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Volume55

SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASE

INCALIFORNIADURING1986

RichardWEmmons1DaleVDondero1CynthiaSChan

MarilynMMilbyJohnDWalshWilliamCReeves

EdmondVBayerLuciaTHuiandRobertAMurray
Thisistheseventeenthsince1969ina

seriesofannualreportstotheCaliforniaMosquito
andVectorControlAssociationanditsummarizes
theresultsofcooperativeeffortsbylocalmos
quitocontrolagencieslocalhealthdepartments
theCaliforniaDepartmentofFoodandAgricul
tureprivatephysiciansandveterinariansand
othergroupsrepresentedbytheauthorshipor
mentionedbelow Weeklyreportsofthesurveil
lanceprogramweresent27issuestoalarge
mailinglistandaninitialtrialofanelectronic
bulletinboardwasparticipatedinbysomelocal
mosquitoabatementdistrictsandhealthagencies

Ashasbeenusualinthepasttwodecades
natural conditions and comprehensive mosquito
controleffortscombinedtolimitepidemicmos
quitoborneencephalitis Therecentemergence
orrecognitionofarbovirusactivityinurban
andsuburbansouthernCaliforniaareaswhich
resultedin26confirmedStLouisencephalitis
SLE cases in 1984 again required special
attentiontothisregionin1986butonly3cases
weredetectedthere However theyearwas
markedbyamoderateresurgenceofwestern

1ViralandRickettsial DiseaseLaboratory
Division of Laboratories California State

DepartmentofHealthServices

2DepartmentofBiomedicalandEnvironmental
Health Services School of Public Health
UniversityofCaliforniaBerkeley

3Vector Surveillanceand Control Branch
CaliforniaStateDepartmentofHealthServices

4Veterinary PublicHealthUnit Infectious

DiseaseBranchCaliforniaStateDepartmentof
HealthServices

5lnfectiousDiseaseBranchCaliforniaState
DepartmentofHealthServices

January25281987

equineencephalomyelitisWEEvirusactivityin
NorthernCaliforniawhere2humancaseswere
confirmed

Asearlydetectionofhumancasesisimpor
tantforsurveillanceandcontrolofarbovirus

encephalitisphysicansandlocalhealthdepart
mentsareencouragedtosubmitspecimensfor
diagnostictestingaspromptlyandcompletelyas
possible During 1986 5 human cases were

detectedthroughoutthestateandarebriefly
describedasfollows Twopresumptivepositive
SLEcasesweredetectedbyscreeningtestsatthe
Microbiology Reference Laboratory MRL Cy
pressCaliforniaandattheStatesViraland
Rickettsial Disease Laboratory VRDL Addi

tionaltestsattheselaboratoriesandbytheLos
Angeles County PublicHealthLaboratorycon
firmedthefindings ThefirstSLEcasewasa59

yearoldmanfromCovinaLosAngelesCountya
truckdriverwithregularroutesoverawidearea
ofsouthernandcentralCaliforniaandpartsof
Nevada butno significant mosquitoexposure
couldberecalledeitherathishomeorwork
placessotheprobablesourceofinfectionre
mainsunclear HehadanonsetofillnessJuly3
AnacutephaseserumsamplehadhighIgGand
IgMantibodytitersforSLEandconvalescent
serumshowedrisingtitersofcomplementfixing
CFantibodyandofIgGandIgMantibodiesby
theindirectimmunofluorescenceIIFtest The

secondSLEcasewasa66yearoldmanfrom
NorwalkLosAngelesCountywhobecameillon
July13 Hehadbeenexposed tonumerous

mosquitobitesathishomewithnotravelor
othermosquitoexposurehistory Anacutephase
serumshowedhighIgMantibodytitersforSLE
bytheIIFtestandconvalescentserumshoweda
significantriseinIIFandCFantibodies Isolates

ofSLEvirusweremadefrommosquitopools
collectednearhishome AthirdcaseofSLEwas

reportedbytheLosAngelesCountyPublicHealth
Departmentwhichdidtheinitialserologictests
ThiscasewasalsoverifiedattheStateVRDL

Thepatientwasa37yearoldmanfromElMonte
LosAngelesCountywhohadanonsetofillness
September20 Thesourceofexposurewasmost
likelyathishomewhereheexperiencedextensive
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Table1Numberofmosquitoesandpoolstestedduring1986bytheViralandRickettsiaDisease
Laboratorybycountyandspecies

Butte

Imperial
Inyo
Kern

Kings
Lake

LosAngeles
Marin

Merced

MojaveAZ
Monterey
Orange
Riverside
SanBernardino
Sacramento

SanDiego
SantaBarbara
Shasta

Sonoma
Stanislaus
Sutter

Ventura
Yolo

Yuba

TOTAL

Aedesmelanimon OtherSpeciesCulexpeus

Mosq Pools Mosq Pools Mosq Pools

500 10

2230

16691

46

50 1

22 1

439 9

245 15

358 31 1

17 1

3951 86

4685 105 133

749 27 2361

124

115

19932 425 9678 235 4507

mosquitobites PairedserashowedrisingSLE
antibodytitersbytheCFandIIFtestsand
acutephaseserumalsohadanIIFIgMtiter A

significantencephalitisoccurredwithhighfever
andneurologicfindingsandtherecoverywas
slow

Thefirstconfirmed caseofWEEwasa

ShastaCountygirlbornMay121986whohad
anonsetoffebrileillnessAugust7followedby
signsofencephalitis and was hospitalized in

Sacramento Thecasewasinitiallythoughttobe
possiblyrelatedtopoliomyelitisimmunizationand
wasnotstudied forarbovirusinfection until

pairedseracouldbecollectedandsubmittedto
theVRDL Theserashowedsignificantlyrising
titerstoWEEbytheCFtestandtheIIFtest
andWEEspecificIgMantibodywasshowninboth
specimens Thesourceofmosquitoexposurewas
apparentlyinthehomeenvironmentineither
HappyValleyorthePaloCedroareaofShasta
County ThesecondcaseofWEEwasa37year
oldwomanfromYoloCountywithanonsetof
asepticmeningitislikeillnessonAugust18 She

hadstationaryCFantibodytitersandIIFanti
bodytitersforWEEinpairedseratakenmore
thanamonthapart Theonlyrecenttravelhad

MosquitoSpecies

Culexpipiens
complex Culextarsalis Total

Mosq Pools Mosq Pools Mosq Pools

200 4 2740 55 3440 69

13717 290 13962 305

429 15 2659 61
42611 929 59333 1288

29 1 97 3 143 5

636 13 636 13

906 48 6793 182 8754 209 20404 525

30 1 85 2 115 3

298 7 348 8

241 6 241 6

33 2 33 2

8 2243 75 11948 277 19009 465

61 7637 166 17355 369 28102 623

3 4343 88 5461 115 9928 206
6 833 19 19665 406 20613 431

18 1 18 1

850 17 1231 26 2081 43

250 5 250 5

349 7 57 2 257 6 663 15

202 6 419 14 426 16 1069 37

1028 23 1028 23

117 3 94 4 392 10 603 17

17857 361 18296 370

691 15 691 15

146 23346 570 146202 3160 203665 4536

beenatriptoSierraCountyAugust810with
somemosquitoexposurebutitisnotcertainthat
thiswasthesourceofinfection

During 1986 a total of 18 clinical

lysuspectedcasesofWEEinequineswasreport
edfrom14CaliforniaCounties Fourteenofthe

casesweretestedserologically 4caseswere

tested byvirus isolationattempts frombrain

specimensandonecasewastestedbyothervirus
isolationattemptsandserology Onlyonecaseof
WEEwasconfirmedina2yearoldunvaccinated
marefromanareainTehamaCountynearthe
ShastaCountyline Therewasnohistoryofthe
horsetravelingelsewhere Theonsetofillness

wasSeptember1andpairedbloodserumsamples
takenonSeptember2and16showeda4fold
increaseinCFantibody

AsuspectedcaseofCaliforniaencephalitis
CEina17yearoldgirlinlnyoCountywith
onsetofillnessJuly13wasnotverifiedandis
presumedtohavebeenduetoanenterovirus
infection AscreeningtestofIIFattheVRDL
showedIgGantibodytoCEinaninitialserum
samplebutnoIgMantibody Nohumancasesof

CEwiththesourceofinfectioninCaliforniahave
beenfoundsince194243whenCEVwasfirst



Table2Numberofviralisolatesfrommosquitoestestedduring1986bytheViralandRickettsiaDisease
Laboratorybyspeciescountyandagentisolated

Species

Aedesdorsalis Imperial

Aedesmelanimon

Culexerythrothorax

Culexpeus

Culexpipienscomplex LosAngeles
Orange

Culextarsalis

County

Inyo
Kern

Imperial 1

LosAngeles

2

LosAngeles 1 1

Sacramento

Butte

Imperial
Inyo
Kern

Lake

LosAngeles
Merced

Orange
Riverside

SanBernardino
Sacramento

Sutter

Ventura

Yolo

WEE SLE Turlock

5

14 5

3

1 26

10

5

2 4

3

2

1

TOTALISOLATES 35 51

discovered However CE group viruses are

occasionallyisolatedfrommosquitoesandCEV
antibodycanbefoundinCaliforniaresidents
indicating that transmission of virus is still

occurringeventhoughclinicaldiseasehasnot
been recognized Further epidemiologic and

entomologicvirologicstudiesshouldbedone
There were 4536 mosquito pools tested

duringtheyear119morethanin1985 As

usualforthepastseveralyearsthemajority
werefromsouthernCaliforniaareas ImperialLos
AngelesOrangeRiversideSanBernardinoand
KernCounties butSacramentoandYolocounties

werealsowellrepresented Table1 There

were305virusisolates 51SLE35WEE47CEV
group 133 Turlock 38 Hart Park had 1

unidentified virus All WEE and SLE virus

isolateswerefromCulextarsalisexcept1WEE
fromCx erythrothorax Imperial County 1

WEEfromCxpeusLosAngelesCounty 2SLE

fromAedesdorsalis ImperialCounty 1SLE

fromCxpeusLosAngelesCounty and5SLE

fromCxpipienscomplexLosAngelesCounty
Table2 Acompletelistingofvirusesisolated
duringtheyearisincludedinthisreportand
summarizestheinformationsentonaweeklybasis
duringtheyearTable3

1

1

California

Group HartPark Agent Total

5

41

5 1

1

1

1

1

39 1 17

1

16 5

2

14 9

2 1

1

32 4

1

1

13 1

133 47

Unident

2

5

41

1

1

2

1

11

1

1

20
1

60

1

48

2

28

9

4

38

2

1

1 25

38 1 305

Inthespringof198659sentinelchicken
flockswereplacedthroughoutthestate4more
thanin1985 SeroconversionsforWEEwereseen

inAugustButteandTurlockCounties then

fairly high seroconversion rates occurred in

SeptemberandOctoberinnorthernandcentral
regionsTehamaButteSutterYubaandSolano
Countiesandsinglechickensseroconvertedin
StanislausandFresnocounties AsusualWEE
activityalsowasdetectedinsouthernCalifornia
beginning in July Coachella Valley Imperial
CountyandatHavasuandBlythealongthe
ColoradoRiver SeroconversionsforSLEwere

seeninImperialCountytheCoachellaValley
Orange County and in LosAngeles County
Single chicken seroconversions for SLE were

foundinKernCountyWascoandWestsideMari
copaFlocksandinSacramentoCountyNatomas
flockTable4

Wehopetocontinuethisprogramin1987in
asimilarfashionbutclosecollaborationandhelp
byallparticipatingagencieswillbemoreimpor
tantthaneverinthiseraoftightfundingand
manyothercompetingneedsandprograms

3
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ERRATUM

Pleasecorrect3errorsinthe1985Summary
ProceedingsandPapersofthe54thAnnualCon
ferenceoftICMVCAInc Volume54March
1619 1986page6Table3 UnderKern

CountyMosquitoPoolsNo57465747and5749
shouldbeAedesmelanimonnotCulextarsalisas
listed
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wealsothankthemanystaffmembersoftheViral
and Rickettsial Disease Laboratory Vector

SurveillanceandControlBranch ArbovirusField

Station in Bakersfield Infectious Disease

Branch andothersintheCaliforniaDepartment
ofHealthServices allparticipatinglocalMos
quito Abatement agencies and County Health

Departments theCaliforniaDepartmentofFood
andAgriculture privatephysiciansandveter
inarianswhosubmittedsamplesfortesting the

Microbiology Reference Laboratory and all

otherswhoassistedinthesurveillanceprogram



Table3Viralisolatesfrommosquitopoolstestedduring1986bytheViralandRickettsiaDisease
LaboratorycompiledchronologicallyandbyMosquitoAbatementDistrict

DIST POOLNO SPECIES NUMBER

MOSQUITO

COLLECTION
VIRUS MONTH DAY PLACE COUNTY

BUCO 66 CXTARS 50 TRLK AUG 11 NORD BUTTE

CHLV 1 CXTARS 50 TRLK MAY 15 MECCA RIVERS
40 50 TRLK JUN 25 MECCA RIVERS
46 it 39 SLE JUL 23 MECCA RIVERS
54 50 WEE JUL 24 MECCA RIVERS
78 50 SLE AUG 19 MECCA RIVERS
98 50 SLE AUG 19 MECCA RIVERS

COLO 6 CXTARS 50 WEE JUL 22 BLYTHE RIVERS
14 50 WEE AUG 19 NEEDLES SBERN
17 50 WEE AUG 19 NEEDLES SBERN
19 50 WEE AUG 19 NEEDLES SBERN

IMPR 51 CXTARS 50 TRLK APR 24 BRAWLEY MPERL
139 50 WEE MAY 21 BRAWLEY MPERL
181 AEDORS 24 SLE JUN 3 HEBER MPERL
225 CXTARS 19 WEE JUN 17 BRAWLEY MPERL
226 50 WEE JUN 17 BRAWLEY MPERL
228 it 50 WEE JUN 17 BRAWLEY MPERL
229 50 SLE JUN 17 CALAPATRIA MPERL
232 50 SLE JUN 19 HEBER MPERL
247 21 WEE JUN 24 WINTERHAVEN MPERL
248 50 WEE JUN 24 WINTERHAVEN MPERL
249 50 WEE JUN 24 WINTERHAVEN MPERL
251 50 WEE JUN 24 WINTERHAVEN MPERL
264 50 SLE JUL 17 SEELY MPERL
270 50 WEE AUG 5 SEELY MPERL
271 50 WEE AUG 5 SEELY MPERL
276 50 WEE AUG 5 SEELY MPERL
277 50 WEE AUG 5 SEELY MPERL
282 50 SLE AUG 5 SEELY MPERL
284 50 WEE AUG 5 SEELY MPERL
287 CXERYT 10 WEE AUG 5 SEELY MPERL
291 AEDORS 10 SLE AUG 5 SEELY MPERL
312 CXTARS 50 WEE SEPT 16 SEELY MPERL
330 50 SLE SEPT 24 WINTERHAVEN MPERL

INYO 22 AEMELN 50 CEV JUN 17 BIGPINE INYO
28 50 CEV JUL 29 BISHOP INYO
31 50 CEV JUL 29 BISHOP INYO
34 50 CEV JUL 29 BISHOP INYO
50 50 CEV SEPT 10 BISHOP INYO
59 CXTARS 32 TRLK SEPT 10 INDEPENDENCE INYO

KERN 5214 AEMELN 50 CEV APR 30 LOSTHILLS KERN
5216 50 CEV APR 30 LOSTHILLS KERN
5219 50 CEV APR 30 DELANO KERN
5240 50 CEV MAY 7 LOSTHILLS KERN
5241 50 CEV MAY 7 LOSTHILLS KERN
5368 CXTARS 50 HART MAY 27 BAKERSFIELD KERN
5373 50TRLK HART MAY 27 BAKERSFIELD KERN

continued

5
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Table3continued

DIST POOLNO SPECIES NUMBER

MOSQUITO

KERN 5429 CXTARS

5455 AEMELN

5500 CXTARS
5558 AEMELN

5598 CXTARS

5609 AEMELN

5613

5616 CXTARS
5633

5639

5643

5644

5649

5650

5652

5653

5667

5668 AEMELN
5688

5692

5695 CXTARS
5703

5705

5710

5712

5722

5723
5743

5752 AEMELN

5757

5758

5759 11

5761

5774 CXTARS

5780

5781

5782

5783

5785

5786

5797

5802

5806
5816 AEMELN

5817

5822

5831 CXTARS
5833

5836

5837

5839

5841

5846

5847

5871 AEMELN

5872

continued

COLLECTION

VIRUS MONTH DAY PLACE COUNTY

50 HART MAY 28 LOSTHILLS KERN

39 CEV JUN 3 BAKERSFIELD KERN

50 HART JUN 4 DELANO KERN

50 CEV JUN 11 LOSTHILLS KERN

50 TRLK JUN 16 BAKERSFIELD KERN

50 CEV JUN 19 DELANO KERN

50 CEV JUN 19 DELANO KERN

14 TRLK JUN 19 BUTTONWILLOW KERN

50 HART JUN 19 LOSTHILLS KERN

50 TRLK JUN 24 ARVIN KERN

50 TRLK JUN 24 ARVIN KERN

50TRLK HART JUN 24 ARVIN KERN

50TRLK HART JUN 24 BAKERSFIELD KERN

50 TRLK JUN 24 BAKERSFIELD KERN

50 TRLK JUN 24 BAKERSFIELD KERN

50 TRLK JUN 24 BAKERSFIELD KERN

29 TRLK JUN 25 BUTTONWILLOW KERN

50 CEV JUN 25 DELANO KERN

50 CEV JUN 25 LOSTHILLS KERN

50 CEV JUN 25 LOSTHILLS KERN

50 TRLK JUN 25 LOSTHILLS KERN

50 TRLK JUN 30 BAKERSFIELD KERN

50 HART JUN 30 BAKERSFIELD KERN

50 TRLK JUN 30 BAKERSFIELD KERN

50 TRLK JUN 30 BAKERSFIELD KERN

50 TRLK JUN 30 ARVIN KERN

50 HART JUN 30 ARVIN KERN

50 TRLK JUL 2 LOSTHILLS KERN

50 CEV JUL 2 LOSTHILLS KERN

50 CEV JUL 2 LOSTHILLS KERN

50 CEV JUL 2 DELANO KERN

50 CEV JUL 2 DELANO KERN

50 CEV JUL 2 DELANO KERN

50 HART JUL 8 ARVIN KERN

50 TRLK JUL 8 BAKERSFIELD KERN

50 TRLK JUL 8 BAKERSFIELD KERN

14 TRLK JUL 8 BAKERSFIELD KERN

50 HART JUL 8 BAKERSFIELD KERN

50 TRLK JUL 8 BAKERSFIELD KERN

50 TRLK JUL 8 BAKERSFIELD KERN

43 TRLK JUL 9 BUTTONWILLOW KERN

50 HART JUL 9 LOSTHILLS KERN

50 TRLK JUL 9 LOSTHILLS KERN

50 CEV JUL 9 LOSTHILLS KERN

50 CEV JUL 9 LOSTHILLS KERN

50 CEV JUL 9 DELANO KERN

50 TRLK JUL 14 BAKERSFIELD KERN

50 HART JUL 14 BAKERSFIELD KERN

50 TRLK JUL 14 BAKERSFIELD KERN

50 HART JUL 14 BAKERSFIELD KERN

50 TRLK JUL 14 BAKERSFIELD KERN

50 TRLK JUL 14 BAKERSFIELD KERN

50 TRLK JUL 14 BAKERSFIELD KERN

50 TRLK JUL 14 BAKERSFIELD KERN

50 CEV JUL 16 DELANO KERN

50 CEV JUL 16 DELANO KERN



Table3continued

DIST POOLNO SPECIES NUMBER

MOSQUITO

COLLECTION
VIRUS MONTH DAY PLACE COUNTY

KERN 5896 AEMELN 50 CEV JUL 16 LOSTHILLS KERN

5897 50 CEV JUL 16 LOSTHILLS KERN
5900 CXTARS 50 TRLK JUL 23 ARVIN KERN
5901 50 HART JUL 23 ARVIN KERN
5904 50 TRLK JUL 23 ARVIN KERN

5907 50 TRLK JUL 23 BAKERSFIELD KERN
5913 50 TRLK JUL 23 BAKERSFIELD KERN
5923 50 HART JUL 23 BAKERSFIELD KERN
5925 50 TRLK JUL 23 BAKERSFIELD KERN

5927 50 CALGP JUL 24 LOSTHILLS KERN
5935 50 TRLK JUL 24 LOSTHILLS KERN
5938 AEMELN 50 CEV JUL 24 LOSTHILLS KERN
5939 50 CEV JUL 24 LOSTHILLS KERN
5940 If 50 CEV JUL 24 LOSTHILLS KERN
5942 it 50 CEV JUL 24 LOSTHILLS KERN
5943 50 CEV JUL 24 LOSTHILLS KERN
5963 CXTARS 50 HART JUL 30 LOSTHILLS KERN
5976 AEMELN 50 CEV JUL 30 LOSTHILLS KERN

5978 50 CEV JUL 30 LOSTHILLS KERN
5984 CXTARS 50 TRLK AUG 4 BAKERSFIELD KERN
6017 50 TRLK AUG 11 ARVIN KERN
6068 50 SLE AUG 19 BAKERSFIELD KERN
6120 AEMELN 50 CEV AUG 29 LOSTHILLS KERN
6129 CXTARS 50 SLE SEPT 3 ARVIN KERN
6183 50 SLE SEPT 9 ARVIN KERN
6209 AEMELN 50 CEV SEPT 10 LOSTHILLS KERN
6211 50 CEV SEPT 10 LOSTHILLS KERN

6212 50 CEV SEPT 10 LOSTHILLS KERN

6230 50 CEV SEPT 10 TAFT KERN
6255 50 CEV SEPT 17 LOSTHILLS KERN
6275 CXTARS 50 TRLK SEPT 23 ARVIN KERN

6295 AEMELN 50 CEV SEPT 23 OLDRIVER KERN
6301 50 CEV SEPT 23 OLDRIVER KERN

6304 50 CEV SEPT 23 OLDRIVER KERN

7

LAHD 46 CXPEUS 16 WEE JUL 17 ENCINO LA
48 CXTARS 29 TRLK JUL 30 GRIFFITHPARK LA

50 50 SLE JUL 30 NORWALK LA

52 50 HART JUL 30 NORWALK LA
53 50 WEE JUL 30 NORWALK LA
55 50 TRLK JUL 30 NORWALK LA
59 50 TRLK JUL 31 NORWALK LA
60 50 SLE JUL 31 NORWALK LA
62 50 SLE JUL 31 NORWALK LA
64 50 SLE TRLK JUL 31 NORWALK LA
66 it 50 SLE TRLK JUL 31 NORWALK LA

69
it

50 SLE JUL 31 NORWALK LA

70 it 50 SLE JUL 31 NORWALK LA

74 50 SLE JUL 31 NORWALK LA
75 50 SLE HART AUG 5 NORWALK LA
76 50 SLE AUG 5 NORWALK LA

77 42 SLE HART AUG 5 NORWALK LA

80 50 SLE AUG 7 NORWALK LA
82 50 SLE TRLK AUG 7 NORWALK LA

83 50 TRLK AUG 7 NORWALK LA

continued



8

Table3continued

DIST POOLNO SPECIES NUMBER

MOSQUITO

LAHD 84 CXTARS 41 TRLK AUG 7 NORWALK
85 CXQUIN 20 SLE AUG 7 NORWALK

105 CXTARS 50 SLE AUG 13 NORWALK
106 50 SLE AUG 13 NORWALK
107 45 SLE TRLK AUG 13 NORWALK
112 50 SLE AUG 26 NORWALK PICO
113 50 SLE AUG 26 NORWALK PICO
114 CXQUIN 40 SLE AUG 26 NORWALK PICO
117 CXTARS 41 SLE AUG 26 NORWALK PICO
123 CXQUIN 25 SLE AUG 26 CITYINDUSTRY
136 CXTARS 50 SLE SEPT 16 MONTEBELLO
154 37 SLE SEPT 23 MONTEBELLO

LAKE 8 CXTARS 50 TRLK AUG 12 UPPERLAKE

LONG

MERC 2 CXTARS

3 u u

NWST 215 CXTARS

222

0RCO

continued

22 CXQUIN
25

26

31

94 CXTARS

97

99

101

103

105

107

109

110

114

115

116

120

128

130

145

160

181 CXQUIN
193 CXTARS

269

275

279

284

295

318

333

365

COLLECTION
VIRUS MONTH DAY PLACE COUNTY

49 TRLK AUG 15 LONGBEACH
57 TRLK AUG 15 LONGBEACH
50 TRLK AUG 15 LONGBEACH

50 TRLK AUG 22 LONGBEACH

50 TRLK JUL 22 MERCED
50 TRLK JUL 22 MERCED

50 SLE JUL 28 PRADOBASIN
50 HART JUL 28 PRADOBASIN

30 TRLK JUL 29

22 HART JUL 31

44 SLE TRLK JUL 31

50 HART JUL 31

37 TRLK JUL 31

34 TRLK AUG 5

18 HART AUG 5

50 TRLK AUG 6

47HART TRLK AUG 6

26 TRLK AUG 8

36 TRLK AUG 8

49 TRLK AUG 8

50 HART AUG 12

50 TRLK AUG 12

37 TRLK AUG 12

50 HART AUG 15

50 TRLK AUG 19

18 TRLK AUG 26
13 SLE AUG 26

50 SLE SEPT 11

50 SLE SEPT 11

17 TRLK SEPT 11

50 SLE SEPT 16

50 HART SEPT 16

50 TRLK SEPT 16

50 HART SEPT 19

50 HART SEPT 23

IRVINE

IRVINE

IRVINE

IRVINE

IRVINE

MISSIONVIEJO

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LAKE

LA

LA

LA

LA

MERCED
MERCED

RIVERS

RIVERS

ORANGE

ORANGE

ORANGE

ORANGE

ORANGE
ORANGE

ORANGE

RVINE ORANGE

RVINE ORANGE
RVINE ORANGE
RVINE ORANGE

RVINE ORANGE

RVINE ORANGE
RVINE ORANGE
RVINE ORANGE
RVINE ORANGE

RVINE ORANGE

RVINE ORANGE
RVINE ORANGE
RVINE ORANGE
RVINE ORANGE

RVINE ORANGE

RVINE ORANGE
RVINE ORANGE
RVINE ORANGE

RVINE ORANGE

RVINE ORANGE

SACR 8 CXTARS 50 TRLK JUN 9 RIOLINDA SACRA



Table3contined

DIST POOLNO SPECIES NUMBER

MOSQUITO

SACR 48 CXTARS
79

84

131

134

136
145

147

148

228 CXPEUS
245 CXTARS
261

266

326

341

372

391

394

397

398

415

426

432

438

451

453

456

458

461

467

475

477

492

493
510

511

516

536

550

561 It

568

579

621

626

630

636

637

668

674

678

681

696

698

704

732

733

continued

COLLECTION
VIRUS MONTH DAY PLACE COUNTY

50 TRLK JUN 16 ELKGROVE SACRA
50 TRLK JUN 23 DAVIS YOLO
50 TRLK JUN 23 GALT SACRA
50 TRLK JUN 30 GALT SACRA
50 TRLK JUN 30 WOODLAND YOLO
50 TRLK JUN 30 WOODLAND POLO
50 TRLK JUN 30 WILTON SACRA
50 TRLK JUN 30 WILTON SACRA
50 TRLK JUN 30 WILTON SACRA
12 TRLK JUL 14 ELKGROVE SACRA
50 TRLK JUL 14 BRYTE YOLO
50 TRLK JUL 14 WILTON SACRA
50 HART JUL 14 WILTON SACRA
50 TRLK JUL 28 ELKGROVE SACRA
50 TRLK JUL 28 BRYTE POLO
50 TRLK AUG 4 DAVIS POLO
50 TRLK AUG 4 FRANKLIN SACRA
50 TRLK AUG 4 ELKGROVE SACRA
50 TRLK AUG 4 ELKGROVE SACRA
40 TRLK AUG 4 ELKGROVE SACRA
50 HART AUG 4 WOODLAND YOLO
50 TRLK AUG 4 WILTON SACRA
50 TRLK AUG 11 WILTON SACRA
50 TRLK AUG 11 WILTON SACRA
50HART TRLK AUG 11 GALT SACRA
50 TRLK AUG 11 GALT SACRA
50 TRLK AUG 11 GALT SACRA
50 TRLK AUG 11 GALT SACRA
50 TRLK AUG 11 ELKGROVE SACRA
50 TRLK AUG 11 ELKGROVE SACRA
50 TRLK AUG 11 WILTON SACRA
50HART TRLK AUG 11 WILTON SACRA
50 TRLK AUG 18 HERALD SACRA
50 HART AUG 18 HERALD SACRA
50 TRLK AUG 18 DAVIS YOLO
50 TRLK AUG 18 DAVIS YOLO
50 TRLK AUG 18 FRANKLIN SACRA
50 TRLK AUG 18 ELKGROVE SACRA
50 TRLK AUG 25 ELKGROVE SACRA
50 TRLK AUG 25 ELKGROVE SACRA
50 TRLK AUG 25 GALT SACRA
50 WEE AUG 25 DAVIS YOLO
50 TRLK SEPT 2 FRANKLIN SACRA
50 TRLK SEPT 2 GALT SACRA
50 TRLK SEPT 3 HOOD YOLO
50 TRLK SEPT 3 HOOD YOLO
50 TRLK SEPT 3 HOOD YOLO
47 TRLK SEPT 5 DAVIS YOLO
50 WEE SEPT 5 DAVIS YOLO
50 WEE SEPT 5 DAVIS POLO
50 WEE SEPT 5 DAVIS YOLO
50 WEE SEPT 5 DAVIS YOLO
50 WEE SEPT 5 DAVIS YOLO
50 WEE SEPT 5 DAVIS YOLO
50 WEE SEPT 9 DAVIS YOLO
50 TRLK SEPT 9 DAVIS YOLO

9
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Table3continued

DIST POOLNO SPECIES NUMBER

MOSQUITO

SACR 766 CXTARS
769

779

780

785

SANB 29 CXTARS

SOUE 127

130

131

140

145

161

177

185

197

200

230

233

244

245

246

247

248

270

271

SUYA 20

34

CXQUIN
CXTARS

11 n

CXQUIN
CXPEUS
CXTARS

CXERYT
CXTARS

u 11

11 11

CXQUIN
CXTARS

CXQUIN

CXTARS
I II

VENT 7 CXTARS

50 WEE

30 WEE

50 WEE

12 WEE

50 UNIDENTIF

50 TRLK JUL 31

15 HART

50 HART

31 SLE

50 TRLK

16 TRLK
29 TRLK

50 TRLK

42 SLE

50 TRLK

50 TRLK

50 HART

32 TRLK

50 TRLK

50 SLE

50 SLE
60 SLE TRLK

50 SLE

30 SLE

21 SLE

50

32

COLLECTION

VIRUS MONTH DAY

TRLK

WEE

SEPT 22

SEPT 22

SEPT 29

SEPT 29

OCT 6

JUL 21

JUL 21

JUL 21

JUL 29

JUL 29

AUG 11

AUG 11

AUG 13

AUG 18

AUG 18

AUG 26

AUG 26

AUG 27

AUG 27

AUG 27

AUG 27

AUG 27

SEPT 15

SEPT 15

JUN 30

AUG 19

ENCINO
WHITTIER

WHITTIER

HARBORCITY
ENCINO
ENCINO

HARBORCITY
GARDENA

HARBORCITY
HARBORCITY
LOSANGELES

LOSANGELES

DOWNEY
DOWNEY

DOWNEY
DOWNEY

DOWNEY
DOWNEY
DOWNEY

PLACE COUNTY

WILTON SACRA

WILTON SACRA
DAVIS YOLO

DAVIS YOLO

HOOD YOLO

NEEDLES SBERN

LA

LA
LA

LA
LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LA

LIVEOAK SUTTER

SUTTER SUTTER

20 TRLK AUG 15 SIMIVALLEYVENTURA



Table4SerologicalconversionstoWEEandSLEvirusesinsentinelchickensCalifornia1986

Flocklocation

SanJoaquinGalt 019 018

EastsideOakdale 015 014

TurlockVictoria 020 1205
MercedBorbaDairy 019 019

FresnoWSMendotaRef 021 021

ConsolidatedFriantRd 018 019

KingsRiverviewRanch 019 019

DeltaKingsburgGC 019 018

TulareMADoffice 018 010

WestSideLostHills 018 018

WestSideMaricopa 019 017

DelanoTeviston 018 018
KernWasco 019 018

KernFCTracy 025 025

KernButtonwillow 020 017

KernWildlifeRefuge 025 025
KernOildale 017 017

KernJohnDale 025 024

KernPosoWest 023 023

KernRiverBottom 024 024

WEEpositivetotal positive SLEpositivetotal positive

JULY AUG SEP OCT JULY AUG SEP OCT

NORTHERNCALIFORNIA

ShastaMADoffice 020 020 020 Dead 020 020 020 Dead
TehamaMADoffice 020 019 41822 52025 020 019 018 020
CorningMartinRanch 020 020 020 020 020 020 020 020
ButteChico 020 020 22010 22010 020 020 020 020
ButteHoncut 020 020 1195 1205 020 020 019 020
ButteGrayLodge 020 1195 81362 91369 020 019 013 013
SNBYubaPVRanch 020 017 020 020 020 017 020 020
SNBYubaDeans 020 020 62030 62030 020 020 020 020
SNBYubaBarker 020 020 020 020 020 020 020 020
SacNBYoloMerritt 019 019 018 019 019 019 018 019
SacNMYoloNatomas 020 020 020 020 020 020 1205 1205
SacNBYoloElkGrove 020 020 020 020 020 020 020 020
SolanoDixon 021 021 42119 112152 021 021 021 021
SantaClaraGilroy 019 021 022 NB 019 021 022 NB

SANJOAQUINVALLEY

018 018 019 018 018 018
015 015 015 014 015 015
020 1205 020 020 020 020
019 019 019 019 019 019
021 1215 021 021 021 021
019 018 018 019 019 018
019 019 019 019 019 019
019 019 019 018 019 019
010 010 018 010 010 010
018 018 018 018 018 018
016 016 019 1176 1166 1166
018 018 018 018 018 018
019 019 019 018 1195 1195
025 025 025 025 025 025
017 017 020 017 017 017
025 025 025 025 025 025
017 017 017 017 017 017
024 024 025 024 024 024
023 023 023 023 023 023
024 024 024 024 024 024

SOUTHERNCALIFORNIA

11

SantaBarbaraIslaVista 021 021 021 021 021 021 021 021

VenturaPtMugu 020 020 020 020 020 020 020 020

VenturaSimiValley 018 018 018 018 018 018 018 018

LosAngelesLaBrea 019 019 019 019 019 019 1195 1195
SoutheastBalboaGolf 019 019 019 018 019 019 019 21811
SoutheastHarborLakes 022 022 022 021 022 022 022 22110
LosAngelesCalPoly 019 019 019 019 019 019 21911 21911
SoutheastElDorado 021 035 022 NB 021 035 022 NB

OrangeDuckClub 019 019 018 017 019 019 1186 21712
OrangeSanMateoPt 020 020 019 019 020 020 019 019

OrangeFeatherlyPark 017 018 017 012 017 018 017 012

SanBernardinoSanBrdo 018 014 017 017 018 014 017 017
RiversideLakeElsinor Dead Dead Dead Dead Dead Dead Dead Dead

CoachellaValleyMecca 023 1234 1234 1234 023 32313 82335 112348
NorthwestCorona 020 020 020 019 020 020 020 019

ImperialPaloVerde 022 2229 2229 22010 022 022 2229 22010
ImperialBard 181995 192095 NB NB 1195 32015 NB NB

ImperialElCentro 017 017 21315 NB 61735 61735 71354 NB

SanDiegoVista 014 NB 015 016 014 NB 015 016

SanDiegoLakeside 018 NB 018 018 018 NB 018 018

SanDiegoSanYsidro 019 NB 019 019 019 NB 019 019

ColoradoRiverNeedles 06 Dead Dead Dead 06 Dead Dead Dead

ColoradoRiverHavasuRef 025 92536 152560 182378 025 025 025 023

ColoradoRiverParkerDam 022 022 020 017 022 022 020 017

ColoradoRiverBlythe 024 162467 182475 202195 024 024 024 021

AllseraWEEnegativeinMayandJune SLEnegativeinMay121positiveinJunefromImperialEl
Centroflock NB notbled

BledinNovembernonewseroconversions
8chickensbledinNovember6newSLEseroconversions
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SELECTIVEDISTRIBUTIONOFARBOVIRALINFECTIONSINWILD

VERTEBRATESINTHECENTRALVALLEYOFCALIFORNIA

MarilynMMilby

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

Serologicalandvirologicalsurveysofinap
parentinfectionwitharbovirusesinwildverte
bratehostsareimportanttodeterminepossible
virusreservoirsandtounderstandthebasic

infectioncyclesoftheviruses Theisolationof

virusfromorthedetectionofantibodyina
singleanimalmayormaynotbeacluetoits
involvementintheinfectionchain Itisneces

sarytohaverepeatedisolationsand positive
serologicalfindingsfromaspeciesoveraperiod
ofyearsandindifferentgeographicalregionsto
establishtheepidemiological importanceofany
individualspecies

Thispapersummarizesserologicaldatafrom
testsonnearly30000bloodsamplesfromwild
birdsandmammalscollectedprimarilyinKern
ButteandGlennCountiesintheperiod1952
through1974 Thisisa previewofanalyses
doneinpreparationfortheforthcomingmono
graph on The Epidemiology and Control of

ArthropodBorneVirusesinCaliforniabyWC
Reevesandcoworkers

StudiesintheYakimaValleyofWashington
intheearly1940sledtotheestablishmentof5
criteriathatmustbemetifavertebrateistobe

aneffectivehostforwesternequineencephalo
myelitisWEEorSt LouisencephalitisSLE
virusesHammonetal1943 Thesecriteriaare

stillvalidandcanbeappliedtootherarboviruses
inadditiontoWEEandSLE Tobeaneffective

sourceofvectorinfectionavertebratespecies
must

1 beabundantinthearea

2 shownoapparentsignsofinfection

3 haveahightiterviremiaformorethana
fleetingperiodafteracquiringinfectionfromthe
biteofaninfectedvector

4 notbestowafirstseasonsprotectionto
itsoffspringbymaternaltransmissionofanti
bodiesthuslosingtheadvantageofahightiter
viremiaintheyoungasasourceofvectorin
fection

cies
5 beapreferredhostofthevectorspe

Wildbirdsespeciallynestlingsandfledg
lings bestsatisfiedthesecriteria andwere

consideredtobethemostlikelyprimaryhostsof
WEEandSLEviruses

VertebratestudiesinKernCountyinthe
1950sinvolvedtheyearroundsamplingofawide

rangeofwildbirdspecies Bloodsamplesfrom
thesebirdsweretestedforvirusesandanti

bodies Virusisolationeffortswerediscontinued

afteritbecameobviousthatfindingaviremic
birdwaslikefindinganeedleinahaystack
Experimentalinfectionstudiesshowedthatthe
period ofdetectable viremia in birds usually
lastedforlessthan1 weekandthusviremic

birdswouldrarelybefoundinfieldcollected
samples

Theearlybirdstudiesfailedtoanswermany
questionsabouttheoverwinteringofWEEandSLE
virusessoattentionturnedtorodentsandother
smallanimals Mammaliansurveyswerecarried
outinKernCountyinthespringandfallfrom
1959through1962 Thesewerefollowedbya
5yearperiodofintensivesamplingofalarge
trappinggridintheJerrySloughareafrom1963
through1968 Thisgridstudywasexpandedin
1965toincludetraplinesinanearbysmallerarea
ontheValleyfloorandinafoothillareaofKern
County Birdswerealsosampledattheseloca
tionsthroughoutthistimeperiod

In1968webeganvertebratestudiesin2
newareas ThefirstwasontheWestSideofthe

valleyinKernCounty Thisareawasopenedto
irrigatedagriculturewhentheCaliforniaAqueduct
wascompleted ThesecondinButteandGlenn
Counties was initiated after the Viral and

RickettsiaDiseaseLaboratoryCaliforniaDepart
mentofPublicHealthisolatedWEEvirusfrom8
treesquirrelsfromthisregionin196567RW
Emmonsperscomm Lennetteetal1956
madetheinitial isolationsofWEEvirusfrom

SacramentoValleysquirrelsthathadbeensubmit
tedtotheHealthDepartmentforrabiestests
Studiesinthese2areaswerecompletedin1974
andwehavedonenofurthersamplingofwild
vertebrates

Thesummaryresultspresentedherecombine
datafromallthesestudies Theyrepresenta
considerableeffortbymanyindividualsoveran
extendedperiodoftime Wehavetestedsera

from14713wildbirdsand14951wildmammals
All sampleswerenottestedagainstallviral
antigens Initiallyseraweretestedforanti
bodiestoWEE SLE Powassan POWModoc
MODandRioBravoRBviruses Button

willow BUT and Californiaencephalitis CE
viruseswereaddedin1962andRBviruswas
discontinuedexceptforsamplesfrombatscol
lectedintheSacramentoValley TurlockTUR
LokernLOKandMainDrainMDviruseswere
addedalongthewayandsomeofthesesera
haverecentlybeenpulledoutofthefreezerand
testedforantibodiestoHartParkHPandLlano



Table1Antibodyprevalenceinwildbirdsvswildmammals

Virus Principal
Calif
vector

No
tested

WEE Cxtarsalis 1

SLE Cxtarsalis 14705

TUR Cxtarsalis 11033

HP Cxtarsalis 155

LLS Cxtarsalis 91

CE Aemelanimon 6371

BUT Culicoides 4682

LOK Culicoides 4682

MD Culicoides 0

POW ticks 4682

MOD none 4682

RB none 2249

SecoLLSviruses Becausethebloodsamples
wereusuallyquitesmalloncewehadareason
ablyclearpictureofthespeciesleastlikelytobe
infectedwithaparticularvirusserafromthat
specieswerenolongertested Forthisreason
thenumberofsamplestestedvariesfromvirusto
virus

Resultsoftestsonthearbovirusesthatare

transmittedprimarilybyCulextarsalisinthe
CentralValleyareinterestingTable1 The

similarityinWEEandSLEantibodyprevalence
between birds and mammals demonstrates the

diversefeedinghabitsofthismosquito Onthe

otherhandthedifferenceinprevalencebetween
the2vertebrategroupsforTURHPandLLS
virusesprobablyindicatesadifferenceinsus
ceptibility withmammals being Tesslikelyto
becomeinfectedwithortodevelopantibodiesto
these3virusesKsiazek1984 RRGraham
perscomm

Theremainingvirusesforwhichwehave
summarized antibody prevalencedata primarily
infectmammals Thisisassumedtoreflectthe

feedingpreferenceoftheprimaryvectors In

thecaseofCEvirusmammalsareapreferred
hostofAedesmelanimonalthoughsomefeedings
onbirdsdooccurasshownbyhostpreference
studiesNelsonetal1976andbythe2ofbird
serathatwerepositiveforCEvirusantibodies
Table1 Thepreferenceismoreclearcutfor

CaliforniaCentralValley19521974

Birds Mammals
No

positive tested positive

4 14816

14 14951

5 7542

34 341

17 612

2 12901

1 11881

1 12053

6096

1 14648

1 14545

0 3600

3

4

1

1

8

5

7

4

9

3

3

3

13

thevirusesthataretransmittedtomammalian

hostsbyCulicoidesBUTLOKandMDorby
ticksPOW MODvirusismainlyassociatedwith
PeromyscusmiceandRBviruswithbats These

2virusesarenotclassifiedasarbovirusesas

theyhavenoknownarthropodvectorsandare
spreadmainlybycontactfrommammaltomammal
Karabatsos1985

IfweseparateoutthesamplesfromHouse
FinchesandHouseSparrowsweseethatHouse
Finchesarethemostfrequentlyinfectedwithall
5oftheCxtarsalistransmittedvirusesTable
2 Thiscoupledwiththeirabundancethrough
outtheCentralValleyandtheirsusceptibilityto
experimentalinfectionestablishthisspeciesasa
primaryhostforbothWEEandSLEviruses The

prevalenceofCEvirusantibodieswaslowbut
uniformforallbirdspecies Onlyanoccasional
individualbirdwasfoundinfectedwiththere

mainingviruses
Averydifferentpictureemergesforthe

mammalsTable3 LagomorphsprimarilyBlack
tailJackrabbitswerefrequentlyinfectedwitha
wide variety of arboviruses especially those

transmittedbymosquitoesandCulicoides Jack

rabbitsweremuchmorelikelytobeinfectedwith
WEEvirusthanSylvilagusauduboniitheDesert
Cottontailevenwhencollectedinthesameplace
atthesametimeHardyetal1974 Experi
mentalstudiesshowedthatcottontailsweresus
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Table2Antibodyprevalenceinwildbirds

Virus

WEE

SLE

TUR

HP

LLS

CE

BUT

LOK

POW

MOD

RB

Meanno

tested

Nottested

CaliforniaCentralValley19521973

PercentPositive

House House

Finches Sparrows
Allother

species

7 5 3 WEE

6 3 3 SLE

17 2 3 TUR

70 0 NT HP

34 17 14 LLS

2 2 2 CE

0 0 1 BUT

0 0 1 LOK

1 1 1 MD

1 1 1 POW

0 0 0 MOD

RB

912 1615 4076

ceptibletoinfectionwithWEEvirus sothis

resultwasunexpectedandmustreflectanescape
ofthishostfromvectorfeedings

TheantibodyprevalencedataforChiroptera
batshavebeenomitted Althoughanumberof
sampleswerepositiveforSLEvirusthesewere
consideredtobecrossreactionstoantigenically
relatedRBvirusforwhich38ofthebatsera
werepositive

To summarize birds especially House

Finches aremostcommonlyinfectedwiththe
virusesthataretransmittedbyCx tarsalis

WEESLETURHPandLLS Infectionwiththe

remainingarboviruses CEBUTLOKMDand
POW isfoundprimarilyinmammalsespecially
rabbits

These vertebrate hostfindings fromthe

CentralValleymayormaynotberelevanttothe
SouthernCaliforniaurbanenvironmentwhichhas

beenthefocusofSLEvirusactivityinCalifornia
inrecentyears Becauseofthisuncertaintywe
hopetoinitiatenewstudiesin1987onthein
volvementofbirdsinthetransmissioncycleof
SLEvirusintheLosAngelesBasin
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I FORMATIONOFDISTRICTANDPREWWIIERA

Introduction

TheDeltaMosquitoAbatementDistrictwas
formedin1922 Theoriginaldistrictwas16
squaremileswhichincludedalloftheCityof
Visaliaplussomeadjacentsuburbanarea The

VisaliaWomensClubplayedakeypartinits
formation Malaria was reported as a rather

commondiseaseatthattimeandpestmosquitoes
providedanaddedstimulusfortheresidentsto
obtaincontrol

Priorto1900theareaofnorthernTulare

CountywhichispresentlyincludedintheDelta
VectorControlDistrictwaslargelydesertduring
thesummermonths Severalriversorstreams

flowed through this area during winter and

springbuttheseusuallydriedbacktowardthe
foothillsasthesummerprogressed However
thewatertablewashighnearthesestreamsand
seepageareasandswampssometimespersisted
throughouttheyear Onesuchareawasthe

extensionoftheKaweah RiverknownasMill

CreekwhichranthroughVisalia

MalariaandPestMosquitoes

Thewoodedseepageandswampyareasalong
MillCreekprovidedafavorablelarvalhabitatfor
twonativemosquitoesthemalariavectorAnophe
lespunctipennisandthepestmosquitoAedes
vexans Mosquitocontrolintheearly1900s
whereveritwascarriedoutintheworldwas

ratherunsophisticated Therewasbrushclear

ingdrainageandsprayingwithoil Thiswas

the program followed by the Delta Mosquito
AbatementDistrictMADsoonafteritsformation
andresultsappeartohavebeenquitesatis
factory Thereseemedtobenoneedfora

highlytechnicalprogramatthattime Acommon

sense program carried out by an untrained

Superintendent and several parttime workers

coulddoarathersurprisinglygoodjobagainst
themosquitoesofmajorconcern becausethe

sourceswerelimitedandthebasiccontrolefforts

ofclearingandoilingwereeffective

TheHouseMosquitoCulexquinquefasciatusEra

Ifconditionshadremainedstatictheorigi
nalprogrammighthavesufficedformanyyears
butconditionschanged Oneofthefirstevi

dencesoftheinadequacyoftheDistrictspro
gramoccurredwhenthehousemosquitoCulex

1Dr Murray managed the Delta Vector

ControlDistrictfrom1947to1978

EVOLUTIONOFMOSQUITOCONTROLIN

THEDELTAVECTORCONTROLDISTRICT

WmDonaldMurray

quinquefasciatus becamethe dominantspecies
duringthelate1920sandthroughoutmuchofthe
1930s Duringthisperiodtherewasagreat
increaseinavailablepollutedwater

1SewagefromVisaliawaspipedlessthan2
mileswestofthecitytoasewerfarm
whereit pooled under dense weedsand

watergrass Thissewerfarmwaslocated

outsidetheoriginalDistrictboundarybut
thehousemosquitoeswhichwereproducedin
tremendousnumbersreadilyflewtheseveral
milesintothecity

2Housingaroundtheoutskirtsofthecity
began using water for individual sewage

systemsreplacingtheouthousessocommon
up to then Unfortunately coveringof
theseinexpensivecesspoolswasfrequent
ly inadequate sothat house mosquitoes
couldeasilyenterandleavesuchsources
Thus the city was ringed by heavy
producingsourcesofthesemosquitoes

3Severaldairiesbegandoingbusinessin
sideorslightlyoutsidethe16squaremile
areaoftheDistrictwithineasyflightrange
oftheentirecity In placeoftheold
procedureofmilkingcowsintheyardor
pastureandusingaminimumofwaterto
washtheequipmentandthecowsudders
dairiesbeganmilkingcowsinaconcrete
flooredmilkbarnandwasteswerewashed
outofthebarn withlargequantitiesof
water Thiswaterwasdirectedviaasmall

trenchorpipelinetoaditchasloughora
smallpondwhereitstimulatedaheavyweed
growth and large numbers of house

mosquitoes

4Inadditiontothepreviousmajorde
velopmentsmanytypesofsourcesoflesser
importanceincreasedgreatlyasthepopula
tionofthecitygrewstreetguttersand
catchbasins backyardbarrelsandother
containersstandingwaterinculvertsunder
streets fish ponds andnumerousother

sources

ThePastureMosquitoAedesnigromaculisEra

Theproblemswhichprovidedforanexplo
sionofhousemosquitoeswerenotamenabletothe
simplebrushcleardrainandoilsprayprogram
carriedoutbytheDistrictsinceitsformation
Aneffortwasmadein1935tomeetsomeofthese

newproblemsbyexpandingtheDistrictto29
squaremiles Butevenasthismodestexpansion
wasoccurring amajornewproblemappeared
whichrenderedthisminoradjustmentfutile In



