesthiscommitteepromotesinteragencyunderstanding
andcooperationbetweentheCMVCAandFederalStateRe
gionalandLocalagenciesbymakingthemosquitoandall
othervectorcontrolprogramsbetterknownTohelpachieve
betterunderstandingandcooperationthecommitteeco
sponsoredwiththeCooperativeExtensionUniversityofCali
forniatheVectorBiologyandControlSectionCaliforniaDe
partmentofHealthServicestheCaliforniaDepartmentof
FishandGametheCaliforniaDepartmentofFoodandAgri
cultureandtheUSFishandWildlifeServicethe1980Con

ferenceonWildlifeMosquitoCoordinatedManagementThis
twodaymeetingwasheldinSeptemberintheCityofSacram
entoAstotheimportanceofthisconferencetoallconcern
edagenciestherewerewellover100registeredattendees
ThelastconferenceofthistypewasheldinYosemiteNational
ParkCaliforniainOctober1962Itwasexpressedbymany
attendingtheSacramentoConferencethatthistypeofmeet
ingshouldbeheldagaininabout4to5years

ENTOMOLOGYCOMMITTEEThiscommitteesponsored
itsfirstEntomologySeminarin1957attheDavisCampusof
theUniversityofCaliforniaSincethatyearthecommittee
hascontinuedtosponsortheSeminaratvariouslocations
throughoutCaliforniaIn1980and1981thecommitteeco
sponsoredtheSeminarwiththeBiologicalControlCommittee
andtheSocietyofVectorEcologistsBothoftheseSeminars
wereveryinformativeandhadmanyparticipants

ENVIRONMENTCOMMITTEEThecommitteecontinued

toreviewnewFederalorStatelegislationandorrulesandreg
ulationsthatmaybeimposedonmosquitoandvectorcontrol
agenciesReviewedproposalsbytheUSFishandWildlife
Serviceforestablishingcriticalhabitatsforthreatenedbeetle
speciesandproposedsaltmarshrestorationprojectsintheSan
FranciscoBayArea

EQUIPMENTCOMMITTEEThecommitteeisconducting
afeasibilitystudyofdevelopingaMosquitofishHandlingand
TransportingEquipmentManualThisManualwoulddescribe
thedesignconstructionandmaterialssourcesforsuchequip
mentThecommitteeistoreporttotheBoardofDirectors
in1981onprogressmadeconcerningthisprojectactivity

LEGISLATIVECOMMITTEEOneofthemanyout
standingaccomplishmentswastheguidanceaffordedbythis
committeeinsecuringthroughtheCaliforniaLegislature



SenateBill382Thisappropriationbillof3250000was
administeredbytheVectorBiologyandControlSectionof
theCaliforniaDepartmentofHealthServices Allocations

werethenmadetoallmosquitoandvectorcontrolagencies
whoappliedforfunds RevisedtheLegislativeHelperfor
memberagenciesoftheassociation Initiatedandrecom

mendedtotheassociationwastheformationoftheCalifornia

ConferenceofManagersofVectorAbatementDistrictsCCM
VADTheformationofCCMVADwasunanimouslypassed
bytheBoardofDirectorsCCMVADistheofficiallyrecog
nizedaffiliatetotheCaliforniaConferenceofLocalHealthOf

ficersCCLHOThisrecognitionandaffiliationallowsthe
CCMVADtomoreeffectivelyandcooperativelyworkwith
CCLHOonmattersoflegislationfundinganddeliveryofgov
ernmentaldiseasepreventionserviceswithstategovernment
Thecommitteealsoreviewedmanylegislativebillshavinga
potentialimpactonmosquitoandvectorcontrolagencies
Thecommitteerecommendationstoopposeorsupportthe
variousbillswasunanimouslypassedbytheBoardofDirec
tors

LOCALARRANGEMENTSANDPROGRAMCOMMIT

TEESThesetwocommitteesworkedtoselectthesitepro
videlocalarrangementsanddeveloptheprogramforthe49th
CMVCAAnnualConferenceApril26291981RedLion
MotorInnReddingCalifornia

PUBLICATIONSCOMMITTEEThiscommitteeproduced
themuchanticipatedTrusteeReferenceManualThispubli
cationwaspreparedforpersonsservingonBoardofTrustees
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ofmosquitoorpestabatementandvectorcontrolagenciesin
CaliforniaTheManualprovidesbasicorientationandrefer
encematerialpertinenttotheTrusteeroleofgoverningthese
agencies AbundantaccoladeswerereceivedfromTrustees
andManagersonthisfineManualProvidededitorialcom
mentonpaperssubmittedforpublicationintheCMVCAPro
ceedingsandapprisedtheBoardofDirectorsonthecurrent
statusofallCMVCApublications

RESEARCHCOMMITTEECritiquedmanymosquitore
searchproposalssubmittedbyvariousresearchersoftheUni
versityofCaliforniaAtremendousamountofindepthstudy
byeachmemberofthecommitteeoneachproposalsubmit
tedwasaccomplishedThisisanoutstandingfeatasobserved
bythiswriteronthevoluminousresearchproposalssubmitted
forthereviewandcomment

WAYSANDMEANSCOMMITTEEDevelopedchangesin
CMVCABylawswhichwereapprovedbytheBoardofDirec
torsImplementedattheapprovalanddirectionoftheBoard
ofDirectorsofrelocatingtheCMVCAbusinessofficefromVi
saliatoSacramentoProducedareferencesummaryonDistrict
FundingandLegalOpinionsTheaccomplishmentsofthiscom
mitteeweretrulysuperbbecauseofthedifficulttasksitwas
assigned

TheBoardofDirectorsatitsQuarterlyMeetinginAnaheim
CaliforniaestablishedtheIntegratedPestManagementCommit
teeThiscommitteeisintheprocessofdevelopingmanagement
programsinaccordancewiththedefinedIPMprinciples