PassageofProposition13in1978wasthe
singleworstdisastertoconfrontorganizedmos
quitocontrol sinceWorld War II Local tax

revenueforMADswasreducedtoabouthalf
TheSourceReductionUnitswithintheMADswere

thefirsttobeeithereliminatedordrastically
reduced Howard Mathews Source Reduction

ForemanoftheDeltaVCDsaidInthe1970s
becauseofinsecticideresistancetheairplanewas
groundedandsubsequentlysoldandafterPropo
sition13theDistrictparkedtheSourceReduction
equipmentandIwentbacktospraying

TheRecoveryAdjustmentPeriod19801985

Duringthefirsthalfofthe1980smajor
adjustmentshadtobemadeduetolossofreve
nuefurtherenvironmentalconstraintschanges
in pesticide regulations land use permits
hazardouswasteregulationsandworkersafety
requirements FiveMADsheldelectionsfora

specialtaxratetorestoreamajorportionof
revenuelostthroughpassageofProposition13
Anewconcernemergedwiththeoccurrenceof
StLouisencephalitiscasesinpopulatedurban
areasofsouthernCalifornia

Inpastyearsmostoftheattentiondevoted
tomosquitopreventionactivitieswerefocusedon
theCentralValleyarea Duringthattimethe
coastalMADscontinuedtocarryonthemainte
nancephaseofmosquitoprevention Alarge
portionofthesaltmarsheswerefilledandcon
vertedtoindustrialuses However withthe

upgrading of wastewater standards and the

pressuretorestoreanddevelopnewmarshhabi
tatsnewmosquitoproblemareasbegantooccur
adjacenttopopulationcenters Inresponseto
thisdevelopmenttheVectorBiologyandControl
BranchDepartmentofHealthServicesinco
operationwiththeCMVCApreparedcriteriafor
mosquitoprevention inwastewaterreclamation

projects Thecoastal regionMADsdeveloped
mosquitopreventionstandardsforrestorationof
saltmarshes Thesestandardsandwastewater

criteriacontinuetobeusedduringthereviewof
waterqualitydischargerequirementslanduse
permitsandenvironmentalimpactreports Dur

ingthisperiodtheCMVCAEnvironmentalCom
mitteedevelopedacomputerprogramtotrackthe
occurrenceandlocationofrareandendangered
speciestoevaluatetheimpactofmosquitocontrol
activitiesthatwouldneedtobecarriedoutin
thesecriticalareas

Inretrospect theperiodsince1948has
beenatimewhenmosquitocontrolagencieshave
placedmosquitopreventioninasecondaryposi
tion Thecontrolagencieshavetakentheprag
maticapproachofusingtemporarycontrolmea
suresastheprimarycourseofaction Mosquito
preventionprogramshavebeencomplexdifficult
andhaverequiredlongtermefforts involving
landusechangescosttolandownerseducational
andengineeringprogramsandlegalaction They
require astute negotiations with landowners
necessaryengineeringandentomologicalsurveys
andcostanalyses Theuseofthelegalabate
mentprocedurescancauseconfrontationswith
landownersandplaceBoardsofTrusteesinthe
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uncomfortableroleofajudicialpanel Thelegal
approach demands a strong commitmentbya
BoardofTrusteesevenunderconditionswhere
itisusedonlyoccasionally

Incontrastprovidingaservicetoimmedi
atelygetridofmosquitoesbytheuseofpesti
cidesandselectedpredatorsismuchmoredyna
michasahighvisibilitytothepublicismuch
lesscomplicatedandavoidstheconfrontational
aspectsofabatementprocedures Nevertheless
wemustreaffirm the need to place primary
emphasisonmosquitopreventionthroughenviron
mentalmanagementpubliceducationandcode
enforcement Historyhastaughtusthatasound
investmentinpolicyandresourcestoimplement
mosquitopreventionisthebestmethodofmos
quitocontrol RichardFPetersinhis1973talk

onEnvironmentalApproachestoVectorControl
saidthegreatesthazardtoamosquitoisdehy
dration
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preventionrecommendations

TheEnvironmentalPeriod19701980

Themajoreventthatseemedtohavetrig
geredtheenvironmentalprotectionmovementwas
Earth DayApril 22 1970 Demonstrations

occurredoncollegecampusesacrossthecountry
signallingthebeginningofanationalconcernfor
conservationofnaturalresourcesandcontrolof
environmentalpollution Therepairofadamaged
environmenthadtostart Thisperiodofen
vironmentalconstraintsbroughtforwardanarray
offederalandstatelawsandregulations The

PorterCologneWaterQualityControlActof1971
providedforstrictcontrolofwastewaterdis
charges including agricultural wastewaters

TheCaliforniaEnvironmentalQualityActof1970
establishedthegroundrulesforlanduseplan
ningsettingintomotiontheenvironmentalimpact
reviewprocess The1974and1976amendments

totheStateFishandGameCodeconcerning
endangered speciesand the requirement for

permitsforanyphysicalmodificationofriparian
habitats impacted mosquito prevention efforts

LawswereenactedbytheStateLegislatureto
establish the San Francisco Conservation and

DevelopmentCommissionandCoastalZoneConser
vation Commission which required extensive

reviewsand permitsfor landdevelopmentor
alteration of habitats The updated Federal

PesticideControlActof1972theNationalEn
vironmentalPolicyActof1970theFederalEn
dangeredSpeciesAct andthe 1975 amended

RiverandHarborsActwhichrequiredpublic
hearingandpermitsfromtheUSArmyCorpsof
EngineerswerelawspassedreflectingCongres
sionalconcernfortheenvironment Thiswhole

complexofStateandfederalenvironmentallaws
andregulationshadamajoradverseimpacton
mosquitopreventionactivities

Therequirementsforpermitsfromboththe
USArmyCorpsofEngineersandtheSFBay
ConservationandDevelopmentCommissionBCDC
madeitvirtuallyimpossibletoconductmosquito
preventionprojects UnderthisprocedureaMAD
hadtoobtainseparatepermitsforBCDCandthe
Corpsforeachsourcereductionprojectincluding
themaintenanceoperationonditchesandtide
gatesthatwereinstalledmanyyearsago The

averagetimeforthispermitprocesswasfourteen
months Inordertoeliminatethisobstacleand

toexpeditethepermitrequirementtheBureauof
Vector Control and Solid Waste Management
CaliforniaDepartmentofHealthServicesnegoti
atedin1976onbehalfofthemosquitocontrol
agenciesintheSanFranciscoBayandtheNorth
Coastageneralfiveyearpermitwithboththe
US ArmyCorpsofEngineersandBCDCto
carryoutmosquitopreventionprojects These

twogeneralpermitswererenewedin1982fora
newfiveyearperiod Subsequentlythegeneral
permitprovisionsbecamePartBoftheCoopera
tiveAgreementbetweentheStateDepartmentof
Health Services and local mosquito control

agencies
Continuedrelianceuponinsecticidesdevel

opedintoaverygrimsituation DrWDonald

MurraymanageroftheDeltaVCDsaidthe
stringonbroadspectrumeconomicpesticidesran
outin1970 RichardFrollimanagerofthe
KingsMADinhistalkatthe1971annualCMCA
conferenceremarkedtheresistancephenomenon
hasmaturedthepasturemosquitoandtheen
cephalitismosquitohavetriumphedoverspraysin
manypartsofCalifornia Sowehavetochange
ourapproach anddeemphasizesprayingand
reemphasizeotheravenuesofmosquitocontrol

Inhis1970paperDrRFSmithofUCB
introduced the concept of integrated control

principlestomosquitocontrolpractices More

commonlyreferredtoasIntegratedPestManage
mentIPMitisdefinedinsimpletermsasthe
selectionandapplicationofcontrolmethodsto
achieveoptimumresults IPMbecameapopular
terminthe1970sbutderivedfromaconcept
practicedbyentomologistsformanyyearsie
theselectionofchemicalbiologicalorcultural
controlmethodsbasedonathoroughknowledgeof
thepestsbiology

In1972agroupofMADsjoinedtogetherto
formtheSanJoaquinValleyInformationCommit
tee This group hired a public information

consultant and a writercartoonistto prepare
educational material emphasizing the need for

publicparticipationinsolvingthemosquitoprob
lemforthepressandradio

JamesW Bristowtrusteememberofthe
SoutheastMADandChairmanofthe1972AdHoc
CMCACommitteeoftheFuture reportedthat
prescriptioninsecticideswouldhavetobeusedin
the immediatefuture the useofaspecific
chemicaltocontrolaspecificspeciesofmosquito
inaparticularsource Beyondthissubsequent
strategieswouldincludesterilantsgrowthregu
latorsbacteria protozoavirusesandaquatic
predators Thecostwouldbesignificantand
thistypeofprescriptioncontrolwouldonlybe
used as a supportive control measure The

reportconcludedthattheprimaryobjectiveof
futuremosquitocontrolprogramswouldhaveto
besourceprevention

InresponsetoarequestfromtheCMCA
the BVCSWMestablished in 1971 aMosquito
Surveillanceand PreventionUnit composedof
teamsofengineersandvectorbiologiststodirect
lyassistlocalmosquitocontrolprogramsinper
formingmosquitosourcereductiondemonstrations
inirrigatedagriculturalareas

Duringthemid1970stherewereappeals
by longtime leaders of mosquito prevention
RobertPetersGeorgeWhittenRichardDeWitt
andW Donald Murray for a restoration of

sourcereductionprograms Discussionswerealso

heldontheuseoflegalapproachestoabate
mosquitosources

Oneofthetrendsthattookplaceinthe
decadeofthe1970s particularlyintheSan
JoaquinValleywastheshiftawayfromirrigated
pasturesandreductionintheuseofexcessive
waterforreclamationofmarginalalkalilands
Theimpactoftheenergycrisisinflationand
majorchangesinfeedingdairycattlemadethe
growing of pastures uneconomical andcaused

growerstochangeovertotreeandrowcrops
withahighermonetaryreturn



Atthe1952annualmeetingoftheCMCAin
Fresnoamajorportionoftheprogramwas
devoted to mosquito prevention Richard F

PetersinhispaperonTheScopeofCalifornia
MosquitoControl calledforaredefinitionand
redirectionofmosquitocontrol programsem
phasizingdedicationtomosquitopreventionef
forts Thishestatedwasnecessarybecauseof
chlorinatedinsecticideresistancerapidpopulation
growth and greatly expanded irrigation and

waterresourcedevelopment
LloydEMeyersafederalengineerassigned

totheStateHealthDepartmentandlatermanager
oftheMercedCountyMADwaspartofasympo
siumontheneedforcooperativerelationships
with federal agencies state water resources

agenciesandtheCaliforniaIrrigationDistricts
Association Heemphasizedtheirneedofmos
quitopreventionintheirplanningconstruction
andoperationalactivities LloydMeyerslater
becameWesternRegionalManagerofAgriculture
ResearchServiceARSUSDAandcontinuedto
focusattentionontheneedforfederalagencies
tocooperatewithmosquitocontrolinterests

In theearly 1950s Jack Kimball then

manageroftheOrangeCountyVCDpioneered
theuseofthepermitsystemasaprimarytoolto
incorporatemosquitopreventionrequirementsin
thedisposalofindustrialandliquiddairywastes
AWasteWaterAdvisoryCommitteewasorganized
tosetpolicyandreviewwastewaterdischarge
permits Agriculturalwastewaterforumswere
held periodically with county agencies flood

controldistrictsagriculturalcommissionersthe
UCExtensionOfficeanddairyindustryrep
resentativestoinitiatecooperativeeffortstosolve
mosquitoproblems In1954theUCExtension
bulletin Mosquito Control on the Farm was

published
Oneofthemostcomprehensiveoutlinesofa

sourcereductionprogramwaspresentedbyDr
ErnestTinkhamoftheCoachellaValleyMADat
the22ndAnnualConferenceoftheCMCA

HaroldGrayformermanageroftheAlameda
CountyMADcontinuedtospeakoutduringthis
periodemphasizingtheneedtoeliminatemosquito
sourcesinsteadofrepetitiveinsecticidespraying
He asked the question Why produce them

wholesaleandtrytokillthemretail
In1955RichardCHusbandsoftheBureau

ofVectorControlandSterlingDavisofARS
USDAreportedonastudyoftherelationship
betweenirrigationpracticesandmosquitopro
duction Thisstudymadeamajorcontributionto
thebetterunderstandingofthiscomplexproblem
andstimulatedagriculturalandwaterresource
agenciestoincludemosquitopreventionrecommen
dationsintheirreportsandpublications

HowardGreenfieldmanageroftheNorth
SalinasValleyMADand1955Chairmanofthe
WaterResourcesandPracticesCommitteeofthe
CMCA reportedona1955surveyofsource
reductionactivities Thesummaryindicatedthat
onaveragemosquitoabatementdistrictsdevoted
25oftheircontrolefforttomosquitoprevention

The North Salinas Valley MADs source

reductionprogramdevelopedasomewhatdifferent
formatthanotherdistricts In1952theDistrict
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tookovertheoperationofareclamationdistrict
thathadceased tofunctionafterthe initial

constructionofadrainageditchsystemin1916
TheNorthSalinasValleyMADobtainedtheneces
saryequipmenttorehabilitateandmaintainthe
drainagechannelswhichhadbecomeamajor
mosquitosource

Inthelate1950stheCMCASourceRe
ductionCommitteewasveryactiveinsponsoring
watermanagementseminarsattheUC Davis

campusandconductedfieldtripsthroughoutthe
Central Valley toobserve different types of

sourcereductionequipmentreturnflowsystems
andfielddrainageprojects

TheMaximumControlPeriod19601970

Thedecadeofthe1960swashighlightedby
theextensiveuseoflowcostorganophosphorous
insecticides Aircraftapplicationhadreacheda
highlevelofefficiency The1967CMCAYear

bookrecordedatotal1832868acrestreatedby
aircraftin1966 In1977thetotaltreatedby
aircraftwas602729acres

Howeverbythelate1960sorganophosphor
ousinsecticideresistancehaddeveloped toa

criticallevelintheCentralValley Theuseof

lightoilsforlarvacidingandultralowvolume
adulticidingwereinitiatedtowardtheendofthe
decade

The CMCA Source Reduction Committee

continuedtosponsortraining seminars panel
discussionsattheannualconferencesandstarted
todevelop recommendations for improving the

constructionandmanagementofdairydrains
SterlingDavisEngineerwithARSUSDA

indicatedinhispaperatthe1966AnnualConfer
enceoftheCMCAthatthestudiesconductedby
RichardHusbandsontherelationshipofirrigation
efficiencyandmosquitoproductionshowedthat
majormosquitoproductionoccurredatthe25
irrigation efficiency level However if the

efficiency level reached 66 then mosquitoes
wouldnotbeproduced Hefurtherindicated

thatthesestudiesprovidedguidelinesthatag
riculturalinterestswerebeginningtoincludein
publicationsonirrigationpractices

SourcereductionprogramsinthelowerSan
JoaquinValleyhadbythemid1960sbeenre
sponsibleforthepromotionandinstallationofa
largenumberofreturnflowsystemsatthelow
endofirrigatedfieldstorecycleexcesswater
RichardDeWittSourceReductionSpecialistwith
the Kern MAD used thissystemextensively
throughouttheDistrictandmadeamajorimpact
inreducingmosquitobreedingareas

A panel discussion on source reduction
policiesatthe1968CMCAAnnual Conference

providedacomprehensivereviewoflegalap
proaches interagency cooperation planning
permitsandsourcereductionequipmentowner
ship TheMercedCountyMADhadestablisheda
practiceofreviewinglandusepermitsofany
propertythatwastobelandleveledforirriga
tion TheDistrictsSourceReductionSpecialist
routinelymetwithCountyPlanningandPublic
Worksrepresentativestoreviewapplicationsfor
land leveling permits and provided mosquito
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INTRODUCTION

At the 1985 Annual Conference of the

CMVCAPartIofAHistoricalReviewofMos
quitoPreventionwaspresented Itcoveredthe

earlyyearsbeginningin1904andconcludedat
WorldWarII Itwasindicatedthatmosquito
preventionconsistsoftwomainparts Thefirst

istheinitialactionstakentopreventenviron
mentalconditionsfromoccurringthatmightbe
responsibleforpropagatingmosquitoes These

actionswouldbeclassifiedasprimarypreven
tion Thesecondpartisthephysicalmodifica
tionofanexistingmosquitosourcetoeliminateor
reducemosquitopopulationscommonlyreferredto
assourcereduction Thislatterpartwouldbe
secondaryprevention

ThePostWarPeriod1946 1960

Thepostwarperiodwascharacterizedbyan
unprecedentedgrowthinpopulationcompletionof
major elementsofthe CentralValley Project
rapidexpansionofirrigatedagricultureandthe
urbanizationofCalifornia TheStatespopulation
increasedfromsevenmillionin1940tosixteen

millionby1960 Inafouryearperiod1946
1950 irrigated agriculture increased by one

millionacres Irrigatedpastureacreagealone
increasedfrom440000acresin1946tooverone

millionacresbythe1970s By1969California
had1076majordamsandimpoundmentswitha
storagecapacityof20millionacrefeet In

OrangeCountyathousandsubdivisionswere
underconstructionduring1954

Inresponsetothisdynamicgrowthinboth
populationandirrigatedagricultureanddueto
theinherentserious threatofmosquitoborne
diseasesthenumberofmosquitocontrolagencies
increased from twentyfive agencies covering
2500squaremilesin1946tofiftythreelocal
agenciescontrolling25000squaremilesin1953
RichardF PetersformerChiefofBureauof
VectorControlCaliforniaDepartmentofPublic
Healthwastheleaderofthisexpansion Itwas

largelyduetohis untiringefforts traveling
extensivelythroughouttheStateduringthelate
1940sandearly1950smeetingwithlocalcom
munity groups citycouncils and boardsof

supervisorstopromoteorganizedareawidemos
quitocontrolprograms Thiscontroleffortledto

theformationofnewmosquitoabatementdistricts
and major annexations of uncontrolled areas

adjacenttoexistingdistricts

1RetiredAssistantChiefVectorSurveillance
ControlBranchCaliforniaDepartmentofHealth

Services currently Trustee Contra Costa

MosquitoAbatementDistrict

AHISTORICALREVIEWOFMOSQUITOPREVENTION

INCALIFORNIA PARTII19461985

EarlWMortenson

Thekeyelementinadvancingthecauseof
mosquitopreventioninthepostwarperiodwas
enactmentoflegislationin1946thatprovideda
400000Statesubventionfundtolocalmosquito
controlagencies InAprilof1949theCalifornia
State BoardofHealthadopted Standardsand

Recommendations for Local Mosquito Control

Agenciesasrequirement orStateaidandthe
standards were codified under the California

AdministrativeCodeTitle17PublicHealth In

Article4undeVogramStandardsoneofthe
basicprincipleswasaprimaryprogramshallbe
continuouslycarriedoutbasedontheincorpo
rationofmeasuresaimedatprogressivereduction
ofknown mosquitosources TheBureauof

VectorControlorganizedinJuly1947wasgiven
theresponsibilityofadministeringthemosquito
controlsubventionfund

Aspecial1950CaliforniaMosquitoControl
AssociationCMCAcommitteeonStatesubvention
formosquitocontrolrecommendedthat50ofthe
fundbeallocatedtotheimplementationofsource
correctionandpreventioncontrolmeasures

TheassignmentofUSPHSengineersWilliam
WarnerWilliamBuchananandMrWysongre
sultedinestablishmentofanengineeringsection
withintheBureauofVectorControltoinvestigate
mosquitoproblemsand recommendedpreventive
measuresassociatedwithconstructionoperation
andmaintenanceofvariouselementsoftheCen
tralValleyWaterProject Alsotherewasthe

responsibility of developing and negotiating
contractswiththeUS BureauofReclamation

andtheUSArmyCorpsofEngineerstoreim
burseMADs incarryingoutinspections and

controlactivitiesinprojectareas Thisengineer
ingsectionwasinstrumentalindevelopingstate
widetrainingprogramsforMADsonthefunda
mentalsoflandsurveyinganddrainageditch
construction

Themosquitocontrolliaisonactivitieswith
federalandStateWaterResourcesagencieswere
continuedbyMarvinCKrameruponhisjoining
thestaffoftheBureauofVectorControlin1955
asaWaterProjectsConsultant

TheCMCAsWaterResourcesandIrrigation
Practices Committee precursor to the Source

ReductionCommitteehadamajorinfluenceupon
theincorporationofmosquitopreventionconcepts
in localprograms In1950 fourofthesix

RegionalForumsconductedintheSanJoaquin
Valleyweredevotedtothesubjectofmosquito
sourceelimination AmeetingofMADsheldat
theHotelJohnsoninVisaliain1949introduced
theconceptofsectionsurveystodocumentand
evaluatemosquitosources RichardFPeters

W DonaldMurrayandJackFowlerdeveloped
andwereearlyadvocatesofthesectionsurvey
mappingsystem
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AttherequestoftheCMVCAtheMosquitoControlResearchLaboratoryhasinitiated aservice

projecttoassistmosquitoabatementdistrictsindeterminingameansofrecyclingwastewatersgenerated
frommosquitoabatementequipment Firstitisessentialtopositivelyidentifythetypeandamountof
eachpesticidethatispresent Oncethisisdoneusinganalyticalchemicalprocedurespesticidelevels
intoandoutofaprototypesystemandthequalityandquantitiesofpesticidesenteringthesystem as

wellasthoseexitingintospraydiluentwillbestudied Hopefullysuchasystemwillallowforthe
eliminationofwastewaterholdingpitsorthedischargeintosewagelines
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BACKGROUND

CURRENTRESEARCH

STUDIESONALTERNATIVEMETHODSFORTHECOLLECTION

ANDDISPOSALOFWASTEWATER

KimWilhelm

ThroughtheAlternativeTechnologySection
oftheDepartmentofHealthServicestherearea
varietyofprogramsupportingstudiesofalterna
tivetechnology Themostprominentoftheseis
the Hazardous Waste Technology Research
Development and Demonstration Program which

wascreatedbyAB685of1985Farr Under

thisprogramtheDepartmenthasapproximately
1000000tofundprojectsincludingfeasibility
studiesdesignandpermittingconstructionand
operation and performance evaluation The

Departmentisalsoadministeringa13million
cooperativeagreementwith EPA Under this

agreement300000incontractmoniesisavail
able FinallytheAlternativeTechnologySection
hasabaselinecontractsbudgetof250000for
studiesrelatedtoimprovedmanagementofwaste
UnderthislatterprogramelementtheDepartment
hasconductedastudyofsolventwastemanage
mentalternatives conducted a symposiumon
solventwasteandiscontractingforaseriesof
industryspecificwasteaudits Thewasteaudits

aretoresultinselfauditchecklistswhichbusi

nessmencanusetoevaluatetheirwastemanage
mentpracticesandoptions

Through the various programs described

abovetheDepartmenthassponsoredfivepro
jectsrelatedtopesticiderinsewaters These

includethefollowing

1 CompostingasaHazardousWasteTreat
mentProcessThisgrantfundedprojectentailsa
detailedliteraturesearchonthebiologicalpro
cessesofcompostingastheyrelatetothedegra
dationofhazardousmaterials Theprojectpro
ponent is an independent consultant Samuel

Hart

2 Composting for Treatment of Toxic

WastesThisprojectistobefundedthroughthe
EPAresearchmonies Itinvolvesanactualfield

demonstrationofcompostingasawastemanage
menttechnique Theprojectistobeconducted
atthe Chemical WasteManagementfacility at

KettlemanHills Rinsewaterswillbeusedto

maintainmoisturelevelsinthecompost From

degradationcurvesgeneratedinthispilotstudy
conclusionsontheeconomicandtechnicalfeasi

bilityofcompostingasanalternatewastedisposal
method will be made California Agricultural
ResearchIncistheprojectproponent

3 ReductionofPesticideWastesThrougha
ValueEngineeringAnalysisofApplicationEquip

SeniorWasteManagementEngineer
AlternativeTechnologySection

CaliforniaDepartmentofHealthServices

mentThisprojectinvolvesananalysisofpesti
cideapplication equipmentin terms ofwaste

generationandmethodswhichcanbeimplemented
toreducetheamountofwasteresultingfromthe
equipmentcleaning Theprojectproponentis
NormanAkesson

4 UV03 Treatmentof PesticideWaste

waterThisgrantfundedprojectwilldemonstrate
theeffectivenessoftheUltroxUV03processfor
theonsitedestructionofpesticidewastewaters
Thisisatransportabletreatmentsystem The

technologyhasalreadybeendemonstratedtohave
applicabilityinthecleanupofgroundwater The

projectproponentisUltroxInternational

5 UVHydrogenPeroxideTreatmentforDe
structionofPesticideThisprojectissimilarto
theUltroxproject Themajordifferenceisthe
methodusedtogenerateperoxide TheUltrox

systemusesanozonegeneratorwhilethisproject
willsimplyaddperoxide Thisstudyproposesto
evaluatethesystemforitsabilitytoreactwitha
broadrangeofpesticidesstudyvariablesrelated
tothetreatmentprocessanddetermineifthe
systemissufficientinitselffordegradationorif
itshouldbeincorporatedintoafurthertreatment
system

Inadditiontothesestatesponsoredproj
ectsthereareacoupleofinterestingprivate
projectsunderway Theseincludethefollowing

1 CanonieEngineersThisprojectisusing
above ground tanks with carbon adsorption
Therearecurrentlytwodemonstrationsinpro
gress oneinvolvesagroundapplicationrigin
VenturaCountyandtheotheranaerialapplicator
inKingCity Thesearebothfullscaledemon

strationsandhavebeenoperatingforoverone
year The results havebeen excellentwith

essentially100percentremovalofpesticides

2 UCDavisUCDavisisproposinga
biologicaltreatmentattheirKearneyFieldSta
tion Theyhaveproposedaseriesofabove
groundtankswhichwouldbepackedwithsoil
thenwashwaterswouldbeintroducedbygravity
flow Biologicaldegradationwouldoccurasa
resultofsoilbacteria

CONCLUSION

Thereisatremendousneedtodevelopcost
effective alternatives for the management of

pesticidewashwaters Wehavebegunthere
searchbutitisnowherenearenough



preventingproblemsinthefutureotherswillbe
a burdenand their reasonablenessquestioned
againandagain Keepawareoftheseprocesses
andyourneighborsproblemsbecauseitcould
strikeyouwithoutnotice

THEFUTURE

Thefutureisalsogoingtodependonan
informationsharingprocess Forexampleyou
betterbepreparedtobeinformedaboutProposi
tion65anditspotentialimpact Thefirstthing
theresponsibleagenciesaredoingwithProp
65ismakinglists Listsofpeoplehandlingor
potentiallyreleasinghazardousmaterialsintothe
environment Icanguaranteeyouthatvector
controlagencieswillbeonthelists Alsobe
preparedtodealwiththeeventualitythatthose
listswillgotothepublicbecausethatswhat
65saystodo

Aquestionthenarisesastowhatthisall
willmean Tounderstandthatyouhavetolook
attherecenthistoryofthelawswehavehad
passedontoxicsespeciallyliketheonesinthe
abovepresentdiscussion Thelawshavebeen

craftilydraftedtobeveryspecific Previous

lawsweregoalorientedwithspecifics leftto

rulemakersandregulators Thenewlawswhile
theyarevery specific arenotperfectand
sometimessubjecttointerpretation Therecent

resultingimpactistherulesortheinterpre
tationshavetendedtobeexpansiveandgivethe
rulemaking agency more authority than the

originallegislation Thishadhappenedwiththe
PitsActandmostlikelywillhappenwithProp
65solookout

CONCLUSIONS
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Whatcan bedoneaboutthis Forone

thingIbelievethatvectorcontrolagenciesare
amongthepremierenvironmentalmanagersinour
State Thereforeyoumustcollectivelypointout
toeveryonethattheyneedtocomparetherisks
totheenvironmentofyoulosingsayallchemical
toolssothatinformedpeopleknowthedifference
betweentheirpotentialexposuretovectorin
duceddiseasesagainsttheriskofanincremental
increaseincancerfromaneconomicpoison You

mustimproveyourcommunicationontheseissues
ortherightquestionswillnotbeasked The

futurecanandwillbemanagedifwegetoverthe
currenttoxicshump Wehavetodiginand
sortouttherealproblemsusetherighttools
andgetonwithotherpressingproblems

Imconvincedthatouronlyrealbigwater
quality or toxics environmental problems are

comingfromourpastandthatthoseeventshave
moldedamindsetthatourenvironmentcannot

haveanythingtoxicinitatall Thatmindset
has moved the toxics issue beyond resource

problemsolving intoa societal crusade You

needtokeepasenseofbalancedenvironmental
perspectiveinyourbusinessandcommunicate
thatsensetotherestoftheenvironmentalcom

munitytobringreasonablenessandtrueproblem
solvingbackintopractice



26

INTRODUCTION

Wehavethreemajorproblemswithtoxics
facingustoday Theyarethepastthepre
sentandthefuture Iwilldiscussallofthese

fromawaterqualityperspectivebutmoreimpor
tantlyfromaninstitutionalorsocietalviewpoint
Eachproblemareahasastronginfluenceonhow
allvectorcontrolagencieswillbeabletomeetthe
missionoftheirorganization Iwillalsooffer

somesuggestionsonhowtoensuretheorganiza
tionssurvivabilityinwhatIseeasanongoing
toxicscrisis

THEPAST

TOXICSANDWATERQUALITYCONCERNSANDTHEIRIMPACTS

Pastwastewaterdisposalactivitiesarethe
realculpritsthatusheredusintothecurrent
toxiccontrolfrenzy Longheldconceptsabout
economicpoisonsbeingrenderedinnocuousprior
toreachingourgroundwaterresourceswentout
thewindowwiththediscoveryofsupposedly
immobileorganiccompoundssuchasDBCPin
areawidegroundwaterandnumerousindividual
sitesscatteredthroughouttheStateofCalifornia
thathaveamyriadofmaterialsingroundwater
Theseproblemsledtothedevelopmentofanew
generationoflawsandrulesthatwearejustnow
beginningtofeelthebruntof Severalvector

controlagenciesareamongsttheregulatedcom
munityfeelingtheimpactsofthosenewforces
Itmeanstwothings1aprotractedevaluation
processatthesiteoftheallegeddisposalprob
lemswhichinitselfisaveryexpensiveactivity
and2 apotentiallyveryexpensivecleanup
whichmayexceedtheresourcesoftheinvolved
agency

Howshouldvectorcontrolagenciesdealwith
pastproblems Ihavetwosuggestions Oneis

thatthelawscurrentlyinplaceareverycompre
hensiveandexpensivetocomplywiththeyhave
tobeexercisedwithanelementofreasonable
ness Thatisaveryimportanttoolandright
thatyoucanexercise Doestheeffortyoumight
beaskedtoexpendpassthetestofreasonable
ness Arethebenefitstobeobtainedinreturn

ingaparticularenvironmenttoacertainlevelof
cleanlinessmeasurablygreaterthanthecostand
impactstotheresponsibleagency Inthecaseof

vectorcontrolagenciescertainlythetotalTossof
theagencyandtheresultingimpacttotheen
vironmentisfarworsethansayprotractinga
cleanupprogramlongerthanwhataninconsider
atelaworagencyasksfor Becomefamiliarwith

theuseofadministrativeremediesandaskfor
reasonable responses wherever you go The

ONLOCALAGENCIES

SargeantJGreen

ConsultingSoilsandWaterScientist
RLSchafer AssociatesInc

2904WestMainStreetVisaliaCalifornia93291

secondsuggestion I haveisformoreofthe

collectiveapproach Collectively Iunderstand

youareworkingonsolutionstosomeongoing
waste disposal problems and selfin

spectionevaluationprograms Isuggestcollec
tivelyyoushouldalsopotentiallypoolresources
forassistingfellowagencieswithrealcleanup
problems

THEPRESENT

Inthepresentwemustdiscussthecurrent
rules and regulations themselves and how to

comply
Againhoweverthepresentislinkedtothe

pastandthefuture Forexampleyourelinked
toyourpastifyoureundertheToxicsPit
Act andwearealllinkedtothefutureunder

Proposition65
Themainissuewiththepresentrulesand

lawsisinformationsharing Youneedtolearn

whattherulesandlawsarehowtheyapply
knowtheirinconsistenciescomplainaboutthem
whereitisappropriateandgetthejobdonewhen
thatisappropriate Icantgointodetailshere
butsomeofthemoresignificantprogramsinclude
thefollowing

1 TheToxicsPitAct

2 TheWatersAmendmentAB4325

3 Subchapter15waterboardlanddisposal
regulations

4 Proposition65

5 TheHealthandSafetyLawsandregula
tionstoxicstanksairetc

Allthesethingshaveaninfluenceonpast
presentandfuturedisposalofwastewaters As

ofthismomentforyouthemostsignificantcould
betwo2abovetheWatersamendmenttothe
ToxicsPitAct Itisaspecialreliefprovisionto
theverystrictandexpensivereportingrequire
mentsofthePits Act Itwasgeared for

agencieslikethevectorcontroldistricts The

applicationdeadlineisFebruary11987soifyou
thinkyouhaveapitsproblemgetaWaters
amendmentrequestin toyourregionalwater
boardrightaway

Therestofthelawsandrulesneedtobe
testedandretested Somewillworkastoolsfor



andshowsnoproblemthatthefullreportwill
notberequired Theminiassessmentisestimat

edtocostupto25000andrequiresacertified
geologisttoprepareit

Itishardtofindapoliticiantodaythat
wantstodoanythingexceptincreasethere
strictionsontoxics Reasonablealternatives
dontseemtocount

Thisbringsustothepresenttimewherewe
continuetowaitforananswertoourpetitionon
avariancetotheclassificationofourdirtas
hazardous Thispetitionwasfiled5months
ago Wehavejustpaidthe3000feerequired
undertheamendedKatzActwiththeunder
standingthatifwecanshowthatwedidnot
comeunderKatzourmoneywouldberefunded
Ifourpetitionisgrantedandourdirtdeclared
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nottobehazardouswastewewouldnothave

hadahazardouswastepit soarefundwould

bedueandwecouldmoveourdirttoaless

costlydisposalsite Thedelayintheanswerto
ourpetitionisalsocausingconcernsoverEPA
regulationsthatareconstantlybeingamended
Thismaychangethewaysinwhichourdirtmay
belegallydisposed Thingsseemtobegetting
worseandnotbetter

Thecosttotakeourponddirttoaclass1
landfillisabout25000 Farmoreimportantwe
areinformedthatwewouldhaveperpetualliabil
ityforitatsuchadisposalsiteincasethe
rulesondisposalgetchangedagain

Allofthishasslehasresultedbecauseour

pondwouldnotpercolatesoitcouldbedriedup
andclosedbytheJanuary11985deadline
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HISTORY

ASEARCHFORREASONABLEANSWERSTOOLDWASTEWATERPITPROBLEMS

TwentyyearsagotheDistrictsthennew
facilityhadadrainwhichconnectedthesteam
cleaningareathepesticidebuildingdrainand
theareawhereourequipmentwasfilledwith
water Thisdraindischargedintoaditchatthe
sideofthepropertyandduringtherainysea
sontheditchwaterappearedtodrainintothe
FeatherRiver Inordertocorrectthispotential
problemweduganopenpitontheDistrict
propertytocollectthiswastewatersoitcould
betreatedandcontrolled

Overtheyearsweransteamcleanerwastes
and oxidized organophosphate pesticide rinse

waterintothepond Beforetriplerinseof
barrelswasproposed wekilledthe residues

remaininginourpesticidedrums inorderto

protecttheworkersatrecyclingfacilities Even

aftertriplerinsewasmadearequirementwe
continuedtooxidizeanyresiduesremaininginthe
rinsedbarrelsandputthatliquidinthepit

Ourpitwasonthesameclaysoilwhichwas
usedtomaketheimperviouscoreoftheOroville
Dam sowefeltsurenosignificantresidues
wouldgetintothegroundwater Waterlosswas

onlywhatwecouldattributetoevaporationfrom
thepond

Thiswashowitwasuntillate1984whenit

becameapparentthatsomethingshouldbedone
aboutthepit Winterrainsdelayedthedrydown
ofituntilthesummerof1985 Ifourpithad
beenpercolatingwaterintothesoil withits

possibleriskofwatercontaminationwecould
havefilleditpriortothemagicdateofJanuary
11985andwewouldnothavebeensubjectto
alloftheproblemswehavefacedinthepast
yearandahalf

InAugustof1985wefilledthenowalmost
drypitwithdirtafterananalysisoftheremain
ing water fororganophosphate and carbamate

pesticidesshowedonlysmall residues These

residuesseemedinsignificantbecausetheycom
paredfavorablytoresidueswecouldcreatewhen
wesprayedformosquitocontrol Wehadno

reasontothinktherewouldbeanyDDTpresent
inthepondsowedidnotanalyzeforit

PRESENTPROBLEM

JumpingaheadtoFebruaryof1986wewere
toldthatacomplainthadbeenfiledbyacon
cernedcitizenallegingthatourpondhadnot
beenclosedproperly Samplesweretakenover
thenextyearwithsubsequentsamplestaken
dependingonwhateachearlieranalysisshowed
Thechemistsusuallytookatleastamonthfora
sampletobeanalyzedsowespentalotoftime
waitingforlaboratoryresults Therewerealso

largevariationsintheresiduelevelsinthesame

WilliamEHazeltinePhDRPEManager
ButteCountyMosquitoAbatementDistrict

5117LarkinRoadOrovilleCalifornia95965

jarofdirtanalyzedat2differentlaboratories
ForsomeanaloguesofDDTtheresultswereover
10timesdifferentfromonechemisttoanother

Thepermittedanalyticalpracticeallowsthechem
isttopickouttherocksbeforeasampleis
weighedanditalsoallowsupto40variationon
replicatesofthesamesample Thusitturnsout

that1ppmofresiduescouldactuallybereported
as2ppmfromasamplewithsomerockycontent
Thismeansthatwhenanactionlevelissetat1

ppmtherecanbeapenaltyassessedbutthe
actualresiduesmayactuallyonlybeonehalfthat
amountinthewholesample

Interpreting soil sampledata requiresan
understandingofhowthosenumberswereob
tainedandwhattheymean

Atthepresenttimewehaveremovedthat
dirtfromthepondsiteandhavehaditrepeat
edlyanalyzed Thedirtisstoredonablacktop
areaunderwaterproofcovering Wehaveeven

putaroofovertheholewhichusedtobethe
wastepitforgoodmeasure Anyresiduesre
maininginthebottomoftheoldpitarebelowthe
hazardouslevelasdefinedbytheDepartment
ofHealthServicesregulationssothereisno
remainingrealrisktoundergroundwaterquality
Howeverthelawdoesnotalwaysallowlogical
solutionstorealworldproblems

Spacedoesnotpermitadetailedexplanation
ofwhatoptionswemayhaveindisposingofour
dirtexcepttosaythatifwehad beenin

NevadaundertheFederalEPAstandardswe
couldhavetakentheponddirttoagarbage
dumpanduseditascoverfordomesticgarbage
Whatlittleresidueitcontainsmighthaveeven
helpedcontroltheflieswhichtraditionallybreed
ingarbagedisposalareas

Whatispertinenttotodaysdiscussionisthe
wayalegislativesolutiontoprotectwaterquality
wasapparentlymanipulated TheHazardousPits

ClosureActof1984alsoknownastheKatzAct
saidthatanyhazardouswastepitclosedafter
January 1 1985 musthave a hydrogeological
assessmentreport whichisestimatedtocost

about50000 TheAssociationandtheAgricul
turalapplicatorsaskedforanamendmenttothis
lawwhichwouldallowustosimplyremoveany
dirtwhichhadhazardouswaste asdefinedby
theDHSregulations andhaul ittosuitable

disposalsites Wearguedthatiftherewereno
hazardouswasteleftunderthepondsitethere
couldbenoriskofwatercontaminationfromit

TheStateWaterBoardlawyersandotherswould
notacceptourmethodandlogicandinsteadthey
insistedontheamendmentstotheKatzActto

provideforhigherfeesandpenaltiesandother
requirements ThefinalamendedKatzActthere

foreprovidesthatifaminiassessmentisdone



InSanMateoCountyaresumptionofsur
veillanceoftirecasingsatThompsonAircraft
indicatedtotheauthorsthatthepotentialforthe
entryofmosquitoesintoCaliforniawasfargreat
erthanhadbeensupposed Notonlydidthe
recapperacceptcasingsfrommajordomesticair
carriersbutitalsoacceptedcasingsfromthe
military Originofthecasingsisdeterminedby
billsofladingattachedtoeachcasing Overseas
bases inadditiontobaseswithintheUnited
States ship tires to Thompson Aircraft Tire

Companyforrecapping Oneoverseasshipment
ofcasingswasidentifiedtohaveoriginatedin
AtsugiJapanshippedtotheUnitedStatesvia
McCordAirForceBaseWashingtontoAlameda
NavalAirStationCaliforniathentothere
capperThompsonAircraftinSouthSanFran
cisco

Anotherconcernistheinterstatemovement

oftirecasings Theauthorsinspectedaship
mentof132militaryaircrafttirecasingsthat
arrivedatThompsonAircraftTireCompanyfrom
MiamiFloridaonJanuary131987 Waterwas

foundin129tiresandmosquitolarvaewerefound
in 10ofthewaterfilled tires Lucia Hui3
identifiedadead2ndinstarlarvaetobeAe
aegyptiandlivespecimensweredeterminedtobe
3rdand4thinstarCulexquinquefasciatusSay
Followupinspectionwasimpossibleasthetires
hadbeendispersedandrestackedleavingonly
theendtiresavailableforreinspection

3Vector Surveillanceand Control Branch
California Department of Health Services
BerkeleyCalifornia
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Theimportationofmosquitoeggsorlarvae
fromoverseasmilitarybasesormilitarybases
withintheUnitedStatesexistsasarealand
ongoingthreat Itistheopinionoftheauthors
thatimmediateattentionshouldbedirectedtoward

thedevelopmentofapolicyfortheinspection
shipmentandstorageoftirecasingssoasto
avoid possible introduction or distribution of

exoticmosquitospecieswithinorintotheUnited
States

ChapmanHCandEBJohnson1986The
mosquitoesofLouisianaLaMosqControl
AssocTechBull117pp

FayRWandDAEliason1966Apreferred
ovipositionsiteasasurveillancemethodfor
AedesaegyptiMosqNews2653135

JewellDandGGrodhaus1984Anintro

ductionofAedesaegyptiintoCaliforniaand
itsapparentfailuretobecomeestablished
pp103107 InCommerceandSpreadof
PestsandDiseaseVectorsedMLaird
PraegerPublCoNewYorkNY354pp

SprengerDandTWuithiranyagool1986The
discoveryanddistributionofAedesalbo
pictusSkuseinHarrisCountyTexasJ
AmMosqControlAssoc2217219

WalshJD1986PCVectorSurveillanceand
Control Branch California Departmentof
HealthServicesSacramentoCalifornia
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AEDESALBOPICTUS THESEARCHGOESONFORNEWINTRODUCTIONS

DennisJJewellandRobertFSchoeppner

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

InMay 1979 a single4th instar Aedes

aegypti L larvawascollectedfroma water

impoundmentadjacenttotheSanFranciscoIn
ternationalAirportSanMateoCountyCalifornia
reportedbyJewellandGrodhaus1984 Be

causeofthatfindanintensivesamplingand
trappingprogramwasinitiatedbyboththeVector
SurveillanceandControlBranchoftheCalifornia
DepartmentofHealthServicesandtheSanMateo
CountyMosquitoAbatementDistrict

Ofthevarioustrappingsitesselectedinand
aroundtheAirportpropertyThompsonAircraft
TireCorporation amajorrecapperofaircraft
tireswasconsideredtobeaprimelocationfor
sampling DipcountsandblackjarovitrapsFay
andEliason1966wereemployed Weeklysampl
ingcontinuedatthatsitethrough1979 There

afterforthreeyearsperiodicinspectionsre
vealedonlyCulexpipiensLlarvae

DuringMay1986afterreportedintroduc
tions of Ae albopictus Skuse in Texas

SprengerandWuithiranyagool1986andLouisi
anaChapmanandJohnson1986 thisDistrict

reinstituteditstrappingprograminthevicinity
of the San Francisco International Airport
BecauseAealbopictushasanaffinityfortires
asaneggdepositionsiteweconsideredthatthe
inspectionoftirecasingsshouldberesumedat
theThompsonAircraftCorporation OnOctober

81986twoofnineseacargocontainersthatar
rivedinSeattleWashingtonfromJapanwithtire
casingswerefoundtohaveAealbopictuseggs
andlarvaeWalsh1986 AlthoughnoAealbo
pictushavebeenfoundinCaliforniathecol
lectionsinSeattleindicatedtheimportancefor
surveillanceoftirecasingsimportedintothe
UnitedStatesfromtheFarEast

InmidOctoberDrBruceFrancyrequest
edhelpfromBayAreamosquitoabatementdis
trictstoassisttheCommunicableDiseaseCenter

intheinspectionofashipmentoftrucktire
casingsimportedby PacificCoastRetreaders

OaklandCaliforniafromKobeJapan Kobea

highlyindustrializedcityandJapansprincipal
seaportissituatedontheislandofHonshuata
latitudesimilartothatofSantaBarbaraCali
fornia

OnOctober29 1986 16inspectorsfrom
mosquito abatement districts of San Mateo

1160BeaconStreetSouthSanFrancisco
California

Division ofVectorBorneViral Diseases
Communicable Disease Center Ft Collins
Colorado

AlamedaandMarinSonomaCountiesinaddition
torepresentativesfromCaliforniaVectorSurveil
lanceandControlUSPublicHealthServiceand
USCustomServicerespondedtoDrBruce
Francysrequestforassistancetoinspecttruck
tirecasingstobeoffloadedatthePortofOak
land

Numeroussamplingtechniqueswereutilized
bytheinspectorsinanefforttorecoverany
mosquitostagesthatmayhavebeen present
Beforethesealswerebrokenonthedoorsofthe

cargo containers a DVac gasoline powered
portablevacuumwasutilizedtocollectadultsif
presentwhenthecontainerdoorswereopened

Thetrucktirecasingsmostly1000x20
wereremovedwithaforkliftandstackedadja
centtoeachcargocontainertoawaitinspection

Tiresthatcontainedwateraccountedfor8

oftheshipment Whenwaterfilledtireswere

encountered theentirevolumeofwaterwas

withdrawnwithaturkeybasterandthecon
tentsplacedin individualplasticziplocbags
Multiplebagswerecombinedintolargerbagsin
ordertoprotectlossofsamples

Theinnerwallsofcasingswithoutwater
were thoroughly cleaned with a stiffbristle

brush The contents of each casing were

removedandpooledintolotsof25tires The

contentswereplacedintoplasticziplocbags A

dead beetle removed from one casing was

submitted to the California Department of

Agriculture for identification The specimen
determined to be Scarabaeidae Rhomborrhina

spp was considered to be of no economic

importance
AfterallcasingswereremovedtheDVac

portablevacuumwasusedagaintovacuumwalls
ceilingsandcornersofeachcargocontainer
Thecollectionwasnegativeforadultmosquitoes

DrysampleswereshippedtotheVector
BorneDiseaseLaboratoryFtCollinsColorado
tobeprocessed Alldrysampleswerenegative
formosquitoes

Water samples weretakentotheVector

SurveillanceandControlBranchCaliforniaState
HealthDepartmentinBerkeley Individualsam

pleswereplacedintoseparatecontainersand
maintained in thelaboratoryat70Ffor two

weeks All water sampleswere negative for

mosquitoes
While Pacific Coast Retreaders Oakland

Californiaisarecapperofcasingsotherimport
erswholesalecasingsfromtheFarEasttotire
recappers throughout the United States A

strongpotentialforthefurtherspreadofAe
albopictusaswellasotherexoticpestsexists
unlessspecificcontrolmeasuresareadoptedto
curtailtheimportationoftrucktirecasings



tivecoverisavailabletoadultmosquitoesinthe
formofvegetationandavarietyofmanmadeand
naturalstructures Studiesareneededonmove

mentsofmosquitoesafterexposuretotoxicants
StudiesdoneattheCDCLaboratoryatFort

CollinsColorado haveshownthatfemalean

ophelinesdifferintheirsusceptibilitytoinsecti
cidesdependingupontheirphysiologicalstatus
Specificallyfemalesthatareactivelydigesting
blood meals tend to be less susceptible to

insecticidesthanatothertimes Thismaybe
because of the induction of relatively large
amountsofdetoxifyingenzymessuchasthemixed
functionoxidasesatthetimeblood is being
digested Morestudiesalongtheselinesare
needed

Weknow littleenoughaboutthespecific
statusofsusceptibilitytoinsecticides inen

cephalitisvectorssuchasCulextarsalisandCx
quinquefasciatus andnearlynothingon Ano
phelessusceptibility

Formulation technology has only partially
solvedtheproblemofpenetrationofheavyvege
tationforcontrolofmosquitolarvae Granular

formulationsrequirespecializedapplicationequip
mentandarenotavailableforallpesticides
Alsooptionswithgranularformulationsaremuch
moreIimitedintermsofapplicationtechniques
In some situations vegetation may intercept
granularformulationsasmuchormorethanIiquid
formulations Atbestthisareaneedsfurther
research toestablish appropriatedosages for

anophelinesinvariousaquatichabitatscontaining
vegetation Atworst entirenew approaches
needtobedeveloped

Routinetestingofadultandlarvalpopu
lationsofmosquitoesforsusceptibilitytoinsecti
cidesisnotapopularareaforresearchandmay
notevenfallunderaccepteddefinitionsofre
search Nevertheless we lack susceptibility
profilesforpopulationsofanophelinesinCali
fornia Suchinformationisvitaltostrategic
planningformalariacontrolandmustbede
velopedwithinthenearfuture

VECTORECOLOGYOFMALARIA

VectorincriminationVectorincriminationin
malariarequiresamongotherthingsevidence
thatagivenpopulationofaspeciesofAnopheles
harborstheparasitecausingthediseaseout
break Inthepastthishasmeantdissectionof
individual female mosquitoes However con

ventional technology for detection of malarial

parasitesinanophelinemosquitoesissocumber
someandtediousastorenderitunfeasibleexcept
forspecializedresearchstudies Eveninepi
demicmalariasituationsthenumberofinfected
anophelinesusuallydoesnotexceed510 andin

endemicsituationsthepercentagesarefarlower
Anotherdrawbacktoexistingmethodsisthatthe
speciesorstrainofparasitedetectedcanbe
identified only through extremely laborious
methods New methods using immunological
techniqueshavebeendevelopedandreagents
usingtheELISAtestareavailableattheWalter
ReedArmy Institute of Research for several

SUMMARY

Thesuddenappearanceof30ormorecases
ofmalariainCaliforniain1986foundusillpre
paredinmanyareasofresearchtopredictfuture
trendsinmalaria inCaliforniaandtocombat
furtheroccurrences Researchinanumberof
areasofvectorbiologyandcontrol mustbe

conductedincludingbasicsystematicstudiesas
wellasappliedcontrolstudies
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strainsofmalarialparasite Adoptingandif
necessarymodifyingthistechnologyforCali
forniaconditionsshouldbegivenahighpriority
Itisdifficulttoimagineconductingepidemiological
studiesinCaliforniausingconventionaltechniques
ofdissectionforparasitedetection

MalariaforecastingGiventhepresentstatus
ofknowledgeofmalariaandmalariavectorsin
Californiaitisnearlyimpossibletoforecastwhat
thefutureholdsformalariainthestate It

shouldbepossiblehowevertoidentifyecological
situationsinCaliforniawhichareconduciveto
malariatransmission Studiesusingremotesens
ingofvegetationsuchasthosebeingconducted
byDrRobertWashinoatUCDaviswouldseemto
holdconsiderablepromiseforthis Thereare
still many biological questions which remain
however such as correlations between adult
mosquitodensityandmalarialtransmissionwhich
mustbeansweredbeforewecanpredictfuture
threatsfromintroducedmalaria

Finallyitshouldberememberedthatmalaria
isaglobalproblem Thepatternofintroduced
malariain Californiaiscloselyrelatedtothe
worldwidemalariasituationandespeciallytothe
epidemiologyofmalariaintheNewWorldtropics
Itgoeswithoutsayingthereforethatthefuture
ofmalariainCaliforniacannotbepredictedwith
out detailed knowledge of malaria conditions
elsewhere
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INTRODUCTION

BIOLOGYOFANOPHELINEMOSQUITOES

RESEARCHIMPERATIVESFORMALARIAINCALIFORNIA

Sincethevirtualdisappearanceofmalariain
thecontinental United States as an endemic

diseaseafterWorldWarIIresearchprioritiesfor
mosquitoesshiftedinthiscountryfromanopheline
mosquitoestoculicinevectorsofhumandisease
pathogens Researchhascontinuedonthebi

ologyandcontrolofanophelinesonalimited
basisbutnotontheirroleasvectorsofmalaria
andcertainly notontheepidemiologyofthe
diseaseintheUS Patternsofresearchin

Californiahavefollowedthistrend Withthe

outbreakof30orsocasesofintroducedmalaria
inCaliforniain1986thestatusofresearchon
Anophelesanditsroleasamalariavectorwasre
evaluated Itbecameobviousthatwefaced

numerousunansweredquestionsinthisarea As

aresultofameetingheldattheHeadquartersof
CMVCAonJuly101986anumberofresearch
prioritieswereidentified Iwillbrieflyreview
theprioritiesandprovideafewremarkscon
cerningtherationalebehindtheimportanceplaced
onthem

Geographic and ecological distributionAt

presentfivespeciesofAnophelesarerecognized
asoccurringinCalifornia AnfreeborniAn
punctipennisAnoccidentalisAnfranciscanus
andanundescribedspeciescommonlyreferredto
asAnhermsi Generalbutnotspecificinfor
mationonthegeographicrangesofthesespecies
isavailable Intermsofbiologicalattributesof
thefivespeciesandthefactorswhichdetermine
theirdistributionweknowmuchless Froma

practicalstandpointitmeansthatwecannotin
every instance predictwhichofthe species
mightposeathreatinagivenlocation Muchof

theproblemstemsfromthepresentpoorstatusof
biosystematic information available for North

American anophelines Much of theavailable

biologicalandecologicalinformationwasgathered
beforemoderntoolsofbiosystematicinvestigation
wereavailable Whenthesetoolshavebeenused

theyhaveshownthattraditionalspeciessuchas
An quadrimaculatusareactuallycomplexesof
species ForCaliforniamoreresearchisneeded
suchasthatdoneatUCLAwhichvalidatedthe
occurrenceofanundescribedspeciesofAn
ophelesinsouthernCalifornia

DailyactivitypatternsofadultsNearlyall
mosquitoesshowdailypatternsofactivitywhich
are fairly consistentwithinagiven species
These patterns include bloodfeeding mating
ovipositingsugarfeedingandothers Specific
informationonactivitypatternsisveryimportant
indesigning control strategies using chemical

BruceFEldridge

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

adulticides Atmospheric conditions must be

takenintoconsiderationinplanningadulticiding
andtheseconditionsvaryaccordingtothetimeof
day Dailyactivitypatternsofadultsmustalso
beconsideredhowevertoinsureoptimumcon
tactbetweeninsecticideandmosquito Unfortu

natelysufficientinformationisseldomavailable
topermitthisconsideration

FlightrangesInformationonflightranges
isneededtodesigncontrolstrategiesaswellas
forconductingepidemiologicalstudies Yetthere

havebeenfewreliableflightrangestudiescon
ductedovertheyearsforanyspeciesofmos
quito Mostproblemsinconductingsuchstudies
onmosquitoeshavearisenfromthelackofade
quate experimental methods Recapture rates

havebeenlowrequiringthemarkingandrelease
ofenormousnumbersofmosquitoes soasto

obtain a statistically valid recapture sample
Thereismuchthatcanbelearnedfromsuch

studieshoweverincludingestimatesofabsolute
populationsizesofadults Thetechniquesare
alsoapplicabletostudiesofimmaturestagesbut
havebeenseldomused

Improvedsamplingmethodsforlarvaeand
adultsInspiteofyearsofefforttodesignvalid
samplingproceduresforadultandlarvalmos
quitoespresentmethodsstillsufferfrominad
equacies This isalsotruefor anophelines
Adultsamplingproceduresarebiasedsometimes
stronglyforonespeciesofmosquitooveran
other and for components of populations in

certainphysiologicalstates Welacksatisfactory
methodsofsamplingthebloodfedcomponentof
populations Forlarvaewehavenevercometo

gripswiththeproblemoftheirclumpeddis
tributioninaquatichabitatsnorofthevariable
amountofdispersionamonglifecyclestages For

bothadultsandlarvaeweneedbettersampling
methods and better methods of analysis of

samplingdata
LongevitystudiesofadultsWelacksatis

factorymethodsofdeterminingparityyetparity
determinationsareextremelyimportantinmany
typesofstudies Bothepidemiologicalstudies
andcontrolstudiesrequiredataonadultage
Foranophelinesweneedcomparativedatafor
populationswithinspeciesaswellasdatabetween
speciesevenusingthepresentavailablemethods

CONTROLOFANOPHELINEMOSQUITOES

ChemicalcontrolofadultsThebehaviorof

adultmosquitoesinnatureinresponsetoadulti
cidingispoorlyunderstood Manystudiesonthe
efficacyofadulticideshavebeenbasedonthe
observationofcagedfemales Innatureprotec
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ControlDistrictpersonnelfortheirassistancein
trappingmosquitoes JamesCBarnesBFred
BeamsStephenGBennettVikiLBlaylock
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PRELIMINARYSTUDIESOFURBANSUBURBANMOSQUITOSPECIES

INRELATIONTOSLEVIRUSTRANSMISSIONINORANGECOUNTY

JamesPWebbJrPaulLBinding andCharlesTCassidy

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702

Inthesummerof1984fivehumancasesof
StLouisencephalitiswerediagnosedinOrange
County Fouroftheseinfectionsweredetermined

byOrangeCountyHealthDepartmentepidemiolo
giststohavebeenacquiredatorinthenearby
vicinityofeachvictimshomesite Thevictims

livedinthecitiesofAnaheim LosAlamitos

OrangeTustinorWestminster
Thefollowingsummer1985modifiedCDC

COtrapswereplacedinthebackyardsside
yardsorfrontyardsofthe1984SLEvictims
homes Culex quinquefasciatus was the most

frequentlytrappedmosquitospeciesTable1
SignificantnumbersofCulextarsaliswerealso
takenatoneofthelocalitiesTable2 The

livingfemalemosquitoestrappedatthistimewere
submittedforSLEvirusanalysis Allthepools
testednegative

Duringthelatesummerof1986modified
CDCCOtrapsweresenthomewithvolunteer
OrangeCountyVectorControlDistrictpersonnel
Thetrapswereplacedinthebackyardofeach
volunteershomeintheearlyeveningandre
trievedthenextmorning TheresultsFigures
12and3indicatedthatCxquinquefasciatus
wasthemostnumerousspeciescollectedandalso
themostfrequent CulextarsalisandCulexpeus
werealsotrappedwithregularityatsomesites
butwerepresentatmuchlowerlevels Culiseta

Table1Culexquinquefasciatusfemalescollected1985frombackyardsof1984
SLEvictimsCDCCOtraps

Westminster

17

29

1Orange County Vector Control District

POBox87SantaAnaCA92702 Present

AddressManagerMoorparkMADPODrawer
62MoorparkCA93020

CulexquinquefasciatusFemalesTrapNight

Tustin

10

0

10

48

incidenswasoccasionallytakeninrelativelylarge
numbersandCulexerythrothoraxwasfoundonly
infrequently Femalemosquitoestrappedinthe
backyardsweresubmittedforSLEWEEvirus
testingandalltestednegative

Inadditiontothefive1984SLEcasesoccur

ringinOrangeCounty21morewererecorded
fromLosAngelesandRiversideCounties Ap
proximatelyonehalfofthe26totalcaseswere
associatedwithvirustransmissioninornearthe
homeofthevictims Inlightofthefactthatno
coordinatedstudiesofmosquitoesintheurban
andsuburbanhabitatshavebeenconductedin
southernCaliforniaitseemsthaturbansuburban
sitesparticularlybackyardhabitatsshouldbe
intensivelyandextensivelyinvestigated Results

fromtheseendeavorsmayprovidethekeyforthe
development of an effective mosquito control

systemdirectedtowardperidomesticmosquitoes
Studiesoftheurbanandsuburbanmosquito

habitatsshouldnothoweverprecludeindepth
coordinated evaluations of other links in the

hypotheticalmosquitovirusflowsystemFigure
4 Specificecologicalparameterscharacteristic
of vector mosquito species are of particular
interestespeciallyinwetlandhabitats
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thelate1930sthepasturemosquitowas in

troducedintotheSanJoaquinValley Tiedin

withthisintroductionwasaconceptbymuchof
agriculturethatalkalilandscouldbedeveloped
andmadefitforqualityfarmingbyplantingthem
inirrigatedpasturesonwhichlargequantitiesof
watercouldbeappliedtowashaway orleach

thealkali Careinpreparationofthesepastures
wasoflittleconcern

Muchofthelandputinpasturagewasonly
roughlygradedandpocketsofwaterremained
after each irrigation throughoutmuch ofthe

fieldsbutespeciallyatthelowends Little

thoughtwasgiventodrainageofexcesswater
exceptwhere there wasadjacent undeveloped

hogwallowlandonwhichanydrainagesimply
compounded the pasture mosquito problem
During the 1940s the Delta District became

inundatedwithswarmsofmosquitoes pasture

mosquitoes by day and house mosquitoes by
night Control efforts by the District were

essentiallyuseless Certainlytherewasgreat
dissatisfactionamong the residentsofVisalia

Theproblemsofmalariaandofthefloodwater
pestmosquitowereofthepast

II THEPOSTWWIIPROFESSIONALERA

Introduction

Several factors precipitated a tremendous

expansioninmosquitocontrolinCaliforniaimme
diatelyafterWWII Probablythemostimportant
wastheknowledgebythepublicthattheAmeri
canmilitaryforceshadcontrolledmosquitoesand
prevented much mosquitoborneillness in the

areasoftheworldtheyhadoccupied What

couldbeaccomplishedformilitaryforcesshould
beavailableforallcitizensAnothermajorfactor
intheexpansionofmosquitocontrolwasthe
developmentanduseofthemiracleinsecticide
DDTbythemilitary Atthecloseofthewar

thisbecameavailabletocivilians Tiedtothese

militaryitemswastheaforementionedintroduction
ofthepasturemosquitointoCaliforniashortly
beforethewar Thenumbersofthisspeciesin
manypopulatedareasoftheSanJoaquinValley
werealmostunbelievable hundredsofhungry
femalemosquitoesswarmingonandaroundpeople
walkingacrosscitylawnsandschoolyardsin
broaddaylight Withoutbeingfullyawareofhow
thecontrolshouldbeaccomplishedbutgenerally
believingthatinsecticideswouldbeTHEmeansof
control thepublicworkedquicklytoexpand
existingdistrictsortoformnewones TheDelta

Districtexpandedfrom29squaremilesto712
squaremilesandnowincludedtheValleyfloorof
thenorthernpartofTulareCounty

AnewagencyoftheStateDepartmentof
PublicHealthcalledtheBureauofVectorCon
trolwascreatedimmediatelyafterthewarand
servedtohelpguidethemosquitocontrolprogram
inCaliforniawithoutatthethesametimetaking
awaythelocalautonomyofthenewandexpanded
districts Oneitem however wasmandated

Theremustbetechnicalguidanceinallprograms
which participated in state subvention assis

tance Itwasrecognizedbythestateaswellas
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bymostlocaldistrictsthateffectivemosquito
controlwascomplexandrequiredprofessional
primarilyentomologicalguidance Theprimitive
clear drain sprayprogramofthepastwould
neveragainbeeffective SpecificallytheDelta
MADhiredmyselfaprofessionallytrainedento
mologistwhohadalsoservedintheNavymalaria
andepidemicdiseasecontrolprogramduringthe
war It was believed that the professional
technicalandespeciallyenvironmentalapproach
tomosquitoandrelatedvectorcontrolcouldmake
possibleaprogramthatwouldbeabletoadapt
successfully to the many changing problems
Variousfeaturesofthisprofessionalerawillbe
presentedinthefollowingsections Programs
wereestablished andfollowed basedon what

seemedbestfortheDeltaMADlatertobeknown
astheDeltaVectorControlDistrictDVCD

InsecticidesandTheirApplication

1 Aerosol Two developments during
WWIIplayedamajor partin publicmosquito
controlprogramsimmediatelyafterthewarDDT
and aerosol applications of insecticides The

earliestaerosoldispensersweredevelopedduring
thewar Theyweresmallhandheldbombs
andcontainedpyrethrumunderpressure They
weremeanttobeusedinsidebuildingsagainst
nightflying mosquitoes Later light weight
dispenserscontainingDDTunderlesspressure
wereused TheNavyalsodevelopedalargefog
dispensernotforinsecticidedispersalbutto
hideashipatseafromtheenemy Onetypeof
unitwasknownastheTIFA WhenDDTwas

addedtotheoilfogdispensedbyaTIFAmos
quitoesimmersedinthefogwerekilledandthis
actionunderfavorableconditionsmightextendfor
ahalfmileormore

Certain mechanically minded persons in

Californiabelievedthatafarcheaperdevicethan
thecommercialTIFAwasafogdispenseroper
atingofftheexhaustmanifoldofacarorJeep
andthisPlumbersNightmarewasbuiltonmany
JeepsandevenafewpickupsusedbyMADsin
California WhenIarrivedattheDeltaMADin
June1947thestaffwasinstallingtheseexhaust
manifoldunitsonapickuptruckandonevery
newJeeptheDistricthadjustpurchased The

conceptthatadulticidingwasoneofthepreferred
methodsofmosquitocontrolwascommonamong
CaliforniaMADs

Severalmechanicalandoperationalproblems
developedfromtheuseoftheseunits They
createdexcessivebackpressureontheengines
destroyingvalvesandotherenginepartswhich
requiredexcessiverepairs Whenavehiclewas

downforrepairsitwasnotavailableforin
spectionsorforlarvalcontrol TheDDTaerosol

undercertainconditionsdidkillmosquitoesbut
underotherconditionsitwasnoteffectiveand
resultedinaseverewasteofmanpower Opera
torswhoworkedmuchofthenightonfogging
operationswerenotabletoperformtheirjobs
wellthefollowingday

The public with no technical savvy
sometimesbelievedtheywerecleansedafterthe
foggingJeeppassedbyandmademanyclaimsof
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theprogramsgreatvalueevenwhentechnical
surveysindicatedpoormosquitocontrol Onthe

otherhandpeoplewhowereupwindfromthe
fogfelttheywerenotreceivingtheirmoneys
worthandbegandictatinghowtheDistrictshould
runitsprogram OneDistrictTrusteetriedto
forcethestafftotakeallitsvehiclesand
startingatoneedgeoftheDistrictfogbackand
forthuntilalltheDistricthadbeencoveredby
fog Manypeoplephonedinjustifiablemosquito
complaintsbutalmostinvariablyrequestedthat
theDistrictfogaroundtheirpremises Whenthe

DistrictsInspectorOperatorsbowedtotheap
pealsofthepublicforpersonalservicethey
neglectedthebasicprogramthattheDistrictwas
attemptingtoestablish controlatthesource

Asmallbutimportantpartofthecitizenry
claimedtobeasthmaticorotherwiseadversely
affectedbythefogandurgedustodiscontinue
it Inviewofalltheproblemscreatedbythis
aerosolprogramIdecidedthatfoggingoffthe
exhaustmanifoldofthevehiclesmuststopsothat
thesevehiclescouldbeoperatedreliablytocarry
outthebasicdaytimeprogramofthedistrict
OneTIFAunitwaspurchasedin1948anditwas
used extensively for a few years especially
duringtheencephalitisyearof1952 Sometimes
wekeptthepublicplacatedwhilewefocusedour
attention upon mosquitosources In allour
aerosol operations we werehighlyconcerned
aboutwhatwemightbedoingtotheenvironment
DDTwasaninsecticideandassuchwascapable
ofkillingmanyotherinsectsincludingbeneficial
ones About1955longbeforeSilentSpring
weceasedalluseofaerosols

2 MistBlowers Anewmethodofinsecti
cidedispersalwithaunitcalledamistblower
orcoldfogger wasdevelopedbycommercial
andgovernmentalagenciesinthe1960s Al

thoughwewereencouragedbyotherdistrictsand
bygovernmentalandcommercialagenciestoobtain
theseunitsweneverbelievedtheywereappro
priatefortheconditionsexistingintheDelta
MAD

3 Airplane One other method of

areawideinsecticidedispersalwasanairplane
Insecticideswereappliedprimarilyonopenareas
suchasirrigatedpastureswheretherewasno
significant environmental conflict since the

pasturesthemselveswereartificialcrops None
oftheinsecticides we used were harmful to

pastureanimalsatthedosagesused From1947

through1958wecontractedwithprivateagencies
toapplyourinsecticidesbyair In1959we
purchasedaplaneofourownandduringsubse
quentyearswereplacedthisplaneseveraltimes
In1973weceasedaerialsprayingandsoldthe
plane Contractaerialsprayingataveryminor
levelhascontinuedsincethen

4 Hand and ower spraying Basic
sprayingbytheDeltaMADhasbeenwithhand
sprayers and Jeep or pickupmounted power
sprayers Ourgoalovertheyearshasbeento
obtainsufficientreductionofsourceareasthat
handsprayingwouldbefeasible

5 Vehicles The District gradually
phasedouttheJeepasthemajorvehiclefor

InspectorOperatorsandreplacedmostofthem
withsmallpickups The4wheeldriveJeepwas
notneededformostsprayworkassprayvehicles
wereprohibitedfromdrivingupanddownwet
fields Whensuchdrivinghadbeendoneinthe
earlyyearsofourprogramthevehiclesmade
rutswhichsometimesincreasedthesourcesand
needlesstosaythegrowerswerenotanxiousto
cooperatewithuswhenwedamagedtheirfields
Thepurposeofthevehicleswastodriveon
roadsorlanestogettothefieldsforinspection
andhandsprayingorforcallingfortheair
plane

6 Specificinsecticides
aOilsThesehavebeenusedfrom
thebeginningoftheDistrictscontrol
programuptothepresenttime Diesel
oil wasoneofthebestearlyoils
However as itwascleaned upfor
betterperformanceindieselenginesit
becamelesseffectiveasalarvicide
Weedoilshavebeenusedforlarviciding
and for weed control especiallyon
dairydrains Morerecently special
oilshavebeenformulatedtoprovide
betterlarvicidalactionandthesehave
beenusedextensively
bDDT Thismiracleinsecticide
hadaveryshort lifeinthe Delta
District Whiletherewasconcernas
earlyas1948thatoursprayingofDDT
onpasturesandalfalfamightbeputting
DDTinthemilkofcowsthisproblem
becameacademicbecauseby1949the
pasturemosquitohaddevelopedsomuch
resistancetoitthatweceasedusingit
cToxapheneThisprovedeffective
asalarvicideonDDTresistantmos
quitolarvae Itwasclaimedthatitdid
notgetintothemilkofcows How

ever by 1951 it failed becauseof

mosquitoresistance
dEPNThisorganophosphatein
secticidewasrecommendedbygovern
mentalagenciestoreplacethechlorinat
edhydrocarbonDDTandtoxaphene
insecticides Itprovidedfairlygood
controlbutrequiredmuchmorecareful
handling then did the chlorinated

hydrocarbons Itwasalsomoreexpen
sive In 1955 its production was

stoppedandwehadtolookforanother
material

eParathion Thisorganophosphate
hadbeenavailableforseveralyears
Itwasmuchcheaperthananyofthe
insecticides used previously but we

hadavoided itbecauseofitsmuch
greater mammalian toxicity especially
thehazardtotheapplicator Whenit

becametheonlyavailablematerialwe
developedsafetyprecautionsandbegan
usingitforhandpowerandairplane
applications It proved tobevery
effectiveandnoevidenceoftoxicity
everdevelopedinanyofouremploy
ees Unfortunately the mosquitoes



becameresistanttoitby1959
fMethylparathion Thismaterial

hadaslightlydifferentmolecularstruc
turethanEthylparathionandwasused
until1961whenresistancedeveloped
gBaytex Thisorganophosphate
insecticide was sufficiently different

fromtheparathionsthatthereappeared
tobenocrossresistance Itwasvery
effectiveonbothlarvaeandadultsand

continuedthusyearafteryear Ithad

amuchlowermammaliantoxicitythan
theparathionsanditappearedthatwe
hadfinallyfoundtheidealandperma
nent insecticide Unfortunately in

1971itbeganfailingandin1972itwas
essentiallyuselessforpasturemosquito
control

hAltosidThisisaninsectgrowth
hormoneregulatoracompletelydiffer
entchemical fromanywehadused
previously When sprayed on 4th

instarlarvaeusuallytheselarvaewere
not killed but went into pupation
wherethephysiologicalreorganization
towardsadultformationwasdisrupted
andthepupaediedortheemerging
adultsdidnotsurvive Thismaterial

hadnoeffectwhensprayedonadults
orpupaenordiditpreventyoung
larvae from molting to subsequent
instars Ithadaveryshortlifeafter
applicationinopensunnyfieldsper
hapsonlyafewhourstoaday The

questionwefacedwaswhetheritcould
beusedeffectivelyinamajorcontrol
program Precision application was

essential we had to know exactly
wherethelarvaewerelocatedandwhen

they were in the 4th instar The

materialwasfartooexpensivetoapply
overwidespreadnonproducingareas
ashadbeendonewhenairspraying
with other insecticides With our

systemofmappingandtrainedInspec
torOperatorsthetransitionwasmade
smoothly and Altosid proved tobe

very effective for the Districtwide

program Within several irrigations
larvaeofthepasturemosquitoonce
again became scarce in the fields

According to the manufacturer the

DeltaMADwasthefirstintheworldto

goalloutwithAltosid Although
laboratorystudiesatRiversideindicated
that Culex mosquitoes could develop
someresistancenoresistancehasbeen
encounteredinthefieldafter14years
Altosidisnontoxictomammalsandits

shortlifeafterapplicationassuresthat
therewillbenoresidue Ajugofthis
materialcanbecarriedintheOpera
torsvehicleandameasuredquantity
canbemixedwithwaterasneeded

iDursbanThisorganophosphate
gavepromiseofbeingaveryeffective
insecticideinpollutedwaterprimarily
againstthehousemosquito Ameas

ured amount could be added and

mosquitobreedingpreventedforseveral
monthsormore Twothingsprevented
acontinuationofthisuse 1mos
quitolarvaebecameresistanttoitand
2manynewdairiesintheDistrict
constructedsuchlargepondsthatthe
costoftheDursbanwasprohibitive
Dursban an emulsified material
distributedthroughoutthedepthofthe
pondssometimesadepthof20or30
feetwhereaslarvaewereonlyonthe
surface Larvicideoilsalonewouldnot

spreadevenlyoverthesurfacewhich
wasusallycoveredwithmanureor
ganicoilsandweeds Dursbanwas

addedtothelarvicideoilandsprayed
uniformlyoverthesurfaceusuallywith
goodresults
jHerbicidesThephilosophyof
this Districtrelative to dairydrain
wastewaterpondswasthatweedcon
trol especially on the banks was

essentialiflarvalcontrolwastobe
achieved Soilsterilantswereapplied
duringthewinterandcontactchemicals
were applied during the summer

Dairymenweregenerallyverycoopera
tivebyprovidingmoneyforthecostof
thechemicals

InspectionProcedures
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TheprogramoftheDeltaMADhasstressed
speciescontrol notjustmosquitocontrol By
farthemostimportantspeciesfromthebeginning
ofthe1940supthroughthe1970shasbeenthe
pasturemosquito Itbreedsalmostentirelyin
openfields pasturesalfalfaandamiscellany
oflessimportantareas Thesefieldsaredry
untilirrigated Eggshavebeenlaidduringor
justafterpreceding irrigationsand mostwill

hatchwhencoveredwiththe nextirrigation
Developmentisveryrapid larvaeprogressing
from1stthrough4thinstarswithin4daysinthe
summerwithonedayforthepupaandoneday
fortheadulttobeginsearchingforabloodmeal
FortheInspectorOperatorthereisnosuchthing
ascoveringapartofhiszoneeachdayona
weeklybasis Ratherhemustcoverhisentire
zoneonadailybasiswithprioritygivento
fieldswhichhadbeenorwereundergoingirriga
tion TheInspectorOperatorneededmapswhich
showedallactualandpotentialproducingfieldsin
eachsectionofhiszoneandheneededchartsof

theirrigationstatusofallproducingfields He

couldnotrelyonmemory
WhenIbecameManageroftheDeltaMADin

June1947thepersonnelwereusingcountyroad
maps and road numbers However mosquito
sourcesarerarelyfoundonroads Ratherthey
occurinirrigatedorfloodedfieldssometimesa
mileormorefromanyroad Weneededmapson
whichfieldsourcescouldbeidentified Inthis

DistricttheSanJoaquinValleyfloorisvery
neatlydividedintosquaremilesorsections The

sectionbecametheunitwhichwasadoptedfor
recordingsourceareasofthepasturemosquito
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Atfirstwemadeourownmapsbutsoonaerial
photographsweretakenbytheASCofficeandby
theCountyenablingustotracetheroadsand
fieldlinesontoourownmaps Duringtheyear
werecordedthepreciseareaswheremosquito
larvaewerefound Changesincropsandfield
boundarieswereeasilymadeprimarilyduringthe
wintermonths ItwasbecausetheDistricthad

developedandestablishedthismapprogramthat
itwasabletouseAltosidsoeffectively

Avery importantpartoftheinspection
procedure was to employ trained Inspec
torOperators FrommyfirstyearasDistrict
Manager I insisted thatthese be permanent
employeesnottemporaryonestobehiredinthe
springandreleasedinthefall Tomyknowl
edgetheDeltaMADwasoneofthefirstdistricts
inCaliforniatoadoptthispolicy

Itshould be noted thathouse mosquito
control followed radically different inspection
proceduresandtheDistricteffectivelyusedhigh
schoolandcollegestudentsforthisprogram
Evenherehowevermoststudentsreturnedfor
severalyearssocouldbeclassifiedastrained
andexperiencedoperators

SourceReduction

MosquitosourcesintheDeltaMADhavebeen
mostlymanmadetheresultofirrigationuse
andmisuse IthasbeenheldbytheAgricultural
ExtensionServicethatwaterwhichremainedon

ANYofthecropsgrownintheDeltaMADlong
enoughtoraisemosquitoeswasactuallyharmful
tosuchcrops Whythenwastheresomuch
mosquitoproduction In1953theDistricthired

agraduateagronomystudenttoworkwithgrow
erstoreducemosquitoproduction Overthe

years the Districtpurchased several crawler

tractors D4 size a motor grader a Ford
tractor with backhoe and loader and dump
trucks

Mostgrowerswhowereproducingmosquitoes
didnotfullycomprehendhowtheywereresponsi
ble Afteralltextbookswhichpresentedin
formationonmosquitoesstatedthatmosquitoeggs
werelaidonwaterandthatthelarvaelivedin

ponds Butthepasturemosquitodoesnotlayits
eggsonwaterbutonvegetationordetritus
theseeggshatchveryquicklyafterwatercovers
themandlarvaldevelopmentandpupationcan
occurwithin4or5daysafterwhichtimethe
fieldmaybequitedry Thisisnotthetextbook

storyofthemosquitolifecycleanditiseasyto
understandwhythegrowersaswellasthe
publicatlargedonotunderstandexactlyhow
thesemosquitoesareproducedespeciallyinsuch
tremendousnumberswhencontrolisinadequate
ThereforeamajoreffortoftheSourceReduction
Staffwasgeneraleducationofthepublicand
specificeducation ofthemosquitoproducers
Ourheavyequipmentwasmadeavailabletogrow
ersespeciallytoassistindrainageprojects
Unfortunatelythereweretwogroupsofmosquito
producersforwhichthesourcereductionprogram
was ineffective 1 growers who wanted to

developlandandwhodidnotfollow quality
procedurestodoso thatispoorgradingand

littleornoprovisionfordrainageand2hobby
farmerswhodidnotunderstandorcarryout
goodirrigationmanagement In1972whenall
insecticides hadfailedduetoresistance the

Districtadoptedapolicyofcitingthesemosquito
producerstomeetwiththeDistrictBoardof
Trusteestoreviewthespecificproblemsandto
consider steps to prevent further mosquito
production Theresultswereoutstandingand
themajorreductionofsourcescontributedtothe
successfulprecisioncontrolwiththenewinsecti
cideAltosid

Thereisa1950reportofaSuperiorCourt
JudgeinSanJoaquinCountywhodeclaredthata
farmerhasarighttorunexcessirrigationwater
ontohisneighborslandeventhoughitmight
causedamagetosuchadjacentproperty The

publicenvironmentalgroupsandgovernmental
agencieshavegonealongwaytowardsreversing
thisjudgesconcept Forexampledairiesare
nowprohibitedbythestatefromrunningany
dairywastesofftheirpropertywhetherintoa
canaladitchoroverland Waterusersmust

befullyresponsiblenottocreateenvironmental
problems

VectorControl

In1962theDistrictwasrequestedbya
dairyman to investigatethe possibility offly
control Thedistrictmadestudiesforseveral

yearsandthenadoptedaprogramtocontrol
fliesAtthistimetheDistrictchangeditsname
soastocoverotherinsectpestsvectorsas
wellasmosquitoesandweofficiallybecamethe
DeltaVectorControlDistrict Controlofurban

flies primarilythe resultofflybreedingin
garbagecontainerswasvirtuallycompletewith
fullappreciationbythepublic Poultryranches
andfruitwastesitesweresimilarlycontrolled
Controloffliesondairieswasstudiedhowever
the program never developed sufficiently to

accomplishitsgoal Proposition13waspassed
theDistrictfundswerecutandtheflycontrol
programwasdropped

SummaryandConclusions

Proposition13wasasevereblowtothe
financesofmosquitocontrolinCalifornia The

DeltaVCDin1978wasforcedtodroponethird
ofitsstaff Howeverbecauseofanumberof
factorsmosquitocontrolcontinuedatavery
effectivelevel

1Wateravailability Concernhadlongbeen
expressedthatasmoreandmorewaterwasmade
availableintheSanJoaquinValley mosquito
problemswouldincrease Thereversehasbeen
true watermanagementhasbecomesomuch
better that mosquito problems have actually
becomemuchfewer Damswhichholdwaterin

storagehavepreventedmuchofthefloodingof
riverdrainageareaswhichhadoccurredinwet
yearsin thepast Releaseshavebeenwell

plannedandmanagedsothatneededirrigation
waterwasmadeavailablewithlesswaste The

reservoirsthemselveshavenotbeensignificant



mosquitosources

2LandDevelopment Sectionaftersectionof

newandhasbeengradedandputintocrops It

wasassumedthatthiswouldgreatlyincreasethe
mosquitoproblem Actuallymosquitoproblems
becamemuchfewer Inrecentyearsalmostall
commerciallandgradingiscarriedoutwithlaser
beamcontrolofthegradingequipment Low

areasovertheoldfieldsdidnotoccurinthe

newlygradedfieldsbecauseofthegreaterpreci
sionofthelaserbeam Alsowhenoldfields
weretakenoutofacropespeciallyofalfalfaand
pasturelaserbeamgradingwasusuallyusedto
improvethegrade

3CropChanges Atonetimepastureswerea
majorcropfordairyandbeefcattle Inrecent

years dairy cattle have been maintained in

corralsandnomilkingcowsintheDeltaVCD
feedinopenpastures Alsothepooreconomy
ofpasturesforbeefcattleproductionhasre
sultedinmuchreductioninirrigatedpasturage
forthem Alfalfaproductionhascontinuedhigh
butbetterwatermanagementhasresultedinfar
lessmosquitoproductioninthiscropthanin
formeryears Othercropswhicharefarlessof
amosquitosourcehavereplacedthepastures
goodcorncanbeproducedonsomeofthealkali
landthatneverproducedgoodpasture Winter

barleydoesnotproducesignificantnumbersof
mosquitoesandittoohasreplacedmuchofthe
permanentpastures
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4 MosquitoEcology Somehaveclaimedthat
ifamosquitocannotfinditsfavoritesiteforegg
layingitwillgotolessfavoredsources This

Districthasampleevidencethatthereverseis
true Wehavealwaysmadeanefforttocontrol
the most important sources first As these

sourceswereeliminatedorbroughtundercontrol
mosquito production in Tess favored sources

decreasedordisappeared Forexample ifa

dairydrainwasproducingtremendousnumbersof
mosquitoeswhichscatteredforadistanceof4to
5milesproductionwouldoccurinsuchminor
sourcesasstreetgutterscatchbasins back

yardcontainersetc Whenproductionatthe
dairydrainwas stopped mostofthe minor

sourcesceasedproducing Inotherwordsthe
minorsourcesmaynotbeselfsupportingbut
serveassourcesonlywhenlargenumbersof
mosquitoesboiloverfrommajorsources While

thisconceptmaynotbe100validitneverthe
lessenablestheDistricttosetprioritiesanduse
itsfundsmosteffectively

OnefinalproblemtheDistrictfaces its

programhasbeensosuccessfulinrecentyears
thatmostofthepublicseldomseeamosquito
TheimportanceoftheDistrictinmaintaininga
relativelymosquitofreeenvironmentmaynotbe
appreciatedespeciallybythenewcomerstothe
District Onequarterofthepopulationdidnot
livehere20yearsago Acontinuingpublic
education program is essential toassure the

requiredpublicfundingandsupport
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INTRODUCTION

CONTINUINGEDUCATIONPROGRAMFORCALIFORNIAMOSQUITO

ANDVECTORCONTROLPERSONNEL

BFredBeams

AssistantManager

OrangeCountyVectorControlDistrict
POBox87SantaAnaCalifornia92702

TheCaliforniaAdministrativeCodeTitle17
Section30055 requiresthatanymosquitoor
vectorcontrolagencyemployeewhoappliesor
supervisestheapplicationofrestrictedusepesti
cidesmustbecertifiedasamosquitoandor
vectorcontroltechnician Thiscertificationis

gainedthroughthepassageofaseriesofvector
controlexaminationsadministeredbytheCali
forniaStateDepartmentofHealthServicesas
authorizedbytheCaliforniaStateDepartmentof
FoodandAgricultureandtheFederalEnviron
mentalProtectionAgency

Once certification is granted no formal

continuing education is required other than

remainingactivelyemployedbyamosquitovector
controlagency Untilrecentlytheonlyprovision
forexpirationofacertificatewasifacertified
vectorcontrolemployeediscontinuedactiveem
ploymentinthepracticeofvectorcontrolforone
yearormore Thisregulationwasrepealedin
1985

TheCaliforniaMosquitoandVectorControl
Associationwasthefirstsuchassociationinthe
UnitedStatestoestablishacertificationprogram
andforseveralyearshasinconjunctionwiththe
UniversityofCaliforniaandtheVectorSurveil
lanceandControlBranchStateDepartmentof
HealthServicesworkedtowardimplementationof
a standardized continuing education program
aimedatassuringthatvectorcontroltechnicians
maintainahighstandardofcompetencyinthe
fieldofvectorbiologyecologyandcontrol It

hasalsobeenrecognizedthattechniciansshould
regularlyreviewallaspectsofpesticidestorage
applicationandsafetyprocedures Hazardous

wastehandlingmustbesimilarlyaddressed
Mosquito and vector control agencies in

Californiahavetraditionallyembracedtheconcept
ofcomprehensivevectorcontrol Thisconcept
integratesandutilizesavarietyofscientifically
planned preventive correctional management
biological and chemical application measures

designedtocontrolvectorpopulationswiththe
leastpossibleeffectson otherliving things
Thesemeasuresare applied selectively either

singly or in combination toobtain sustained

vectorcontrolinthemosteffectiveandeconomical
way

OBJECTIVES

Tomaintainahighstandardofcompetencein
certifiedmosquitoandvectorcontroltechnicians
in Californiaby requiring certificate holders

includingmanagersandtechnicalstafftosuc
cessfullyfulfillthebiennialcontinuingeducation
requirementstoretaincertification

PROGRAMDESCRIPTION

Therearetwotypesofvectorcontrolagenciesin
California Manyagenciesperformonlymosquito
controlintheirareaofjurisdictionwhileothers
carryoutmoreexpandedcontrolactivitiesinclud
ing flies midges rats rodent fleas yellow
jacketsandotherpotentialpublichealthpests
Theprogramcurriculumisthereforedesignedto
maintaincurrencyinthethreevectorcontrol
certificatecategoriesnowissuedbytheCalifornia
StateDepartmentofHealthServices Theyare
MosquitoControlwhichalsoincludestrainingin
pesticideusesafetyapplicationandequipment
calibration Terrestrial Invertebrate Vector

Control andVertebrateVectorControl This

programwouldrequirethatholdersofMosquito
Control Certificatescompleteaminimumof26
hoursevery24calendarmonths Vectorcontrol
workerswhoalsoholdTerrestrial Invertebrate

VectorControlCertificateswouldberequiredto
completeanadditionalsixhoursoftrainingwithin
a24calendarmonthperiodinthatspecialty
ThosewhoholdVertebrateVectorControlCertifi

cateswouldhaveanadditionaleighthoursre
quirementoftraininginvertebratevectorbiology
andcontrol techniques Finally thereisan

eight hour allotment for InService Training
Inhouseinstructioninanyrelevantsubjectwill
qualifyforinclusionofthetotalhourlyrequire
mentforthe24calendarmonthperiod

Itshouldbenotedthatcertificateholders

mayelecttouseanysectionsnotlistedasa
requirementforthiscertificateforoptionaltrain
ingtototaltherequirednumberofhoursof
instruction Asanexample mosquitocontro
certificateholdersmaychoosehoursofinstruction
frominvertebratevectororvertebratevector

curriculatosatisfytheirbiennialtrainingre
quirement

Thereisnoannualrequirementforhours
logged Thebiennialrequirementcanbeoffered
atonetimeorspreadoutwithfrequentshorter
offeringsofmaterialoverthetwoyearperiod

PROGRAMCOORDINATION

Thecontinuingeducationprogramwillbeover
seenbytheCaliforniaMosquitoandVectorCon
trolAssociationContinuingEducationCommittee



Thiscommitteeiscomposedofamemberappointed
byeachCMVCAregionforaminimumofaone
yearterm TheVicePresidentofCMVCAwill

alsositonthecommitteeasavotingmember
Thechairmanofthecommitteewillbeappointed
bythePresidentofCMVCAfromamongthe
regionalcommitteemembers Thecommitteewill

alsoutilizeconsultantsfromcollegesuniversities
andtheStateDepartmentofHealthServicesas
necessary

Itwillbethecommitteesresponsibilityto
approvecurriculafromeachregiondocument
trainingandforwardrecordsoftrainingtothe
CMVCAExecutiveDirector Eachregionalcom
mitteememberwillberesponsibleforplanning
andexecutingthetrainingprogramswithinhisor
her region as well ascoordinating anyco

operativearrangementswithCaliforniacommunity
colleges Regionalcommitteemembersareex
pectedtoworkcloselywithmanagementofall
agencieswithintheregiontoassureconvenient
and timely training for each mosquitovector
controlworkerintheirareaofresponsibility

Training deficiencies of mosquitovector
controlworkerswillbenotedandrecordedbythe
regionalcommitteemembersineachregion

RegionalCurriculumApprovalProcedure

Itwillbetheresponsibilityoftheregional
memberoftheContinuingEducationCommitteeto
reviewand submitthecourseplan foreach

offering to the CMVCA Continuing Education

Committeeforapproval Thiscanbedoneby
submitting theunit number instructor name

locationoftrainingandnumberofhourstobe
devotedtotheunit InthecaseoftheIn

ServiceTrainingsectionthetitleoftheoffering
andbriefdescriptionoftheinformationtobe
presentedalongwithastatementofhowtraining
applies tomosquitovector control should be

submittedforapproval

BiennialTrainingRequirementandDocumentation

Each employee will have training hours

recordedonhisorhertrainingTogs TheseTogs
willbecompletedandforwardedtotheCMVCA
officenolaterthanDecember15ofeachyear A

copyofeachlogshouldbekeptonfilebythe
agencywhoemploysthetechnician Beginning
July11988theselogswillbeauditedbythe
Continuing EducationCommitteeandanydefi
ciencies intraining requirements noted The

agencyemployingthetechnician will thenbe

notifiedofthetrainingdeficiencies

CommunityCollegeAffiliation

Communitycollegesineachregionmaybe
utilizedforpresentationofsomeofthecurriculum
offered Thesecollegesareusuallywillingto
offerthesecoursesonoroffcampusandgrant
collegecreditforsuccessfulcompletionofthe
courses Theusualformulaisoneunitofcredit

grantedfor16hoursofcourseworksuccessfully
completed Ofthe40hourstotalbiennialre

ReferenceMaterialandTexts

Implementation
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quirementforholdersofallthreecertificates32
hoursmaybeusedtoearntwocollegeunits
CMVCAContinuingEducationCommitteeregional
memberswillberesponsibleformakingcontact
withandcoordinatingcommunitycollegeaffiliation
ineach region Itisalsorecommendedthat

contactswitheachcommunitycollegecoordinate
witheachothertoinsurestandardizedregistra
tionrequirementsfeesandotheradministrative
andproceduraldetail TodatethreeCalifornia
communitycollegesareparticipatinginthispro
gram TheyaretheCollegeoftheSequoiasin
VisaliaFullertonCollegeinFullertonandYuba
CollegeinYubaCity Representativesofthese
threecollegeshaveagreedtoserveasconsultants
tothiscommittee

RequirementstobeAddedtotheStateHealthand
SafetyCode

Legislativesponsorshipisbeingutilizedto
includecontinuingeducationrequirementlanguage
intheCaliforniaStateHealthandSafetyCode
Similarlanguagemaybeusedtocoverpestabate
mentdistrictpersonnel TheCMVCALegislative
Committee isworking incooperationwith the

CaliforniaDepartmentofHealthServicesVector
SurveillanceandControlBranchinthislegislative
inclusionendeavor

Itisrecommendedthattheprimaryreference
materialforthisprogrambethefollowing

1 ATrainingManualforCaliforniaMos
quitoControlAgenciesrevised1975 Prepared
fortheCaliforniaMosquitoandVectorControl
AssociationbytheVectorControlSectionCali
forniaStateDepartmentofHealth

2 AFieldGuidetoCommonMosquitoesof
Californiarevised1ThntomoogyCommitteeoff
theCaliforniaMosquitoControlAssociation

3 Community Pest and Related Vector

Control1975 EditedbyDonJWomeldo and
ThomasDPeckVectorControlSectionCali
forniaDepartmentofHealth

Surveylettersfromeachregionarebeing
senttothosepersonswhoarequalifiedtocon
ductclasses seminars andor demonstrations

relatingtocomprehensivevectorcontrolsubjects
Oncealistofresourcepersonswhohaveagreed
to participate has been established training
scheduleswillbefinalizedanddistributedtothe
districtsineachregion Amasterlistofthese

resourcesismaintainedbytheContinuingEduca
tionCommitteeChairman
The Continuing Education Committee regional
memberisresponsibleforplanningandcoordina
tionoftheContinuingEducationProgramforthe
region
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Eachprogramwillbeconductedatafacility
ascentrallylocatedatalloftheagencieswithin
theregionaspossible Itisalsorecommended

thatregionscombinetheirtrainingprogramif
possibleforefficiency Amodestperperson
registrationfeeischargedtocoverthecostsof
lunches coffee andother refreshments and

costsassociatedwiththeprogram Ifaffiliated

withacommunitycollegeasmallregistrationfee
isalsoassessedbytheCollege

Withthecompletionoftherequirednumber
ofhours biennially each participant will be

awardedacertificateofcompletion Itisalsothe

responsibilityoftheregionalContinuingEducation
Committeemembertoaccuratelyrecordthistrain
ingoneachindividualstrainingloganddis
tributethemtotheappropriateagencies

ItisrecommendedthattheVectorSurveil

lanceandControlBranchoftheCaliforniaState

DepartmentofHealthServicesbeaskedtomonitor
andevaluatethiscontinuingeducationprogramas
itdevelops

EPAInvolvement

Thiscommitteehasbeenininformalcontact

withRobertDennyRegionalPesticideCertifica
tionandTrainingAdvisorwiththeEnvironmental

Protection Agency in Washington DC Mr

Dennyhasreviewedtheprogramaswellasthe
studymaterialtobeused Hisconclusionisthat
the programis a verygoodcombination of

trainingandevaluationwithoutoverkill He

recommendsthatweproceedwiththeprogramin
viewofthefactthatstrongercontinuingeduca
tionrequirementswillmostlikelytakeeffectin
thenextseveralmonths Healsoindicatedthat

theEPAwasintheprocessofstrengtheningits
emphasisintheareaofendangeredspeciesand
thathefeltsometrainingtimeshouldbedevoted
tothissubjectinthefuture Hefurtherrecom

mendedthatthistrainingbedelayeduntilEPA
guidelines on the subject were more clearly
defined Thiscommitteewillberesearchingthe
subjectofexistingendangeredspecieslawsinthe
coming months in preparation for the

requirements
Inviewoftheopinionsexpressedbythe

EPAtheContinuingEducationCommitteerecom
mends that the program beadopted by the

CMVCAExecutiveBoard



PROGRESSINTHEDEVELOPMENTOFTHEFUNGUSLAGENIDIUMGIGANTEUM

ASAMOSQUITOCONTROLAGENT

JamesLKerwinandRobertKWashino

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616
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ResearchonvariousfactorsinthedevelopmentofLagenidiumgiganteumasanoperationalbiological
controlagentofmosquitolarvaehasresultedinsignificantadvancesinseveralareas registration
fermentationproductionandoosporeactivation

FollowingthecompletionofseveralyearsofsafetytestsdesignedonthebasisofUSEnvironmental
ProtectionAgencyguidelinesfortheregistrationofmicrobialagentsapetitionforfederalregistrationof
LgiganteumhasbeensubmittedtotheEPAbytheCaliforniaStateDepartmentofHealthServices
Overwhelmingevidenceofthesafetyofthefungustomammalianandnonmammaliannontargetorganisms
greatlyreducedthenumberoftestsusuallyrequiredforregistrationofachemicalorbiologicalcontrol
agent Althoughseveraladditionaltestsmayberequiredforfinalfederalregistrationitisanticipated
thatthesetestswillnotdelayregistrationbymorethanseveralmonths

ProtocolsforfermentationproductionofthesexualandasexualstagesofLgiganteumcontinueto
bemodifiedtoimproveyieldsandstability During1986severalmultihectareaerialtrialsusingthe
asexualstagedemonstratedthatmyceliumfrom20 30litersoffermentationbeerissufficienttocontrol

AnophelesfreeborniandCulextarsalisbreedinginareasassociatedwithricecultureintheCentralValley
ofCalifornia Subsequentimprovementsinmediaformulationhavereducedthesevolumerequirementsby
afactoroftwo Theseproductionyieldsfortheasexualstageapproachthoseforthecommercially
availablemicrobialinsecticideBacillusthuringiensisstrainH14

Thedormantsexualstageofthefungustheoosporehasthenecessaryqualitiesofstabilityand
easeofhandlingforlargescaleproductionhoweverrecenteffortstoevaluatethisstageofthefungus
forfieldcontrolofmosquitoeshavebeenhamperedduetotheinabilitytopredictablybreaksporedorman
cy Recentlyatwostageapproachtooosporegerminationhasresultedinincreasedcontrolofthis
process Thefirststepinvolvesconversionofthematuredormantsporesbydissolutionofthethick
endosporewallanddispersionofthesubcentralvacuoletoformauniformdistributionofcytoplasm
throughoutthespore Thebestresultsinobtainingconvertedformsatpresentinvolveuseofdilute
aqueoussolutionsofdimethylsulfoxideandcalcium Convertedsporescanthenbeinducedtocomplete
thegerminationprocessbydilutionofthesporesuspensionandadditionofanappropriatecarbonsource

Theserecentadvancesinregistrationproductionactivationandapplicationofthesexualstageof
Lgiganteumwillencouragecommercialuseofthisfungusasanalternativetochemicalcontrolmeasures
extensivelyusedinoperationalmosquitocontrol

ThisresearchwassupportedinpartbySpecialMosquitoAugmentationFundUniversityofCali
fornia UNDPWORLDBANKWHOSpecialProgrammeforResearchandTraininginTropicalDiseases
NationalInstitutesofHealthProjectNoAl2299301
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APRELIMINARYEVALUATIONOFTHEMOSQUITOFISHANDTHEINLAND

SILVERSIDEASMOSQUITOCONTROLAGENTSINWILDRICEFIELDS

VickiLKramerRichardGarcia

andArthurEColwell

DivisionofBiologicalControl
UniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

WildriceisgrowninLakeCountyCaliforniafromMaythroughOctoberprovidingabreeding
habitatforCulextarsalisAnophelesfreeborniandAnophelesfranciscanus ThemosquitofishGambusia
affinishasbeenshowntobeaneffectivemosquitocontrolagentinwhitericefieldsHoyandReed
1971 butlittleisknownabouttheeffectivenessofGambusiainwildrice BesidesGambusiaanother
fishcommontotheareaistheinlandsilversideMenidiaberyllina Thisfisheffectivelycontrolledmos
quitolarvaeinlaboratoryandsmallfieldtrialsinFloridaMiddaughetal1985 Thisstudywas
designedtoevaluatethemosquitocontrolpotentialofGaffinisandMberyllinainwildricefields

In1986theLakeCountyMosquitoAbatementDistrictconstructed18quarteracrericeplotseach
withaseparateinflowvalveandoutletboxtopreventthemixingofwateramongfields Fieldswere

randomlyassignedoneoffourtreatments nofish05or15IbsacreofGambusiaorapproximately
08Ibsacreofsilversides Therewerefivereplicatesofthefirstthreetreatmentsandthreesilverside
replicates Mosquitoesweremonitoredbyaweeklydippingregimeandminnowtrapsweresetbiweekly
tomonitorthefishpopulation WewereunabletoevaluatethemosquitocontrolpotentialofMberyllina
becausethisfishdidnotsurvivewellinthericefieldsystem GaffinisthrivedintheLakeCounty
wildricefieldsbutdidnotsubstantiallyaffectmosquitopopulationsundertheconditionsofthisstudy

HoyJBandDEReed1971TheefficacyofmosquitofishforcontrolofCulextarsalisinCalifornia
ricefields MosqNews31567572

MiddaughDPPGHesterMVMeischandPMStark1985Preliminarydataontheuseofthe
inlandsilversideMenidiaberyllinatocontrolmosquitolarvaeJAmMosqAssoc1435441

1LakeCountyMosquitoAbatementDistrict410EsplanadeLakeportCA95493



INTRODUCTION

MATERIALSANDMETHODS

AUGMENTATIONOFNOTONECTAUNIFASCIATAEGGSFORSUPPRESSING

CULEXTARSALISLARVALPOPULATIONDENSITIESINRICEFIELDS

TakeshiMiuraandRichardMTakahashi

MosquitocontroloperationsinCaliforniaare
predominantlyorientedtowardsusinglarvicides
eventhoughbiologicalandphysicalapproaches
arepracticedaswell Inthepastdecades
howeverincreasingattentionhasbeenfocusedon
theuseofbiologicalagentsBay1974Chapman
1974becauseofgrowingconcernoverchemical
relatedenvironmentalhazardsandbecausemos

quitoresistancetopesticideshavebecomeso
severeandwidespreadSchaeferandWilder1970
Womeldorfetal1972Gutierrezetal1976

Therearemanystudiesconcerningricefield
mosquitocontrol using mosquitofish Hoyand
Reed1970Hoyetal1972butfewstudiesshow
theefficacy ofinvertebrate predators in the

fields During1986weconductedexperiments
onharvestingNotonectaunifasciataGuerineggs
from wild populations and suppressing Culex
tarsalis Coquillett larval populations by aug
mentationofnotonectideggs

Naturally occurring N unifasciata popu

lationsattheParliersewagepondswereusedas
thecolony Eggswereusedbecauseoftheease
ofcollectingandhandlinglargenumbersofthem
OurpriorfieldobservationsindicatedthatN
unifasicatafemalesovipositedreadilyonanas
sortmentofsubmergedsubstratesuchasvege
tationartificialmaterialandevengravel We

havecollectedalargenumberofeggsonboth
livinganddeadplantstemshangingintothe
water

Toexamineovipositionalsubstrateprefer
enceweusedfivesubstrates cottonpolyester
sewing thread 035mmdiam cotton string
1mmdiamacetonewashedhemptwine25
mmdiam polypropylenetreetwine 55mm
diam andblack surveyorsplastictape 10
mmwide Thetestsubstrateswerestretched

clotheslinefashionhorizontally5to10cmbelow
thewatersurfacefor7daysafterwhichthe

UniversityofCalifornia
MosquitoResearchLaboratory
9240SouthRiverbendAvenue

ParlierCalifornia93648

ABSTRACT
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NotonectaunifasciataGuerinfemalesreadilyovipositedtheireggsontheartificialsubstratesin
nature Thusharvestingmassesofeggsfromwildcolonieswasrelativelyeasyandinexpensive An

experimentalricefieldattheKearneyAgriculturalCenterandacommercialricefieldwereusedtodem
onstratetheabilityofNunifasciatatosuppressfieldpopulationsofCulextarsalisCoquillettlarvae
Theexperimentalplotsreceivedonereleaseof10005000and10000eggsperplotandthecommercial
fieldreceivedseveralreleasesof546000eggs LarvaldensitiesofCxtarsaliswasgreatlyreducedin
thereleasedfields

substrateswerecollectedandbroughtintothe
laboratoryforexamination

Inordertodemonstratetheefficiencyof
augmentationofN unifasciataeggstocontrol
mosquitolarvaldensitiesasmallscaletestwas
conductedonanexperimentalricefieldatthe
KearneyAgriculturalCenter Thefieldcontained

twelveplotsinfourrows eachplotmeasured20
x20ft Waterwassuppliedtoeachplotfroma
reservoirthroughanundergroundpipelineand
waterdepthwasmaintainedatca10inchesby
floatvalves Weusedthreeplots4A4B4C
andasump20x20ftinwhich010005000
and10000eggswereplantedrespectively To

monitorpopulationdensitiestwelvedipsamples
formosquitolarvaeandfivedropcage40cm
samplesfornotonectidsweretakenweeklyfrom
eachplot Toshowthepredationeffectsall
notonectidscapturedfromthecontrolplotduring
thepopulationcensusstudywereeliminated Ten

eggraftsofCxtarsalisobtainedfromthelabo
ratorycolonieswerereleasedintoeachtestplot
onfouroccasionsJuly1428August5and11
toensureadequatenumbersoflarvaetosample

Totestthemethodinactualricefieldstwo
commercialricepaddiesca1acreeachofthe
KodaFarmSouthDosPalsowereused Atotal

of546000eggswerecollectedandaugmentedin
onepaddyonfourseparateoccasionsJuly24
31August7and14andtheotherpaddywas
leftasthecontrol Densitiesofmosquitolarvae
and notonectid nymphs were checked weekly
duringthetestperiod

Theeggsusedforfieldaugmentationstudies
wereharvestedbyusingacetonewashedhemp
twine twenty10 ft lengthswerestretched
clotheslinefashion5to10cmbelowthewater

surfaceandkeptfor7days Thetwinesections

ca3cmwerecollectedandbroughtintothe
laboratoryforexaminationandcounts
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Date

July14

August21

Substrate

Tape

Treetwine

Twine

Table1SubstratepreferenceofNunifasciatafemalesfor

ovipositioninnaturalbreedingsites

Substrate

Nowksafter Noeggs

Surface
area

Table2ViabilitytestofNunifasciataeggs

Eggspercm
mean SE

Threadsewing 0110 1

Stringcotton 0314 1

Twinehemp 785 5313073

Twineplastic 1728 3552072

Tapesurveyors 2000 8780075

Noeggstested Nohatched Nonothatched

1161 991854 170146

382 313819 69181

861 736855 125145

715 622870 93130

503 430855 73145

Table3ResultsofreleasingNunifasciataeggsforcontrolofCxtarsalis
larvaeonricefields

Nolarvae60dips

1strelease released Released Control reduction

1 0 47 45 0

0 26000 52 31 0

1 50000 24 9 0

2 300000 15 9 0

3 200000 6 8 42

4 0 2 6 74

5 0 0 4 100



RESULTSANDDISCUSSION

Figure1Substratesusedforovipositionalpreferencetestsof
Nunifasciatashowingeggsonthesubstrates ATreetwine
BHemptwine CTape

TheresultsofsubstratepreferenceofN
unifasciata females for oviposition in natural

breedingsitesareshowninTable1 Sewing
thread and cotton string attracted very few

femalestoovipositthereforeonlythreesub
strateshemptwinetreetwineandtapewere
usedforsubsequenttests Thesurveyorstape
yieldedthemosteggswithanaverageof8780
eggsper1cmthehemptwinewasnextwith
5313eggsfollowedbythetreetwinewith3553
eggs Aninterestingovipositionalbehaviorof
notonectids was observed during this study
egNunifasciatadepositedeggsonlyonthe
undersideofthesubstratesparticularlyonthe
tapewherenearlyalloftheeggsweredeposited
ononeside Thisbehaviorwasalsoobservedon

bothtwinesbutitseemedlesspronouncedFig
ure1

Table2showstheresultsofviabilitytests
ofeggs collected for the field augmentation
studies and from the substrate preference
studies Therewerenosignificantdifferencesin
viabilityoffieldcollectedeggsalthoughboth
matedandunmatedfemalescandepositeggs
embryoscandeveloponlyfromeggsdepositedby
matedfemalesHazelrigg1973

Theresultsofthesmallscaleaugmentation
studiesareshowninFigure2 Veryfewmos
quitolarvaewerecollectedfromtheplotsplanted
withNunifasciataeggs eventhelowestrate

1000eggsploteliminatedalmostallmosquito
larvae Some difficulties encountered in the

studywasthetendencyofnotonectidadultsto
flyintothecontrolplotasthenumberofmos
quitolarvaethereincreasedalthoughweremoved
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somenotonectids Figure2 ateachsampling
occasionwewereunabletoexcludenotonectids
completelyinthecontrolplots

Theresultsofthelargescaleaugmentation
studyareshowninFigure3andTable3 Atthe

beginningthemeannumberofmosquitolarvae
per dip was greater in the treated paddy
howeveronthe5thsamplingdaythreeweeks
post augmentation and thereafter the mean

numberbecame smallerthanthemeanofthe

controlpaddy Nolarvaewerecollectedonthe

lastsamplingdate Themeansofthecontrol

paddywerelowermostofthetimeduringthe
study period butnever reached zero The

shadedareainFigure3indicatestheestimated
larvalreductionbytheaugmentationofeggs
Thereductionoccurredlateinthestudyperiod
thecumulativeeffectofthereductionmightbe
affectedsubstantiallyoverthesubsequentmos
quitoproductionfromthepaddy Figure3also
showstherecoveryofnymphalnotonectidpopu
lationscapturedby20bucket2galcapacity
samples Thefirstnymphalcollectionwasmade
on the 7th day postplacement of the eggs
Surprisingly enough very few nymphs were

recoveredduringthe studyperiod indicating
highnymphalmortality Sincethetestricefields

weusedwerestockedwithmosquitofishbythe
FresnoWestsideMADinearlyMayandthefish
werewellestablishedinthefieldsthereisa
possibilitythatthenymphswerepreyeduponby
thefish

Insummary naturallyoccurringN uni

fasciatareadilyovipositedonthehemptwine
treetwineandsurveyorstape Thesurveyors
tapewaseasiesttomanipulateandyieldedthe
largestnumberofeggsperunit
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FieldaugmentationstudiesofNunifasciata
eggstosuppressmosquitolarvaldensitieswere
conductedonexperimentalplotsandcommercial
ricefields Inbothstudiesmosquitodensities
were greatly reduced in treated fields N

unifasciatamightbeusedasabiologicalagentto
controlmosquitoesinricefieldsbyseedingthe
eggstopromotetheearlyrapidbuildupofpreda
torpopulations
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SeveralcorncobgranulesofBacillussphaericus2362havingsimilarsporecontents5x10spor
esgrambutvaryinginmeshsizeexhibitedexcellentactivityagainst4thinstarlarvaeofCulexquin
quefasciatusSayinthelaboratory Allformulationsproducedhighlevelofmortality4haftertreatment
attheratesof0125025and05mgoftheformulationliter Attheseratesthesmallersizegran
ules1mmremainedactive24haftertreatmentbutthelargersizegranules3mmwereonlyactiveat
thehighrateof05mgofformulationliter Activityofbothformulationsdeclinedmarkedly26and12
daysaftertreatmentwhenwaterfromtreatedjarswasaspiratedwithoutagitation Howeverwhencon
tentsofthejarswerestirredthoroughlypriortosamplingbothformulationsdisplayedhighlevelof
activitysimilartotheresultsobtainedinitially4haftertreatment

AgainstanaturalpopulationofCulextarsalisCoquillettandCxpeusSpeisertheprimarypowder
formulationofBsphaericus2362ABG6184causedexcellentcontrolformorethan2weeksattherates
of005and01Ibacre TheliquidformulationBSP2produced9599and100controlofCxpeusat
theratesof02505and10Ibofthepreparationacrerespectively Thisformulationhoweverwas

lessactiveagainstCxtarsaliscausing4and83reductionattheratesof025and05Ibacre
CorncobgranulesofBsphaericus2362producedexcellentinitialcontrolofCxtarsalisandCx

peusatallratesapplied0540Iboftheformulationacre Atthelowrates0510Ibacrethe
populationrecoveredwithin7daysaftertreatmentwhilethehighrates2040Ibacreingeneral
suppressedthepopulationformorethan2weeks

INTRODUCTION

BACILLUSSPHAERICUS2362FORMULATIONSFORINITIAL

ANDPERSISTENTCONTROLOFSTAGNANTWATERMOSQUITOES

MirSMullaHusamADarwazehandAllanAYousten

Bacillussphaericus 2362 yielded excellent

initial control of Culex tarsalis Coquillett in

organicallyenrichedhabitatsattherateof02
Ibacre butthepopulation begantorecover
within4daysaftertreatment Innonenriched

habitatshoweverexcellentcontrolwasobtained
formorethanfiveweeks Extendedcontrolin

thefreshwaterpondshoweverwasattributedto
jointactionofthemicrobiallarvicideandpreda
torswhichwerenotaffectedinthetreatedponds
Mullaetal 1984 Inrecentfieldstudies
severalnewformulationsofBsphaericus2362
were reported to exhibit excellent biological
activityagainstCxtarsalisCxpeusSpeiser
Psorophoracolumbiae DyarandKnab Aedes

nigromaculisLudlowandAemelanimonDyarat
ratesrangingfrom0110IbacreMullaetal
19851987

Inadditiontotemperaturewaterquality
larvaldensityandnutrientavailabilityinthe
breedingsourcesefficacyofmicrobiallarvicides

1These studies were conducted with the

cooperation of Coachella Valley Mosquito
Abatement District Thermal California and

supportedbyfundsfromtheStateofCalifornia
SpecialMosquitoResearchFunds

2Biology Department Virginia Polytechnic
Institute and State University Blacksburg
Virginia24061

UniversityofCalifornia
DepartmentofEntomology
RiversideCalifornia92521

ABSTRACT

wasshowntobeinfluencedbythetoxinavail
abilityinthelarvalfeedingzoneandbythe
feedingbehaviorofthetargetmosquitospecies
Aly1983RamoskaandHopkins1981 There

fore inordertoenchanceactivityandper
sistenceofB sphaericus2362againstawide
rangeofmosquitospeciesinvarioushabitats
thesefactorsweretakenintoconsiderationinthe

developmentofseveralnewformulations The

followingstudieswerecarriedouttodetermine
theactivityandpersistenceofnewformulations
ofBsphaericus2362inthelaboratoryandunder
fieldconditions

METHODSANDMATERIALS

The new formulations evaluated included

ABG6184primarypowderBSP2liquidhigh
sporeandlowsporeconcentratespreparedby
Yousten andfourcorncobgranuleshaving
similarpotency butofdifferentmeshsizes

Potencylotnumberandtypeofeachofthese
formulationsareshowninTable1

LaboratoryEvaluationsTheprimarypowder
ABG6184 BSP2liquidandhighsporeand
lowsporeconcentrateformulationswereevaluated
inthelaboratoryaspreviouslydescribedbyMulla
etal 1985 Onepercentstocksuspensions
werepreparedindistilledwaterviaasonicator
FisherSonicDismembratorModel 300 at35

speedfor15saftercoolingincrushedicefor5
minandserialdilutionsindistilledwaterwere
preparedasneededwithouttheuseofsonicator



Table1Bacillussphaericus2362formulationsevaluatedinthelaboratory
andfield

Formulation

ABG6185

ABG6185

ABG6185

ABG6185

ABG6184

2362

2362

BSP210

Size

Type mm

CorncobG 30

CorncobG 10

CorncobG 10

CorncobG 10

Primarypowder

Highsporeliquid

Lowsporeliquid

Liquid

Therequiredamountforthedesiredstrength
concentrationwasaddedto4ozdisposableice
creamcupscontaining20early4thinstarlarvae
ofCx quinquefasciatusin100mlofdistilled
water Eachmaterialwastestedat 45different

concentrationsintriplicateon34differentoc
casions Testorganismswereheldinaholding
roomwheretemperaturewasmaintainedat78F
andmortalityreadingsweretaken48hafter
treatment Alongwitheachtest3cupswere
leftuntreatedaschecks

Valuesobtainedforeachconcentrationtested

weresubjectedtologprobitregressionanalysis
byusingaCompucorp145Edesktopcomputerto
obtaintheLCLCestimatesinmgliter

Proceduresutilizedintheevaluationofcorn

cobgranulesinthelaboratorywerethesameas
describedbyMullaandChaudhury1968 Since

weighingsmallerquantitiesoflargesizegranules
inducesagreatermarginoferrorhigherconcen
trationswereusedinthejarwhichonfurther
dilution yieldedconcentrations in theactivity
rangeoftheformulationwhenaliquotswereadded
tobioassaycups Todetermine releaseand

activity350mgofeachformulationcontaining5
x10sporesgramwereaddedto1galglass
mayonnaisejarscontaining3500mlofdistilled
wateryieldingafinalconcentrationof100mgof
formulationliter Twojarswereusedtostudy
releaseofeachformulationand2jarswereleft
untreatedaschecks Mostofthegranulessank
tothebottom23hafteraddition Fourand24

hafteraddition10mlofwaterwereaspirated
fromeachjar5mlfromthetopand5mlfroma
zone15cmabovethebottom Thisaspirated
aliquotcontainedreleasedtoxinparticlesandnot
thegranules The 10ml obtained fromthe

treatedjarsweremixedwith10mlofuntreated
distilledwatertoyield50mgoftheformu

Potency

sporesgormla
50x10

50x10

50x10

50x10

76x10

14x10

39x10

20x10

Lotno

87009BR

87010BR

88034BR

88039BR

86958BD

aSporecountisbased onthedrywtorliquidvolumeofthevarious
preparations
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lationliter Forbioassay02505and10ml
ofthewatermixwasaddedto4ozdisposableice
creamcupscontaining20early4thinstarlarvae
ofCx quinquefasciatusin100mlofdistilled
wateryieldingfinaltheoreticalconcentrationsof
0125 025 and 05 mg of formulationliter
utilizing4replicates perconcentration Four

cupsweretreatedwith1mlthemaximumamount
usedinthetreatmentsfromeachofthecheck
jarsandatotalof8cupswereutilizedas
checks Treatedorganismswerekeptinahold
ingroomwheretemperaturewasmaintainedat
78Fandmortalityreadingsweretakenafter48
hofexposure

Tocompareactivityandpersistenceof1and
3mmmeshcorncobgranuleswatersamplesfrom
treatedjarsandthecheckinasecondtest
weretaken4hand126and12daysafter
treatment Sixand12daysaftertreatment2
watersampleswereobtainedfromeachjar The

firstsamplewastakenasdescribedabovewhile
thesecondsamplewastakenafterstirringand
mixingthecontentsofeachjarthoroughly

FieldEvaluationsThenewformulationsof

Bsphaericus2362wereevaluatedinexperimental
pondsattheAquaticandVectorControlResearch
FacilitiesoftheUniversityofCaliforniaRiver
side ThesefacilitiesarelocatedinRiverside

andintheCoachellaValleyofsouthernCali
forniaandwerefullydescribedelsewhereby
Mullaetal1982

TheCoachellaValleypondsmeasure18x18
ft30mfullyvegetatedandwithawaterpH
of94 PondsatRiversidemeasure12x24ft
27m freeofvegetationandwithapHof82
Waterlevelinthepondsatbothlocationswas
keptconstant30cmbytheuseoffloatvalves

To ensure good coverage the required
amountforthelowratesofthecorncobgranules
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Table2EvaluationofBsphaericus2362formulationsagainst4thinstar
larvaeofCxquinquefasciatusinthelaboratory

Formulations sporesgram

ABG6184primarypowder

Highsporeconcentrateliquid

Lowsporeconcentrateliquid

BSP2liquid

05 10lbacrewasmixedwithablankcorn
cobofsimilarsizeandatotalof7gramsofthe
mixwasappliedperpond Thegranuleswere
appliedwitha150mlsizesaltshakerprovided
withanadjustableopening Therequiredamount
foreachrateofapplicationoftheprimarypowder
ABG6184 BSP2 highsporeand lowspore
concentrateformulationsweremixedwith120ml

ofwaterandappliedwithapolyethelenesqueeze
bottle

Todeterminetheactivityandlongevityof
theseformulationsonmosquitolarvaeprevailing
inthepondsattimeoftreatment5dipspond
weretakenpriortotreatmentand27and14
daysaftertreatment Onehundredlarvaefrom

thepretreatmentsampleswereidentifiedundera
dissectingmicroscopeinthelaboratorytodeter
minethemosquitospeciesprevailingduringeach
test

Inallfieldstudies2replicatesforeach
rateofapplicationwereusedand2pondswere
leftuntreatedduringeachtestaschecks To

accountfornaturalfluctuationinthenumberof

larvaeinthepondspercentreductionwascal
culatedaccordingtoMullasformulaMullaetal
1971

Reduction 100 x C2100Tl

whereC1 nolarvaeincheckpretreatmentC2
nolarvaeincheckposttreatmentT1 no

larvaeintreatedpretreatmentT2 nolarvaein

treatedposttreatment

RESULTSANDDISCUSSION

TheprimarypowderformulationABG6184
wasthemostactiveofallBsphaericus2362
formulationstestedtodatecausing90mortality
atthelowconcentrationof0004mgliter The

highsporeconcentrateformulationwas6foldless
activethanthisprimarypowderwithanLCof
0024mgliter Thelowsporeconcentrateand
BSP2formulationswere5and13foldlessactive

thanABG6184primarypowderrespectivelyand
about2fold lessactive than the highspore
concentraterequiring004and0054mgliterto
induce90mortalityrespectivelyTable2

Potency mgliter

LC50 LC90 Slope

76x10 0002 0004 389

14x10 0012 0024 475

39x10 0020 0040 337

20x10 0023 0054 344

Theprimary powder ABG6184 contains

about5Xmoresporesthanthehighsporecon
centrateandwas6foldmoreactive Thelow

sporeconcentrateformulationwhichcontainsthe
least amount of sporesgram yielded better

resultsthanBSP2andwasslightlylessactive
than the high spore concentrate formulation

Thisdataclearlyshowsthatanincreaseinspore
countintheformulationdoesnotnecessarily
resultinanincreaseinactivity Typeofformu
lationorpreparationhowevercouldimprovethe
activityofBsphaericus2362againstmosquito
larvae

Allcorncobgranuleformulationstestedin
the laboratoryproducedsimilar resultsatall

ratesapplied4haftertreatmenthoweverthe
smallersizeformulationremainedactivefor24h

atthetwohighratesof025and050mgliter
Table3 Activityofthelargerparticleformu
lation3mmmeshbegantodeclinedrasticallyat
thelowratesof0125and025mgliter24h
aftertreatmentbutproduced91mortalityatthe
highrateof050mgliter

Inthesecondtestthesmallersizecorncob

granulesproducedexcellentresultsatallrates
applied4haftertreatmentwhilethelargersize
formulationwasactiveonlyatthehighrateof
050 mgliter The smaller size formulations

showedasimilartrendasintest1Table3
causing73and94mortalityatthetwohigher
ratesof025and050mgliter24haftertreat
mentandpoorresultswereobtainedatallrates
appliedwiththelargersizeformulations Drastic

reductioninactivityofbothformulationswas
observed2 6and12daysaftertreatment
Howeverwhentreatedwaterwasobtainedafter
thoroughstirringwithapipettebothformu
lationsexhibitedexcellentactivityandresults
weresomewhatsimilartothoseobtainedatthe

start4haftertreatmentTable4 Thisclear

lydemonstratesthatBsphaericusgranulesand
toxinparticlessettleandremainstableinwater
Mixingofaliquotsfromthetopandbottomofthe
jarwithoutstirring results in tower activity
levels

ThesefindingsindicatethatBsphaericus
2362toxinparticlesaftertheirreleasefromcorn
cobgranuleshavethetendencytosinkwithin
12daysafterapplicationandremainpotentin



waterformorethan2weeks Additionalstudies

areneededtodeterminelengthoftimethese
bioactiveagentsremainviableinwater Similar

trendsandrelationshipsestablishedinthelabo
ratorymaynotholdtrueunderfieldconditions
becauseofmanybioticandabioticfactorswhich
mayinfluenceavailabilityofthetoxintotarget
species Howeverthesestudiesclearlyindicate
thatthetoxinisquitestableinwaterunder
controlledlaboratoryconditions

Inthefieldthecorncobgranuleshaving
similar potency 50x10 sporesgram pro

ducedexcellentresultsagainstCxtarsalislarvae
inthe CoachellaValley facility2 daysafter
treatmentattheratesof12and4lbofthe
formulationacre Thelargersizegranuleslot
87009BRandoneofthesmallersizegranules
lot88034BRlosttheiractivityatthelowrate
of10lbacrewithin7daysaftertreatment At

therateof20lbacrethelargersizegranules
producedpoorresults14daysaftertreatment
butexcellentcontrolwasobtainedatthehigh
rateof40lbacreformorethan14days The

smallersizegranuleslot88039BRwerethe

Material

and

formulations

ABG6185

3mm

lot87009BR

ABG6185

1mm

lot87010BR

ABG6185

1mm

lot88034BR

ABG6185

1mm

lot88039BR

Check

Theoreticalamount

ofgranules

mgliter

0125

025

050

0125

025

050

0125

025

050

0125

025

050

a
Mortalityreadingsweretakenafter48hofexposure
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mostactiveproducingexcellentcontrolformore
than2weeksattheratesof20and40lbacre
Table5 Asfound inthelaboratory the

largerparticlesizeformulationprobablysinks
fasterandremainsatthebottomofthepond
awayfromthelarvalfeedingzone

Whenthethreemostactivegranuleswere
evaluatedinfieldpondsatRiversideatthelow
ratesof05and10lbacreexcellentcontrolof
amixedpopulationofCxpeusCxtarsalisand
Cxquinquefasciatuswasobtained2daysafter
treatmentbutthelarvalpopulationrecovered
within7daysaftertreatmentTable5 Long
evitywaslimitedattheselowdosages

According to the data presented here

activityandlongevityofgranularformulations
wereprimarilydependentonratesofapplication
andsecondarilyinfluencedbymeshsizeofthe
granules Higherrates2and4lbacreyielded
extendedcontrolofmosquitolarvaeformorethat
2weekswhilethelowrates05and10lb
acreproducedexcellentinitialcontrolbutthe
populationrecovered7daysaftertreatment

TheliquidformulationBSP2produced95

Table3EvaluationofgranularformulationsofB sphaericus 2362

against4thinstarlarvaeofCxquinquefasciatusinthelaboratory

Mortalityafterapplicationh
a

4

80

91

99

94

96

100

86

100

100

94

98

100

24

56

75

91

81

94

96

68

96

100

63

84

98

0 0
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99andcompletecontrolofCxpeusprevailing
inhighnumbersinthepondsattheRiverside
facilityattheratesof02505and10lbacre
respectively Against the same species the

primarypowderABG6184yieldedmoresuperior
resultsthanBSP2causingcompletecontrolof
mosquitolarvaeattheratesof005and01
lbacre Atallratesappliedbothformulations
suppressedthelarvalpopulationformorethan2
weeksTable6

In the Coachella Valley facility BSP2

produced83reductionofCxtarsalisattherate
of05lbacreandpoorresultswereobtainedat
thelowrateof025lbacre2daysaftertreat
ment Theseratesproducedexcellentcontrolof
CxpeuslarvaeattheRiversidefacilityand
failuretoproducesimilarresultsagainstCx
tarsalisattheCoachellaValleycouldbeattri
butedtoseveralfactors TheCxpeuslarvae
couldbemoresusceptibletoBsphaericusthan
CxtarsalisorsomeofthesporesofBspha
ericuswereconsumedbythenontargetorganisms
whichwerepresentin large numbers inthe

naturallyvegetatedpondsattheCoachellaValley
facility PondsatRiversidewerefreeofvege
tationandthenumberofnontargetorganismsin
the ponds was minimal In addition water

temperatureattheCoachellaValleyduringthese
studieswasintherangeof1724Ccomparedto
2030CatRiverside

Thehighsporeandlowsporeconcentrates
producedsimilarresultsattheratesof025and
05lbacreproducingexcellentreductionofCx
tarsalisforoneweekbutthepopulationbeganto

Table4EvaluationofgranularformulationsofB sphaericus2362
against4thinstarlarvaeofCxquinquefasciatusinthelaboratory

Material

and

formulations

ABG6185

1mm

lot87010BR

ABG6185

3mm

lot87009BR

Check

A

B

Theorconc

granules
mgliter

0125

025

050

Mortalityafteradditiondays
4hrA IA 2A 6A 6B 12A12B

93 55 35 34 63 19 71

98 73 59 43 80 25 85

100 94 79 66 95 35 93

0125 34 21 10 10 58 13 50

025 60 34 23 14 79 13 85

050 83 65 35 30 98 23 93

0 0 6 1 1 3 3

aMortalityreadings weretakenafter48hofexposure

recover14daysaftertreatment Theprimary
powderABG6184produced85andcomplete
controlofCxtarsalisattheratesof005and
01 lbacrerespectively Bothratesremained

activeforoneweekbutactivitydeclined14days
aftertreatmentTable6

Fromthedatapresenteditisevidentthat
ABG6184primarypowderappearstobeequally
effectiveagainstthelarvalpopulationsinCoach
ellaValleyandRiversidefacilities However

BSP2issomewhatlessactiveagainsttheCoach
ellaValleypopulation ABG6184primarypowder
couldbeusedeffectivelyagainstlarvaeofCulex
speciesinclearwatersituationsattheratesof
00501lbacrewhileBSP2couldbeusedat
0510lbacre The latter preparation is a

diluteformulationanddosagesindicatedarein
therangeofpracticalratesrequiredforsatis
factorymosquitolarvalcontrol

Inrecentfieldevaluationsagainstfloodwater
mosquitoesBSP2andtheprimarypowderABG
6184displayed excellent activity against Pso

rophora columbiae Aedes melanimon and Ae

nigromaculisinirrigatedfieldsintheCoachella
ValleyofsouthernCaliforniaandinthecentral
SanJoaquinValleyinTulareandKingsCounties
CaliforniaMullaetal1987 Psorophoracol
umbiaewasreportedtobeassusceptibletothe
primarypowderABG6184astheCulexspecies
butAe nigromaculisandAe melanimonwere

5foldlesssusceptible Completecontrolofthese
specieshoweverwasobtainedattherateof05
lbacre TheliquidformulationBSP2was2fold
lessactiveagainstthefloodwatermosquitospec

Waterfromtreatedjarsandcheckswereobtainedwithoutstirring

Waterfromtreatedjarsandcheckswereobtainedafterstirring
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MEANPARTICLETRAJECTORIES

AirTractorAT301 398microns SDat5seconds
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Figure4Theoreticaltrajectoriesof398micrometerdropsbasedon
AGDISPsimulationofteston92286

COMPOSITEGROUNDDEPOSITION

AirTractorAT301 TestDate 9221986
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Figure5Theoreticaldepositpatterninlitershectarebasedon
AGDISPsimulationofteston92286
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MEANPARTICLETRAJECTORIES

AirTractorAT301 192micronsVMD SDat5secinterval
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Figure2Theoreticaltrajectoriesof192micrometervolumemedian
diameterdropsbasedonAGDISPsimulationofteston92286

MEANPARTICLETRAJECTORIES

AirTractorAT301 42microns SDat10secintervals
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Figure3Theoreticaltrajectoriesof42micrometerdropsbasedon
AGDISPsimulationofteston92286
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Table2AircraftCharacteristics

Grossweight
Wingspan
Airspeed
Flightheight
Circulation

Circulationdecay
Dragcoefficient
Wingarea
PropellerEff
PropellerRPM
Propellerradius

Table3MeteorologicalConditions

Windvelocityprofile

Additionalbackgroundturbulence

Table4DropCharacteristics

3 4

2 5

1 6

2270kg5000lb
1375m451ft
492ms110mph
125m41ft
268m289ftsec

factor041
009

251m270ft
80
2000

133m438ft

m

163

345

528

Speed
ms mph m

24

28

31

37

53

113

173

54

63

69

83

12

24

49

98

q 0059msec

MaxturbulentmacroscaleA 30m

Winddirection81relativetoflightdirection

StabilityRatio029

ft

Height
ft

4

8

16

32

IiorizDist VertDist

NozzlePosition fromCenterline fromWingtip

m ft

07023

05919

04715

Dropspecificgravity 123

Dropdownwardvelocity 135ms30mph

diameter Thehorizontalaxisrepresentsdistance
fromthecenteroftheaircraftasitpassedthe
sampleline0metersbeingdirectlyunderthe
centeroftheaircraft Thevertical axisis

heightabovethegroundsurface Thehorizontal

lineatapproximately125metersheightrepre
sentsthewingoftheaircraft Therearesix

trajectoriesplottedonthefigureeachrepresent
ingthepathpredictedforadropletreleasedfrom
oneofthenozzlesontheboom Thecrosses

appearingatintervalsonthetrajectoriesindicate
themagnitudeofthestandarddeviationofposi
tionaboutthepredictedmeanposition Five

secondsareelapsedbetweeneachofthemarks
andfivesecondsbetweenreleaseandthefirst
mark

Lookingatthetrajectoriesthefourinboard
nozzleshavetheirdropletsalldepositwithin50
metersoftheflightline Theoutboardnozzleon

eachsideoftheaircraftareheldupbyinter
actionwiththewingtipvorticesandhavetheir
descentslowed Asaresult thereismore

displacementofthesedropletsduetothecross
windblowingfromlefttoright Theoutboard

nozzlestakeapproximately17secondstoreach
thegroundwhilethoseclosesttothefuselage
depositwithin10secondsofrelease

Dropswithadiameterof42micronsare
representedbyFigure3 Theaxesarethesame

asinFigure2withtheaircraftandtherelease
pointsinthesamepositionEachcrossonthe
predictedtrajectoriesnowrepresentsa10second
intervalwithatotalsimulatedtimeinexcessof70
seconds These smaller drops clearly follow

differentpathsthanthoserepresentingtheVMD
Onlyoneofthesixdropsfollowedeverhitsthe
ground Itisalsotheonlymeantrajectoryto
comewithin 5metersoftheground Drops
releasedfromthetwooutboardpositionshave
clearlybeenentrainedinthewingtipvortices
andwillbecarriedfarawayfromtheflightline
Similarlythetrajectoriesfromtheotherthree
nozzlepositionshaveallbeenstronglyaffected
bythecrosswind Thesmallsettlingvelocityof
42microndropsisnotsufficienttoovercomethe
waketurbulenceimmediatelybehindtheaircraft
Asaresultthesedropswillalsobecarriedfar
downwind

Thelargestdropssimulateda398microme
terdiameterarerepresentedbythepredicted
meantrajectoriesplottedinFigure4 Theyall
fallalmostdirectlyundertheaircraftwithinthe
first25meters Thesimulatedtimetoimpactis
lessthaneightsecondsforallpositions

Compositedepositionforall12dropsizesis
showninFigure5 Thelegendindicatesthe
dropdiametersusedinthesimulationandthe
percentageofthetotalmassrepresentedbyeach
Thedropdiametersintherangeof105through
268micronsmakeupamajorityofthemassand
contributenearlyallofthemassinthepredomi
nantpeakdepositingbetween0and70meters
Ageneraldescriptionofthepredictionwould
includeapeakvalueofapproximately0301ha
at25metersdownwindfallingofftoaholeat
80meterswithsecondarypeaksbetween90and
140metersandsmallresidualdepositscontinuing
outtonearly400metersfromtheflightline

Noteshouldbemadeofthefactthatonly
discretedropsizescanbemodeled butthe

actualdropsizespectrumemittedfromanozzle
willbecontinuous Asaresulttherewillbe
somesmoothingofthevalueswherestrongpeaks
areplotted Thepeakswouldnotbeashigh
northelowpointsasshallowifacontinuous
spectrumwasmodeled Thegeneralshapeand
trendswouldnotchangehoweverandinareas
wherethereisnotamajordifferenceinthe
behaviorofsequentiallylargerdropsizesthere
wouldnotbeasubstantialdifferencebetween

discretesizesandacontinuousspectrum One

suchareathatwouldnotchangeistheprimary
peakdepositoccurringinthefirst70meters
downwind



NozzleType 8002

AngletoAirstream 135

SprayPressure 325 psi
Airspeed 120 mph
FlowRate 163

TankMixMALATHION

FILECPMSDATA11078612001
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Figure1Dropsizespectrumfroman8002nozzledirected45degreesdown
andforwardintoanairstreamof492mswithaneatmalathionformulationat
224kPa
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Table1DropSizeSpectrumfor1986MosquitoTrialswithAircraft

Nozzle

AngletoAirstream
SprayPressure
Airspeed
FlowRate
TankMix

8002

135degrees
325psi

120mph
163gpm

MALATHION

FILE CPMSDATA11078612001
NumberofTestsCombined 1

UPPER ACCUMULATED

LIMIT NRAW NSEC GmSEC N VOL N VOL

56 2712 721E06 024 6024 339 6024 339

89 4724 195E06 039 1631 555 7655 895

122 3287 123E06 075 1027 1068 8682 1963

154 2577 761577 104 636 1492 9318 3455

187 1901 367823 095 307 1362 9626 4817

220 1367 189791 083 159 1189 9784 6006

252 940 122094 083 102 1191 9886 7196

284 538 66868 067 056 961 9942 8158

318 299 36497 052 031 751 9973 8909

351 181 20222 040 017 566 9990 9475

382 70 8388 021 007 307 9997 9782

414 29 3102 010 003 146 9999 9928

447 6 536 002 000 032 10000 9960

479 3 61 000 000 005 10000 9964

512 1 362 002 000 033 10000 9997

545 0 0 000 000 000 10000 9997

578 1 21 000 000 003 10000 10000

Total186E04 120E07 699

TOTALACCEPTEDRAWPARTICLES TOTALIMAGES

NUMBERMEANDIAM D 6957

VOLUMEMEANDIAM D 10374
SAUTERMEANDIAM D32 15330

D 56

NUMBERMEDIANDIAMD 56

D
D 9219

VOLUMEMEDIANDIAMD19198
DV932361

RELATIVESPAN 121

um

um

um

um

um

um

um

um

um

SliceRate 4MH

AVG 100
DFM 1cm

BAR 15

DistancetoProbe46cm

SampleInterval 420sec

NumberofSamples1
NumberofScans 12

ScanSpacing 25cm

ScanLength 40cm

NumberofSampleRings0

1863622790 818



AGDISP

AGDISP AGricultural DISPersal is a

trajectorymodeloriginallydevelopedbyNASA
withrecentmodificationsandenhancementsun

dertakenbytheUSDAandtheUSForest
Service AGDISP assumes that particles or

dropletsareinfluencedprimarilybytwoforces
weightandaerodynamicdrag Aerodynamicdrag
isduetothedifferenceinvelocitybetweenthe
dropletandthesurroundingair Afteraninitial

particlerelaxationtimetheparticleordroplet
isassumedtobetravellingatthesamespeedand
directionasthecombinationofambientwindand
theaircraftwakefield Byfollowingthemotion
ofthisfieldandtimesteppingthroughthepro
cessfromreleasetodepositionthemeanpath
takenbytheparticlecanbepredicted Turbu

lentfluctuationsintheatmospherecanbeap
proximatedandusedtocalculateaGaussianor
normaldistributionofdepositionaboutthatmean
Bymodelingtheflightofalldropsizesfromall
nozzlepositionsandsummingthedepositionfrom
eachwecanarriveatasimulatedcomposite
deposition Theresultscanbecomparedwith
fielddata

AGDISPinputsincludeinformationconcern
ingthecharacteristicsoftheaircrafttheatmo
spheretheapplicationunderstudythedroplets
and the target Aircraft inputs includethe

wingspanthetypeofwingloadingthestrength
ofthewingtipvorticesthedragcoefficientof
theaircraftthepropellerdiameterefficiency
rpmandwhethertheaircraftisamonoplaneora
biplane Atmosphericparametersneededinclude
thecrosswindprofilethelevelofbackground
turbulencepresentandthemaximumlengthscale
forthatturbulence Theapplicationcharacteris
ticsusedasinputvaluesaretheheightand
speedofflightandtherateofdecayoftheair
craftinducedcirculations

Particleordropletcharacteristicsneededare
initialdropletdiameterthespecificgravityof
thedroplet the initial position and velocity
relativetothewingandwhetherornotevapo
rationistobesimulated Ifevaporationofa
waterbasedsprayistobeincludedinthemodel
thewetbulbdepressionmustbeincludedorthe
evaporationrateotherwiseparameterizedaswell
astheminimumdropsizethediameteratwhich
evaporationwillcease Otherinputsrequiredfor
AGDISParethecanopyheightthecanopydensi
typrofileasafunctionofheightandtheheight
atwhichdepositionisconsideredtohaveoc
curred

TheoutputsfromAGDISPcanbeusedto
plotthepositionofthedropletsasafunctionof
time Depositionforeachdropsizecanalsobe
determinedinunitsofeitherlitershectareor
dropssquare centimeter Optionally several

dropsizescanalsobecombinedtogiveacompos
itedepositionrepresentingthepredicteddeposit
fromaparticularapplication

VALIDATIONSTUDYMETHODS PROCEDURES

AfieldapplicationwasconductedonSeptem
ber221986nearDavisCA Thefieldwasflat

openground with no vegetativecover The

roughnesslengthofthefieldzwasdetermined
tobe0004meter Theflightpathwas400
meters05milelongandperpendiculartoa
samplelineofcollectiondevices Thesampleline
extendedfromthecenteroftheflightlineto400
metersdownwind

Datacollectedfromthefieldincludeddeposi
tionon76cmx457cmMylarsamplesheets
magnesiumoxidecoatedmicroscopeslidesRoto
rodsStaplexhighvolumeairsamplerswithglass
fiber filters and sentinel mosquitoes Culex
pipiensadults TheMylarsheetsandcoated
microscopeslideswereplacedatgroundlevel
andtheRotorodsStaplexairsamplersandthe
sentinelmosquitoesataheightofapproximately
12metersabovethesurface Rotorodsarea

rotatingU shapedbrassbarwithheightof6
cmandfacewidthof0159cm Theyarepower
edbya6voltdrycellbattery TheStaplexair
samplersarepoweredby110voltsACpowerand
fittedwitha89cmdiameterglassfiberfilter
Inadditionat50metersdownwindfromthe
flightlineatower17metersinheightwasfitted
witheightsamplersfittedwith59cmdiameter
glassfiberfilters Thetowerprovidedavertical
profileofthespraycloudasitpassedthe50
meterposition

Weatherdatawascollectedduringthetest
froma975metermastanda48metermast

Datacollectedincludedaverticalprofileofwind
speedandtemperaturewinddirectionbarometric
pressureandwetbulbdepression Thedatawas

recordedforlateranalysis
TheaircraftusedinthistestwasanAir

TractorAT301withaPratt WhitneyR1340
engine Anindependentspraysystemconsisting
ofaCOpressuretanka76literspraytanka
pressureregulatorandasolenoidtocontrolflow
wasfittedtotheaircraft A12inchIDhose

suppliedmaterialto68002nozzlesoriented135
degreesintotheairstream Nozzlepressurewas
224kPa325psi MaterialusedwasCythion
Malathion 91 ai A flow rate of 617

mlminnozzle0163gpmnozzlewasobtained
Thedropsizeemittedfromthenozzlewas

measured inourdropsizemeasurementfacility
using the Particle Measurement System
OAP2DGA1witharangeof28to2062microme
tersdiameter Thedropsizedistributionis
presentedinTable1andFigure1 Thevolume
mediandiameterwas192micrometers

RESULTSANDDISCUSSION
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TheAGDISPprogramwasusedtosimulate
thefieldapplication Additionalspecificinputsto
theprogramarelistedinTables23and4
Thesimulationwasrunforthe12dropsizesused
torepresenttheemitteddropsizespectrum
rangingfrom42micrometersto398micrometers
InadditiontheVMDof192micronswasalso
simulated Trajectorieswereplottedforseveral
dropsizesaswellasthecompositedepositionin
Ihaanddropscm fortheentiredropsize
spectrum

Figure2showsthepredictedtrajectoriesas
computedbyAGDISPforadropof192micron
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Ballistic or Trajectory ModelsTrajectory
modelssimplysumtheforcesactingonaparticle
atanyparticulartimetoarriveatanequivalent
accelerationvectoractingontheparticle The

accelerationvectorhaspropertiesofmagnitude
anddirection ByapplyingNewtonsSecondLaw
Fmatotheparticleandmultiplyingbythe
appropriatetimeinterval thepositionofthe
particlecanbetraced

Oneversionofthistypeofmodelisalready
available NASAandtheUS ForestService

haveoverthepastseveralyearsfundedthe
developmentofacomputerprogramcalledAGDISP
AGriculturalDISPersionHolmes1978Morris
etal1982Teske1984BilaninandTeske1984
andTeske1986 TheAgriculturalEngineering
Departmentofthe UniversityofCaliforniaat
Davishasobtainedacopyofthemostrecent
versionofAGDISPMOD40modifiedittorun
onanIBMPCATandaddedthenecessary
screen and plotter graphics to interpret the

output Hardwarerequirementsincludean80287
mathcoprocessoranEnhancedGraphicsAdapter
andEnhancedColorDisplayandaHewlettPack
ardHP7475APlotter Aharddiskisalsoneces

saryintheATforinputandoutputdatastorage
andmanipulation

Ballisticmodelsrequirealargeamountof
detailedinputandarehighlydependentuponthe
accuracyoftheinput Theycangivevery
detailedinformationastothepositionofparticles
asafunctionoftimeforthegivensetofinput
conditions but do require large amounts of

computertimeandmemorytooperate Theyare
mostappropriateforlargeparticlesunderthe
influenceofhighlycomplexwindfieldsaswould
befoundinanaircraftwake

SimilarityTheorySimilaritytheoryordi
mensionalanalysishasbeensuccessfullyapplied
toseveralproblemsintheatmosphereincluding
dispersionfromthepointofreleaseforagas
Horst1979 Theprincipleofthemodelisthat
therearea limited numberofvariablesthat

describeandcontrolthemotionoftheatmosphere
inthesurfacelayer Bygroupingthesevari
ablesintodimensionlessparametersthetheory
says that we can describe other quantities
properlycombinedintonondimensionalparameters
themselves as functions ofthe dimensionless

parameters Similaritytheorydoesnotpostulate
astotheshapeorformofthosefunctionsonly
thattheyexist Thefunctionsthemselvesmust

beempiricallyderivedfromexperimentaldata
Thistechniquehasbeensuccessfullyapplied

toanonreactivegasintheatmosphere Itmay
beapplicableforthedispersionofalimitedrange
ofspraydropsizes Differentdropsizesmay
require different functions to describe their

dispersion Thisshouldmostlikelybeavalid
techniqueforthesmalldropsizesoflessthan
20micrometerdiameter Atthesesizessettling
velocityisverysmallcomparedtotheatmospheric
turbulenceandthetheoreticalrestrictionsonthe
modelshouldbesatisfied

ParticleInCell TechniquesThis type of

modelsetsupagridofcellsovertheareaof
interest Thespraydispersionisthenmodeled

by followingamassofdropletsastheyare
advectedanddiffusedthroughthegrid Con

centrationwithinanyoftheelementsofthegrid
canbecomputedatanytime Thetechniquehas
beenappliedsuccessfullyinthepasttosuch
diverseproblemsasaheavierthanairgasrelease
andalsopotentialreleasesofnuclearwasteand
contamination

Particleincellmodelshavetheadvantageof
beingabletomodelcomplexterrainwithinthe
gridandalsotovarythewindfieldhandlearea
emissionsmultiplesourcesandchangingatmo
sphericconditions Thistechniquedoesrequire
alargeamountofcomputerpowerhoweveras
themassineachcellmustbemonitoredforeach

timeintervalthewindfieldmustbeupdated
andtheintermediateresultsmustbecheckedand
alteredtoaccountforsuchfactorsasdeposition
andadherencetotheconservationofmass

APPROPRIATENESSOFTHEMODELS

Adulticiding for mosquito control can be

dividedintotwodistinctcategoriesthoseappli
cationsmadefromgroundbasedequipmentand
thosemadefromaircraft Thetwotypesof
applicationsarevastlydifferentandarecon
trolledbydifferentphenomena Baseduponthe
characteristicsofeachtypeofapplication a

selectionastotheappropriatemodelcan be

made

GroundBasedEquipmentApplicationsfrom
groundequipment suchascoldfoggers are

characterizedbyaninitialvelocityasthematerial
leavestheatomizerandthelackofanystrong
imposedturbulentfieldfromtheapplicationdevice
itself Suchanapplicationcouldmostaccurately
bemodeledbyeithersimilaritytheoryoraparti
cleincellmodel Bothofthesemodelshavebeen

successfullyusedtomodelpollutantswithchar
acteristicssimilartocoldfoggeradulticideap
plicationasitdispersesfromagroundsource
Thesemodelsarecurrentlyunderfurtherinvesti
gation and development at the Agricultural
EngineeringDepartmentUniversityofCalifornia
Davis The plan of work includes model

development coding and obtaining computer
solutions and validate the predictions by
comparing them toexperimental data collected

fromfieldstudies

Aerial ApplicationDuring application by
aircraftthedropletsemittedfromtheatomizers
aresubjecttothecomplexwakefieldgenerated
behindanaircraft Commonlythesearelarger
dropsandhaveabroadersizerange Formost

ofthesedropsgravitationalsettlingcannotbe
ignoredandtheaircraftwakewillhaveamajor
effectonthedrops Clearlyamorecomprehens
iveandcomplexmodelmustbeemployed For

thesereasonsthetrajectoryorballisticmodelis
agoodchoicetoadequatelymodelthecomplex
phenomena and force fields acting upon the

dropletsduringtheinitialperiodwhileother
modelsmaybeusefulaftertheaircraftwakehas
decayed



ThecharacteristicsofanUltraLowVolumeapplicationforcontrolofadultmosquitoesarediscussed
alongwiththegeneralconceptsofmodelingthedispersionofmaterialintheatmosphere Threetypesof
modelsaredescribedandsuggestionsastowheneachisanappropriatemodeltousearegiven

OneofthethreetypesAGDISPatrajectorymodelisdescribedinmoredetail Resultsofafield

trialofanadulticideULVapplicationaregivenandcomparedtopredictionsaboutthatapplicationfrom
AGDISP ResultsaregenerallyingoodagreementandshowpromiseofusingAGDISPforcomputer
analysisofapplications

INTRODUCTION

MODELINGTHEBEHAVIOROFAULVADULTICIDEAPPLICATION

Theatmosphericdispersionofasprayde
signedforcontrolofadultmosquitoesisacom
plexphenomenon Theexactcharacteristicsof

thedispersionofeachapplicationdependupon
manyfactorssomeofwhichareunderthecon
troloftheoperatorandsomeofwhicharenot
Thecombinationofallforcesactinguponthe
spraydropsandthecharacteristicsofthedrop
spectrumwilldeterminetheirmotionintheatmo
sphere

Majorvariablesunderthecontrolofthe
operatorinclude 1theapplicationrateand2
thedropsizespectrumemittedtotheextent
allowedbythegivenequipment Inaddition
theapplicatoralwayshastheoptiontonotmake
theapplicationbutoncetheapplicationisun
derwayseveralfactorsareremovedfromthe
operatorscontrol

Thesefactorsoutsideofthecontrolofthe
operatorinclude 1theatmospherictempera
tureprofile2thewindspeedanddirection3
theverticalwindprofile4thestabilityofthe
atmosphereand5theoperatingandturbulence
generating characteristics of the application
equipment Thespraywillalsobeaffectedby
evaporationgravitychemicalreactionsinter
actionwiththeplantcanopyoraninsectpopu
lationcoagulationBrowniandiffusionelectro
staticattractioninterceptionandimpaction

Theresultingmotionandbehaviorofthe
spraycloudistheresultofalltheforcesacting
upontheparticlesthatmakeupthecloud When

adulticidingmosquitoesseveraloftheconcerns
mentionedabovecanbeignored Inorderto
modelthemotionofthecloudandthevariations

ofconcentrationwithinthecloudassumptions
andsimplificationsmustbemade Amongthe
assumptionsmostoftenmadearethattheconcen
trationofpesticidewithinthecloudislowenough
toignoreimpactioninterceptionandcoagulation
ofdropsontootherdrops Itisalsocommonly
assumedthatthepesticidedoesnotchangethe
ambient atmospheric conditions temperature
relative humidity inside thecloud For an

oilbasedmaterialevaporationcanbeignoredas
well Theresultingsetofpredominantfactors
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influencing the dropletscanbedescribedas
gravitytheinducedforcefieldduetoanaircraft
wakeorinitialvelocityfromacoldfoggerandthe
atmosphericconditions
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Inorderforamodeltobeusefulinaman

agementcontextitmustexhibitseveralcharac
teristics Firstitmustberealistic Thismeans

thatitmustcontainallpertinentfactorsinits
formulation and must have the relationships
betweenthevariablescorrect Ausefulmodel

mustalsobesimpletouse Theintendedusers

ofthemodelmusthaveaccesstothemachines

necessarytorunthemodel Similarlythemodel
mustbedesignedtomakesensetotheintended
userandtoacceptinputsfromtheusersand
provideoutputinaformeasilyinterpreted

Managementmodelsprovideaforecasttothe
user Thisforecastmustbeonthesafeside
thatisthemodelmustbeconservativeinits

predictions Lastly agoodmodel shouldbe

generalenoughtobeapplicableoverawiderange
ofpossibilitiesandnotbelimitedtouseundera
verynarrowrangeofcircumstances

Several approaches tomodeling the dis

persionofmaterialintheatmospherecanbe
taken Mostofthetheoreticaldevelopmentand
basicmodelingtechniqueshasbeenundertakenby
personsinterestedinairpollution Experimental
worktovalidatemodelsandtesttheirapplicabil
ityhasbeencarriedoutforseveraldifferent
typesofmodels Othertypesofmodelshave
been explored by agricultural engineers and
others interested in agricultural and forestry
spraydispersion Listedbelowareseveralofthe

generalapproachesthathavebeenutilizedor
suggestedandcommentsastotheadvantages
disadvantages applicability and limitations of
each

Generalreviewsofmodelingthedispersionof
materialintheatmospherecanbefoundinsuch
referencesasNieuwstadtandvanDop1982
PasquillandSmith1983PanofskyandDutton
1984andSeinfeld1986
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Table9Mortality ofcagedCxpipiensand
Cx tarsalisfollowingnonthermalapplicationof
permethrinColusaMADJuly81986

12hourmortality

Distanceft Cxpipiens Cxtarsalis

0 100 100

200 100 100
400 100 100

600 100 100

1320 100 100

2640 69 73

3960 27 50

5280 23 55

Windvelocitymph 12

Inversion F 1

Stabilityratio 13

Table10Mortalities ofAe nigromaculis WildandCx
pipiens Lab following nonthermal aerosol application of

chlorpyrifosZumwaltpastureColusaMADJune261985

12hourmortality

LineA LineB

Distance Lab Wild Lab Wild

0 100 86 100 62

200 100 75 92 68

400 100 71 88 61
600 100 24 100 71

800 88 65 100 78
1000 94 61 100 94

Windvelocitymph 1

InversionF 05

Stabilityratio 15
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Table7Mortality ofcagedCxpipiensandAemelanimonat
selectedsitesfollowingnonthermalaerosolapplicationof2flozmin
undilutedScourgeBigPineSeptember241985

12hourmortality

Line1 Line2

Distanceft Site Lab Wild Site Lab

0 Open 100 100 Open 100

150 Creek 60 100

200 Fence 100 100 Midblock 100

300 Backyard 60 73

350 Sideyard 96 100 Open 100

350 Shrubbery 96

350 Shrubbery 43

375 Open 64

400 Open 100 100 Open 100

Windvelocitymph 1

Inversion F 1

Stabilityratio 25

Table8Percentmortalityofcagedmosquitoesfollowingnonthermal
aerosolapplicationof2fl ozminScourge

M
X 151 lbresme

thringalOwensRiverInyoCountySeptember251985

12hourmortality

Distanceft Placement Cxpipiens Aemelanimon

0 Opentopofbank 100

100 Openoverbank 100 100

150 Undertrees 87

170 Grasswaterarea 100

200 Road4ftvegetation 100

300 Road4ftvegetation 57 100

400 Road4ftvegetation 46 75

400 Road4ftvegetation 41

450 Trees 10

500 Treesatriver 20

Control 0 0

Inversion F 1

Windvelocitymph 05Slightdrifttowardriver
Stabilityratio 100



Table6PercentmortalitiesofcagedCxpipiens
andAemelanimonfollowingnonthermalaerosol
applicationofresmethrinInyoCountySeptember
231985

Distanceft

0

500

750

1000

1500

2000

Windvelocitymph
Inversion F

Stabilityratio

12hourmortality

Cxpipiens Aemelanimon

100

100

95

8

17

10

100

100

100

58

2 3

9

50

ThreeapplicationsofScourge Mweremade
inthreeareasofInyoCountyin September
1985 apastureasmallcommunity andariver

bottomwoodedarea Table6presentsdataon

thepastureapplicationagainstcagedCxpipieps
VSCBlabandwildAemelanimon Scourge
wasdiluted16withdieseloilandappliedat7fl
ozmin Thevehiclespeedwas5mphandthe
dosageratewascalculatedat000306IbAI100ft
ofvehicletravel Bothmosquitospeciesre
spondedequallytotheapplication Highmortal
itieswereobtainedto1000feet Unexpected
crosswindscausedaninsecticidemissonthe

lowerendofthepastureandthecagedmos
quitoes

Scourge
TM

wasappliedundilutedat2fl
ozmininthetownofBigPineonSeptember24
1985 Thevehiclespeedwas5mphandthe
resmethrinapplicationwas00054IbAI100ft
TwolinesofbothCxpipiensVSCBandwild
Aemelanimonweresetthroughresidentialareas
toadistanceof400ftdownwindfromthelineof

application Table 7 shows mortality of the

mosquitoesat12hours Bothspeciesresponded
equallytotheapplications Averagemortalityfor
allcages96Aedesand86Cuexindicated
goodkillsintheopenat400ftandafairamount
ofshrubbery

TM
penetrationat350375ft

Scourge wasapplied toawoodedand

weedcoveredareaalongtheOwensRiverbottom
onSeptember251985toevaluatepenetrationof
thevegetation Twofluidouncesofundiluted

Scourgewereappliedatavehiclespeedof5
mph 00054 Ib A1100 ft Both laboratory
rearedCxpipiensandwildAemelanimonwere
usedduringthisapplication Howeveronly4
cagesofAemelanimonwerefilledthatevening
Twelvehourmortalitiesandcageplacementsare
showninTable8 Penetrationto300feetunder

theseconditionswasencouraging
PermethrinOneexperimentalapplicationof

permethrinPramex57 5IbAIgalwasmade
onatestlinenorthofColusa Thematerialwas
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diluted11withalightviscosityoilandapplied
at425flozmin Thevehiclespeedwas7mph
andthedosageratewas00135IbAI100ft
BothCxpipiensVSCBlabandwildCxtar
saliswereusedinthisrun Twelvehourmor

talitiesofcagedmosquitoesandweatherdataare
showninTable9 Mortalitiesof100wereob

servedonbothspeciesforadistanceof025
mile

ChlorpyrifosDursban Mosquito Fogging
Concentrate6Ibchlorpyrifosgalwasdiluted
withalightviscosityoiltoa1IbAIgalfield
formulationandappliedtotheZumwaltpasture
ColusaMADonJune261985 Thevehiclespeed
was6mphandoutputratewas12flozmin
00178IbAI100ft Thisformulationandthe

outputratehavebeenoperationalatColusafor
overtenyears BothfieldcollectedAenigro
maculisandlaboratoryrearedCxpipienswere
usedonthistest Cageswereplacedintwo
linesacrossthepastureat200ftintervalstoa
distanceof1000feet Mortalitiesofthecaged
mosquitoesareshowninTable10

Anoverallmortalityof97wasobservedin
theCxpipienswith100mortalityupto1000
feet TheaveragemortalityforAenigromaculis
was68withno100mortalitybeingobserved
ThisindicationofchlorpyrifosresistanceinAe
nigromaculis prompted further test workwith

malathion

MalathionNine applications of undiluted

malathionatvariousflowratesandvehiclespeeds
weremadeontestlinesagainstCx pipiens
VSCBlabandwildCxtarsalis Both95and

56malathionwereusedinthesetestlinesnorth
ofColusaColusaMADduringthe1986season
Thetwohighestdosagesandthelowestdosage
appliedwillbereviewed Mortalitiesofthecaged
mosquitoesareshowninTable11 Highcontrol
mortalitiesof25occurredonthe14mileruns

andmayhavebeenduetoholdingthewildmos
quitoesfor3dayspriortothetests

Thesetestsproducedhighmortalitiesinthe
laboratoryreared susceptibleCx pipiensand
unacceptably low mortalities in the wild Cx

tarsalis TheninemalathionrunsatColusagave
clearevidenceofmalathionresistanceinadult
Cxtarsalis

DISCUSSIONANDCONCLUSIONS

Under the considerable threat of adult

mosquitoresistanceitisnecessarytoinclude
wildcaughttargetspeciesinnonthermalaerosol
applicationevaluations Newchemicalstoreplace
thosetowhichmosquitoeshavedevelopedresis
tance are slowly becoming available Several

materialswereevaluatedwhichproducedexcellent
operationalcontrolandhighmortalitiesintest
lines It is evident however that further

evaluationsarenecessarytoinsureoperational
success
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Table4PercentmortalityofcagedCxat3output
ratesofresmethrinundilutedScourge appliedbycold
foggerColusaMADJune4and51985

Distanceft 43floz

0 100 100 100

100 100 100 100

200 100 100 100

300 100 100 100

1400 100 100 100

600 100 100 100

1320 100 100 0

2640 71 97 0

3960 97 7 0

5280 82 23 0

Control 0 3 0

InversionF 05 05 05

Windvelocitymph 4 3 6

Stabilityratio 08 3 05

IbAI100ft 00043 00041 00007

Table5MortalitiesofcagedCxpipiensLabandCx tarsalis

WildfollowingnonthermalaerosolapplicationsofScourge M151
IbresmethringalColusaMADJuly7andAugust1213and27
1986

7786

12hourmortality atoutputmin

12hourmortality

81286

38floz 11floz

81386 82786

DistanceftLab Wild Lab Wild Lab Wild Lab Wild

0 100 100 100 100 100 100 100

200 100 100 92 54 100 100 79

400 100 100 89 63 100 94 71

600 47 29 91 33 64 100 100

1320 40 76 82 29 23 44 53

2640 50 41

2960 33 7

5280 17 37

Dilution 19 19 17 17

IbAlgal 015 015 019 019

Output 425 41 4 8

flozmin
Vehiclespeedmph8 8 8 8

IbA1100ft 000071 000069 000084 000169

Inversion F 1 2 08 04

Windvelocitymph1 1 1 14

Stabilityratio 29 70 25 10



Table2Resultsoffieldapplicationsofbend
iocarbagainstCxpipiensLabandAenigro
maculis Wild at Fitzpatrick pasture Shasta

MADJuly101985

LineSwath LabWild PrePost Reduction

A

B

C

AverageCageMortality LegCounts

900ft
600ft
800ft

97 94

100 100

100 100

10

50

50

2

20

1

80

60

98

of100percentwereobtainedatdistancesupto
1300ftdownwind Theapplication ratewas

calculatedat00056IbAlacre

Oneoperationalapplicationofbendiocarbwas
madeontheFitzpatrickpastureShastaMADon
theeveningofJuly101985 Thepasturewas
traversedatthreeintervalstomakeswathwidths
of900ft600ftand800ftBothwildAeni
gromaculis and laboratory reared Cx pipiens
werecagedandplacedat200ftintervalsparallel
tothewinddirectionandperpendicglartothe
lineofapplication UndilutedFicam ULVwas

appliedat3flozminatavehiclespeedof5mph
00089IbAI100ft Windspeedwas12mph
withaninversionof12F Theaveragemos
quitomortalitiesforlinesABandCareshown
inTable2 Theoverallmortalitiesforthecaged
wildandlaboratoryrearedmosquitoeswere98
and99respectively

PreandpostapplicationlegcountsTable
2showedanoverallreductionof80inthefield
population Therelativelylowreductionofthe
wildmosquitoesindicatedbythepantlegcount
ascomparedtohighmosquitomortalitiesinthe
cageswasatleastpartiallyduetoacontinuous
hatchofmosquitoesinanearbypasture

ThreetestlineapplicationsofFicamULV
weremadeinthericecountrynorthofColusaon
June4and51985 SusceptibleCxpipiens
VSCBlabwereusedinalltests Cageswere
setoutforadistanceofonemiledownwind
Mortalityofthecagedmosquitoesoutputrates
andweatherdataareshowninTable3 Atmos

phericstabilityratiosvariedwidelyonruns1
and2 A27foldincreaseinthestabilityratio
SRproduceda300increaseinswathwidth
asmeasuredatthe100mortalitypointdownwind
Line3withadoubledoutputrateof8flozmin
effectivelydoubledtheswath Thenecessityof
properatmospheric conditions for aerosol ap
plicationandtheneedforthesemeasurementsis
indicatedbythesedata

ResmethrinThreetestlineapplicationsof
undilutedScourge151Ibresmethringal
weremadenortheastofColusaonJune4and5
1985 SusceptibleCxpipiensVSCBlabwere
usedinalllines Theresmethrinwasappliedat
outputratesof4338and11flozminute
Mortalitiesofthecagedmosquitoesareshownin
Table4 Applicationsat43and38flozmin
weremadeinanefforttodetermineaneffective

dosageforwideswathfieldapplications Inspite
ofrelativelylowstabilityratiosduringthese
applicationsthehighlevelofcontroloutto12
and34milewasencouraging Undermorestable

atmosphericconditionstheseoutputswouldbe
operational The11flozminoutputwastried
inanefforttodeterminealowdosageforintown
operations Onehundredpercentcontrolat600
ftwouldbesatisfactoryevenatthe08SR
during the application However the small

orificeoftheinlinediskneededfortheone
ounceoutputratecausedproblemsbyplugging

Resmethrinwasappliedintestlinesnorthof
ColusaontheeveningsofJuly8August1213
and271986 Scourger Mwasdiluted19and
17withalightviscosityoil Laboratoryreared
susceptibleCx pipiensandwild Cx tarsalis
wereused inthesetests Mortalitiesofthe

cagedmosquitoesapplicationdataandweather
dataareshowninTable5

InallColusatestsbothdilutedandun
dilutedresmethrinwasequallyeffectiveagainst
susceptibleCxpipiensandmalathionresistant
Cxtarsalis

Undiluted Scourge
M

was applied against
laboratoryrearedCxpipiensandchlorpyrifos
resistant Ae nigromaculis on the Zumwalt

pastureColusaMADonJune261986 Two

linesofcagedmosquitoeswereplacedacrossthe
pasture Cageswereplacedat200ftintervalsto
adistanceof1000ft Theoutputratewas425
flozminandthevehiclespeedwas6mphwhich
correspondsto00095 IbAI100ftofvehicle
travel Awindvelocityof25mphandinversion
of4Fgaveastabilityratioof25 Onehundred

percentmortalitywasobservedinallcages

Table3Applicationdataandmortalitiesofcaged
CxpipiensfollowingTreeapplicationsofbendi
ocarbundilutedFicam ULVColusaMADJune
4and51985

Distanceft

0

100

200

300

400

600

1320

2640

3960

5280

Control

Outputrateflozmin
Windvelocitymph
Inversion F
Stabilityratio
IbAI100ft

12hourmortality

Run1 Run2 Run3

100 100 100

100 100 100

100 100 100

89 100 100

35 97 100

41 100 100

0 20 92

0 0 66

0 0 8

0 0

0 1 0
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41 39 80
5 2 2

02 10 05
03 80 40

00051 00053 00132
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INTRODUCTION

METHODSANDMATERIALS

EFFECTSOFNONTHERMALAEROSOLAPPLICATIONSOF

OvertheyearsthevillageofColusapopu
lation4210hasbeenperiodicallyinfestedwith
fogger researchers Akessonetal 1971
Womeldorfetal1973Townzen1975Lusket
al1976 andAtkinsetal1981 whohave

beeninsearchofawayorabetterway Other

contributorstotheColusaexperiencehavein
cluded G Mount P Gillies E Fussell S

HustedJMulrennanRWashinoandEZboray
andotherDistrictpersonnel Whitesell 1973
1984describedtheSacramentoValleyareaof
Colusatheequipmentoperationsandtechniques
ofcoldfogging AttimesColusaMADsperson
nelhavecooperatedinstudiesinothergeograph
icareas

Based on the continuing needtoknow

criteriaefficacydataweregatheredonseveral
chemicalsduring the 1985 and 1986 mosquito
seasons Testlineandoperationalfieldcold
foggerapplicationsweremadeagainstfieldcol
lectedandlaboratoryrearedmosquitoesincoop
eration with the Colusa Burney Basin and

ShastaMADsandtheInyoCountyHealthDepart
ment Testresultsonbendiocarbresmethrin
permethrin chlorpyrifos and malathion are

presentedinthispaper

Vehiclemountedcoldfoggerswereusedin
alltests ColusaandShastaMADunitswere

homebuiltutilizingRootsorCumminsblowers
poweredbyCrosleyenginesandequippedwith
AFAventuriassemblies Insecticidesweresup
pliedtotheventuriassembliesbypressurizing
the insecticide tank with air bled from the

blower FlowratesweemaintainedbySpraying
Systems Co TeeJet interchangeable orifice

platesinsertedintothechemical lineasflow
restrictors Variousorificesizeswereutilizedto
maintainthedesiredflowrate Applicationsat

BurneyBasinMADandinliyoCountyweremade
with commercial Microgen foggers Various
formulations and chemical concentrations were

used therefore eachapplication will bede

scribedseparately Flowratesvehiclespeeds
andweatherconditionswillbedescribed Alsoa
commonfigureofpoundsofactiveingredientde

1VectorSurveillanceand Control Branch
California Department of Health Services
SacramentoCalifornia

SELECTEDCHEMICALSAGAINSTCAGEDMOSQUITOES

KennethRTownzen1DavidBWhitesell

andKennethGWhitesell

ColusaMosquitoAbatementDistrict
PostOfficeBox208ColusaCalifornia95932

liveredduring100ftofsprayvehicletravelIb
AI100ftwillbeused

Mortalitiesofcagedmosquitoesandlegcount
reductionswereusedasevaluationtools Dispos
ablepaperandnylonnetcagesasdescribedby
TownzenandNatvig1973wereused Suscepti
bleCulexpipiensVSCBSacramentoLaboratory
Colonywereusedasairsamplersandindicated
operational effectiveness of the application
NativeAedesspporCulextarsaliswerecollected
by aspirationor CDC trapping and used as

indicatorsoftheoperationaleffectivenessofthe
chemicalused Approximately20mosquitoeswere
placedineachcage Portableweatherinstrumen

tationwasmaintainedateachsiteandrunswere

madeonlyunderacceptableconditions

DESCRIPTIONANDRESULTS

BendiocarbOperational field runs with

bendiocarbweremadeatGooseValleyBurney
Basin MAD and Fitzpatrick Pasture Shasta
MAD Testlineswereruninthericecountry5
milesnortheastofColusaColusaMAD

Tworunsweremadeinthenorthportionof
GooseValleya5000acremountainvalleyin
northern California Weather conditions were

optimalonbotheveningrunswindvelocitywas
15mphwithaninversionof36F FicamULV
167Ibbendiocarbgalwasappliedundilutedat
5flozminandthevehiclespeedwas5mph
00148IbAI100ft Onthefirstnight43
cagesweredispersedover23sitestocoverthe
targetarea Twentythreecagesat12siteswere
usedthesecondnight Theaveragemortalityof
thecagedCx pipiens VSCB lab wildAe

nigromaculisandpreandpostlegcountsofthe
wildmosquitoesareshowninTable1 Mortalities

Table1Resultsoffieldapplicationsofbendio
carbagainstCxpipiensLabandAenigro
maculis Wild atGooseValley BurneyBasin
MADJune10and111985

Date Lab Wild Pre Post Reduction

61085 85

CageMortality LegCounts

500 25 95

61185 100 995 25 1 96



dippingandmortalitiesofsentinellarvaeplaced
inthefields Themeanreductionofsentinel
larvaewas96forthe1200ITUmaterialand97
forthe600ITUmaterial

REFUGEANDPASTURESTUDIES

TwootherhabitattypestheDistricttreated
withBtithisyearwerewildliferefugesand
irrigatedpastures FormulationsofBti in

cludedacommerciallyobtainedaqueoussuspension
andasandcoregranuleproducedbytheDistrict
usingpurchasedtechnicalgradepowder Atotal

of117wildliferefugepondsweretreatedbyboth
air 3 andground 114 applications which
amountedto905acres Therewere6pasture
treatmentsbybothair2andground4ap
plicationswhichamountedto617acres

Thepreinspectionstreatmentsandpost
inspectionsmadebyoperationalDistrictpersonnel
totaled213hoursandcost1540inwages Air

applicationswereperformedbyMicroSprayata
costof162 peracre totaling 715 One

granularapplicationwasperformedwithoutcost
byButteCountyMosquitoAbatementDistrict
GroundapplicationsweremadebyDistrictper
sonnelusingtwonewlyacquiredpiecesofequip
ment aNrchmeier backpackblower550and
Billy Goat blower modified for granularap
plications541

Operational bioassays using cupsof lab
reared Culex pipiens larvae resulted in an

adjustableswatgwidthfrom5to100feetfrom
bothBirchmeierandBillyGoatblowers

Samplingmandated treatments for each

habitatwereassessedindividuallyandtookinto
consideration impact on populated areas

availabilityofaircraftpersonnelandmaterial
densityoflarvaepresentandthecostoflarvi
cidingversusadulticiding

AircraftapplicationsofBti wereper

formedwithbothaqueoussuspensionsof600ITU
materialand4sandcoregranulesformulatedby
theDistrictfrom5000ITUtechnicalpowder The

Btiinaqueoussuspensionwasappliedat16
ounces peracretoboth refugeandpasture
habitats Atotalof55gallonsofmaterialwas
usedatacostof536975gal Thegranu
leswereappliedat5poundsperacretoone
pasture Atotalof1000poundsofgranuleswere
appliedatacostof055perpoundwhich
includedthecostforformulationlaborandma
terials

GroundapplicationsofBtiwereperformed
usingtheDistricts3or4sandcoregranule
formulatedfrom5000ITUtechnicalpowder The

application rate of Bti in refuge habitats

rangedfrom5to8poundsperacrewith3
materialand 7to20poundsperacrewith4
material Most refugeapplicationsweremade
usingapproximately6poundsperacrewith3
material TheapplicationrateofBtigranules
inpastureswas6poundsperacreof4material
Atotalof7494poundsofmaterialwasusedin
groundapplicationstobothpasturesandrefuges
Thecostof3granuleswas043perpound
whichincludedallformulationcosts

Overall theBti inaqueoussuspension
appliedbyaircrafttobothrefugeandpasture
habitatsdidntperformadequately The16ounce

peracreapplicationratemaynothavebeenhigh
enoughgiventhehighdensityoflarvaepresent
TheBtigranuleshoweverperformedwellon
bothrefugeandpasturehabitats Themean

reductioninlarvaeforrefugehabitattreatedwith
Btigranuleswas86 Themeanreductionin

larvaeforpasturehabitattreatedwithBti
granuleswas96bygroundapplicationand93
byaircraftapplication

Astudywasconductedneartheendof
SeptembertodeterminethelongevityofBti
granulesappliedtoprefloodedrefugepondsand
pastures TheDistrictsgreenhousewasusedto
simulatethehothumidconditionsassociatedwith
thesehabitats Ourtestshowedthat3Bti
sandcoregranulesremainedviableuptosixdays
prior toirrigation Nogranulesweretested
longerthanthissixdayperiod Moretesting
willbeneededtodetermineifviabilityextended
longerthansixdays

InlateSeptemberasidebysidetestwas
conductedtocontrastgranulesformulatedwith
MicrobialResourcestechnicalpowderSkeetal
verus Abbott Laboratories technical powder
VectobacAS TheSkeetal wasformulated

intoa53sandcoregranulewith370ITU
technical powder The Vectobac AS was

formulated intoa 3sandcoregranulewith
5000ITUtechnicalpowder Bothmaterialswere

appliedat73poundsperacretoarefugepond
atSutterNationalWildlifeRefugewhereAedes
melanimonlarvaewerepresentatadensityof30
perdill ThemeanreductioninlarvaefortheSkeetal granuleswas66andfortheVectobac
granules85

CONCLUSIONSANDRECOMMENDATIONS
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Bti hasbeendemonstratedtobevery
effectiveagainstthemajorproblemspeciesof
mosquitoesintheDistrict

In1987effortswillbemadetoimprovethe
resultsoftheresearchthrough improvementsin
supervisionincreasedtrainingoffieldpersonnel
reevaluation ofthreshold limits and further

studiesoftheimpactoftreatingallsourcesina
givenareaemployinglighttrapandbitingcount
analyses

Withtheplannedchangesinthisprogram
modest increases in personnel vehicles and

larvicidesareanticipated



58

1986BTIPROGRAM

Anoperationalprogramofmosquitocontrol
utilizingthebacterialagentBacillusthuringiensis
israelensisBtiwasinitiatedattheSutter
YubaMosquitoAbatementDistrictforthe1986
season ApplicationsweremadeinbothSutter
andYubaCountiesemphasizingthericehabitat
Approximately 52000 acres ofvarious source

typesweretreatedthroughouttheDistrict The

textimmediatelyfollowingwilladdressourrice
fieldapplications Otherhabitattreatmentswill

followthisdiscussion

RICESTUDIES

MATERIALSANDMETHODS

APROGRESSREPORTONTHEUSEOFBTIINVARIOUSHABITATS

OFSUTTERYUBAMOSQUITOABATEMENTDISTRICT

MichaelRKimballandEugeneEKauffman

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95992

A districtwide total of 596 rice fields

50340acres was dip sampled formosquito
larvaeevery7to10days Thesefieldswere

edgedippedforeaseofaccessspeedandto
minimize any conceivable damage to the rice

stands Dippingwasalwaysconfinedtofour
previouslyselectedstationswithtendipstaken
abouteachstation Alimitedstudycomprisedof
sixfieldsshowednosignificantdifferencesbe
tweenedgedippinganddippingthroughoutthe
fields Inspectionsweremadeat24and48hours
priortoandafterapplications Midwaythrough
theseasonlarvalmortalityincreasedbetween24
and 48 hours postapplication Subsequent
postinspectionswereextendedto48hours

Asamplingcrewof11temporaryemployees
hiredinlateMayworkeduntilearlyAugustfor
salariestotaling 24798 4631 hours Five
vehicles were used each with two assigned
dippingpersonnel

Mapsidentifyingricegrowersfieldsacre
agesandlocationsweremadeusinginformation
obtainedfromcountyagriculturalpermits Rice

fieldswereplottedontoDistrictzonemapsfor
recordkeepingandusebydippingpersonnel
Allricefieldswereapportionedintosixgeo
graphicalsubdivisionsandmapped Thesesix

mapswereusedbythepilotduringapplications

Allricefieldsin1986wereaircrafttreated

ThebiddedcontractwasawardedtoMicroSpray
ofMarysvilleCaliforniawhichemployedaPiper
Pawnee250 Theaircrafthadanaverageappli
cationspeedof105mphandapayloadcapacityof
150gallons Thecostfortheapplicationswhich
includedtheadaptationoftheDistricts Mini

Micronair spraysystem20001985andassoci
atedmaintenancetimeamountedto102per
acre Thecostforallricefieldapplications
totaled49402

The initial sampling threshold mandating
treatmentwaseightlarvaeper100dips In

midJulythethresholdwaschangedtotwolarvae
per100dipsduetothelargenumbersofrice
fieldmosquitoespresentinlighttrapsandas
sociatedservicerequests

Calibrationoftheaircraftwasperformedby
MicroSprayandverifiedbytheDistrictseveral
timesduringtheseason Theswathwidthofthe

aircraftwasdeterminedbybioassayusingcupsof
labreared Culex pipiens larvae The initial

flighttestsinJuneresultedina150footswath
widthandadecisionwasmadetofly120foot
swathsinthefieldtoassureadequatecoverage
SubsequenttestinginmidJulyfoundthatwind
currentsaslowas1mphcauseddownwinddrift
asmuchas50feetwiththeaircraftflyingatan
altitudeof25feet Thisdriftwascompounded

bythesmallsizeofthedropletsproducedbythe
Micronair atomizers Adecisionwasmadeto

increasethedropletsizebyslowingthespeedof
therotaryatomizersasinstructedintheMicro
nairmanual Treatmentefficacydataindicated
thatthisadjustmentdecreasedthedriftproblem
Thepilotalsomadeadjustmentsonhisheadlands
passattheupwindsideofthefields

Btiinbothanaqueoussuspensionand
technicalpowderformulationwaspurchasedfrom
threedifferentmanufacturersduringthe1986
season ThesemanufacturerswereAbbottLabo
ratoriesVectobacAS Vectobactechrgcalpow
der Microbial Resources Skeetal and

ZoeconTeknar Theapplicationratewas45
ouncesperacreofanaqueoussuspensionof600
ITUInternationalToxicUnitsmaterialinall
instances Atotalof48547acresofricewere
treatedwith1707gallonsofBtiatacostof
16641975gal

Analysisofdippingdata showedamean

reductioninlarvaeof69 Whenthedipping
stationontheupwindsideofthefieldwasnot
includedinthetreatmentefficacycalculationan
87meanreductioninlarvaeresulted

With regard to treatment efficacy New

JerseylighttrapdatacollectedwithintheBti
treatment area provided inconclusive results

The1986seasonshowedhighernumbersofrice
field mosquitoes when compared to previous
years

TheDistrictperformedafieldtrialbetween
twoBtiformulationsforAbbottLaboratories
Inthistest1200ITUmaterialappliedat225
ouncesperacrewascomparedsidebysidewitha
600ITUmaterialappliedat450ouncesperacre
Thetreatmentefficacywasthesameforeach
materialasindicatedbypreandposttreatment



iesbutexcellentcontrolofthethreespecies
studiedwasobtainedatratesrangingfrom10
15lbacreMullaetal1986andunpublished
data

REFERENCES

AlyC1983FeedingbehaviorofAedesvexans
larvaeDiptera Culicidaeanditsinfluence
ontheeffectivenessofBacillusthuringiensis
varisraelensis BullSocietyVectorEcol
894100

MullaMSandMFBChaudhury1968Re
leaseofnewmosquitolarvicidesintowater
from granular formulations Proc Calif

MosqContAssoc3686089
MullaMSHADarwazehandCAly1987

Laboratoryandfieldstudiesonnewformu
lations of two microbial control agents
againstmosquitoes Bull SocietyVector
Ecol11255263

MullaMSHADarwazehEWDavidsonand
HTDulmage1984Efficacyandpersist
enceofthemicrobialagentBacillusspha

57

ericusagainstmosquitolarvaeinorganically
enrichedhabitats MosqNews44166173

MullaMSHADarwazehLEdeB
KennedyandHTDulmage1985Efficacy
andfieldevaluationofBacillusthuringiensis
H14andBsphaericusagainstfloodwater
mosquitoes in California J Am Mosq
ContAssoc1310315

MullaMSBAFedericiandHADarwazeh
1982 LarvicidalefficacyofBacillusthur
ingiensis serotype H14 against stagnant
watermosquitoesanditseffectonnontarget
organisms EnvironEntomol11788795

MullaMSRLNorlandDMFanaraHA
DarwazehandDWMcKean1971Controlof
chironomidmidgesinrecreationallakesJ
EconEntomol64300307

RamoskaWAandTLHopkins1981Effects
ofmosquitolarvalfeedingbehavioronBacil
lus sphaericus efficacy J Invertebr
Pathol37269272



56

Table6EvaluationofBsphaericus2362formulationsagainstCulex
mosquitolarvaeinexperimentalponds

Formulations

BSP2

liquid

ABG6184

primarypowder

Check 148 0 0 0

BSP2

liquid

conc

conc

ABG6184

primarypowder

Reductionafter

Rate Larvae5dips treatmentdays

lbacre pretreatment 2 7 14

UCRiversideSept1986x
025 126 95 86 87

050 148 99 92 91

100 120 100 85 76

005 83 100 77 82

010 142 100 99 97

CoachellaValleyOct1986b
025 12 4 38 0

050 18 83 82 21

Lowsporeliquid 025 27 91 97 47

050 19 100 96 60

Highsporeliquid 025 23 57 93 76

050 34 98 95 71

005 30 85 97 89

010 30 100 97 74

Check 23 0 0 0

ai
PopulationCxpeus95 Cxtarsalis5 Watertemp2030C

PIPopulationCxtarsalis Watertemp1724C



Table5Evaluationofgranularformulationsof8 sphaericus2362
againstCulexmosquitolarvaeinexperimentalponds

XReductionafter

Granules Larvae5dips treatmentdays
Formulations lbacre pretreatment 2 7 14

CoachellaValleyMay19861
ABG6185 10 20 96 56 0

3mm 20 93 100 95 69

lot87009BR 40 49 100 96 94

ABG6185 10 26 100 81 23

1mm 20 53 100 88 0

lot87010BR

ABG6185 10 38 98 51 0

1mm 20 59 100 89 90

lot87034BR 40 84 100 84 73

ABG6185 10 26 100 62 0

1mm 20 74 100 94 98

lot88039BR 40 90 100 98 96

Check 23 0 4 0

UCRiversideJune1986b
ABG61853mm 05 21 88 0

lot87009BR 10 92 99 61

ABG61851mm 05 33 100 27

lot88034BR 10 14 100 0

ABG61851mm 05 21 98 0

lot88039BR 10 17 100 0

Check 12 0 17

a
PopulationCxtarsaliswatertemp2235C

biPopulationCx peus53 Cxtarsalis30 CxP p quinquefasciatus
17

Watertemp2231C
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Figure6isaplotonthesamescaleof
actualfielddataforthetrialconductedonSep
tember22 1986 Malathiondepositedon the

MylarsheetshasbeenconvertedtoIhaand
plottedversusdistancefromtheflightline One

valueisoffscaleandcorrespondstotheexact
downwindlocation24mpredictedforthepeak
deposit

Ofparticularnoteistheexcellentagreement
inthegeneralshapeofthepredictedandactual
deposits Thefielddatashowsastrongpeakat
24metersaholeat80meterssecondarypeaks
at90to140metersandmuchlowerdepositson
outto400meters Theverticalscaleshowsgood
agreementonthemagnitudeofthesecondary
peaksandwiththeexceptionofthemagnitude
oftheoffscalevalueagoodrepresentationof
theprimarydepositalso

Figure7againshowsthedepositspredicted
byAGDISPbutinunitsofdropscm Ifthisis

themethodbywhichthepestiscontrolledthis
predictionwouldbemuchmoreimportant Inthis

casethepatternmaintainsahighervaluefarther
awayfromtheflightline Thesmallerdrop
sizeswhilerepresentingasmallfractionofthe
totalmasscanstillcontributemanydropsas
themassperdropincreasesasafunctionof
diametercubed

035

03

025

02

015

01

005

Composite Ground Deposition
AirTractorAT301 TeatDate92286

SUMMARY

0 100 200

Distancem

This scale emphasizes the problem with

discretedropsizesasopposedtoacontinuous
spectrum Thepeakcenteredat150metersis
froma42microndropwhilethepeakcenteredat
120metersisduetodropsof725microndiame
ter Obviouslyasmoothcontinuousspectrum
betweenthesetwosizeswouldresultinasmooth
depositionoverthatintervalinsteadofthetwo
peakswiththeholebetweenthem

Thistrialresultedin100mortalityofthe
sentinelmosquitoesat18metersandbeyondwith
0mortalityfromthecenterlineto18meters

Anoverallviewofatmosphericdispersionof
sprayshasbeenpresentedalongwithageneral
descriptionofsomecommonlyusedapproachesto
modelingtheprocess Similaritytheorymodels
and particleincell models show promise from

modeling the release from ground based

equipmentsuchascoldfoggersforadulticiding
withaULVapplication Trajectoryorballistic
modelshavebeenshowntomodeltheimportant
processes in flightofdroplets releasedfrom

aircraft
TheAGDISPmodelhasbeendescribedas

onechoiceforatrajectorymodel Itsinputsand

300 400

Figure6ExperimentaldataondownwinddepositsonMylarsheets
forteston92286
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Figure 7Theoretical deposit pattern in dropscm based on

AGDISPsimulationofteston92286

outputshavebeendescribed Onefieldtrialhas
been simulated using AGDISPand themodel

resultscomparedtotheactualfielddataobtained
Thereisgoodoverallagreementinthegeneral
shapeofthedepositioncurveasafunctionof
downwinddistanceandAGDISPalsopredictsthe
correctorderofmagnitudefordeposits This

typeofmodeldeservesfurtherstudyandmay
holdgreatpromiseasananalyticaltooltohelp
tailoraircraftsetupandnozzleplacementto
achievethedesiredspraypatternsforsuccessful
controlofadultmosquitoeswithanULVapplica
tion
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INTRODUCTION

TheVectorSurveillanceandControlBranch

oftheCaliforniaDepartmentofHealthServices
initiated an insecticide resistance surveillance

programin 1963 Brownetal 1963 Gillies

1964 Thisprogramwasacooperativeeffort
withlocalmosquitocontrolagenciesinresponseto
their need for early detection of resistance

Womeldorfetal1966 Gilliesetal1968a
Howevertheentireprogramwasabruptlyhalted
in1979duetoseverebudgetarycuts Very
limitedtestingwasdoneaftertheprogramlostall
threestaffpositions Throughreprioritization
andinresponsetothedemandsoflocalmosquito
controlagenciestheprogramwasrestoredin
1984 Onestaffpositionwasassignedtothetask
ofprovidingservicestotheseagenciesstatewide
Thislevelofeffortisonlyathirdofpre1979
staffingthereforetherestoredprograminitially
focuseduponCulextarsalisasthemajorspecies
ofpublichealthimportance Testingoforgano
phosphorus OP larvicidesagainstlarval Cx
tarsalis beganin 1984andcontinuedthrough
1986howeverafewtestswereperformedin
1983 Inthisreportcurrentfindingsarecom
paredtothosereportedinthepastandcompari
sonsaremadebetweengeographicregionsofthe
State

METHODSANDMATERIALS

INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA

STATUSOFORGANOPHOSPHORUSRESISTANCEIN

LARVALCULEXTARSALISTHROUGH1986

MalcolmAThompson

LarvalcollectionsofuntreatedandOPpres
suredpopulationswereroutinelytestedinthe
laboratory Bioassayswereperformedasde
scribedindetailbyGilliesandWomeldorf1968
Latethirdtoearlyfourthinstarlarvaewere
placedinwaxcoated3ouncecupstwentyper
cupcontaining100mlofwater Distilledpref
erablyorgoodqualityagedtapwaterwasused
Cupsweretreatedwithaseriesofdifferentially
increasingdosesofweightvolumeacetoneinsecti
cidesolutionstoyielddesiredfinalconcentrations
expressedinpartspermillionppm Astan

dardbioassayincludedreplicatesofeachdose
unlessprecludedbyascarcityoflarvae Awide

rangeofconcentrationswasusedtoachievea
rangeofmortalityfromzeroto100 Larval

mortalitywasrecorded24hoursafterexposure
Datawereevaluatedbygraphicanalysisorprobit
analysistoobtainestimatesofLCandLC90s
Testswereconsideredinvalidiftherewerefewer

thanthreedatapointsmortalityaboveorbelow
50waslackinggreaterthan10mixedspecies

CaliforniaDepartmentofHealthServices
VectorSurveillanceandControlBranch

714PStreetRoom616POBox942732
SacramentoCalifornia942347320
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orpupationoccurredorifstatisticallysignificant
heterogeneityofthedatapointswaspresent

RESULTSANDDISCUSSION

Table1liststhehighestlevelofOPresis
tancereportedforeachofthefourspecified
larvicidesateachofthe22agenciesofthe
currentsurvey Forcomparisontoresistance
levelsreportedinthepastthesefindingsare
listedtogetherwiththehighestLCrecordedat
eachoftheseagenciesthrough1978Zborayand
Gutierrez1979 Howeverthetablepublished
byZborayandGutierrezcontainsLC50sforonly
19ofthe22agencies Earlierunpublisheddata
priorto1978forRiversideandSanBernardino
CountiesfromdesertareasalongtheColorado
RiverthereforeappearinTable1andnotinthe
ZborayGutierreztable Nopreviousdatawere
availableforMarinSonomaMAD

TheyearthehighestLCwasobtainedand
resistancestatusofthatLC50arealsoincludedin
Table1 Resistancestatuswasdeterminedby
criteriapreviouslysetforth Thompson1985
BrieflyLCareclassifiedeithersusceptible
incipientorresistantdependinguponthresholds
andtheLC90LC50 ratioBrownetal 1963
Womeldorfetal 1966 Gilliesetal 1968b
Thesecriteriaareusedtointerpretlaboratory
datatopredictthesuccessorfailureofan
applicationofinsecticide in thefield How

everforthepurposeofdiscussioninthisre
portLC50sequaltoorgreaterthanthresholds
of01ppmformalathion0005ppmforparathion
andfenthionand00025ppmforchlorpyrifosare
resistant

Althoughthe LC50s inTable1 arethe

highestrecordedperagencyperlarvicidethey
donotnecessarilyidentifyresistantpopulations
Manyaresusceptible Thepercentageofthe
LC50sinTable1whichareresistantperlarvi
cideisshowninTable2 Resistancetomala
thion and parathion has remained essentially
unchangedsince1978whilefenthionresistance
decreasedandchlorpyrifosresistanceincreased
substantially Mostpopulationsencounteredin
thecurrentsurveyweresusceptibletomalathion
andaboutasmanypopulationsweresusceptibleto
parathionandfenthionaswereresistant How

everthreeofeveryfourtestedwereresistantto
chlorpyrifos

Thefindingsofthe198386surveywere
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Table1HighestLCppmrecordedateachoftheindicatedagenciesforeachofthespec
ifiedorganophosphorouslarvicidestestedagainstlarvalCulextarsalisduring198386compared
tothoserecordedthrough1978 Resistancestatus S Susceptible R Resistant

leaY

1ZborayandGutierrez1979

2fecalmoaguitocontrolagencydata198486

3Unpublisheddata1972

Main PARKIHICV E8NIR1fN QRflPYRIItS

Year1C Statue YearLC Status YearIC Status YearIf Status

MorinSonoma 19850092 S 198600031 S 198500042 S 19860002 S

SoienoCo 198600031 S 198600714 S
1965011 R 196500023 S 196900027 S

NSalinasValley 1986026 R 19860012 R 19960014 R 19860011 R

197600083 S 197800037 R

BurneyBasin 19840025 S 198400025 S 198400038 S 198400314 S
19740015 S 197400026 S

Shasta 19850069 S 198400021 S 198400096 R 198600041 R
19670057 S 197700014 S 19770013 R 197700028 R

TieeaeCo 19840058 S 198400042 S 198400036 S
19680053 S 196400031 S 197100056 R 1972000053 S

ButteCo2 19860042 S 198600022 S 198600037 S 198600015 S
196601 R 197200045 S 197100079 R 1968000028 S

SacraoentoCoYoloCo1986022 R 198600756 R 19860007 R 198600029 R
1966011 R 196600032 S 196800031 S

SanJoegninCo 19860083 S 198600041 S 198600034 S 198600028 R
19670071 S 197700052 R 197200358 R 197500712 S

Fresnoaside 1986015 R 198600033 S 198600076 R 198600006 R
1972023 R 19690022 R 19690023 R 196900089 R

Caneolidated 1985001 S 198600014 S 198600332 S 198500008 S
1969024 11 19700023 R 19700053 R

Kings 19840012 R 19840014 R
1972075 R 19720054 R 1972004 R 19720027 R

Tulare 198600053 R
1975052 R 197100099 R 19690017 R 19710011 R

Kern 19860009 R 198600044 R
19640065 S 19780026 R 19760013 R 197800061 R

GoletaValley 19860007 S 198600013 S 198600019 S 198600012 S
19660054 S 196600004 S 196900044 S 1966000063 S

VenturaCo 1986007 S 198600042 S 198600054 R 198600034 R

197600x15 S

Nortteest 1984027 R 19840044 R 19840034 R 1984011 R
19710016 S 197100016 S 197100026 S 1971000024 S

OwnsValley 19850017 S 198500033 S 198500013 S
19690026 S 197200359 R 1969000045 S

SanBernazdinoCo 1984044 R 19840056 R 198300093 R
19720057 S 197200018 S 197200043 S 197200004 S

RiversideCo3 19840018 8

19720097 S 197200354 R 197200058 R

CoachellaValley 19860061 S 19840011 R 198600063 R 198400052 R
19720073 S 19700016 R 197200086 R 19710026 R

ImperialCo 1985014 R 19830009
1972021 R 19720018 8 19720017 R 197200082 R
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Table2PercentageofthelarvalCulextarsalisLClistedinTable1
whichareresistantstothespecifiedlarvicides

Larvicide

Malathion

Parathion

Fenthion

Chlorpyrifos

1OnlythoseagenciesreportinganLCforbothsurveyperiods196378
and198386areincludedinthiscomparison

Table3PercentageoflarvalCulextarsalisLCinTable1whichare
resistanttothespecifiedlarvicides198386survey

Larvicide

Malathion

Parathion

Fenthion

Chlorpyrifos

SacramentoValley SanJoaquinValley DesertAreas

NorthernCA CentralCA SouthernCA

20

25

40

50

segregatedintoregionalareasoftheStateas
showninTable3 Overallresistanceappearsto
beleastinthenorthandgreatestinthesouth
MostpopulationsoftheSacramentoValleyare
susceptibletomalathionparathionandfenthion
buthalfareresistanttochlorpyrifos TheSan

JoaquinValleyhasasubstantialnumberofchlor
pyrifosandfenthionresistantpopulations Use

ofOPlarvicidesinthedesertareasofSouthern
Californiaiscontraindicated Table3suggests
thatnoneoftheselarvicidescouldbeselected

universallytocontrolCxtarsalisinallofCal
ifornia ThedecisiontouseOPlarvicidesshould

bemadebyindividualagenciesandamongother
considerations should include the results of
resistancesurveillance

Ithankthemanagersofparticipatingmos
quitocontrolagenciesforprovidingtheassistance
andcooperationneededtoconductthissurvey I

alsothankthetechnicalstaffofthoseagencies
whohelpedperformthetestsandinsomecases
supplieddataforthesurvey

196378Survey 198386Survey

36

50

60

50
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40

50

100
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EVALUATIONOFNEWEXPERIMENTALINSECTGROWTHREGULATORSAGAINST

MOSQUITOESDIPTERA CULICIDAEANDMIDGESDIPTERACHIRONOMIDAE

INTHELABORATORY

Inthepast15yearsseveralinsectgrowth
regulators IGRs including chitin synthesis
inhibitorsandjuvenilehormoneanalogshavebeen
testedinthelaboratoryandunderfieldcondi
tionsagainstdipterousinsectsofmedicaland
economicimportanceAliandMulla1977Aliand
Lord1980Dameetal1976LaceyandMulla
1978Muilaetal1974 SomeoftheseIGRs
suchasmethoprenediflubenzuronBaySir8514
andUC6264426difluoroN43dichloro5
trifluoromethyl2pyridinyloxy135dichlorophenyl
aminocarbonylbenzamide exhibited excellent

activityagainstmosquitoesandchironomidmidges
inavarietyofhabitatsAliandStanley1981
Axtelletal 1980 MullaandDarwazeh1975
1979 Thesecompoundsareespeciallyuseful
against organophosphorusresistant strains of

mosquitoesDameetal1976andmidgesPelsue
etal1974

RecentlysomenewbenzoylphenylureaIGRs
becameavailableforevaluation Thefollowing
laboratorystudywasconductedontheeffective
nessoffivenewIGRsagainsteightspeciesof
mosquitoesand two species ofmidges The

activityoftheseIGRsagainsteachmosquitoor
midgespecieswascomparedtothatofdifluben
zuronalsoabenzoylphenylureatestedsimultane
ouslyasastandard

1
UnofFloridaIFASFloridaMedical

Entomology Laboratory 200 9thStreet SE
VeroBeachFlorida32960

ArshadAliJaiKNayarandMohLengKokYokomi

UniversityofFloridaIFAS
CentralFloridaResearchandEducationCenter

POBox909SanfordFlorida32771

ABSTRACT

MATERIALSANDMETHODS
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FiveexperimentalbenzoylphenylureainsectgrowthregulatorsIGRsUC75118UC75150UC
76721UC76724andUC86874providedbyUnionCarbideweretestedagainstlarvaeofeightspeciesof
laboratoryrearedmosquitoesandtwospeciesoffieldcollectedchironomidmidges Diflubenzuronwas

simultaneouslytestedasastandardagainsteachmosquitoandmidgespecies UC76724wasthemost

toxicincludingdiflubenzurontoAedesaegyptiLAnophelesalbimanusWiedemannCulexnigripalpus
TheobaldCxquinquefasciatusSayCxsalinariusCoquillettandWyeomyiamitchelliiTheobaldmos
quitoesandChironomuscrassicaudatusMallochandGlyptotendipesparipesEdwardsmidges theLC
valuesrangedfrom11to154ppbofUC76724forthesespecies TheIGRUC75150wasalsohighly
activeagainstAeaegyptiCxnigripalpusCxsalinariusWymitchelliiandCcrassicaudatuswith
LCvaluesrangingfrom27to98ppb ThesuperiorlaboratoryactivityofUC76724andUC75150
warrantsfieldevaluationofthesenewIGRsagainstmosquitoesmidgesandotherpestandvectordipter
ousinsects

The IGRsevaluated were Union Carbide

materials UC75118UC75150 UC76721 UC

76724andUC86874 Theexactchemicalstruc

tureofeachofthesecompoundsispresentlynot
disclosed by Union Carbide Technical grade
materialofeachIGR9196puritywasprovided
byUnionCarbidewhiletechnicalgradedifluben
zuron90puritywasobtainedfromUniroyal
ChemicalCompany

Onepercentstocksolutionwvand67
serialdilutionsofeachtechnicalgradematerial
weremadeinacetone Formosquitobioassays
4thinstarsofAedesaegyptiLAe taeni

orhynchus Wiedemann Anopheles albimanus

Wiedemann An quadrimaculatus Say Culex

nigripalpusTheobaldCxquinquefasciatusSay
CxsalinariusCoquillettandWyeomyiamitchellii
Theobaldwereutilized Thesespecieswere
maintained at the Florida Medical Entomology
LaboratoryatVeroBeachFlorida Formidge
bioassays fieldcollected4thinstarsofChiro

nomuscrassicaudatusMallochandGlyptotendipes
paripes Edwards were used Larvae of the

formerspecieswerecollectedfromLakeMonroe
asdescribedinAliandBaggs1982whileG
paripeswasobtainedfromLakeJessuplocated56
kmdistancefromLakeMonroeSeminoleCounty
Florida

Mosquitobioassaymethodsweregenerallythe
sameasdescribedbyMullaetal1974 Twen

tymosquitolarvaewereplacedina120m1dispos
ablecupcontaining100mloftapwater Distilled

waterpH69wasusedintestsconcerningWy
mitchelliibecauseofthepossibilityofitslarval
mortalityintapwaterNayar1982 Fiveorsix
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differentconcentrationsofeachexperimentalIGR
anddiflubenzuronweretestedagainsteachmos
quitospecieseachtime Eachconcentrationwas

replicatedthreetimesandthreeuntreatedchecks
weremaintainedineachtestwhichlastedfor37
days Larvaeinthecupswereexamineddaily
andthefinallarvalorpupalmortalityoradult
emergenceineachtreatedcupwasrecordedat
thetimeofcompleteadultemergencein the
checks Onemlof1hogliver yeast32was
addedtoeachcupat2dayintervals Themidge
bioassayswereconductedin1200mIclearplastic
rearingunitspreviouslydescribedbyAliand
Lord 1980 Each unit received twenty 4th

instarlarvae150gofsterilizedfinesandand
500mltapwaterandwascontinuouslyaeratedto
maintainanairflowrateof40 10mlmin The

methodofIGRtreatmentsofmidgelarvaewasthe
sameasusedformosquitobioassays Formidge
food01gofgrounddogfoodDogKisses
HartzMountainProductsCorpwasaddedto
eachunitat2dayintervals Deadlarvaepupae
andlivingordeadadultsineachunitwere
countedandremoveddaily Theexperimentwas
maintainedfor57daysuntilnolivinglarvaeor
pupaeremainedinthechecks Eachmosquitoor
midgebioassaywasrepeatedatleastthreetimes
evaluationagainstchironomidspecieshadtobe
repeated 56 times becauseofhigh mortality
encounteredinchecksonsomeoccasions A14h
photoperiodand27 2Cweremaintainedinthe
evaluation roomduringtheexperiments The
corrected mortality against checks of each

mosquitoand midgespeciesatdifferentcon
centrations ofanexperimental IGR or diflu

benzuronwassubjectedtologprobitregression
analysistodeterminetheLCandLCvalues

IGRs

UC75118

UC75150

UC76721

UC76724

UC86874

Diflubenzuron

LC LC

Aeaegypti

92 210

18 27

18 39

06 11

18 48

20 47

RESULTSANDDISCUSSION

Table1presentsactivityoftheexperimental
IGRsanddiflubenzuronagainst4thinstarsofAe
aegyptiandAetaeniorhynchus UC76724was

themostactiveagainstAeaegyptiwhileUC
75150 UC76721 UC86874 and UC75118 in

thatorderwereeffectiveagainstAeaegypti
withLC90valuesrangingfrom11 ppbUC
76724to210ppb UC75118 AgainstAe
taeniorhynchusUC86874LC 42ppband
UC76724LC90 49ppbwerethemostactive
whileUC75118LC90 236ppbwastheleast
effectiveGenerallyAeaegyptiwasmoresus
ceptibletothenewIGRsaswellastodiflu
benzuronthanwasAetaeniorhynchusandat
leastthreeofthenewIGRsshowedsuperior
activitythandiflubenzuronagainstbothAedes
speciesTable1

AnophelesalbimanusandAnquadrimacula
tuslarvaewerelesssusceptibletoalltheex
perimental IGRsascompared todiflubenzuron
Table2 Amongthedifferenttestcompounds
UC76724wasthemosteffectiveagainstAn
albimanusLC 154ppbaswellasagainst
An quadrimaculatus LC 58ppb The

levelsofactivityLC90ofotherIGRswere38
and412timeslowerthanUC76724whentested
againstAnalbimanusandAnquadrimaculatus
respectively Diflubenzuron was twice more

activeagainstAnalbimanusthanwasUC76724
thelatter IGRshowedsimilaractivityasdi
flubenzuronagainstAnquadrimaculatus

DatainTable3indicatethatlarvaeofall
threespeciesofCulexweresusceptibletothe
experimental IGRs UC76724 was the most

effectiveoftheexperimentalmaterialsagainstCx

Table1Biologicalactivityoffivenewexperimentalinsectgrowth
regulatorsIGRsanddiflubenzuronagainst4thinstarslaboratory
rearedofAedesmosquitoes

a

exposedcontinouslytotheIGRsinthe
laboratory

Lethalconcentrationinppb

LC

Aetaeniorhynchus

80

40

43

12

09

18

LC

236

105

84

49

42

99

aMaintainedattheFloridaMedical Entomology LaboratoryatVero
BeachFlorida



Table2Biologicalactivityoffivenewexperimental insectgrowth

regulatorsIGRsanddiflubenzuronagainst4thinstarslaboratory
rearedofAnophelesmosquitoes exposedcontinuouslytotheIGRsin
thelaboratory

IGRs

Lethalconcentrationinppb

LC50 LC90 LC50 LC90

Analbimanus Anquadrimaculatus

UC75118 198 1246

UC75150 73 423 63 222

UC76721 147 695

UC76724 37 154 20 58

UC86874 144 543 113 691

Diflubenzuron 14 72 12 50

aMaintainedattheFloridaMedicalEntomologyLaboratoryatVeroBeach
Florida

Table3Biologicalactivityoffivenewexperimentalinsectgrowth
regulatorsIGRsanddiflubenzuronagainst4thinstarslaboratory
rearedofCulexmosquitoesexposedcontinuouslytotheIGRsinthe
laboratory

IGRs

Lethalconcentrationinppb

LC50 LC90 LC50 LC90 LC50 LC90

Cxnigripalpus Cxquinquefasciatus Cxsalinarius

UC75118 53 326 144 301 45 145

UC75150 20 79 44 139 19 98

UC76721 83 274 152 308 52 234

UC76724 13 43 19 47 15 55

UC86874 13 46 36 129 38 115

Diflubenzuron 11 59 14 48 29 96

aMaintainedatthe FloridaEntomology LaboratoryatVero Beach
Florida
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Table4Biologicalactivityoffivenewexperimental insectgrowth

regulatorsIGRsanddiflulenzuronagainst4thinstarslaboratory
rearedofWyeomyiamitchellii exposedcontinuouslytotheIGRsinthe
laboratory

IGRs

UC75118

UC75150

UC76721

IIC76724

IIC86874

Diflubenzuron

nigripalpusLC 43ppbCxquinquefasci
atusLC90 47ppbandCxsalinariusLC90
55ppb UC75150andUC86874alsoshowed

superioractivityagainstthethreespecieswhile
UC76721andUC75118weretheleastactiveof

theexperimentalIGRsTable3 Thelevelof

activityofUC76724wassimilartothatofdi
flubenzuron againstCx nigripalpus and Cx

quinquefasciatus TheformerIGRwastwicemore

activethandiflubenzuronagainstCxsalinarius
UC76724andUC75150werehighlyactive

againstlarvaeofWymitchelliiasindicatedby
theLCvaluesof33ppbUC76724and68
ppb UC75150 Table4 Theother three

experimentalIGRswere610and1320timesTess
activethanwereUC75150andUC76724res
pectively ThelattertwoIGRsprovedtobe612
timesmoretoxictoWymitchelliithanwasdiflu
benzuron

Thelevelsofbiologicalactivityoftheex
perimentalIGRsagainstmidgespeciesCcrassi
caudatusandGparipesTable5weregenerally
similartothoseachievedforthemosquitospecies
AgainstthemidgelarvaeUC76724wasthemost
active followed by UC75150 UC75118 and

UC76721withLC90valuesrangingfrom45
253ppbCcrassicaudatusand31 342ppb
Gparipes Ofalltheexperimentalgrowth
regulatorstested only UC76724wasslightly
morelethaltothemidgesthanwasdiflubenzuron

Inapreviouslaboratorystudysomeben
zoylphenylurea IGRs diflubenzuron Bay Sir

6874andBaySir8514hadproventobehighly
effectiveagainstmosquitoesMullaandDarwazeh
1979 Diflubenzuroncausedcompleteinhibition
ofadultemergenceofCxppollensandCx
tritaeniorhynchusat02and01ppbrespective
ly Takahashi and Ohtaki 1976 The LC50
valuesofthesameIGRagainstAealbopictus

Lethalconcentrationinppb

LC

208

28

210

14

148

153

LC

422

68

548

33

672

395

aMaintainedattheFloridaMedicalEntomologyLaboratoryatVeroBeach
Florida

AesubalbatusCxpmolestusandCxp
pallens were047 03072and018ppb
respectively Ishita and Kurihara 1977 In

laboratoryevaluationsconductedbyMullaand
Darwazeh1979theLCvaluesofdifluben
zuronBaySir6874andBaySir8514against
Cxquinquefasciatuswere1518and68ppb
respectivelywhileCulisetaincidenswas25times
moresusceptibletotheIGRsthanwasCxquin
quefasciatus InanotherstudytheLCvalue
ofBaySir8514againstthelarvaeofAeaegypti
wasfoundtobe514ppbHeraldetal1980

AgainstchironomidlarvaeofthespeciesG
paripesandC decorus theLCvaluesof
UC62644 diflubenzuron and Bay Sir 8514

respectivelywere3141and76ppbG
paripesand5760and220ppbCdeco
rusAliandStanley1981

Thepresentlaboratorystudyhasdemon
stratedthatamongthenewbenzoylphenylurea
IGRsUC76724wasthemosttoxictoawide
varietyofmosquitoandmidgespecies These

speciesincludedAeaegyptiAnalbimanusCx
nigripalpus Cx quinquefasicatus Cx sal
inariusandWymitchelliimosquitoesandC
crassicaudatusandGparipesmidges TheLC
valuesofthesespeciesrangedfrom11to154
ppbofUC76724 UC75150alsoprovedsuperior
intoxicityasindicatedbytherelativelylowLC
valuesofthis IGRagainstAe aegypti Cx

nigripalpusCxsalinariusWymitchelliiand
Ccrassicaudatus Thestandarddiflubenzuron
was highlyeffectiveagainstall mosquitoand
midgespeciesexceptforWymitchelliiwhichwas
relativelytoleranttodiflubenzuronwithanLC90
valueof395ppb Ageneralcomparisonof
activityofUC76724anddiflubenzuronindicated
thatUC76724wasmoretoxicthandiflubenzuron

againstsixoutofatotalofeightspeciesof



IGRs

UC75118

UC75150

UC76721

UC76724

Diflubenzuron

LC
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Table5Biologicalactivityoffournewexperimentalinsectgrowth
regulatorsIGRsanddiflubenzuronagainstfieldcollected4thinstars
ofchironomidmidgesexposedcontinuouslytotheIGRsinthelabora
tory

aFieldpopulationsdrawnfromLakeMonroeSanfordSeminoleVolusia
CountiesFlorida

bFieldpopulationsdrawnfromLakeJessupSanfordSeminoleCounty
Florida

mosquitoesandbothspeciesofmidges Thus
theexperimentalIGRUC76724andperhaps
UC75150 having demonstrated good activity
againstmosquitoesandmidgesinthelaboratory
warrantfieldevaluationagainsttheseandother
dipterouspestandvectorinsects

This is Florida Agricultural Experiment
StationsJournalSeriesNo7843
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Problemsassociatedwithmosquitoesbreedinginwastewatertreatmentfacilitiesusingmacrophytes
jeopardizethedevelopmentofanotherwiseefficienttechnology Soundstrategiesarelackingatpresent
forbothpreventionofmosquitobreedinginsuchfacilitiesaswellasforefficientcontrolofexisting
mosquitoproblems Longtermecologicalstudiesareneededtodevelopstrategiesbutimprovedmethods
ofsamplingandassessmentofpredatorpreyrelationshipsareneededaswellasstudiesoftherelation
shipofphysicalfactorsinwatertoallbiologicalcomponents Finallyasystemsapproachtomanagement
tothesefacilitiesshouldbedeveloped

INTRODUCTION

MOSQUITOPROBLEMSINSEWAGETREATMENTPLANTSUSING

AQUATICMACROPHYTESINCALIFORNIA

BruceFEldridgeandCecilMartin
ABSTRACT

Wastewater treatment in ponds containing
variousspeciesofaquaticplantsmacrophytes
hasbeenpromotedasafeasibleandeconomic
alternativetoconventionaltreatmentusingchemi
calandphysicaltechnologyDinges1978Gupta
1980 Theuseofmacrophytesforwastewater
treatmentgrewoutofthe successfuluseof

stabilizationoxidationpondsusingalgaedating
backtothe1920s Numerousspeciesofmacro
phytesinanumberofconfigurationshavebeen
proposedforusebutwaterhyacinthEichornia
crassipeshasbeenthemacrophytemostcommon
lyused Economicsavingsareconsideredto
resultfromlowercapitalinvestmentlowerop
eratingmanpowerrequirementsandlowerenergy
inputs Initialassessmentsoffeasibilityhow
ever did notconsideradequatelythe public
healthproblemswhichmightarisefromproduction
ofmosquitoesinsuchponds InCaliforniaand
alsoinother states mosquitoproblems have

occurredinpilotplantsusingmacrophytesand
satisfactorylongtermmosquitocontrolhasyetto
beachieved TownzenandWilson 1983 In

CaliforniapilotplantsinContraCostaNapa
PlacerandSonomaCountieswereplacedinto
operationinthelate1970sandearly1980sonly
tobeclosedafewyearslaterbecauseofun
solvedproblemswithmosquitoesTable1 Itis

onlyinthoseplantswhereinfluenttothemacro
phyte ponds has already received advanced

treatmentthatmosquitobreedinghasnotbeena
problemLosBanosandMountainView

PresentlyinCaliforniawastewatertreatment
plantsusingmacrophytesareoperatingonlyin
SanDiegousingwaterhyacinthandinGustine
andMountainViewusingcattailandbulrush In

thesecaseshoweverthecontinuedoperationof
theplantsiscontingentuponsuccessfulmosquito
control

1DepartmentofEntomology Universityof
CaliforniaDavisCalifornia95616

2StateWaterResourcesControlBoardPO
Box100SacramentoCalifornia95814

Theobjectivesofthispaperaretoreview
thepresentstatusofmosquitocontroloptionsfor
macrophytebased wastewater treatment plants
andtodiscussfuturestudiesneededtodesign
practicalandlonglastingcontrolofmosquitoes
withouttheneedforrepeatedtreatmentswith
conventionalchemicalpesticides Fundamentally
therearetwoapproacheswhichcanbetakento
avoidmosquitoproblemsinwastewatertreatment
plants Oneistodesigntheplantsinawaythat
is notconducive tomosquitobreeding The

secondistointerveneinsomewayaftermosquito
breedinghasreachedalevelwhichwillsubse
quentlyresultinadultmosquitopopulationsof
pestordiseasetransmissionsignificance Unfor

tunatelywelacksufficientinformationpresently
toemployeitherapproachsatisfactorily

Thereisastrongneedforthedevelopment
ofalternatives tothe presentexpensiveand
energyintensivemethodsofwastewatertreatment
Althoughfederalandstategrantprogramsfor
plantdevelopmentarebeingphasedoutlowin
terestloanprogramsforcommunitieswillprobably
taketheirplaces Giventhecompetitionfortax
dollars for public services such as schools
streetssolidwastedisposalpoliceprotection
watersupplyandstormdrainagesmallcommu
nitiessimplycannotaffordthelargeoutlaysof
capitalneededforconventionaltreatmentfacil
ities Mosquitocontrolinpondsusingmacro
phytes therefore represents a challenge to

engineersandbiologistswithahighpotential
payoff

BIOLOGICAL ASSOCIATIONS OF MOSQUITOES
PLANTSANDPOLLUTEDWATER

EffectsofvegetationVegetationpresentin
aquatic habitatscan influencemosquitopopu
lationsinanumberofways Plantscandirectly
affectwatertemperature evaporation surface

characteristics andchemicalcomposition WHO
1967 Presenceorabsenceofplantsmayaffect
predationratesofmosquitolarvae Plantgrowth
can also influence oviposition by mosquitoes
Thiscan be because ofshade produced by
plantsorbypresentingaphysicalbarrierto
ovipositionRussellandRao1942 Therecan
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Table1Pilotplantsforwastewatertreatmentusingmacrophytesin
California

City

MountainView

Forestville

Occidental

StHelena

Hercules

Roseville

SanDiego

LosBanos

Gustine

County

ContraCosta

Sonoma

Sonoma

Napa

ContraCosta

Placer

SanDiego

Merced

Merced

beanactualtoxicorinhibitoryfactorproduced
byplants Bates1949discussesaquaticplants
whichareinimicaltomosquitobreedingsuchas
Utriculariabladderwort Finallyplantspresent
inaquaticenvironmentsmaycomplicatecontrolof
mosquitolarvaebychemicalmeansbecauseof
reducedpenetrationoftoxicants

Fromthestandpointofwastewatertreatment
plantdesignitwouldbeveryusefultobeable
tocorrelatetheoccurrenceofdifferentplants
withtheoccurrenceofvariousspeciesofmos
quitoesinaquaticenvironments Thishasbeena

goalofmosquitoresearchersforalongtime
Bates 1949 summarized available studies as

follows Studieswiththisobjectinviewhave
howevergenerallygiven ratherunsatisfactory
resultsinthatthereseemsrarelyifevertobe
aworkingcorrelationbetweentheincidenceofa
particular species or complex of plants and

particular mosquito species Nevertheless
generalassociationsofplantsandmosquitobreed
ingareknowntoexist BarnesandGibula

1979discussedthesubjectsofclassificationof
vegetationandtherelationshipofvegetationand
mosquitobreedingasrelatedtoremotesensing
Theyciteexamplesoftypesofvegetativepat
terns associated with mosquitobreeding and

typeswheremosquitobreedingisabsent These

andotherauthorspointoutthatvegetationmay
beanindicatoroftotalecologicalconditionsand
notalwaysadirectcauseofmosquitobreeding
WHO 1967 There have moreover been

successfulattemptstocorrelatetheoccurrenceof
certainlifeformsofplantswithdensityofmos
quitolarvae HessandHall1945discussedthe
relationshipofplantformswithoccurrenceof
anophelinelarvaeandofferedaclassificationof
aquaticplantsfromthisstandpoint Hessand

Hall1943andRozeboomandHess1944pro
posedthatthelinearamountofairwaterplant

Begun Ended System

1974 Operating Cattailbulrush

1979 1982 Waterhyacinth

1980 1982 Waterhyacinth

1980 1980 Waterhyacinth

1980 1980 Waterhyacinth

1981 1983 Waterhyacinth

1981 Operating Waterhyacinth

1982 1986 Bulrush

1985 Operating Cattailbulrush

interfacewhichtheycalledtheintersectionline
foragivenplantlifeforminaquaticenviron
mentswaspositivelycorrelatedwiththedensity
ofanophelinelarvaepresent DrVincentResh
oftheUniversityofCaliforniaatBerkeleyhas
extendedthesestudiestoshowthattheamountof

intersectionlinepresentisrelatedtomosquito
predationratesbymosquitofish

Itisinterestingthatwaterhyacinthhasa
lifeform floatingmat which Hessand Hall

1945wouldhaveclassifiedashighproduction
potentialforanophelinemosquitoesandthatthis
speciesisassociatedalsowithhighproductionof
culicinemosquitoes PlantformswhichHessand
Hall 1945consideredtohavelowanopheline
mosquitoproductionpotentialincludefloatingleaf
plantssuchasPotamogetondiversifoliuspond
weedanderectnakedplantssuchasScirpus
americanus threesquare bulrush and Typha
latifoliacommoncattail StudiesbyDrCharles
SchaeferatGustinehaveshownhoweverthat
treatmentpondscontainingbulrushandcattail
producemosquitoproblemswhengrowthofplants
becomeextremelydenseorbecomelodgedsothat
fishandothermosquitopredatorscannotgain
accesstomosquitolarvae

Theothersideofthecoinintermsofwaste

watertreatmentistheeffectivenessofvarious

types of vegetation in treating wastewater

Unfortunatelytherehavenotbeenmanystudies
whichhavecorrelatedvegetativelifeformwith
wastewatertreatmentefficiency Stowelletal

1981commentonwastewatertreatmentpotential
ofsomemacrophytesincludingwaterhyacinth
waterprimrosecattailsandbulrush

Effects of water quality parametersThe
literatureontherelationshipofvariouswater
qualityparametersandoccurrenceofspeciesof
mosquitolarvaeisvoluminous Neverthelessthe
currentstatusofourknowledgeinthisareais



notsatisfactory Moststudiesrepresentcorre
lationsbetweenvariouswaterqualityparameters
anddensityofvariousmosquitospecieseg
HagstrumandGunstream1971 andtherehave

beenfewstudieswhichhaveofferedphysiological
orecologicalexplanationsfortheassociations
Anexceptiontothisisinthecaseofstudiesof
salinitytolerancein mosquito larvae Studies

suchasGarrettandBradley1984haveshown
thatmosquitospeciesoccupyinghabitatsofdif
fering salinitiesdifferintheirosmoregulatory
mechanisms Adetailedstudyontherelationship
oftheoccurrenceofmosquitospeciestolevelsof
waterpollutionexistinginOregonlogpondswas
madebyMcHughetal 1964 Theseauthors

classifieddegreesofpollutionintermsofspecific
waterqualityparametersandshowedthatsome
factorssuchaschemicaloxygendemandwere
highlycorrelatedwithpresenceorabsenceof
mosquitospecieswhilemanyothers including
biochemicaloxygendemandtotalsolidscolor
turbidityconductivitypHandanumberof
saltsincludingchloridesdidnot

Inspiteofthelackofdetailedstudiesin
thisarea theassociationofvariousmosquito
specieswithpollutedwaterhabitatsisfairlywell
knowningeneraltermseventotheextentof
knowingwhichspecieswilloccuronthebasisof
thedegreeofpollution Whatisnotknown

howeveriswhichspecificfactorsassociatedwith
pollution influence mosquito breeding to the

extentthatonemightpredicttheeffectofaltera
tionofspecificfactorsonmosquitobreeding

CONTROLOFMOSQUITOESINPOLLUTEDHABI
TATS

UseofchemicalpesticidesGenerallychemi
calpesticidesarenotconsideredasatisfactory
solutionforlongtermmosquitocontrolinwaste
waterpondsorotherpollutedmosquitobreeding
sources Oilshavebeenusedinthepastbut
areexpensivebecausetheyhavelittleresidual
activity Organophosphatesandotherconven
tional chemicals are avoided becauseofthe

dangerofinducinghighlevelsofphysiological
resistanceinmosquitopopulations Furthermore
somechemicalsdonotprovidesatisfactorycontrol
inhighlypollutedwaterordosoforonlyIimited
lengthsoftime Axtelletal1980foundthat
malathionandtemephosprovidedunsatisfactory
controlofCulexquinquefasciatus inanaerobic

animalwastelagoonsandchlorpyrifosandFlit
MLOgavegoodcontrolonlyatrelativelyhigh
doses Certainbiorationalcompoundssuchas
insect growth regulators IGRs have shown

promisebutalsoonlyatrelativelyhighdoses
Axtelletal1980WilliamsandPalmisano1981

Unfortunately littlespecificinformationis
available on theefficacy ofvarious chemical

pesticidesinwastewater Someinvestigatorshave
reporteddifferencesbetweenlaboratoryresults
andresultsfromtestsinwastewaterenviron

mentsbuthaveonlybeenabletospeculateon
thecausesiepHdifferencesphotodegrada
tionetc Littleconcreteinformationisavail

ableontheeffectofphysicalandchemicalfactors

onefficacyofpesticidesinaquaticenvironments
generally MuirheadThompson 1971 reviewed

thiscomplexsubjectanddiscussedtheimpactof
factorssuchastemperaturepHwaterhardness
siltandtypeofinsecticideformulation

Useofmicrobial pesticidesThemicrobial
insecticidesBacillusthuringiensisserotypeH14
BtiandBacillussphaericus Bs maybe
effectiveinwastewaterpondsespeciallyifused
inconjunctionwithothermethodssuchasmos
quitofish Btihasbeenshowntobeeffective

eveninhighlypollutedwatersourcessuchaslog
pondsEldridgeandCallicrate1982anddairy
wastelagoonsMullaetal1982butatdosages
higherthan would be needed for freshwater
sources RecommendationsforuseofBtiin

pollutedenvironmentscommonlycallfordosages
ofuptofourtimesthatrecommendedforun
pollutedones

Use of biological controlFew biological
controlagentshavebeentestedinpolluteden
vironmentsandsomethathavearenoteffective
JaronskiandAxtell1982foundthatLagenidium
giganteum did not infect mosquitoes even at

relativelylowlevelsofpollution Interestingly
theyfoundthatnitrogenasammoniaandphos
phorusbutnotchemicaloxygendemandcorre
lationwithinfectionlevels Gambusiaaffinisis
themostcommonlyusedfishinbiologicalcontrol
programs formosquitoes but thisspecies is

relativelyintolerantofpollutedwaterandespe
ciallytolowlevelsofdissolvedoxygenSjogren
1972 Mianetal1986haveexperimentedwith
twootherspeciesoffishCyprinodonmacularius
desertpupfishandPoeciliareticulataguppy
inasewagetreatmentpondandshowedthat
boththesespeciescansurviveoveramosquito
breeding season The guppy has long been

toutedasapollutiontolerantfishsuitablefor
mosquitocontrolinaquaticenvironmentscontain
ingvariouskindsofpollutantsincludinginsecti
cidesBayandSelf1972 Largenumberssur
viveandreproduceinthesecondaryclarifiersof
theUCDavisandChicoStateUniversitywaste
watertreatmentplants

FUTUREDIRECTIONSINRESEARCH

89

Therearetwobasicapproacheswhichcanbe
takeninresearchonmethodsofmosquitocontrol
Oneisthecorrelativeapproachinwhichanum
berofvariablesaremeasuredandrecordedata
numberofdifferentsitesandthencertainofthe
variablesareregressedagainstavariablewhich
representsanestimateofmosquitocontrollarval
densityTighttrapcatchesofadultmosquitoes
etc Anotherapproachisthemanipulativeor
experimentalapproachinwhichcertainparame
tersareisolatedandvariedandthenestimates
ofcontrolsuccessarerecorded Thisapproach
requirestheuseofexperimentalcontrols Pres

entlythereareseveralconstraintstotheuseof
eithermethod Oneisthepresentlackofreli
ablesamplingmethodsformosquitolarvaeaswell
asotherbiologicalcomponentsofaquaticenviron
ments Service1976haspresentedanexcellent
summaryoftheproblemswithsamplingofmos
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quitolarvaeandexpandsonthesubjectina
laterpaperService1985 Hepointsoutthat
mostoftheproblems stemfromtheclumped
contagiousdistributionoflarvaeandthelack
of satisfactory methods to treat such data

Service1985hasalsoshownexperimentallythat
thedegreeofcontagionbymosquitolarvaevaries
withstageofdevelopmentwithearlierstage
larvaeshowingmoreclumpingthanlaterstage
larvaeandwithpupaeshowingtheleastamount
ofclumpingofallimmaturestages

Furtherproblemsresultfromsamplingmeth
odsusedforpredatorsaswellasmethodsusedto
estimateactualpredationrates Somestudiesof

predatorshaveusedstandardaquaticbiological
methodsegdipnetsamplestoestimatedensi
tyandsurvivalofpredatorsandhaveequated
theseestimatestopredationrates Presenceand
thussurvivalcannotbeusedasindicatorsof
predationofcourse becausetherearemany
factorswhichmayaffectpredationratessuchas
metabolicrateandphysiologicalstatusofpreda
torswhichwouldnotbedetectablebysampling
perse

Ontheassumptionthatthereisahigh
correlation between larval density and adult

abundancein situationswheremosquitopopu
lationsarefairlywellisolatedestimatesoflarval
mortalityhavecommonlybeenusedtoassess
controlsuccesswheremosquitoproblemshave
developed But AgudeloSilva and Spielman
1984 showed that in laboratory experiments
whichsimulatedlarvalcontrolremovaloflarvae
actuallyresultedinanincreaseinthenumberof
adultswhichemerged Theexplanationforthis
isthatmosquitoesbeing rstrategistscan
compensateforregulationbydensitydependent
mortalityfactorswhilemaintainingstablepopu
lation sizes Among others Service 1985
suggests thatcontrol strategies which target
youngerinstarsmayproducethiseffectandthat
IGRsfilarialparasitesandfishallofwhich
causemortalityinolderinstarsshouldtherefore
beusedinpreferencetomicrobialinsecticides
andothermethodswhicharemoretoxictoyoung
erinstars

Otherfactorsmaycausepoorcorrelations
betweenestimatesoflarvalmortality following
controlandadultabundance Dowetal1965
showedthatintenselarvicidingofCulextarsalis
larvaedidnotresultinasatisfactoryreduction
intheadultpopulationbecauseofmigrationof
adults intothetreatedarea Eldridgeetal
1985 showed littlereductionofestimatesof
adultabundance by either lighttrapping or

humanbaittrappingafterintensivelarvalcontrol
measuresinsnowpoolsandalsoattributedthe
disparityinparttomovementofadultmosquitoes
intothetreatedarea

Studiesarebadlyneededwhichaccountfor
all trophic levels represented in wastewater

ponds Inmostcasesallcomponentsofthefood
chainarenotknownandthisfurthercomplicates
interpretationofsamplingresults Studieswhich
usemechanicalexclosuresofvarioussizeswould

beveryusefulinassessingtheimpactofvarious
predatorsonmosquitoesandotherorganisms

Alsotheavailabilityofexperimentalpondswhich
canbeunderthecompletecontroloftheinves
tigatorisessentialtovalidresearchusingmani
pulativetechniques Thismustincludeavailabil

ityofexperimentalcontrolpondsinwhichmos
quitoescanbepermittedtobreedintheabsence
oftheexperimentalinterventionbeingevaluated
Unfortunatelymanyofthestudieswhichhave
beenconductedinwastewatertreatmentponds
havenotproducedusefulresultsbecausepublic
healthconsiderationshaverequiredinsecticidal
treatmentofallponds

Finallystudiesofmosquitocontrolinwaste
waterpondsareneededwhichtakeasystems
approachespeciallyfromthestandpointofeco
nomics Certainly theengineers which have

designedthesepondsmusthavedoneanalysesof
capitalconstructioncostsandmaintenanceand
operational costs Likewisethetotal costof

mosquitocontrolusingvariousoptionsshouldbe
determinable Obviouslyifallcostsassociated
withwastewatertreatmentusingmacrophytesplus
allcostsassociatedwithmosquitocontrolexceeds
thecostsassociatedwithconventionalwastewater

treatmentusingmechanicalandchemicalmeans
thentheformermethodisnotfeasible Estimates
ofthe US Environmental Protection Agency
suggestthatthecostgapbetweenmacrophyte
systemsandconventionaliswidehowever They
suggestthatconstructioncostsforaconventional
activatedsludgeplantare20timesgreaterthan
forawaterhyacinthpondsystemwithoperating
andmaintenancecostsaboutfourtimesasgreat
fortheconventionalplantEPA1980

REFERENCES

AgudeloSilvaFandASpielman1984Para
doxicaleffectsofsimulatedlarvicidingon
production of adult mosquitoes Am J

TropMedHyg3312671269
AxtellRCDARutzandTDEdwards

1980 Fieldtestsofinsecticidesandinsect
growthregulatorsforthecontrolofCulex
quinquefasciatusinanaerobicanimalwaste
lagoons MosqNews403642

BarnesCMandWGGiblua1979Someimpli
cationsofremotesensingtechnologyinin
sectcontrolprogramsincludingmosquitoes
MosqNews39271282

BatesM1949Thenaturalhistoryofmos
quitoesMacmillanCoNewYork377pp

BayECandLSSelf1972Observationsof
theguppy Poeciliareticulata Peters in
Culex pipiens fatigans breeding sites in

BangkokRangoonandTaipeiBullWHO
46407416

DingesR1978Aquaticvegetationandwater
pollutioncontrolPublichealthimplications
AmJPublHlth6812021205

DowRPWCReevesandREBellamy1965
DispersaloffemaleCulextarsalis intoa

larvicidedareaAmJTropMedHyg
14656670

EldridgeBFandJCallicrate1982Efficacy
ofBacillusthuringiensisvarisraelensisde
Barjacformosquitocontrolinawestern



OregonlogpondMosqNews42102105
EldridgeBFRKWashinoandD

Henneberger 1985 Controlofsnowpool
mosquitoes with Bacillus thuringiensis
serotypeH14inmountainenvironmentsin
CaliforniaandOregonJAmMosqCont
Assoc16975

EnvironmentalProtectionAgency1980Innovative
andalternativetechnologyassessmentmanu
alEPAPubl430978009

GarrettMandTJBradley1984Thepattern
ofosmoticregulationinlarvaeofthemos
quito Culiseta inornata J Exp Biol

113133141

GuptaGC1980 Useofwaterhyacinthsin
wastewater treatment J Environ Hlth

438082

HagstrumDWandSEGunstream1971Sal
initypHandorganicnitrogenofwaterin
relationtopresenceofmosquitolarvaeAnn
EntomolSocAm64465467

HessADandTFHall1943Theintersection
lineasafactorinanophelineecologyJ
NatMalariolSoc29398

HessADandTFHall1945Therelationof
plants to malaria control on impounded
waterswithasuggestedclassification J

NatMalariolSoc42046

JaronskiSTandRCAxtell1982Effectsof
organicwaterpollutionontheinfectivityof
thefungusLagenidiumgiganteumOomyce
tesLagenidialesforlarvaeofCulexquin
quefasciatus DipteraCulicidae Fieldand

laboratory evaluation J Med Entomol

19255262

McHughRALSMillerandTEOlsen1964
Theecologyandnaturalisticcontroloflog
pondmosquitoesinthePacificNorthwest
OregonStateBoardofHealthPortland106
pp

MianLSMSMullaandBAWilson1986
Studiesonpotentialbiologicalcontrolagents
ofimmaturemosquitoesinsewagewastewater
inSouthernCaliforniaJAmMosqCont
Assoc2329335

MuirheadThompsonRD1971Pesticidesand
freshwater fauna Academic Press New

York248pp
MullaMSBAFedericiandHADarwazeh

1982 LarvicidalefficacyofBacillusthur
ingiensis serotype H14 against stag
nantwater mosquitoesand itseffectson

nontarget organisms Environ Entomol

11788795

RozeboomLEandADHess1944Therela
tionoftheintersectionlinetotheproduction
ofAnophelesquadrimaculatus JNatMal
ariolSoc3169179

RussellPFandTRRao1942Onhabitat
and association of species of anopheline
larvaeinsoutheasternMadrasJMalariol

InstIndiaCalcutta3153178
ServiceMW1976MosquitoEcologyHalstead

PressNewYorkandToronto583pp
Service MW 1985 Population dynamics and

mortalities of mosquito preadults pp

185201InLounibosLPJRReyand

91

JHFrankEdsEcologyofmosquitoes
proceedingsofaworkshopFloridaMedical
EntomologyLaboratoryVeroBeach

SjogrenRD1972Minimumoxygenthresholds
ofGambusiaaffinisandPoeciliareticulata
ProcCalifMosqContAssoc40124126

StowellRRLutwigJColtandG
Tchobanoglous 1981 Concepts inaquatic
treatmentsystemdesignJEnvironEng
DivASCE107919940

TownzenKRandBAWilson1983Survey
ofmosquitoproductionassociatedwithwater
hyacinthStateofCaliforniaWaterResources
Control Board and DepartmentofHealth
Services46pp

WilliamsVGandCTPalmisano1981Field
testsofmethopreneAltosidSR10andan
experimental wettable powder ZPA1019

against Culex quinquefasicatus in septic
ditchesMosqNews41515

WorldHealthOrganization1967MosquitoEco
logyReportofaWHOscientificgroupWHO
TechRptSerNo36822pp



92

ECOLOGYOFIMMATURECULEXTARSALISATBREEDING

SITESINKERNCOUNTYCALIFORNIA1986

WilliamKReisenJohnPShieldsandRichardPMeyer

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

ThepopulationecologyoftheimmaturestagesofCulextarsalisCoquillettwasinvestigatedat6
representivebreedingsitesontheflooroftheSanJoaquinValley 1overflowpoolsalongtheKern
River2subterraneanseepageintothedryGooseLakebed3athermallypollutedsumpatPosooil
field4canalspillageintodesertattheKernNationalWildlifeRefuge5percolationpondsnearLake
BuenaVistaand6pondsattheEurekaDuckClub Studyemphasiswasplacedon1comparingadult
femalesperCOtrapnightandimmaturenosoflarvaeandpupaeperdipabundance2estimating
immaturelifestagedurationinpredatorexclusioncagesandtheagestructureofthenaturalpopulation
3constructingstagespecificlifetablesfromdipcountsusingthemethodofLakhaniandService1978
4identifyingthepossiblecausesforimmaturemortalityand5monitoringadultqualityatemergence
winglengthandautogenystatus

During198668159larvaewerecollectedin3150dipstakenatthe6studyareasofwhich97
wereidentifiedasCxtarsalisabundance 21larvae pupaedip Immatureandadultabundancewere

notcorrelatedamongstudysitesr 045P005duetoimmaturesamplingdifficultiesandseasonal
changesinthecompositionoftheadultpopulation Adultwinglengthwaslongestatsiteshavingthe
coolestwatertemperature Autogenyrateswerehighestatsiteshavingthehighestestimatesof
phytoplanktonandperiphytonstandingcrops

Immaturedevelopmentalrateswereslowestduringearlyspringandfallwhenwatertemperatures
werecoolest Therelativelackoffoodmarkedlydelayed4thinstardevelopmentatBuenaVistabutnot
attheremainingstudyareaswheretheadditionofsupplementalfoodtocohortsinpredatorexclusion
cagesdidnotmarkedlyalterimmaturedevelopment Similarly theadditionofsupplementalfood
significantlyincreasedthemaleandfemalewinglengthandtheautogenyrateoffemalesemergingfrom
pupaerearedatBuenaVista

Verticallifetableswerecalculatedateachsitefromstagespecificdipcountswhichwerecorrected
bystagespecificdevelopmentalratesanindexofsamplingprobability Survivorshipfromeclosionto
emergencerangedfrom03atGooseLaketo174atKernRiverTable1 Bycomparingverticallife
tablesurvivorshipforuncagedcohortswithhorizontalsurvivorshipforfedandunfedcohortsinpredator
exclusioncagesitwaspossibletogrosslyindicatetheimpactofselectedmortalityfactors Mortality
relatedtopoorwaterqualityrangedfrom31attheKernRefugeto90atGooseLakeTable1 Poor

waterqualityatGooseLakewasrelatedtoelevatedconcentrationsofbivalentsaltsconductivity 16167
umhoscmalkalinity 2314ppmofCaCOandammoniaNH 393ppm Mortalityrelatedtothe
relativelackoffoodwashighestatBuenaVista153 wheresupplementalfoodalsomarkedlyincreased
theimmaturedevelopmentrateandadultqualityatemergence Mortalityrelatedtopredationwashighest
attheKernRefuge663 andlowestatGooseLake37 wherethediversityandabundanceofthe
predatorcommunitywasreducedmarkedly Attheremainingstudyareasthecoleopteranlarvae
Laccophilusabundance 10 25dipandTropisternusabundance 02 04dipwerethemost
abundantpredatortaxa Unlikeourobservationsatapermanentfoothillsourceduring1985odonate
naiadswereneverabundantatephemeralbreedingsitesontheflooroftheSanJoaquinValley

1Thisresearch wasfundedbyresearchgrantAI3028DfromtheNationalInstituteofAllergyand
InfectiousDiseasesBiomedicalResearchSupportGrant5S07RR05441fromtheNationalInstitutesof
HealthandbyspecialfundsformosquitoresearchallocatedannuallythroughtheDivisionofAgriculture
andNaturalResourcesUniversityofCalifornia

2Researchduring1985and1986isbeingpreparedforpublicationintheJournalofMedicalEntomology



Table1RelativeimpactofmortalityfactorsonimmatureCulextarsalispopu
lationsestimatedbycomparingsurvivorshipinfedandunfedpredatorexclusion
cageswithlifetablesurvivorshipatKernCountystudysites1986

L1 Asurvivorship

1Fedcages nd 100

2Unfedcages 58 40

3Lifetables 174 03

Relativeimpactofmortalityfactors

Water100 1 nd 900

Lackoffood1 2 42O 60

Predation2 3 406 37

aDataaveragedfromMaytoOctober
b

CagedatafromPosoCreeknd notdone

cPooledeffectsofwaterqualityandlackoffood

1986StudySites 1985

Kern Goose Poso Kern Buena Poso

River Lake Sump NWR Vista West

576 690 660 897

580 686 507 770

65 23 102 73

424 310 340 103

00 04 153 127

515 663 405 696
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INTRODUCTION

ThemosquitofishGambusiaaffinishaslong
beenusedforthebiologicalcontrolofmosquito
larvaeeg Krumholz1948Galletal1980
GerberichandLaird1985 Howeverthelevelof
control provided by Gambusia is notalways
satisfactory Abundantaquaticvegetationisone
factorthatmayreducetheeffectivenessofGam
busiaegBay1967GerberichandLaird1985
especially in controlling anopheline mosquito
larvaeTennesseeValleyAuthority1947

Previousresearchhasindicatedthataquatic
plantcovermayprovideanophelinelarvaewitha
refugefromfishpredationCollinsetal1983
CollinsandResh1984Curtinetal1984 Sago
pondweedPotamogetonpectinatuswithitsmany
narrow floating leaves provides a favorable

habitatforAnopheleslarvaeCollinsetal1983
BallingandResh1984probablybecauseofthe
largeamountofintersectionlineieairwater
plantinterfacecreatedbythearchitectureof
thisplantRozeboomandHall1944Ballingand
Resh1984CollinsandResh1985

Inthisstudyweexperimentallyexamined
theeffectsofGambusiadensityandamountof
aquaticplantcoveronthesurvivorshipofAn
opheles freeborni larvae In particular we

hypothesizedthatthefloatingcanopyofPota
mogeton pectinatus hereafter referred to as

pondweed provides Anopheles larvae with a

physical refuge from mosquitofish predation
ThishypothesispredictsthatAnophelessurvivor
shipwillincreaseasamountofpondweedcover
iemosquitorefugeincreases

STUDYSITE

INTERACTIONSAMONGMOSQUITOFISHGAMBUSIAAFFINISSAGO

PONDWEEDPOTAMOGETONPECTINATUSANDTHESURVIVORSHIPOF

ANOPHELESMOSQUITOLARVAE

BruceKOrrandVincentHResh

TheseexperimentswereconductedatCoyote
HillsMarshamanmadefreshwatermarshlocated
inCoyoteHillsRegionalParkFremontAlameda
County California Extensive open water

regionsinthemarshinteriorareborderedby
standsofcattails Typhaangustifoliaand T

latifolia Fromlatespringtoearlyautumnthese
interiorregionsareusuallydominatedbyadense
floatingcanopyofpondweedBallingandResh
1984althoughtheextentofpondweedcanopy
hasbeengreatlyreducedinrecentyearsbecause
ofgrazingbycrayfishFeminellaandResh1986
Thepondweedcanopy provideshabitatfora
variety of invertebrates Lamberti and Resh

1984 includingtwospeciesofAnophelesmos
quitoesAnophelesfreebornandAnoccidentalis
Collinsetal1983BallingandResh1984 A

DivisionofEntomologyandParasitology
UniversityofCalifornia

BerkeleyCalifornia94720

varietyoffishspeciesincludingGambusiaaf
finisoccurinthepondweedcommunitySchooley
1983PageandSchooley1984OrrandResh
1986

METHODS

TheeffectsofGambusiadensityandpond
weedcoveronAnopheleslarvalsurvivorshipwere
examinedinaseriesofenclosureexperiments
Eachexperimentusedafactorialdesigncombining
threelevelsofGambusiadensity02and8fish
perenclosure withthreelevelsofpondweed
cover0or10 50 and100ofnaturalcover

Enclosureswerecylindricalcages60cmdiameter
x91cmhigh surfacearea025mthaten
closedacompletecolumnofwaterextendingfrom
bottomsedimentstothewatersurface Thewalls

oftheenclosuresweremadeofanupperbandof
6milpolyethylenesheetingandalowerbandof
fiberglasswindowscreening1mmmeshsewn
togethertoformanopenendedsleevethatfit
overacylindricalweldedwireframe Enclosures

wereinstalledinafullydevelopedpondweedbed
locatedin3540cmdeepwateratCoyoteHills
Marsh Wheninpositiontheenclosureswere
embeddedapproximately10cmintothesediment
withthe bandoffiberglassscreenextending
about25cmabovethesediment Theupper
polyethylenebandwasadjustedsothatitextend
edonly510cmabovethewatersurface this

upperbandofpolyethylenepreventedemigration
ofsurfacedwellingAnopheleslarvae Thelower

bandoffiberglassscreeningallowedexchangeof
waterandsmallinvertebratesbetweenenclosures

andthesurroundingpondweedbed Preliminary
studiesusingthistypeofenclosureshowedno
significantalterationoftemperatureordissolved
oxygenverticalprofiles in80cmdeepwater
Collinsetalunpublisheddata

Eachexperimentfollowedthesameproce
dure 1twoweekspriortoexperimentation
enclosureswereplacedintothepondweedbed
Anyfishpresentintheenclosureswereremoved
byrepeateddipnetting Alldamagedpondweed
stemswerealsoremoved 2Enclosureswere
thenleftundisturbedfor1112daystoallow
pondweedregrowthandformationofafullsurface
canopy 100naturalcover 3Treatments
wereassignedrandomlytoenclosuresandpond
weedplantswereremovedasnecessarytoachieve
thedesiredlevelsoffloatingcanopythatapprox
imated01050and100naturalcover all



pondweedplantswereshakenvigorouslybefore
removalfromtheenclosuretominimizetheeffects

ofplantmanipulationonepiphyticinvertebrate
densities 4 Mediumsized female Gambusia

3540mmstandardlengthwerethenaddedat
thedesireddensities02or8fishperenclo
sureandallowedtoadjusttothemicrocosmsfor
23days 5Eachexperimentbeganwiththe
additionof100firstinstarAnophelesfreeborni
larvaethathadhatchedinthelaboratorywithin
theprevious2436hours eachexperimentended
whenthefirstpupaewereobserved Surviving
larvaeandpupaewereisolatedbygentlyde
pressingthepondweedcanopy surfacinglarvae
andpupaewerethencollectedwithafinemesh
net Thisprocedurewasrepeateduntil5con
secutivesweepsyieldednoadditionalAnopheles
larvaeorpupae

Experiments13wererunsequentiallydur
inglatesummerandearlyautumn1986seeTable
1 Thedurationofeachexperimentvaried
Table1 experiments2and3werelongerthan
experiment1becausethenormalseasonaldecrease
inwatertemperaturecausedreduceddevelop
mentalratesofAnopheleslarvae

RESULTSANDDISCUSSION

Allthreeexperimentsshowedthesamebasic
trendsinAnopheleslarvalsurvivorshipFigure
1 bothGambusiadensityandamountofpond
weed cover significantly influenced Anopheles
survivalTable1

InfluenceofFishDensityIngeneralas
fish density increased mosquito survivorship
decreasedFigure1 Thedifferencesinsurvi

Table1Summarystatisticsfromtwowayanalysisofvarianceonthepro
portionofAnophelesfreebornilarvaesurvivingtotheendofeachexperi
ment Angulartransformationoftheproportionoflarvaesurvivingwas
usedintheanalysis

EXPERIMENT110 50100naturalcover4replicatesforeach
ofninetreatments3levelsofcoverx3fishdensitiesbegan
23August198610daysduration

Gambusiadensity F 10231 p00001
227

Pondweedcover F 1155 p00002
227

Interaction F 041 p07972
427

EXPERIMENT20 50 100naturalcover2replicatesper
treatmentbegan17September198615daysduration

Gambusiadensity

Pondweedcover

Interaction

F 5172

29
F 6488

29
F 456

49

Gambusiadensity F 4838

29
Pondweedcover F 2524

29
Interaction F 049

49

p00001

p00001

p00275

EXPERIMENT3050100naturalcover2replicatesper
treatmentbegan23September198618daysduration

p00001

p00002

p07422
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vorshipbetweencontrols0fishandfishtreat
ments2or8fishenclosureforeachlevelof
pondweedcoverwere significantinall cases

exceptone larvalsurvivorshipwasnotsignifi
cantlydifferentbetweenthe0and2fishtreat
mentswith100pondweedcoverinexperiment2
Duncanmultiplerangetestforeachexperiment
a005

Surprisinglyanincreasefrom2to8Gam
busiaperenclosureresultedinonlysmallde
creases in larval survivorship None ofthe

pairedcomparisonsbetweenthe2and8fish
treatments within a given level ofpondweed
showed a statistically significant difference

Duncanmultiplerangetestforeachexperiment
a005 Thusthemeannumberoflarvaekilled
perfishwasmuchlowerinthehighdensity
Gambusiatreatments Thistypeofresponseat
highpredatordensitiesmaybeduetobehavioral
interferenceamongindividualfishorashiftin
feeding preference foralternative prey Al

thoughtheseresultssuggestthatthebenefitsof
enhancing Gambusia density abovea minimum

thresholdmaybemarginalfurtherresearchis
required totestwhether this relationship is

generallytruefornaturaluncagedpopulationsor
ismerelyanartifactofthescaleofenclosure
usedintheseexperiments

InfluenceofPondweedCoverAshypoth
esized larval survivorshipincreasedwithin
creasingpondweedcoverFigure1 Thediffer

encesinmeanlarvalsurvivorshipbetweenlow0
or10 andhigh100 covertreatmentswithina

givenleveloffishdensityweresignificantinall
casesexceptforcontrols0fishinexperiment1
Duncanmultiplerangetestforeachexperiment
a005 The positive relationship between

Anophelessurvivalandamountofcoverinthe
twofishtreatments2and8Gambusiaenclosure
reflectstheeffectivenessofpondweedcoverasa
refugefrompredation

The increase in Anopheles survivorship
observed with increasing plant cover in the

control0fishtreatmentsFigure1indicatesa
beneficialaspectofpondweedcovertoAnopheles
larvaeevenintheabsenceofGambusia Pond

weedcovermayprovideAnopheleslarvaewitha
refugefrom adverseeffectsofphysical dis

turbancesuchaswaterturbulencecausedby
windandrainCollinsetal1985 Pondweed

mayalsoserveasarichsourceoffoodfor
mosquitolarvae HessandHall1943suggested
thatmicrobialfoodmaybeespeciallyabundant
withintheintersectionlineproducedbyfloating
vegetation

SurvivorshipofAnopheleslarvaewasgen
erallyhighestinexperiment1 andlowestin

experiment3 Thiswasprobablytheresultof
tworelatedfactors Firstthedurationofthe
experimentsincreasedastheseasonprogressed
duetodecreasedlarvaldevelopmentrates thus
larvaeinthelaterexperimentswereexposedto
potentialsourcesofmortalityincludingpreda
torsforalongerperiodoftime Secondphys
icaldisturbancecausedbytwolateSeptember
stormsprobablyincreasedlarvalmortality

OurfindingswithAnfreeborniaresimilar
tothoseobtainedinlaboratoryexperimentsusing
AnoccidentalisCurtinetal1984 There
sultsofthesetwostudiesindicatethatinter

actionsbetweenmosquitofishandpondweedcan
haveamajorinfluenceonthesurvivalofAno
pheleslarvae Futureresearchisplannedtotest
thegeneralvalidityofthesebasicrelationships
usingotherspeciesofaquaticmacrophytes
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Figure1TheinfluenceofGambusiadensityand
amount of pondweed cover on mean percent
survivorshipofAnopheles freeborni larvaein

experiments 1 2 and 3 Vertical lines
indicate 1standarderror
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INTRODUCTION

ACOMPARISONOFIMMATUREMOSQUITOPOPULATIONSAQUATICPREDATORS

ANDTHEDEVELOPMENTALRATEOFCXTARSALISINWILDVERSUSWHITE

RICEFIELDSINTHECENTRALVALLEY

VickiLKramerandRichardGarcia

Commercial varietiesofwhite riceOryza
sativahavebeencultivatedinCaliforniaformany
yearswhereaswildriceZizaniapalustrishasbeen
introduced relatively recently Oelke 1982
WinchellandDahl1984 Wildriceisgrown
primarilyintheCentralValleyShastaandLake
Countiesandtheacreageundercultivationis
expandingrapidlythuscreatingnewbreeding
sitesformosquitolarvaeinregionsofCalifornia
wherericehasnotpreviouslybeengrown In

additiontotheintroductionofwildriceintonew

areasacreageisbeingconvertedfromwhiteto
wildriceintheCentralValley

Cultivationpracticesofwildandwhiterice
plantsaresimilaralthoughwildricehasashorter
growingseason approximately100versus150
days Themoststrikingdifferencebetweenthe
twoplantsistheirappearance Wildricecan

growtoaheightofthreemetersandappears
muchfullerthantheshorterwhitericewhich
growstoapproximatelyonemeter Wehypothe
sizedthatthedifferencesbetweenthetwoplants
couldcorrespondinglyaffecttheiraquaticinsect
communities This study therefore compared
populationpatternsandspeciescompositionof
mosquitolarvaeandsomeaquaticpredatorsin
wildandwhitericefields Alsoevaluatedwere
the comparative developmental rate of Culex

tarsalislarvaeandtheovipositionalpreferenceof
adults

METHODS

Adjacentwildandwhitericefieldswere
selectedforstudyintheCentralValleynear
Nicolaus SutterCounty Seeding dateswere

similarthewhitericewasplantedonMay6one
weekbeforethewildrice Fourcontiguousfields
ofeachricetypeweremonitoredthroughoutthe
growingseason Thewildricefieldswereap
proximately52acresandthewhite63acres
WaterwassuppliedfromtheSacramentoRiver
ThewildricefieldswereharvestedonAugust12
andthewhitericeonOctober3

DivisionofBiologicalControl
UniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

Thereweresignificantlygreaterxp001CulextarsalisandAnophelesfreebornipopulationsin
wildthanwhitericefieldsduringthelastthreeweeksofthewildricegrowingseason Aquaticpredator
populationtrendswereingeneralinconsistent Culextarsalislarvaedevelopedfasterinwildthan
whitericefields10versus17daysfromfirstinstartopupationdespitesimilarwatertemperaturesin
bothricesystems

Mosquitopopulationswereassessedweekly
bytakingstandarddipsaroundthreesidesof
eachfield600dipsperricetype Dipsamples
wereconcentratedandthecontentsidentifiedand

countedinthelaboratory Minnowtraps18
mesh were setovernight threefield on a

biweeklybasistoevaluatetheaquaticpredator
population Watertemperaturewaterdepthand
plantheightwerealsomonitored

ThedevelopmentaltimeofCxtarsalislarvae
wasdeterminedbyobservinglarvaeplacedinfine
meshfloatingcageswhichwereplacedinthree
fieldsofeachricetype34cagesfield Newly
hatchedfirstinstarlarvaewereobtainedfroma
twoweekoldCx tarsaliscolonyattheSut
terYuba MADand releaseddirectly intothe

cages5percage50perricetype Thelarvae

were observed and the highlow temperature
monitored every 23 days This study was

carriedoutduringthelatterpartofthewildrice
growingseason

Water wascollected fromboth ricefield

typesonAugust5andbroughtimmediatelytothe
SutterYubaMADtoevaluatetheovipositional
preferenceofCxtarsalis Waterofeachtype
wasplacedinthreeseparatecagescontaining
maleandfemaleCxtarsalisandthenumberof

subsequenteggraftscounted

RESULTSANDDISCUSSION

Duringthefirstsevenweeksofsampling
frommidMaytotheendofJunenomosquito
larvaewerefoundineitherwildorwhiterice

fieldsFig1 Thereafterlarvaewerefound
oneverysampling date Anopheles freeborni
appearedpriortoCxtarsalisinbothricetypes
Astheseasonprogressedtheanophelinepopu
lationslowlyincreasedtoapeakduringthefirst
weekofAugustwith018and004immaturesdip
inthewildandwhitericerespectively TheCx

tarsalispopulationbuiltuprapidlyinthewild
ricefieldstoapeakof065immaturesdipbythe
endofJulygreatlyoutnumberingthewhiterice
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Figure1Populationdensitiesofmosquito
County1986

populationwhichneverexceeded0005 Both

theAnfreeborniandCx tarsalispopulations
weresignificantlyhigherxp001inthewild
ricefieldsthaninthewhitericefieldsduringthe
lastthreeweeksofthestudy Thesedates

correspond to maximum plant heights of 25

metersormoreinthewildriceand08metersin
thewhiterice Thetotalpeaklarvalcountswere
081immaturesdipinthewildriceattheendof
Julyand004immaturesdipduringthefirstweek
ofAugustinthewhitericefields Thewildrice

mosquitopopulationwasthuswellabovethe008
larvaedip treatment level used by the Sut
terYubaMADinwhitericefields

Pesticides Bolero Parathion Basagran
wereappliedtothewhitericefieldsonthree
occasionsduringMayandearlyJune Wedonot

believethesepesticideswereafactorinthis
studysincetheywereapplied30ormoredays
beforethemosquitopopulationappearedineither
ricetype Nopesticideswereusedinthewild
ricefields Theaveragewaterdepthwasgreater
inthewildrice18cmthanthewhiterice12
cmHighlowwatertemperaturestakenthrough
outtheseasonweresimilarinbothricesystems

r

July
r
August

larvaeinwildandwhitericefieldsSutter

Aquatic predators were assessed using
minnowtrapsandbydipping Only general
conclusionscanbedrawnfromtheminnowtrap
databecausetrapcollectionswerehighlyvari
able Oncertaindatesadultbeetleandback
swimmerpopulationsweresignificantlydifferentin
thewildversuswhitericefieldsbutcleartrends
were not apparent The hydrophilid beetle

Tropisternus lateralis was the mostabundant
insect Fivespeciesoffishwererecoveredbut
alwaysinlownumbers

Predatorscollectedfromdipsamplingshowed
moreconsistenttrends Populationsofdragon
fliesdamselfliesbackswimmersandbelostomatids
increasedsharplyduringthelastthreeweeksof
sampling paralleling the mosquito population
trend Greatestvariabilityamongsamplingdates
andbetweenricetypeswasagainwithinthe
beetle population Dragonflies and damselflies

weresignificantlymorenumerousxp01in
wildthanwhitericefieldswhereastheopposite
trendwasapparentforthebelostomatids May
fliesweremoreabundantinthewildricesystem

Cxtarsalisplacedinfloatingcagesinthe
wildricefieldspupatedfivetosevendaysearlier
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thanlarvaedevelopinginthewhitericefields
Fig2 Minimumdevelopmentaltimefromfirst
instartopupationwas10daysinthewildrice
versus17daysinthewhiterice Thewater

temperatureswereverysimilarinbothsystems
Fig3 Themostdramaticdifferenceobserved

wasinthetimespentinthefourthinstarFig
2 Mortality was highest during the early
instarswithanoverallrateof48inthewild
riceand60inthewhiterice Thismortality
wasdueinparttopredationascageswereleft
uncoveredtominimizetheeffectofthecageon
theimmediatehabitatofthelarvae Thedis

parityindevelopmentaltimemayhavebeendue
todifferencesinthenutritivecontentofthe

water

Onlyaverypreliminaryassessmentcanbe
made on the ovipositional preferenceof Cx

tarsalissinceonlyoneofthreelaboratorycolonies
undertestsurvivedthecourseofthestudy
whichwascarriedoutneartheendofthewild

ricegrowingseason Femalesintheremaining
colonyshowedastrongpreferenceforthewild
ricewaterbylaying71raftsinthewildricefield
waterversus8inthepanwithwhitericewater
Furthercomparativestudiesontheovipositional

preferenceanddevelopmentalrateofCxtarsalis
areplannedfor1987

In conclusion there was a significantly
higher mosquito population and shorter larval

developmenttimeinwildversuswhitericefields
Thequickerturnovertimeoflarvaecombined
withthegreaternumbersinwildriceimpliesa
much larger emerging adult population The

shortergrowingseasonandthegenerallyearlier
plantingdatesforwildversuswhitericeinthe
CentralValleymaypartiallyamelioratethiseffect
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INTRODUCTION

FACTORSAFFECTINGLARVALMOSQUITOABUNDANCEINNORTHERN

CALIFORNIARICEFIELDS

MichaelJPitcairnRobertKWashinoandSusanPalchick

Thenumberofmosquitolarvaeinhabiting
ricefieldsmaybequitevariablefromfieldto
fieldandfromyeartoyear Numerousfield

studieshaveattemptedtodeterminethereasons
forthisvariability Formanymosquitospecies
waterqualityhasbeenshowntoinfluenceovi
position and larval development Bates 1949

Clements1963andseveralinvestigationshave
suggestedthatthedistributionofmosquitolarvae
innaturallyoccurringhabitatsmaybeassociated
withvariouswaterchemistryparametersUdevitz
etal1987 VrtiskaandPappas1984 Hagstrum
andGunstream1971 Inadditionwaterchemis
trymayalsoinfluencetheeffectivenessofpatho
genicfungiJaronskiandAxteil1982 Merriam

andAxteil1982andnematodesPetersen1982
whicharepotentialbiologicalcontrolagentsof
mosquitoes

Thetypeanddensityofaquaticvegetation
inlarvalhabitatsmayalsoaffecttheabundance
ofmosquitolarvaethroughtheireffectonwater
temperaturesurfacecharacteristicswaterchem
istryandpredationratesEldridgeandMartin
1988 Associationsbetweenplantspeciesand
mosquitobreedingareknowntoexist Riouxet

al1968producedaphytoecologicalmapbased
ontheassociationof30plantcommunitieswith
mosquitobreedinghabitatsinsouthernFrance
Followingthisinitialstudyphytoecologicalmaps
havebeen developed in the RhoneAlps and

AtlanticcoastalregionsofFranceinKoreathe
easternUnitedStatesandCanadaHayesetal
1985 AlongsimilarlinesBarnesandCibula
1979discussedtherelationshipofsaltmarsh
vegetationandthebreedinghabitatofAedes
sollicitansinLouisianaandrelatedtheseresults
to geographic features defined using remote

sensingtechnology

1MetropolitanMosquitoControlDistrict2380
WycliffStreetStPaulMinnesota55114

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

TherelationshipofwaterqualityandaquaticplantswiththeabundanceofCulextarsalisandAn
ophelesfreebornilarvaewasinvestigatedduringtwoseparatestudies Theresultsfromsingleand
multiplelinearregressionmethodssuggestedthattheconcentrationofcalciummagnesiumandphosphate
andtheoccurrenceofthemacrophyticalgaCharamaybeassociatedwiththelarvalabundanceofthese
twomosquitospeciesinnorthernCaliforniaricefields NocorrelationwasobservedbetweenCulex

tarsalisandAnophelesfreebornilarvalabundanceduringbothstudies

Thispapersummarizestwoseparatestudies
designedtoidentifytherelationshipofwater
qualityandweeddiversitywithmosquitoabun
dancenorthernCaliforniaricefieldsandattempts
toquantifytheserelationshipsusingmultivariate
methods

MATERIALSANDMETHODS

WaterQualityTwentyfieldsinsouthSutter
Countyweremonitoredformosquitolarvaeweek
lyfromJune20throughSeptember191983
Eachfieldwasdippedbythreepeopleusinga
standard mosquito dipper 0437 liter each

taking60dips Mosquitolarvaewereidentified
tospeciesandrecordedastotalnumberlarvae
per180dips Waterchemistrywasmonitored
everytwoweeksbyremovingfromeachfield
three550m1watersamplesforchemicalanalysis
pH calcium magnesium sodium chloride
sulfateSOphosphatePOboroncarbonate
CO3HCO3 and conductivity All water

chemistryanalyseswereperformedbyLandAir
andWaterResourcesSoilExtensionLaboratory
UniversityofCaliforniaDavis

VegetationIn 1985 46 fields located

throughout Sutter Countywere monitored for

larvalmosquitoabundanceandtheoccurrenceof
weedspecies Eachfieldwassampledformos
quitolarvaebythreepeopleeachtaking10dips
eachusingastandardmosquitodipper The

weedcanopywasidentifiedonsiteandthecon
tributionofeachweedspeciestothetotalcanopy
wasestimatedbyassigninganumberbetween0
and7with0beingabsentand7beingvery
abundant Eachfieldwasmonitoredeverytwo
weeksfromJuly12throughAugust301985

Inordertodeterminetherelationshipof
waterquality and larval abundance a linear

regressionmodelwasconstructedinastepwise
fashionforeachmosquitospecies Eachmodel

wascreatedfromthepreviousmodelbyadding
the variablewith largestsignificant P015
partialcorrelation Variablesalready in each



equationwereremovediftheiradjustedpartial
correlationcoefficientwasnolongersignificant
p015

RESULTS

WaterQualityIngeneralthericefieldwater
sampledhadafairlylowconcentrationofinor
ganic ions none of the variables measured

exceededstateguidelinesconcerning irrigation
water Theconcentrationofdissolvedionswas

dominatedbycarbonatewhichistypicalforhard
waterfoundintheSacramentoValley Corre

lationanalysisindicatedthatmanyofthewater
chemistryvariableswereintercorrelatedandit
appearedthattwogroupsmayexist Variables

withingroup1theuppergroupinTable1were
highlyintercorrelatedr055093andtendedto
positivelyvarytogetherthatiswhenonewas
hightheotherswerealsofoundtobehigh
Variableswithingroup2 thelowergroupin
Table 1 werenotstronglycorrelated among

Table1WaterchemistryparametersmonitoredduringJulythroughAugust1983inSutter
CountyCalifornia Thecorrelationrandlevelofsignificanceafortheseparametersare
listedforeachmosquitospecies

Parameters

Calciummg1
Magnesiummg1
pH
Conductivitymillimhoscm
CarbonateCOHCOmg1

Sodiummg1
Chloridemg1
Boronmg1
SulfateSOmg1

PhosphatePOmg1 165

Table 2Multiple linear regression models relating waterchemistry to larval mosquito
abundancen20

Species Intercept

Cxtarsalis

Anfreeborni

1540

8598

40662

38030

alonconcentrationsinmg1

Mean

1587

1017

62

023

12125

2481

1315
061

759

Ca

2833

1212

11578

3890

themselvesnoramongthevariablesingroup1
andthusappearedtobeindependent

TheseasonalabundanceofbothCulextar
salisandAnophelesfreebornilarvaewasvariable
withtimeandeachspeciesexhibiteditschar
acteristic seasonal dynamics The data was

comparedonafieldbyfieldbasissothatthe
overallabundanceoflarvaeforeachspecieswas
summarizedasthetotalnumberoflarvaeper180
dipsaveragedoverallsamplingdates Corre
lation analysis Table 1 indicated that Cx

tarsalislarvalabundancewaspositivelycorrelated
withcalciumr464andchlorider427con
centrationsandthatAnfreeborniwaspositively
correlatedwithpHr557carbonater443
calciumr400magnesiumr597andphos
phater409 Nootherstatisticallysignificant
correlationsp05wereobserved Therewas

nosignificantcorrelationr002p93between
CxtarsalisandAnfreebornilarvalabundance
inthesefields

Themultiplelinearregressionmodelsselect

7816 41884

3405 23347

53 72
007 058

36002 257504

5748 77476

000 73027

0252 1514
000 18251

0317 3166 0409

CoefficientsSE
Mg PPO R ProbF

2558 0 032 00396

22340 068 00003

1617

5188

Range

1472400

16539

Culex Anopheles

0464

0427

0399
0597

0557

0396
0443

a10a05

103
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Figure1Plotofmagnesiumconcentrationvs
CountyCalifornia

edthroughthestepwiseprocedurearepresented
inTable2 ForCxtarsalisthemodelcontained
twovariables calciumandmagnesiumconcentra
tions forAnfreebornithemodelcontained
threevariables calciummagnesiumandphos
phateconcentrations Bothmodelswerestatis

ticallysignificantp005n20 Eventhough
chlorinehadasignificantzeroordercorrelation
withCxtarsalislarvalabundanceitdidnot
entertheanalysis Oncecalciumenteredthe

equationtheadditionofchlorinecontributedno
newinformation Thesamephenomenonoccurred
inthesecondanalysiswithmanyvariablesthat
whenaloneweresignificantlyassociatedwithAn
freeborniabundance

Interestingly the coefficients forcalcium

andmagnesiumintheregressionmodelforboth
mosquitospecies wereopposite in sign even

thoughtheirzeroordercorrelationswereboth
positive Calciumandmagnesiumwerehighly
intercorrelatedr093andthussomeinformation
wassharedbybothvariables Theswitchin

signs will oftenoccurwhen twoindependent
variablesaremorehighlyintercorrelated with

eachotherthaneitherwiththedependentvari
ablealone Howeversincetheuniquerelation
shipofbothvariableswiththedependentvariable
wasstatisticallysignificantthissuggeststhat
therelationshipbetweencalciumandmagnesium
wasnotconsistentamongfields Theplotof
magnesiumvscalciumshowninFigure1sug
geststhattheremayhavebeentwogroupsof

1 1

I5
Calcium

5

mg1
35 45

calciumconcentrationfor20fieldsinSutter

fields thosehavinglowcalciumandlowmagne
siumlocatedinthelowerlefthandcornerofthe

graph andthosehavinghighmagnesiumbut
variableconcentrationsofcalcium Thesediffer

encesmaybeduetofieldsbeingirrigatedfrom
differentwatersourcesegwellsorsurface
ditchesorfromageographicvariationinthe
mineral contentofthesoil bed Thus the

information provided by the addition of the

secondvariableinthelinearregressionmodelwas
probablynotchemicalbutspatial Ingeneral
the relationship between water chemistry and

larvalabundancewasstrongerforAnfreeborni
thanforCxtarsalisTable1

VegetationDuring1985theabundanceof
bothCxtarsalisandAnfreebornilarvaewas
variableovertimesimilartothatobservedinthe
1983studydiscussedabove Asintheprevious
studythetotalseasonalproductionofmosquitoes
wasestimatedbyaveragingthetotalnumberof
larvaecollectedoverallsampledates Atotalof

28macrophytesandalgaewereidentifiedinthe
146fields thenumberofvascularplantspecies
otherthanriceinasinglefieldrangedfrom2to
15 Theplantspeciesmostcommonlyencoun
teredasindicatedbyincidencethenumberof
fieldswherepresentoutof46sampledinTable
3wereEchinochloacrusgalliBarnyardgrass
SorghumJohnsongrassPolygonumSmartweed
SagittariaArrowhead andSpirogyra Themost

abundantaquaticplantsasindicatedbythemean
indexofcoverwereEchinochloacrusgalliBarn



Table3TheoccurrenceofaquaticvegetationinricefieldsinSutterCountyCalifornia
duringJulyandAugust1985 Incidenceisreportedasthenumberoffieldsoutof46
sampledinwhicheachplantspecieswaspresent Theunitsofabundance07 with0being
absentand7beingveryabundantarequalitative Thecorrelationrandlevelsof
significanceaforeachplantspeciesarelistedforbothmosquitospecies

GRASSES

Echinochloacrusgalli
Leptochloafascicularis
Leptochloaimbricata
Paspalumdistichum
Sorghumspp

SEDGES

Cyperusdifformis
Eleocharisspp
Scirpusspp
Typhaspp

OTHEREMERGED

Alismatriviale

Ammanniacoccinea

Echninodoruscordifolius

Polygonumspp
Sagittariaspp

TOTALEMERGEDGRASSSEDGEOTHEREMERGED

FLOATING

Azollaspp
Bacoparotundifolia
Heterantheralimosa

Lemnaspp
Potamogetonspp

SUBMERGED

Callitrichespp
Heterantheralimosa

Najasspp
Potamogetonspp

BLUEGREENALGAE

Anabaenaspp
Gloeotrichiaspp
Oscillatoriaspp

GREENALGAE

Charaspp
Hydrodictyonspp
Nitellaspp
Spirogyraspp

Nutgrass
Spikerush
Bulrush
Cattail

Waterplantain
Redstem
Burhead
Smartweed
Arrowhead

Waterhyssop
Ducksalad
Duckweed
Pondweed

WaterStarworts
Ducksalad
Naiads
Pondweed

Incidence

Barnyardgrass 32

BeardedSpangletop 3

MexicanSpangletop18
Knotgrass 5

Johnsongrass 32

Abundance Culex Anopheles

Mean Range

105 0 600

004 0 070

022 0 140
004 0 070
079 0 430

19 099 0 570
2 002 0 050

22 075 0 430
8 010 0 130

0248

19 045 0 530
15 037 0 270 0307

4 005 0 100
31 045 0 270
31 101 0 500

3 003 0 070
7 013 0 200

12 021 0 220
12 051 0 470

1 001 0 070

21 052 0 430
12 021 0 220
20 094 0 530

1 001 0 070

20 025 0 150
19 052 0 500

8 009 0 150

13 037 0 330
3 003 0 070
6 009 0 170

27 062 0 400

0273

0277

0254

0243

02490345

a10a05

105
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yardgrassCyperusdifformisNutgrassScir
pusBulrushSagittariaArrowheadandNajas

Theresultsofthecorrelationanalysisin
dicatedthattheabundanceofCxtarsalislarvae

waspositivelycorrelatedwithAmmanniacoccinea
Redstemr307Najas r273andChara
r249andwasnegativelycorrelatedwiththe
TotalGrassesr248 butnotanyindividual
grassspecies Anfreebornilarvalabundance
waspositivelycorrelatedwithCharar345and
negativelycorrelatedwithSagittariaArrowhead
r277 totalbluegreenalgaer243 and

totalemergedweedsr254butnotanyindi
vidualspecies Nootherstatisticallysignificant
zeroordercorrelationswereobserved Asob

servedin1983CxtarsalisandAnfreeborni
larvaldensitiesinricefieldswerenotcorrelated

r13p10

CulextarsalisR 030p05

Species

Intercept

Ammanniacoccinea

Chara

Cyperusdifformis

Nittella

AnophelesfreeborniR 046p05

Species

Intercept

Chara

TotalBluegreenAlgae

TotalFloatingMacrophytes

Najas

Leptochloafascicularis

Leptochloaimbricata

Scirpus

Amodeltopredictlarvalabundancebythe
speciesmixoftheplantcanopywascreatedfor
eachmosquitospeciesusingstepwiselinearre
gression methods The resulting models are

showninTable4 OnlythegreenalgaChara
wasselectedforbothmodels Theutilityof
thesemodelsappearsmuchbetterforAnfree
borni R46 p05 than for Cx tarsalis

R30p05

DISCUSSION

Ingeneral thecorrelationcoefficientsof

CxtarsalisorAnfreebornilarvalabundance

andaquaticplantspecieswerelowandthere
doesntappeartobeastrongassociation of

mosquitoabundance with any particularplant
species HoweverbothCx tarsalisandAn

Table4Listofthecoefficientsforthemultiplelinearregressionmodelspredictingmosquito
abundancefromthedensityofweedspecies Thevariablesarelistedaccordingtoorderof
entry

Coefficients SE

6629

33802

28393

9872

49913

Coefficients SE

23685

22099

11859

9937

8524

64766

21609

5025

91124

100311

95321

47712

249472

70613

48557

36270

27692

26221

250911

118978

29843



freeborniwerepositivelycorrelatedwithChara
Thealgaprefershardwaterthatishighin
calcium Prescott 1970 In the 1983 water

quality study both Cx tarsalis and An

freeborni larval densities were found to be

positivelycorrelatedwithcalcium Thissuggests
thatCharaandCxtarsalisandAnfreeborni
larval abundancemaybe indirectlyassociated
throughtheirmutualassociationwithcalciumrich
water Nocorrelationwasfoundbetweenthe
larval abundance of Cx tarsalis and An

freeborniineitherstudy
Theobjectiveofbothstudieswastosurvey

anddiscoveranyrelationshipsthatmayexist
between water quality vegetation and larval

abundanceanditwasforthisreasonthatthe

errorlevelinthestepwiseregressionanalysis
p15wassetsohigh Studiesofthiskind

arepreliminaryandanyassociationsfounddonot
implycauseandeffect

Ingeneral thepredictivepowerofthe
linearregressionmodelswerelowespeciallyfor
Cxtarsalis Undoubtedlylarvalabundancefor
both species is alsorelated toenvironmental

factorsnotconsideredinthesestudies Cx

tarsalisisawidespreadspeciesandisgenerally
moretolerantofvariationinwaterchemistrythan
isAnfreeborni Resultspresentedhereprovide
abasisforfurtherstudiesofbioticandabiotic

factorsinfluencinglarvalmosquitoabundancein
northernCaliforniaricefields
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USEOFASURFACESAMPLERTOASSESSPOPULATION

DENSITIESOFAQUATICORGANISMSINRICEFIELDS

KWBoyceandSAWright

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815

ABSTRACT

Thesurfacesamplerdemonstratedtheabilitytocollectawidevarietyofaquaticorganismsfromthe
ricefieldhabitatbutwassomewhatselectivefororganismsofthenektoncomponent Allimmature

stagesofCulexsppandAnophelessppwerecollectedbythedeviceduringthesurvey Datasuggests
theseasonalprevalenceofCuleximmaturesfollowedabimodalcurvewhileAnophelesimmaturessteadily
increasedduringthesampleperiod SurfacesamplersweremoreefficientincollectingCulexthanAno
phelesimmatures SeventimesasmanyCuleximmatureswerecollectedthanAnophelesimmatures

INTRODUCTION

Ricefieldsaretheprimarysourceofthe
encephalitismosquito Culextarsalis Coquillett
and the western malaria mosquito Anopheles
freeborniAitkenintheSacramentoCountyYolo
County Mosquito Abatement District During
198636189acresofwhiteandwildricewere
grownin459fieldsranginginsizefrom1to470
acres TheaveragefieldsizeintheDistrictwas
80acreswithtypicalfieldlayouteitherofcon
tourorlaserleveldesign Culturalpractices
suchasherbicideandfertilizerapplicationsvary
between individual growers from organic to

heavyrelianceoninsecticidesandherbicidesto
controlpestspecies

TheDistrictplantsmosquitofishat01pound
anacreinthespringandfromJulyuntilSeptem
berroutinelyadulticidesthefieldswithmalathion
orpyrethrinstomanagemosquitoesemanating
fromthissource Toaugmentthese control

strategiestheDistricthires8to10seasonalrice
checkersfromMayuntilSeptembertomonitorthe
larvalpopulationinthericefields Theyare
assigned25fieldstosampleonaweeklybasis
Dependingonfieldsizetheytakefrom25to100
dipswithastandardpintdipperrecordingthe
number of mosquito immatures and beneficial

organisms collected When larval populations
exceed a predetermined tolerance level 01
larvadip the fields are treated with

VectobacAS

Numerousdevicesandtechniqueshavebeen
proposedforlarvalsamplingService1976but
otherthanthestandardpintdippernoneare
applicabletoalargescaleoperationalprogram
Dipping as a larval surveillance method has

inherentlimitationsduetothehumanelement

Horsfall1946anddippingefficiencyRee1982
sothereisaneedtodevelopanobjectivesampler
thatcanbeemployedinalargescalericefield
surveillanceprogram

During1985theDistrictlaboratorystaff
devisedainexpensivesamplerthatcouldbemass
producedfromreadilyavailablematerials The

designissimilartoafloatingquadratdeveloped
byGoodwinand Eyles 1942 buthasbeen
modifiedtofloatbelowthewatersurfaceand
retrieve larvae by simply lifting the device

insteadoflaboriouslypumpingordippingoutthe
samplewhichisamajordisadvantageofmost
quadratorareasamplingdevicesKnight1964

Astudywasundertakentodetermineifthe
surface sampler design would collect aquatic
invertebratesandcouldbeemployedintheDis
trictsricefieldsurveillanceprogram

MATERIALSANDMETHODS

Surface samplers were constructed using
10inchplasticembroideryhoopswithinterlocking
sections200meshpolyestermonofilamentfabric
TetkoIncproductnumberHC74751inch
redandwhiteplasticfishingfloats Plastilite
CorpproductnumberP3BKand12poundtest
nylonfishingline

Toassemblethesamplera1275inch3238
cmdiameterpieceofpolyesterfabricwascut
outthenlockedinplacebetweentheembroidery
hoopsections Nextfour116inch016cm
diameter holes were drilled equidistant apart
throughthefaceofthehoop A4inch1016
cmlengthoffishinglinewasthentiedaround
thetopofeachholesothatfishingfloatscould
beanchoredtothehoopFigure1

Whenplacedinthewaterthefloatssuspend
thesampler05inch127cmbelowthewater
surface Thisallowsorganismstobecollected
fromaboveorwithinthedevice Thesurface

areaofthesamplerisapproximately05square
foot01575m

ThestudysitewastheYoloBypassportion
ofHeidrickFarmsConwayRanchwhichislocated
ineasternYoloCountybetweenInterstate5and
US 80 Freewaysandthe ConwayandTule
canals Eightcropstomatoescornsafflower
beetsbarleywheatwhiteandwildriceare
farmedontheranchwiththemajorityofthe
acreagedevotedtoricecultivation Ricefields

arefirstfloodedinMaydrainedforherbicide
applicationsofBoleroorOrdramrefloodedand
continouslyirrigateduntilSeptember

Fourteenseparatericefieldswerechosenat
randomranginginsizefrom17to470acresand
totalingapproximately2000acres Allfieldsin

thestudyareawerelaserplanedandplantedwith



RESULTSANDDISCUSSION

4111111

eitheraM9or302whitericevariety
Dependingonacreageeachricefieldwas

separatedintoeither12or4samplingareas
Fieldslessthan40acreswereconsideredasone
areawhile40to80acrefieldsweredividedinto
twoequalareas Fieldsgreaterthan80acres
wereseparatedintofourequalareas

Threesurfacesamplerswererandomlyposi
tionedwithineachareasothata40acrefield
containedthreesamplersfieldsbetween40to80
acressixsamplersandfieldsgreaterthen80
acrestwelvesamplers Inthestudyatotalof
123surfacesamplerstationswereestablishedfor
anaverageofonesamplerper16acresofsurface
area

Surfacesamplerswereplacedinthefields
duringtheweekofJuly16 Thesamplerswere
tetheredtoawoodedsurveystakewithanylon
fishinglinetopreventdriftandwerecollected
weeklyfromeachfieldfromJune23through
August25

Toretrievethecontentsofthesamplerthe
collectorliftedthedevicefromthewaterallowing
excessfluidtodrainthroughthefabric Sam

plerswerethentakenfromthefieldandinverted
overawhiteenamelpan Organismsanddetritus
adheringtothesamplerwereflushedwithapint
wash bottle To facilitate identification or

ganismswerethenseparatedwitha3mlplastic
transferpipetintoplastic8ouncelivercups
Thenumberofaquaticorganismscollectedwere
countedandrecordedonasurveyform

Duringthe10weeksurveyperiodaquatic

Figure1SurfaceSampler

Fishingfloat
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Embroideryhoop

Polyester200mesh
fabric

organismsfrom12differentclasseswerecollected
by thesurfacesampler Table1 Thelist

containsrepresentativesfromallfiveaquaticlife
habitats benthosperiphytonplanktonnekton
andneuston Membersofthenektoncomponent
dominatedthecollections Thegreatestdiversi
ty5Orderscontaining13familiesweresampled
fromtheclasslnsecta

InarecentdippingsurveyofFresnoCounty
ricefieldsamoreextensivelistofaquaticor
ganisms were collected Miura et al 1981
Howeverthediversityandcommunitycomposition
wassimilartotheresultsobtainedbythesurface
samplersurveyoftheSacramentoCountyrice
fields

Atotalof8784organismswascollectedin
thesurveywithanaverageof102persampler
Table2 Dytiscidlarvaewerethemostpreva
lentorganismcollectedbythesamplerfollowed
byMesostomaspp hydrophilidlarvae zygo
pterans culicidae immatures notonectids dy
tiscidadultsanisopterans hydrophilidadults
gerridsHydraspp belostomatidsDugesiaspp
andveliids Twoorganismsdytiscidlarvaeand
Mesostoma spp represented 50of thetotal

collectionwhiletheremaining50wasdivided
among12groups BelostomatidsDugesiaspp
andveliidswererarelyfoundinthesurvey
The mean number of organisms per sampler
rangedfromahighof267fordytiscidlarvaeto
alowof0002forveliids Mosquitoimmatures
CulexandAnopheleswerefrequentlycollected
by thesurface sampler and ranked fifth in

abundancewithanaverageof062persampler
Theseasonaldistributionofaquaticorga

nismsexcludingmosquitoimmaturescollectedby
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Table1Listofaquaticorganismscollectedbysurfacesampler

Rotifera Hemiptera
Hydroza Veliidae

Hydraspp Notonectidae

Turbellaria Gerridae

Mesostomaspp Belostomatidae

Dugesiaspp Corixidae

Oligochaeta Coleoptera
Hirudinea Dytiscidae
Crustacea Hydrophilidae

Anostraca Diptera
Notostraca Culicidae

Conchostraca Syrphidae
Cladocera Stratiomyiidae
Eucopepoda Tendipedidae
Podocopa Gastropoda
Decapoda Osteichthyes

Insecta Poeciliidae

Ephemeroptera Ictaluridae

Odonata

Anisoptera
Zygoptera

Table2Populationdensityofaquaticorganismscollectedbysurfacesampler7
weeks

Mean

NumberCollected NumberSampler

1 Dytiscidlarvae 2301 267

2 Mesostomaspp 2108 244

3 Hydrophilidlarvae 1428 165

4 Zygopteran 576 66

5 Culicidaeimmatures 535 62

6 Notonectid 497 57

7 Dytiscidadult 429 49

8 Anisoptera 409 47

9 Hydrophilidadult 301 34

10 Gerrid 129 14

11 Hydraspp 65 07

12 Belostomatid 2 002

13 Dugesiaspp 2 002

14 Veliid 2 002

Total 8784 102



Table3Seasonaldistributionofaquaticorganismscollectedbysurfacesampler

Week

Belostomatid
Gerrid
Notonectid
Veliid

Dytiscidlarvae
Dytiscidadult
Hydrophilidlarvae
Hydrophilidadult
Anisoptera
Zygopteran
Dugesiaspp
Hydraspp
Mesostomaspp

Total

623 630

1

17

129

133

400
44

58
32

10

78
1

331

159
261

10

62

56

40

43 219

857 1227

aHighestnumbercollectedduringsamplingperiod

thesurfacesamplerisshowninTable3 Results

fromthesamplersuggeststhattheaquaticcom
munitiespopulationfollowedabellshapedgrowth
curvewiththehighestpopulationlevelsreached
duringtheweekofJuly14

Population peaks for each group varied

throughoutthesampleperiodmostoccuringin
thelastweekofthesurvey Thehydrophilid
larvaepopulationpeakedduringthefirstweek
June23ofthesurvey thedytiscidadultsin
thesecondweekJune30thedytiscidlarvaein
thethirdweek July7 thenotonectidsand

hydrophilidadultsinthefourthweekJuly14
theMesostomasppinthefifthweekJuly2
theAnisopterainthesixthweekJuly28and
gerridzygopteranandHydrasppduringthe
seventhweekAugust4

Atotalof704Culexspp immatureswere
collected by thesurfacesamplers Table4
Secondinstarlarvaewerethemostfrequently
collected183followedbyfirsts174fourths
167thirds155andpupae25 Anequal
numberofearlyinstars1stand2ndandlate
instars3rdand4thwerecollected Thepupae
representedasmallpercentageofthepopulation

TheCulexfirstinstarpopulationwashighest
duringthe7thweekAugust4ofthesurvey
secondsinthe2ndweekJune30thirdsinthe
8thweekAugust11fourthsandpupaeinthe
3rdweekJuly7

Duringthesurvey113Anophelesimmatures
werecollected by the surface samplers the

populationbreakdownwascomprisedof15firsts
26seconds39thirds29fourthsand4pupae
Table5 Thethirdinstarlarvaewerethemost
frequently collected followedbythefourths
secondsfirstsandpupae TheAnophelesfirst
instarpopulationwashighestduringthe7thweek
August4ofthesurveysecondsandthirdsin
the10thweekAugust25 fourthsandpupaein

77 714 721 728 84

10

106

13

122

451 443

36

241

82

51

32

2

397

1408

35

210
85
48

68

400

1425

CONCLUSION

30

71

1

375
26

148

32

55
84 148

1

1

32

61

1

33
42

351 221

23 17

92 75

24 24
75 60

156
1

22 65
528 365 155

1372 1173 850

the9thweekAugust18
Datafromthesurfacesamplerindicatedthat

theCulex immaturepopulation frequencydis
tributionfollowedabimodalcurveFigure2
Thereweretwopopulationpeaksthefirstin
theweekofJuly7thesecondduringtheweek
ofAugust4 IncontrasttheAnophelespopu
lation steadily increasedfromthesixth week

July28untilthefinalweekAugust25ofthe
survey Theseasonal populationpatternsfor
bothCulexandAnophelesimmaturesaresimilarto
trendsobservedinotherricefielddippingsur
veysCollinsandWashino1980andMarkosand
Sherman1957

Ofthe14fieldssurveyed13werepositive
formosquitoimmatures Themeannumberof

mosquitoimmaturescollectedrangedfrom00to
160persamplerTable6 Threefieldshadan

immaturepopulationgreaterthen10andonlyone
field was negativefor mosquitolarvae The

majorityofthefieldsrangedbetween030and
082 immatures persampler withfour fields

accountingof50ofthelarvalproduction
ThemeannumberofCuleximmaturescollect

edbythesurfacesamplersrangedfrom00to
141 Threefieldshadapopulationgreaterthan
10persamplerandthreefieldslessthan01
persampler Theremainderofthefieldswere

between029and081immaturespersampler
ThemeannumberofAnophelescollectedby

thesurfacesamplerrangedfrom00to04 The

populationin5fieldswasgreaterthan01per
samplerandin5fieldslessthan01 Four

fieldswerebetween02and08persampler

Thedeterminationofabundanceanddis
tributionoforganismsduringthericefieldgrow
ing season presentthebasicproblemsfacing

111
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Table4SeasonaldistributionofCulexsppcollectedbysurfacesampler

Week

623 630 77 714 721 728 84 811 818 825

Stage Total

1st 12 32 20 6 14 60 17 13 174

2nd 2 53 30 9 8 8 25 32 12 4 183

3rd 2 12 22 11 4 7 28 43 19 7 155

4th 2 30 39 25 15 5 14 18 17 2 167

pupae 2 2 11a 4 1 2 2 1 25

aHighestnumbercollectedduringsamplingperiod

Table5SeasonaldistributionofAnophelessppimmaturescollectedbysurface
sampler

Week

623 630 77 714 721 728 84811 818 825

Stage Total

1st 0 0 0 0 1 1 6 3 4 0 15

2nd 0 0 0 0 0 0 3 5 8 10 26

3rd 0 0 0 0 0 1 3 12 9 14 39

4th 1 0 0 0 0 0 1 7 10 10a 29

pupae 1 0 0 0 0 1 0 0 2 0 4

aHighestnumbercollectedduringsamplingperiod

Table 6Field ranking mean numberofmosquito mosquitocontrolefforts Predictionscanbemade

immaturespersampler from reliable samples however sampling of

organismsmustbemadeinaconsistantunbiased
mannertorealisticallyestimatethesepopulation

RankSizeAcres Culexspp AnophelessppTotal parameters
Datacollectedfromthisfirsttrialdemon

stratedtheabilityofthesurfacesamplerto
1 70 120 40 160 functionobjectively Someselectivityfororga
2 440 141 02 143 nismspresentinthenectoniczonewasnoted
3 25 110 10 120 howeversuchselectivitywasthoughtacceptable
4 255 81 01 82 asmostmosquitoesandtheiractivepredators
5 45 73 05 78 inhabitthiszone

6 162 45 20 65 Thesamplerssimplicityofdesignlowcost
7 167 47 14 61 easymaintenanceandoverallcollectionreliability
8 152 50 08 58 indicatesthatitcouldbereadilyemployedby
9 240 29 14 43 mosquitoabatementdistricts Fieldtrialresults

10 185 40 01 41 wereencouragingandthesurfacesamplerwill
11 46 30 00 30 continuetobeevaluated

12 139 09 07 16

13 30 06 00 06 ACKNOWLEDGMENTS

14 17 00 00 00
TheauthorsthankGYoshimuraandSusan

Critchfieldfortheirassistanceindesigningthe



samplerAnnettEiffertforherhelpinconstruct
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MATERIALSANDMETHODS

THEMOSQUITOFISHGAMBUSIAAFFINIS POPULATIONDYNAMICS

STUDYINSMALLEXPERIMENTALRICEPLOTS

TakeshiMiuraandRichardMTakahashi

Studieswereconductedattheexperimental
riceplotsattheUniversityofCaliforniaKearney
AgriculturalCenternearParlier Thefacility
consistsof12plotsin4rowseachplotmeasures
61mx05mdeep Watertoeachplotwas

UniversityofCalifornia
MosquitoResearchLaboratory

9240SRiverbendAvenue

ParlierCalifornia93648

ABSTRACT

InearlyMaythreequantities91408and2722gofwellfedpredominantlygravidfemalemos
quitofishwereintroducedinto61mriceplotswhereplanktonandimmatureinsectswererelatively
abundant Themosquitofishincreasedatanaveragerateof14Xperweekforthenextseveralweeks
reachingapeakofca42000attheendofSeptember Thepopulationgrowthcurvesfollowedlogistic
curvesfairlyclosely Increasedstockingratesgenerallyproducedanearlierpopulationpeak Population
peaksofstockedfishmayneverreachanequilibriumlevelcarryingcapacitybecausefieldsneedtobe
drainedyearlyinSeptemberbeforeharvest

Themosquitofish Gambusiaaffinis Baird
andGirardhavebeenwidelyusedforcontrolling
mosquitoesBay1967Fowler1964HoyandReed
1971 The merit of mosquitofish as mos

quitocontrolagentscanbeattributedtomany
factorsthemostimportantbeingahighrepro
ductivecapacitythatproducesarapidpopulation
buildupfrominitialstockingsoffishinmosquito
breedinghabitats Forexampletenweeksafter
HoyandOGrady1971planted100fishper
acrethepopulationgrewtoanestimated5900
391peracre Twelveweeksafterstockingat18
lbacreandtenweeksafteraninitialaverage
countof3fishpertrapReedandBryant1974
recordedincreasesaveraging183pertrap Miura

etal1982usingacapturerecapturemethod
inlateJulyestimatedabsolutepopulationin
creasesfrom4722to21920peracreinaperiod
ofonlyamonth

After an initial planting in rice fields
populationincreasesofthisspeciesplottedover
timenormallyfollowalogisticgrowthcurvewitha
degreeoflevelingoffduringthelaterhalfofthe
season Itseemsthatthislevelingoffisat
tributedtothemaximumcarryingcapacityofrice
fieldsbutwhetheritisornotthefactremains
thatithasoccurredonanumberofoccasionsfor
thisspecies Miuraetal 1982 Norlandand

Bowman1976ReedandBryant1974Stewartand
Miura1985 Thislevelingoffrepresentsthe
maximumpotentialformosquitofishtopreyon
larvaeduetodensityofthespeciesandwouldbe
thelevelthatwouldbedesirabletocoincidewith
peakpopulationsofmosquitolarvae

During1986weconductedanexperimentto
determinetheeffectsoftheinitialfishstocking
rateonthefinalpopulationdensityattainedby
theendofthericeseason

supplied froma reservoirthroughanunder
groundpipelineandwaterdepthwasmaintained
byfloatvalvesFig1 RiceCalPearlwas
seededinearlyMay Watertemperatureat5cm
belowthe surfaceandairtemperatures were

takenwithrecordingthermographs
Sixplotsadjacenttoeachotherwereusedto

studythepopulationgrowthof3stockingrates
Mosquitofishwereintroducedintotheplotsin
earlyMay Thesourceoffishwasadrainage
sumponSeventhStandardRoadnorthwestof
Bakersfield California The fish were883

gravidfemalesandweighedanaverageof148g
perfishTable1Fig2 Theratesstocked

were91408 and2722goffishperplot The

lowratewasabout02lboffishperacrewhich
isthenormalstockingrateusedbytheFresno
WestsideMAD

Thefishpopulationineachplotwasmoni
toredbytrappingeachweekwith4modified
minnowtrapsMiuraandTakahashi 1975 From

earlyJunetolateSeptembertrapsweresetat
10amandretrievedat1pm Gravidfemales
fryandothersmalejuvenile andfemalewere
separatelytabulated Aftercountingallfish
werereturnedtotheirrespectiveplots The

trapswereplacedinthesamearrangementin
eachplotandthesamepositioneachweek

Total populationvariancesbetween the3

stockingrateswereanalyzedbySASGLMproce
duresona2550Primecomputerusinganalysisof
varianceDuncansmultiplerangeandequality
ofslopestests Thedatawerealsoanalyzedby
linearregressionoflogtransformationsandalso
bycomparinglogisticgrowthcurvemodelsbased
onthedatafromthe3differentstockingrates

RESULTSANDDISCUSSION

When the mosquitofish were initially in

troducedintotheplotswhereplanktonandimma
tureinsectswererelativelyabundantthefish
populationincreasedatanaveragerateof14X
perweekFig3forthenextseveralweeks
reachingapeakofca42000intheendof
Augustandthensloweddownthereafter This



Figure 1Rice plots at the Kearney Agricultural
Center Aanaerialphotographshowinglayoutof
plots1234ABCreservoirRandsump
S Bgroundviewofplots

Table1Statisticsofmosquitofish

Stockedfish

Fishcollected
aftertests

Standardlengthcm Sexratio

N Female Male Weightg FM

74 43 27 148 791209

150 38 25 46 534466
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Table2Populationgrowthofmosquitofish numberoffishcapturedby
traps

Date Low

June5

12

20

26

July3
9

16

23

30

August6
13
20

27

September3
17

25

8

13
77

113

67

392

372

937

1096

1854

2177

1534

1851

1760

2722

2940

peakprobably representedone ofthe upper

fluctuationpeaksie thispeakisadeparture
fromthe equilibrium thecarrying capacity
Thecarryingcapacityofanenvironmentisthe
maximumnumberofanimalsthatcanbesupported
foralongtimewithoutdamagetotheenviron
ment Sincericefieldsareartificiallycreated
temporarybodiesofwaterthatareallowedto
retainwaterforca4monthsduringayear
populationpeaksofstockedfishneverreachthe
equilibriumFig4 Thefishcollectedatthe

endofthestudywereextremelylightandslim
mishTable1Fig2indicatingdeficiencyof
foodresourcesbroughtaboutbyovergrazing

Theresultsobtainedfromthestockingrate
studyshowedgenerallygoodcorrelationbetween
thenumberoffishcaughtandthestockingrate
Table2themiddleratehadthelargestmean
followedbythehighandthenthelow Analysis
ofvarianceshowedtherewasasignificantdiffer
encebetweenstockingratesF5051P00001
Duncansmultiplerangetesta005alsoindi
catesallmeansweresignificantlydifferentfrom
eachother Linearregressionoflogtransformed
dataandpredictedlogisticgrowthcurvesshow
thattheslopesofallpopulationsareapproximate
andparallelexceptforthehighrateFig3

Wehypothesizedthatanincreaseinfish
stockingratewouldcausethesubsequentpopu
lationtoreachthelevelingoffupperfluctuat
ingpeakatanearlierdate Ourdatagenerally
supportthehypothesisexceptforthehighrate
Fig1thepeakofthehighratestockingwas
obtainedbetweenthepeaksofthemiddleandlow
ratestockings Wereasonedthecauseofthis

discrepancyasfollows

StockingRate

Middle High

26

16

65
81

176

582
780

1229

1108

3179

3364
2516

2803

2640

2973

3021

24

19

82

107

122

476

1250

1355

1561

2428

2535

2165

1785

1996

2701

2536

1 Asuddenovercrowdingbyahighrate
ofstockingcreatedashortageoffoodandother
requirements Thisresultedinhighmortality
andreducedfecundity

2 Trap avoidance by gravid females

Almostallfemalesinitiallystockedweregravid
883 theymayhaveavoidedthetraps

Insummarymosquitofishhaveaveryhigh
reproductiveratethatproducedrapidpopulation
buildupsfrominitialstockingrates Thepopu
lation growth curves followed logistic curves

fairlyclosely Earlyintheseasonthegrowth
ratewasabout14Xperweekandleveledoffin
thelateseason Thegrowthcurvesindicatethat
anincreasedstockingrategenerallyproducedan
earlierpopulationpeak Thepeaksapproachedat
theendofthericegrowingseasonwereprobably
peaks offluctuating level theyarenotthe
equilibriumthecarryingcapacityofricefields
Mosquitofishpopulationsinricefieldsprobablydo
notreachtheequilibriumlevelbecausetherice
seasonisoflimitedduration
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Figure2Mosquitofishshowingsizeandweightdifferences
betweendrainagecollectedAandriceplotcollectedfish
B
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Lowmaa
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WEEKSPOSTPLANTING

Figure3Populationgrowthcurvesofmosquitofishinriceplots
stockedat3rates
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EFFECTSOFVARIOUSFACTORSONTHEEFFICIENCYOFMINNOWTRAPS

TOSAMPLEMOSQUITOFISHGAMBUSIAAFFINISANDGREENSUNFISH

LEPOMISCYANELLUSPOPULATIONS

LeonBlaustein

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

119

Experimentswereconductedinricefieldenclosuresandinalarge225mlaboratorytankto
assesstheeffectsoffishsizefishdensityvegetationandwaterdepthontheefficiencyofGeeminnow
trapstosamplepopulationsofthemosquitofishGambusiaaffinis Theeffectsofthelatterthreefactors

ontrapefficiencywerealsoassessedforimmaturegreensunfishLepomiscyanellus
Largermosquitofish35mmTLwerecaughtatagreaterratethansmallermosquitofishinboththe

laboratoryandfieldexperiments Fishdensitywasunimportantinaffectingtrapefficiencyinthefield
experiment Howeverinthelaboratoryexperimenttrapefficiencyincreasedwithincreasingmos
quitofishdensity

Vegetationdidnotaffecttrapefficiency Thepresenceorabsenceofricewasunimportantin
trappingmosquitofishinthelaboratoryexperiment Resultsofthefieldexperimentfailedtodemonstrate
thatthetypeemergentvssubmergentandtheamountofvegetationaffectedtrapefficiencyformos
quitofish

Minnowtrapslyingonthesubstratewereassessedfortrappingefficiencyofmosquitofishatthree
waterdepths 816and24cm Mosquitofishwerecaughtatasimilarrateat8and16cm However
at24cmwheretrapsweretotallysubmergedthepercentcaughtwassignificantlyreducedprobably
becausemosquitofishswimnearthesurfaceabovethetrapsatthiswaterdepth

Resultsofthelaboratoryexperimentfailedtodemonstratethatthepresenceorabsenceofricehad
aneffectontrappingimmaturegreensunfish Greensunfishassessedattwodepths8and24cm
weretrappedatahigherrateat211cm Becausegreensunfisharegenerallyfoundnearthebottoma
decreaseintrappingefficiencyatthegreaterdepthwasnotexpected

Theseresultsdemonstratetheimportanceofdeterminingtheeffectsofenvironmentalfactorsontrap
efficiencybeforewecanusedirecttrapcountstoassesstheeffectsoftheseenvironmentalfactorson
fishabundance
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LARVIVOROUSPREDATORSANDZOOPLANKTON

INDIRECTEFFECTSONMOSQUITOESINRICEFIELDS

LeonBlausteinandRichardKarban

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616

ABSTRACT

Evidencethatinteractionsbetweenvariouspredatorsandzooplanktonhaveeffectsonmosquito
survivalwasassessedinseveralstudies Sucheffectsmaytaketwoforms 1zooplanktonbyserving
asalternativepreytogeneralistpredatorsreducepredationintensityonmosquitolarvaeand2are
ductionofzooplanktonbypredatorsreducesexploitativecompetitionbetweenzooplanktonandmosquitoes
inricefields

InanumberofexperimentsassessingtheimpactofthemosquitofishGambusiaaffinisandthegreen
sunfishLepomiscyanellusonmosquitoesinricefieldsitwasfoundthattheirabilitytocontrolmos
quitoeswasassociatedwiththeabundanceofzooplankton Theseresultssupportthehypothesisthat
zooplanktonreducespredationonmosquitolarvae

AmicroturbellarianflatwormmostrecentlydescribedasMesostomanearlinguawasfoundtobe
negativelycorrelatedwithAnophelesfreeborniCulextarsalisCladoceraandOstracodainricefield
enclosuresearlyintheseason Thecausalmechanismispresumedtobepredationbytheflatworm
Cyclopoidcopepodsshowednosignificantcorrelationwiththispredator Inthelaboratorythepresence
ofacladoceranspeciessignificantlyreducedpredationbyMesostomaonCxtarsalislarvae

Inanotherstudymosquitofishreducedcladoceranpopulationstolowlevelsinricefieldenclosures
FirstinstarCxtarsalislarvaeplacedinpredatorexclusioncageswithintheenclosuresdevelopedfaster
intheenclosurescontainingmosquitofishthanthosewithoutmosquitofish Oneexplanationofthisresult
isthatintheabsenceoffishcladoceranswhichhaveahighoverlapindietwithmosquitolarvae
competewithmosquitolarvaeinricefieldsandmaybeanimportantforceinmosquitopopulationdy
namics



Thepresenceofpopulationsofonlyoneortwoanimalspeciesintheecosystem canaccountforthe
lowabundanceofmanyorganisms Thisrealizationmayguidebiologicalcontrolstrategiesagainstpestsofmedicalandveterinaryimportance

Thepresenceofpopulationsofonlyoneor
twoanimalspeciesintheecosystemcaninfluence
greatlythepopulationdensityofcertainplants
andanimals Theacceptanceofthisrealityis
oftendifficultforsomemodernecologistswho
throughtheir broadexperiencesin measuring
densitydependentanddensityindependentforces
innaturearesteepedinthecomplexitiesofthe
ecosystem Itseemsinconceivablethatinthe
midstofalltheintracting abioticand biotic

factorsthatonlyoneortwoorganismscould
everberesponsiblefortheaverageabundanceof
anotherorganismoveraprotractedperiod

Nevertheless proof for this simplistic
assumptionisavailablefromanysourcesBreak
ingdowntheworldsbiotaintoterrestrialplants
aquaticplantsvertebratesphytophagousinsects
andinsectsofmedicalandveterinaryimportance
Table1givesselectedexamplestodemonstrate
theimportanceofoneortwoanimalspeciesinac
countingforconsistentlylowdensitiesofother
organisms Manyofthecausativeagentsactas
densitydependentregulativeforceswhichbear
areciprocaldensityrelationshiptotheirhostsor
aslimitingforceswhichsetanupperlimitto
thedensitythatanorganismcanattainbutdo
notbearthecloserelationshipofreciprocity

Ifthereareanydoubtsofthebasicassump
tionthatthepresenceofoneortwoorganisms
accountsfortheobservedlowpopulationdensities
ofthevariousspecieslistedinTable1the
questionmaybeaskedWhatwouldhappento
theaveragedensityofthecontrolledorganismif
thecausativeagentswereremoved Invari

ablytheanswerwouldbesimplythatasignifi
cantandnoteworthyriseindensitywouldfollow
theirremoval

Itisapparentthatthegreatestnumberof
examplesarefoundamongphytophagousinsects
whichisareflectionofthegreaterbiological
controleffortagainstthisgroup Insectsof

medicalandveterinaryimportancearejustbecom
ingfavoredtargetsforbiologicalcontrolasthe
desiretoreducepesticideusageagainstthem
increases Thusweundoubtedlywillseemore
successfulcasesinyearstocome
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Table1Someexamplesshowingtheabundanceofplantsandanimalsdependentonthepresenceofone
ortwospeciesoforganismintheecosystem

ControlledOrganism

TerrestrialPlants
AmericanelmsineasternNAmerica

KlamathweedinnorthwesternUSA

EndemiccedarsinBermuda

OpuntiacactusinAustralia
OpuntiacactusinCeylon
OpuntiacactusonSantaCruzIsland
AmericanchesnutineasternNAmerica
Eucalyptusat500metersinSAfrica

Eucalyptusat500metersinSAfrica
AppletreesinEurope

PuncturevineincoastalCalifornia

AquaticPlants
Potamogetoninirrigationdrains

oftheImperialValleyCA
EichorniainFlorida

Vertebrates

EuropeanrabbitsinAustralia
EuropeanrabbitsinEngland

PhytophagousInsects

Cottonycushionscalein50countries

CaliforniaredscaleinCalifornia Europe
OlivescaleinCaliforniaandEurope

RhodesgrassscaleinsouthUSA
FloridaredscaleinIsraelFloridaMexico

SAfricaBrazil Peru

WalnutaphidinsouthCalifornia
WalnutaphidincentralCalifornia
AlfalfaweevilincoastalCalifornia
BlackscaleinsouthCalifornia
DiamondbackmothinNewZealand

CoconutscaleinFiji
CoconutscaleinMauritius

WoolyappleaphidinNewZealand
SugarcaneborerinBarbados
WintermothinCanada

WintermothinEngland
CitrusblackflyinCuba Mexico

OrientalfruitflyinHawaii
SpinyblackflyinJapan
RedwaxscaleinJapan
BluegumscaleinNewZealand
SugarcaneleafhopperinHawaii
ApplemealybuginCanada
CoffeemealybuginKenya
CitrusmealybuginIsrael
ComstockmealybuginCalifornia

continued

CausativeAgents

ScolytusmultistriatusMarshamvectoring
CeratocystisulmiBuismanCMoreau

ChrysolinahypericiForster C

quadrigeminaSuffrian
CarulaspisvisciSchrank Lepidosaphes

newsteadiSulc
CactoblastiscactorumBerg
DactylopiusindicusGreen
Dactylopiussp
EndothiaparasiticaMurr
PatassonnitensGiraultattackingeucalyptus

snoutbeetle

Pnitensbutathigherdensity
ProspaltellaperniciosiTowattackingSanJose

scale

MicrolarinuslypriformisWolf

TilapiazilliiGervais

NeochetinabruchiHustache

Myxomytosisvirus1
Myxomytosisvirus2

RodoliacardinalisMulsant or

CryptochaetumiceryaeWilliston
AphytismelinusDeBach
AphytismaculicornisMasi Coccophagoides

utilisDoutt

NeodusmetiasangwaniRao
AphytisholoxanthusDeBach

TrioxyspallidusHalidayfromFrance
TrioxysspfromIran
BathyplectescurculionisThoms
MetaphycushelvolusCompere
AngitiacerophagaGray
CryptognathanodicepsMshll
ChilocoruspolitusMuls CnigritusMuls
AphelinusmaliHald
ApantelesflavipesCameron
CyzenisalbicansFall Agryponflaveolatum

Gray
smallrodents

EretmocerusseriusSilvestriinCuba Amitus

hesperidumSilvestri Prospaltella
opulentaSilvestriinMexico

OpiusoophilusFullaway
ProspaltellasmithiSilvestri
AnicetusbeneficusIshii Yasumatsu

RhizobiusventralisErichson

CyrtorhinusmundulusBredd
AllotropautilisMuesebeck
AnagyrusnrkivuensisCompere
ClauseniapurpureaIshii
AllotropaburrelliMuesebeck Pseudaphycus

malinusGahan
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ControlledOrganism

CitrophilusmealybuginCalifornia
TeatortrixinCeylon
CoconutmothinFiji
BrowntailmothinCanada

OrientalbeetleinSaipan
CoconutleafminingbeetleinFiji
PurplescaleinCalifornia
DictyospermumscaleinGreece
GreenvegetablebuginAustralia Hawaii

InsectsofMedical VeterinaryImportance

AquaticmidgesinLosAngelesdrainages

CommonhouseflyinSAfrica NewZealand

HouseflyandstableflyinPuertoRico

BlackstableflyinMauritius
CulexsppinsomeCalifricefields
CulexsppinCalifdrainages
CulexsppinsomeCalifponds
CulexsppinImperialCodrainages
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EVALUATINGPONDDESIGNSFORMAXIMUMPRODUCTION

OFMOSQUITOFISHINSACRAMENTOCOUNTY

WernerPSchon

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815

ABSTRACT

OneoftheobjectivesoftheSacramentoCountyYoloCountyMosquitoAbatementDistrictisto pro
duceadequatenumbersofmosquitofishformosquitocontrolinpermanentandsemipermanentwater
sources

WhentheDistrictstwentyacrefishhatcherywaspurchasedin1977fourlargeexistingpondswere
usedtoraisemosquitofish Sincethattimethelargepondshavebeenconvertedto38racewayswith
deepsteeplevees In1986theDistrictsstaffdecidedtoevaluatetheproductivityoftheexisting
racewaysandtoexperimentwithnewdesigns

Thenewponddesignswerecopiedfromproductivesourcesfoundinthesurroundingarea Four
differenttypesofpondswereevaluated

1 Riverrockriprap
2 Raceway
3 Slopingpondbottom
4 Riverrockriprapwithoutrock

Thedesignresultinginthehighestmeanyieldwastheriverrockriprapdesign Theseponds
producedfrom243Ibsto286lbseachwhilethemostcompetitiveponddesignriverrockriprapdesign
withoutrockproduced192Ibs Forexample60Ibsoffishstockedinriverrockriprappondsin
Marchproduced281IbsbyJune Thesameamountoffishstockedinnonriprappondsproducedonly
192IbsbyJuneBycombiningthe38racewaypondsinto19riverrockpondshatcheryproductioncould
beincreasedfrom3021Ibsto5434Ibswithoutexpandingthehatcheryproperty

INTRODUCTION

Historically the Sacramento CountyYolo
County Mosquito Abatement District relied on

sewageoxidationpondsdairysumpsandnatural
drainsfortheirsupplyofmosquitofish Withthe

developmentofthe RegionalSewageTreatment
Facility in south Sacramento many ofthese
sourceswereeliminated

Whenthe DistrictpurchasedtheoldElk
Grovesewage ponds in 1977 thefour large
sewageoxidationpondswereconvertedinto38
racewayponds Thesepondswereveryproduc
tive butstill didnotmeetthemosquitofish
requirementsoftheDistrict Theobjectiveof
theDistrictshatcheryistosupplyallofthe
Districts fish stocking requirements without

havingtorelyonothersources
Fourponddesignswereevaluatedforpro

ductioninthespringof1986 Thesedesigns
werecopiedfromproductivemosquitofishfield
sources Productionofmosquitofishisdifficultto
compareinthefieldasitisdependentnotonly
onponddesignbutavarietyofotherfactors

MATERIALSANDMETHODS

Fertilizerchickenmanureapplicationrates
wereduplicatedinallpondsandmeasuredas
gallonsperacrefootofwater Densezooplank
ton populations were established before fish
stockswereadded Theamountoffishfood

givendailywasbasedonapercentageofthefish
biomasspresentandthepondwatertemperature

Inthisstudyofponddesignproduction
fourdifferentponddesignswereevaluated

1 Racewaydesign
300ftx34ftwide
023acresurfacearea

117acreftcapacity
5ftmaximumponddepth
11sloperunoverfall

Thesestudypondsweregroupedinto4
series Threeoftheseriesconsisted
of4pondswhiletheotherconsistedof
2 ponds Sixinchdiameterculverts

connectedthepondswithineachseries
allowingthefishtomovefreelybetween
ponds Between the pond series
connectingculvertswerescreenedon
bothendswith116inchmeshscreen
sodifferentstockingratesandhabitat
usecould bestudied Inorderto

obtainmaximumproductionidealstock
ing rates needed to bedetermined

Theseriesofpondswerestockedat
differentratesforthisstudy

2 Riverrockriprapdesign

300ftx68ft

046acresurfacearea

184acreftcapacity
5ftmaximumponddepth



41sloperunoverfall
50tons3into6inriverrock
cobble

Theriverrockcobblewasusedtoline

thesidesoftheseponds Thisriprap
provides spawning areas for gravid
femalesaswellasharboragefornewly
spawnedfry Fivepondsstockedat3
different rates were used in this

study

Riverrockriprapdesignwithoutrock

300ftx68ft

046acresurfacearea

184acreftcapacity
5ftmaximumponddepth
41sloperunoverfall

Inthispondweusedemergentgrasses
inplaceoftherockriprap Nine

daysbeforethefirstspawnthewater

Table1Fishproductionofracewayponds Pondserieswerestockedat4
differentrates

Pond

Series1

3

4

5

6

Series2

7

8

Series3

9

10

11

12

Series4

13

14

15

16

Ibsof
FishStocked

20

20

20

20

30

30

10

10

10

10

15

15

15

15

Ibsof

levelwasraised10inchestoprovidea
threefootmarginofemergentgrasses
thatthefishcoulduseforspawning
andharborage

4 Slopingpondbottomdesign

365ftx68ft
057acresurfacearea

199acreftcapacity
7ftmaximumdepth
501sloperunoverfall

Thisgradualslopingbottomdesignpro
videdshallowwarmareasaswellas
emergent vegetation for harborage
Onepondstockedat50Ibswasused
fortheproductivitycomparison

RESULTSANDDISCUSSION

Table1showstheaveragepoundsoffish
harvestedandtheaveragepercentincreaseper

Average AvgIbs
FishHarvested Increase Group

88

64

65

82

273 748Ibs

69 135 705Ibs

72

32

38

74

80

88

53

87

90

460 56Ibs

430 795Ibs
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Table2Comparisonoffishproductionamongdifferentponddesigns

lbsof Percent

Pond FishStocked OfIncrease

River

1

2

18

19

20

River

17

31

Raceway

13

RockRipRapPonds

70

60

65

70

RockDesign

60

SlopingPondBottomDesign

50

Design

15

14 15

15 15

16 15

306

236

60 368

301

247

WithoutRock

220

94 97 97

430

series intheracewayponds Pond numbers

1316weretheDistrictsmostproductiveseriesof
racewayponds Althoughpercentincreasewas
greaterinpondnumbers912series3 total

poundsoffishharvestedwasgreaterinpond
numbers1316 Pondnumbers1316willbeused

forcomparisonwiththeproductiondataofthe
otherthreeponddesigns

Table2showstheproductiondataforpond
design comparisons The river rock riprap
designhadbetterthanathreefoldincreaseover
theracewaydesignpondsintotalpoundshar
vested

Theslopingpondbottomdesignproduced
veryfewfishwithonlya94increaseinbio
mass Thegradual sloping bottom made the

mosquitofisheasytargets fortheheronsand

egretsthatfrequentourponds Thisdesign

Averagelbs
Group

2654

795

ACKNOWLEDGMENTS

lbsof
FishHarvested

286

256

281

261

243

192 192

88

53

87

90

madeitverydifficulttoestablishaphytoplankton
bloom Nutrientsfromfertilizerswerequickly
usedbyemergentandsubmergentvegetation

Thedesignresultinginthehighestmean
yieldwastheriverrockriprapdesign These

pondsproducedfrom243lbsto286lbseach
whilethemostcompetitiveponddesign river
rockriprapdesignwithoutrockproduced192
lbs Bycombiningthe38racewaypondsinto19
riverrockpondshatcheryproductioncouldbe
increased from 3021lbs to 5434lbs without

expandingthehatcheryproperty

SpecialthankstoallDistrictpersonnelwho
gavethatextraefforttomakeourmosquitofish
programsosuccessful



FURTHERINSIGHTSINTOEXTRANUCLEARINFLUENCESONBEHAVIOR

ELICITEDBYMALESINTHEGENUSMUSCIDIFURAX
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DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

ContinuingstudiesintotheinheritanceofbehaviorintheparasitoidgenusMuscidifuraxpointtodual
extranuclearinfluencesandgenicchangesforsuchtraitsasgregariousandsolitaryovipositionand
fecundity Howeverplausibleexplanationsforinheritanceofthelytokyneednotincludegenicchange
Whetherthenucleargenomeoragenomeassociatedwithcytoplasmicelementschangesisnotknownbut
furtherattentionnaturallyfocusesontheroleofthemalesseminalfluidasaconveyorofsubstances
capableofmodifyingbehaviorandpossiblesubsequentgenomicalteration

Thediscoverythathymenopterousparasitoid
malescausedbehavioralchangesinfemaleswith
whomtheymatedandthatsuchchangeswere
subsequently inherited by resulting progeny
Legner1986promptedfurtherdetailedstudies
intoapparentdualbiochemicalandgenicpheno
menaininheritance Legner1987b Forex

ample inheritanceoftraitsforgregariousor
solitary oviposition in Muscidifurax raptorellus
Kogan Legnerincludedtwomajorphases1
thefemaleparasitoidexpressedeithertraitshort
lyaftermatingitsintensitydeterminedbythe
malesgenomeand2thetraitwasthenappar
entlyfixedintoagenomeofheroffspringwho
demonstrated it in the virgin state Legner
1987b Inthefirstphase12themagnitude
ofbehavioralexpressionwasshowninthemated
femalefullexpressionoccurringintheFdiploid
virginhybrid

Matingswithhybridsfromsubsequentback
crossesshowedthat12ofthebehaviorwas

expressedbythefemaleaftermatingLegner
1987b Relatedtraitssuchasthenumberof

parasitoidsdevelopedperhostandtotalprogeny
werealsosimilarlyexpressedandinherited A

quantitativeorpolygenicmodeofinheritancewas
apparentsimilartothatfoundinhumanskin
colorHarrison Owen1964 with 322genes
estimatedusingLandes1981formulaeLegner
1987b

Theinvolvementofmicroorganismsandor
chemicals enzymes present in hymenopteran
seminalfluidwaspostulatedfortheextranuclear
phase Becausemalesappearedcapableofact
ivatingapartofthespeciesgeneticmakeup
withintheirowngenerationbycausingimmediate
expressionsofsomeuniquetraitsinthefemales
withwhomtheymateditwasthoughtthatnatu
ralselectioninthissystemshouldbeaccelerated
nothavingtowaittoactoninheritedtraits
expressedonlyintheprogeny Thusnotonly
mayfunctionalMuscidifuraxhaploidmalesprovide
ameansfortherapideliminationofunfavorable
genes as suggested for such organisms by
Dobzhansky1941buttheymayservetoquick
enthepaceofnaturalselectionforbothnonlethal
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undesirableanddesirablecharacteristicsLegner
1987b

InvestigationsofarelatedspeciesMusci
difuraxraptorGirault Sandersshowedthat
thelytoky females produced from unfertilized

eggscouldbeacquiredthroughmatinghybrid
femaleswithnaturallyoccurringmalesofathe
lytokousspeciesMuscidifuraxuniraptorKogan
LegnerLegner1987a Changesobserveddur
ing the transfer process also suggested the

involvementofextranuclearphenomenaLegner
1987c Studieswithnewlyacquiredfieldcul
turesofM uniraptor furthersupportedthe
involvementofextranuclearstepsintheacquisi
tionofthelytokyLegner1988

Varioushypothesescouldexplainthestart
lingsequenceofeventsininheritanceobserved
withinthisgenus

InheritanceofGregarious SolitaryOvipositionin
Muscidifuraxraptorellus

Arelationshipbetweenextranuclearinflu
encesandgenicchangesinstudieswithPeruvian
andChileanstrainsofM raptorellus Legner
1987b wasmadeobvious by the behavioral

changesobservedinparentalfemalesshortlyafter
matingandbytheirsubsequentapparentincorpo
rationinagenomeoftheprogeny

Variousextranuclearinfluencesonbehavior

involving cytoplasmic entities are well known

amongbothprokaryotesandeukaryotesBeale
Knowles1978 Cosmides Tooby1981Good
enough1984Levine1973Sager Ramanis1963
Sonneborn1959butthesubsequentincorpo
rationofanextranuclearexpression intothe

nucleargenomeapparentlyhasnotbeenfound
Extranuclearfactorsintheformofmicroorganisms
egvirusesbacteriaspirochaetescanalter
sexratiosinparasitoidsbyselectivelykilling
developingmalesorfemalesSkinner19821985
Werrenetal19811986 mayconferresistance
tohostencapsulationKrell Stoltz1979Stoltz

Vinson1977Stoltzetal1976Vinson Stoltz

1986 and affect sex ratios in Drosophila
Poulson Sakaguchi1961andarepassedonto
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succeedinggenerations Cosmides Tooby1981
recentlyreviewedhowcytoplasmicgenescontrol
such characters as allocation of reproductive
effortinhermaphroditessexratiosofoffspring
Williamson Poulson 1979 organism size

Faulker Arlett1964growthratecolonysize
rateofsenescenceSmith Rubenstein1973
competitiveability Preeretal 1974 drug
resistance in bacteria protozoans fungi and

mammalsBeale Knowles1978andratesof
recombinationamong nucleargenes Thoday
Boam1956 Oishietal1984explainedhow
two kinds of microorganisms spiroplasm and

virusmayinteracttomodifyexpressionsofthe
sexratiofactorinDrosophila

Thedirecteffectsofthecytoplasmicgenome
onthenucleargenomehasbeenhypothesized
Cosmides Tooby1981butnotdemonstrated
Buttheextrachromosomalgeneticsystemcanbe
influencedbythechromosomalsystem Levine
1973 Themicroorganismsimplicatedininheri
tancehavebeenknowntocauseillnessanddeath

inmaleDrosophilaLeventhal1968
Howevertheobservationthatbehaviorin

M raptorellus was influencedinawaythat
dependsonthenatureofthemalecouldalsobe
explainedbyabehaviormodifyingchemical Ifat

matingamaletransferstothefemaleacompound
whichinfluencesherbehaviororinducesen
zymesthatinfluenceherbehaviorbyloweringher
sensitivitytoachemicalmarkerthattellsafemale
thatshehasalreadydepositedoneeggina
pupariumshemightrespondasobservedinthe
MraptorellusstudyLegner1987b Themate

rialortheenducingenzymesmightbetransferred
fromthemalesseminalfluidontothechorionor
anotherpartofthenexttobeovipositedova
andfromhereinfluencethechemosensoryre
sponsesofthenextgeneration Onegeneration
maythenbequeathachemicallegacytoitsproge
ny BecausematingwithPeruvianmalescausesa
decreaseinthegregariousovipositionexpression
ofChileanfemalesandtheirhybrids Legner
19861987b asecondkindofchemicalsubstance

wouldhavetobepostulatedonewhichincreases
sensitivitytothepresenceofalreadyoviposited
eggs

inonepossiblescenariosolitaryparasitoids
mayinjectachemicalwiththefirsteggthatis
laidthatsignalsthefemaletorefrainfromfur
therovipositiongregariousparasitoidsmayinject
anotherchemicalwhichinhibitstheexpressionof
thefirstchemical Ifinthesolitarylineboth
sexeshavemarkingchemicalenzymeitcouldbe
transferredfromthemaletothefemaleatmating
withthefemalethentransferringittotheegg
Intheeggorchorionitwouldinduceinthe
hatchedlarvaachemicalsothatthenextgen
erationtoohasthechemicalandcanmakea

responsetoit Suchenzymesmayconferthe
gregariousorsolitaryovipositiontendencyandit
ispossibletoenvisionquantitativevariationin
enzymeandthereforechemicalcontact

Chemical substances affect behavior of
insects following mating Reports include a

lepiopteronWebster Carde1984 anichneumon

wasp Venturia Nemeritis canescens Graven
horstwhereheneicosanewasinvolvedMuddet

al1982andthedipternDrosophilainvolving
enzymesManeetal1983Richmond Senior

1981 Prostaglandins derivatives of certain

polyunsaturated fatty acids alter egg laying
behaviorincricketsStanleySamuelson Loher

1986 Ithasbeensuggestedthataninfluence
onthechemosensoryresponsivenessofanindi
vidualbychemicalcuesderivedfromitparents
wouldbehardtodistinguishfromageneticeffect
Corbet1985

Theparticularchemicalsubstanceorsub
stanceswouldnecessarilyaffectbehaviorinM
raptorellusonlyaftertheovipositorisinserted
andnotduringthehostselectionprocessbe
causeboththePeruvianandChileanstrainequal
lyavoidalreadyparasitizedhostsLegner1987b

Howeverthechemicallegacyhypothesisof
expression is not fully acceptable primarily
becauseofthelinearadditivityoftheinherited
traitandtheuniformityofexpressionwitnessed
inallhybridsLegner1987b Amoreplausible
explanationmightinvolvebehavioralchemicalsin
thefirstphaseofinheritanceatmatingfollowed
byaDNAgenomicchangeintheprogeny

Thelytoky in Muscidifurax uniraptor and M

raptor

DuringthetransferofthetytokyfromM
uniraptormalestoMraptorfemalestherewasa
significantreductionintheproportionoffemale
eggs laid following mating Legner 1987c
Matingsofthelytokousfemaleswithmalespro
ducednaturallyinsuchculturescausedsignifi
cantreductionsinbothtotalprogenyandthe
proportionoffemalesLegner1988

One hypothesis to explain these results

relatestothegenicmechanismofsexdetermina
tion Ifdiploidmaleswereproducedeitheruni
orbiparentallytheirmatingmightcausezygotic
death because diploid mates usually produce
diploidoraneupliodspermconditionsthatcould
leadtohighzygoticinviabilityBull1983 The

highhostdestructionshown byM uniraptor
cohortsofdiapauseoriginandmaintainedby
matedfemalesLegner1988supportstheprob
abilitythathostswereparasitizedbutthateggs
didnothatch Howeverdissectionswereunable
toverifytheexistenceofsuchunhatchedeggs
Diploidmalescouldalsoaffectthesexratiosince
theyoftenarisefromfertilizedeggsthatwould
normallyproducediploidfemales

Themicroorganismalextranuclearfactorand
chemicallegacyhypotheseswhichwereimpliedin
the inheritanceofoviposition behavior in M

raptorellusmayalsoapplywiththelytokyLegner
1986 1987abaswellasthechemicallegacy
hypothesis Both hypotheses assume that at

inseminationfemalesmayreceivecertainmicroor
ganismsandorchemicalswhichmodifyreproduc
tion

Thereisalsoanapparentrelationshiptothe
titreofthecausativefactorinthelytoky For

exampleproductionofthelytokousfemalesinM
uniraptorisgreatestwhenovipositionisinter
ruptedfor24hbyschedulinghostpresentation
onalternatedaysLegner1985aorbyslowing
ovipositionratesduringearlyadultLifeLegner



Gerling1967 Suchinterferencesmayallowthe
titreofthefactortorise Higherconcentrations
ofmicroorganismsorchemicalsmaythusguar
anteeagreaterproportionofthelytokousfemale
offspring Itcouldreasonablybeassumedthat
microorganismsandcertainchemicalsproducedby
themareinvolvedwiththelatterinducingen
domitosisLegner1985bwhichresultsinthe
lytokousoffspring

Heattreatment32Cfor24hbeginning
atacriticalstageinoocyteformationblocks
endomitosis and male progeny result Legner
1985b Ifanyenzymesmicroorganismsorboth
wereinvolveddirectlyorindirectlyinpromoting
endomitosis theprolongedexposuretohigher
temperaturecouldkillorinactivatethem This

workLegner1985balsopointstotheirprobable
residenceinornearoocyteswhichareinlater
developmentalstages Malogolowkin1959was
abletoapparentlykillthesexratiofactorin
Drosophilabyheattreatmentwhichhesuspected
tobeavirus Stoltz Vinson1979havefound
virusesinthecalyxepithelialcellsofendo
parasitoidsandFleming Summers1986found
themalsointhelumenoftheoviduct Such

viruseswerepassedfromparenttooffspring
Stoltzetal1986 malesbeingabletotransmit
viralDNAtofemaleswithwhomtheymated

Thelasttwohypothesestendtoprecludea
geneticaspecttothelytoky If forexample
microorganisms and accompanying chemicalsor

enducingenzymeswhichtheyproducearetrans
ferredtotheovaassuggestedpreviouslyinM
raptorellusendomitosismightbeinfluencedin
thenextgeneration and thelytokywouldbe
passedonwithoutgeneticchange Withsucha

systemitisalsopossibletoenvisionquantitative
variation in microorganisms and enzymes and

hencethenumberofthelytokousfemalespro
duced Becausethetitreappearstobuildup
duringhostfreeperiodsLegner1985aLegner
Gerling 1967 microorganismal multiplication
andorelaborationofthechemicalsubstances
wouldhavetoproceedrelativelyslowly

Thusintegratingallthreehypothesesthe
lowproportionoffemaleprogenyfromcohortsof
diapausing M uniraptor and following early
matings Legner1988 mightberelated toa

gradual mortality of microorganisms during
diapauseandalowertitreamongoriginalmales
Matingswithmalesthatdidnotpossessmicroor
ganismsmayhaveresultedinthezygoticdeath
referredtoearlier Thenseveralgenerationsin
culturecouldhavefavoredmicroorganismalmul
tiplicationandhencetheriseinproportionof
females

SomeBasicGeneticConsiderations

Onlyextranuclearfactorsresidentinthe
cytoplasmhavebeenimplicatedinelicitingbehav
iorthatwasnotundercontrolofnucleargenes
ThereforeinMuscidifuraxattentionislogically
directedtotheseminalfluidwhichconveysthe
sperm becausethe latterpossessvery little

cytoplasm Thefactororfactorstransferredat

matingwouldlikelybeassociatedwithseminal

fluidasegmetagonsandkappaparticlesare
associated with cytoplasm in Paramecium and

mitochondriawithcytoplasminNeurosporaLevine
1973 Theexistenceofcompletegeneticsystems
inmitochondriaisknownAyala Kiger1984
andthedirecteffectsofacytoplasmicgenomeon
the nuclear genome has been hypothesized
Cosmides Tooby1981 Couldasimilarextra

nuclear genome have been changed following
matinginMuscidifurax

SignificanceForBiologicalControl

Theabilityofmaleparasitoidstochangethe
behavioroffemaleswithwhomtheymatehas
practicalsignificanceinbiologicalcontrol Great

erimportanceisnowplacedonliberatedmales
during mass release strategies to seasonally
accelerateandincreasethemagnitudeofpara
sitism becauseitmaybepossibletoconvey
certaindesirablestrainalcharacteristicsdirectly
tounmatedfemalesalreadyresidentintheen
vironment

SignificanceForOtherAnimalSystems

Theabilitytotraceinheritanceofbehavior
fromanimmediateexpressionaftermatingtothe
possiblesubsequentfixationintoagenomewas
facilitatedherebydevelopmentofhymenopteran
unfertilizedeggsintomaleoffspring Inother

organisms where only fertilized eggs produce
viableoffspringitwouldbeimpossibletocom
parematedwithunmatedindividualsinthesame
way Howeverthisdoesnotexcludethepos
sibilitythatsimilarprocessescouldapplyelse
where
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Culexpeusfemaleswereallowedtotakeabloodmealfromhumansubjectsunderlaboratorycon
ditions ResultsarecomparedtothoseobtainedfromCulextarsalisexposedtocomparableconditions

INTRODUCTION

LighttrapcollectionsindicatethatCulex
peusSpeiserisanabundantdomesticspeciesin
Butte County It breeds prolifically in log
deckssewageleaksdairydrainsroaddrains
andmanyothersourcescreatedbydomesticand
agricultural activities Carpenter and LaCasse

1955 Thereseemstobesomequestionasto
whetherornotCxpeuswilltakeabloodmeal
fromhumansBohartandWashino1978Carpenter
andLaCasse1955Tempelis1970 Inthepast
aconsensusthatCxpeusdoesnotfeedon
humanshasguidedworkconductedonthisspe
cies HoweverrecentstudieshaveshownCx
peustobeaverycompetentvectorofStLouis
encephalitisSLE Hardyetal 1985 This

stimulatedareconsiderationoftheissueofhuman

feeding AnalysisofengorgedfemaleCxpeus
collected from rural areas ofthe Sacramento

valleyhaveindicatedbloodmealsweretakenfrom
humansHardy1986 Unpublisheddatahave
shownthatbloodmealsidentifiedfromCxpeus
collected at monthly intervals throughout the

breedingseason indicatealowbutconsistent

mammalianfeedingrate Observationsbyfield
operatorshavealsoindicatedhumanfeedings

CulextarsalisCoquilletthasbeenfoundto
betheprimaryvectorofbothSLEandWestern
Equine Encephalomyelitis WEE Reeves and

Hammon1962 Withthisinmindabriefstudy
wasconductedtocomparehumanfeedingactivity
betweenCxpeusandCxtarsalisundercon
trolledconditions

MATERIALSANDMETHODS

FEEDINGACTIVITYOFCULEXPEUSANDCULEXTARSALISONHUMAN

SUBJECTSUNDERLABORATORYCONDITIONS

SEMonsenandWEHazeltine

LateinstarCxpeuslarvaewerecollectedin
thefieldandallowedtoemerge Adultswerefed

10sucroseforfourdayspostemergence On

dayfivethesucrosewaterwasremoved At

duskonepersonplacedhisarmintoacageof
mixedmaleandfemaleadultsforonehourallow

ingfemalestofeedfreely Thiswasrepeated
withthreedifferentpeopleanddifferentmos
quitoesinordertoavoidthepossibilityofper
sonalrepellency Femaleswereaspiratedfollow
ingthefeedingperiodkilledandthenidentified
andcountedunderadissectingscopelookingfor
evidenceofbloodfeeding

LateinstarCxtarsalislarvaewereobtained
from Debbie Lemenager entomologist at the

SutterYubaMAD ThelarvaewereanF1gen
erationfromacolonizedfieldcollection The

ButteCountyMosquitoAbatementDistrict
5117LarkinRoadOrovilleCalifornia95965

ABSTRACT

RESULTSANDDISCUSSION
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adultswereagainallowedtoemergeandfed10
sucroseforfourdayspostemergence Onday
fivethesucrosewaterwasremoved Atdusk

onepersonplacedhisarmintothecageforone
hour allowing females to feed freely This

procedurewasrepeatedwithadifferentperson
anddifferentmosquitoes Femaleswereaspirated
followingthefeedingperiodkilledandcounted
under a dissecting scope again looking for

evidencethatthemosquitoeshadtakenablood
meal

Theresultsshowthatalmosttwiceasmany
CxtarsalisfedonhumansascomparedtoCx
peusTable1 Ifitcanbeassumedthatthe

actualfieldfeedingfrequencycanbeexpectedto
belessthantherateexperiencedinthelabthen
Cxpeusisatbestanincidentalhumanfeeder
HowevertherateatwhichCxtarsalisfedis
alsonotexceptionallyhighforaneffectivevec
tor

Thereappearstobeahostfactorshownby
thedata PersonAwasmoreattractivetoboth

speciesofmosquitoesthanpersonC Thisifit
isexperiencedinthefield wouldprovidean
explanationforaphysiologicalbarrierforvirus
transmission Thevariabilityinfeedingbehavior
bydifferentmosquitoesorlackofattractiveness
toacertainindividual isnotunusualCurtis
1986 Humanshavebeenshowntodiffermark

edlyfromoneanotherintheirattractivenessto
mosquitoesClements1963 Hostattractiveness

iscertainlyafactorwhichmustbeconsideredin
feedingstudies Whilenotrecordedastoa

specifictimeoneofthetestpersonsobserveda
changeinfeedingactivitywithchangesintime
Thissuggestsafeedingperiodicitywhichcould
furtherinfluenceobservedfeedingpreferences
Baseduponourobservationsitwouldseemmore
accuratetoreportfeedingpreferencesandattrac
tivenessasacomparisonbetweentwoormore
kindsofmosquitoesinplaceofobservationsona
singlepopulationandthenumberswhichhave
fed

Thedataalsoraisessomequestionsasto
whatroleifanyCxpeusmayplayinthecycle
ofSLE IfCxpeusisapassiveoropportunis
tic humanfeederwithahighpreferencefor
passerinebirdswhichmayactasareservoirfor
thevirusthentheroleofCxpeusmaybemore
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Table1

Species

Cxpeus

Cxpeus

Cxpeus

Person NumberBlooded TotalNumber

A

B

C

Cxtarsalis A

Cxtarsalis C

38

1

0

Total 39

63

Total 72

thanthatofanenzooticvector Itispossible
thatSLEisbeingtransmittedbyavectorwitha
highbirdlowhumanattackrate
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INTRODUCTION

TEMPERATURERELATEDGROWTHANDMORTALITYRATES

OFFOURMOSQUITOSPECIES

SharonSMeadandGlennEConner

AlamedaCountyMosquitoAbatementDistrict
23187ConnecticutStreetHaywardCalifornia94545

Thepurposeofthisresearchwastodeter
minegrowthratesofcommonspeciesofmos
quitoesinAlamedaCounty CulexpipiensL
Culex tarsalis CoquiIlett Culiseta incidens

ThomsonandCulisetainornataWillistonwere
rearedattemperaturesnormallyfound inthe

field Theresultsareusedinacomputersimu
lationmodelthatwillenabletechnicianstosched

uletreatmentsbysimulatingthegrowthofthe
larvaesincethelastinspection

Many researchers have studied tempera
turerelatedgrowthratesofmosquitoesPritchard
andMutch1985Shelton1973BaileyandGieke
1968andothers Howeverwefeltitnecessary
torearthelocalspeciesratherthanusepub
lisheddatasincevariationinthespeciesmay
existduetoclimateorlocality

Thefollowingwasneededforthemodel the

timerequiredfortheimmatureperiodfromthe
firstinstartotheadultstageatvarioustempera
turesandtheaveragetimerequiredforeach
instar and pupal period A rate summation

methodasdescribedbyWagneretal1985 is

usedinthecomputermodelbecausethismethod
avoidstheneedtodeterminemaximumandmini

mumthresholdtemperaturesinlarvaldevelop
ment Wehaveassumedthatthegrowthrates
obtainedinthelaboratorywillrepresentthosein
thefield

MATERIALSANDMETHODS

Eggraftswerecollectedinthefieldand
hatchedatroomtemperature Larvaeweretrans

ferredtofourorfivewhiteenamelpans41x25
x 6cm partially filledwith aged tapwater
about3litersthenrearedat4915Finthe
refrigerator6633Froomtemperatureand
severaltemperaturesrangingfrom729007F
dependingonthatnormallyencounteredbythe
species Thesepanswereeachheatedwitha25
or50wattsubmersibleaquariumheaterDan
seaandThermal Compact Thirtyto100
larvaewererearedperpan Onegramofdry
bakersyeastwasdissolvedin50misofwater
and2misofthissolutionweregivenper10
larvaeeachday Thepanswerecoveredwitha
plexiglasslidandasmallnetwasattachedover
anopeninginthecentertocollecttheadults
Blackplasticwasusedtocoverthelidduringthe
adultemergencestage Foreachspeciesthis
procedurewasrepeateduptosixtimesdepending
ontheavailabilityofeggrafts Thenumberof

larvaeineachgrowthstagetimeofdayand
temperaturewererecordedtwicedaily

Thetimefortheimmatureperiodwascal
culatedfromthestartoftherecordingperiodto
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50adultemergence Linearregressionwasused
todeterminethecumulativedaystothenearest
tenthat50emergence

Percentsurvivalwasthatwhichsurvivedto

theadultstagefromthenumberoflarvaeatthe
startoftherecordingperiod Mortalityrateper
daywascalculatedusingthecompoundinterest
formulaM AL 1whereMisthemortal
ityrateAisthenumbersurvivingtotheadult
stageListhebeginningnumberoflarvaeand
nisthenumberofdaysto50adultemergence
orcompletemortality Whenasampledidnot
survivetotheadultstage01wasusedasthe
valueforA Instarboundariesweredetermined

tobewhen50ofanimmaturestagereachedthe
nextstage Thefirstinstarbeganwiththestart
oftherecordingperiod Linearregressionwas
usedtodeterminethetimewhenthepopulation
wascomposedof50ofeachstage

Linearregressionequationsweredeveloped
torepresentthegrowthrateatvarioustempera
turesforeachspeciesFigure1 Theresults
showed a similarity ofgrowth rates between

speciesofthesamegenera Thegrowthratesof
thetwoCulisetaspecieswerefoundtobeless
responsivetotemperaturethanthetwoCulex
species as indicated by the slope of the

equations TheCulisetaspeciestoleratedthe
lowertemperatureswhiletheCulexspeciestol
eratedhighertemperaturesseealsoTable1
Overall Culex pipiens exhibited the highest
growth rate at temperatures above 65F as

indicatedbyitspositiononthegraph
Thegrowthratesobtainedattemperatures

higherthanindicatedbytheregressionlinesin
Figure1werenotincludedinthecalculations
sinceplottingtheinverseoftimeresultsina
straightlineforthemiddlerangetemperatures
onlyClement1963 Thedevelopmentaltimefor
Csincidensat84Fincreasedratherthande

creasedTable1 indicatingthistobeanex
tremetemperatureforthespecies Thisincrease

indevelopmentaltimeathightemperaturesoc
curredforCxpipiensat90F Othermathemat

icalformulashavebeendevelopedbyresearchers
thatincludethetemperatureextremesinanon
linear prediction equation McHughandOlson
1982

Manyoftheresultsobtainedinthisstudy
comparedfavorablywithresultsofotherwork
ThetotaldevelopmenttimesobtainedforCs
inornataat69and74FTable1weresimilarto
theresultsofShelton1973 Thelarvalperiod
obtainedforCxtarsalisatalltemperaturesupto
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Table1Meandurationperstageandpercentsurvivalatvarioustemperatures

Species

Culex

pipiens

Culex
tarsalis

Culiseta

incidens

Culiseta
inornata

Mean

Temp
F

Totaldaystocompletemortality
Instarboundariescouldnotbedetermined

numberofsamples

85Fweresimilartobothlabandfieldresultsof

BaileyandGieke1968
Theoriginalexperimentalobjectivesdidnot

includeobtainingsurvivaldata Howeverthe
informationisconsideredusefulbecauseitwill

provide mortality due to temperature in the

computermodel Percentsurvivaltotheadult

stageateachtemperatureisgiveninTable1and
mortalityratesperdayareshowninFigure2
Themortalityratesofthespeciesdidnotappear
tovaryinrelationtotemperatureunlessthe
temperatureswereinthehighorlowextremesfor
thespeciesFigure2 RatesforCxtarsalis

werevariableandappearedtobecausedby
factorsotherthantemperature Analysisofthe
datahoweverindicatedthatthelarvaldensities
usedinthisstudydidnotaffectmortalityrates

Themortalityratecurvesalsoshowasimi
laritybetweengeneraofthespecies studied

Days per Stage
n 1 2 3 4 P

50 2 15 12 23

67 3 33 26 23 66
73 1 27 20 19 55
81 2 14 11 19
85 2 16 13 13
88 1 11 10 12 26

49 2 85 30 38 101 0
64 1 25 19 22 40 37 143 84
67 3 28 26 16 54 32 156 80
73 2 19 15 16 30 19 98 91

78 3 13 13 12 27 23 88 78

87 1 13 08 15 61 48

90 1 93 65

51 1 82 72
62 1 32 24

69 2 32 17
74 3 23 18
78 1 17 16

77
26
24

18

145

55

40

42

Total

Days Surv

55 0

39 187 65

25 146 44

115 74

93 68

15 74 76

49 2 10 15 19 30 15 89 46
64 1 35 40 33 64 54 226 95
67 4 23 27 31 53 45 179 86
74 4 15 22 21 52 33 143 83
79 2 14 18 20 51 23 125 52
83 2 07 18 16 39 27 107 47

84 3 20 24 30 168 8

106

51

39

32

482 88

188 91

152 89

133 87

80 0

ThemortalityratesoftheCulisetaspeciesin
creasedrapidlyattemperaturesabove75F Cs

inornatashowedthemostsensitivitytotempera
tureincreaseandthemosttolerancetolowtem
peratures It appears the high temperatures
selectedforthisstudyapproachedthelethal
thresholdoftheCulisetaspecieswhilethelow
temperaturesremainedatoptimal levels The

Culexspeciesshowedhighermortalityratesat
thelowtemperaturerangeandvariablemortality
atthehighertemperatures Thehighesttemper
aturesusedfortheCulexspeciesdidnotreach
lethallevels

Thecomputersimulationoflarvaldevelop
mentrequiredknowledgeofthedurationofeach
immaturestageTable1 Forthispurposethe
timeforeachstagewasconvertedtoapercentage
ofthetotaldevelopmentaltimeandaveragedfor
eachspeciesFigure3 Thetimescalculatedfor
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high temperatures were not accurate because

samplingcouldnotoccuroftenenoughtherefore
onlythepercentagesbelow80Fwereused The

differencesbetweenspeciesappeartobeinsignif
icantbutwillbeusedinthesimulationmodelto

representtheappropriatespecies
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Ernest Tinkham received his degrees in

entomologyasfollows BSfromtheUniversityof
AlbertaMSfromtheUniversityofMontanaand
PHDfromtheUniversityofMinnesota Hetaught
atthe Universities of Montana and Arizona
besidestheLingNanUniversityinCantonChina
beforetheCommunisttakeover

ErnestwasamedicalofficerintheArmy
MedicalCorpsfrom1942to1946 Hetaught
junglesurvivalinsectbornediseasesandother
relatedsubjectsandworkedonatyphusproblem
inKoreaduringtheOccupation Afterhismili
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taryservice hehad atwoyear Guggenheim
granttoworkondesertecologyattheUniversity
ofArizona

InSeptemberof1948ErnestcametoCoach
ellaValleyMosquitoAbatementDistrictasDistrict
Entomologisttoworkonthesevereeyegnat
problem and related Pinkeye epidemic In

April1951hebecametheDistrictManagerEnto
mologistandcontinuedhisresearchoneyegnat
biologyecologyandcontrol Untilheresigned
fromtheDistrictinOctoberof1954hecon
ductedresearchonmosquitoesandothermedically
importantinsects Althoughaportionofhis
workwasonthechemicalcontrolofthesepublic
healthpestsErneststressedtheuseofbiological
andphysicalcontrolmethodswhereverpossible

DuringhissixyearswiththeDistricthe
publishedpapersonhisresearchgavetalksto
thescientificcommunityandValleycitizenryand
worked hard tofurther Districtand CMVCA

goals AfterleavingtheDistrict Ernesthad

fourNationalScienceFoundationgrantstostudy
variousaspectsofthedesert Hetaughtclasses
inhighschoolandvariouscollegesaboutthe
desertandotheraspectsofthesciences

DuringhislifeErnestrelatedhisloveand
knowledgeofnaturetoeveryone Hewasan

outstandingscientificillustratorandhadover90
scientific papers published Dr Ernest R

TinkhampassedawayonFebruary261987 He

willbemissedbywhosewhoknewhim OnJuly
141987theBoardofTrusteesoftheCoachella
ValleyMosquitoAbatementDistrictdedicatedits
newlyfinishedlaboratorybuildinginhismemory
MichaelJWargoManagerCoachellaValleyMAD
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