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Introduction

TheEndangeredSpeciesActESAhasim
pactedbothMarinSonomaMosquitoAbatement
DistrictMSMADandAlamedaCountyMosquito
AbatementDistrictACMADaswellasother
districtsthroughoutCaliforniaandtheUnited
StatesTheimpactonthetwoSanFranciscobay
areadistrictshasmanifesteditselfinincreased

pesticidecostsandtheneedforadditionalman
powertocontrolmosquitopopulationsHidden
costsarealsoincurredbythedistrictsaswellasto
theenvironmentwiththeimplementationofthe
actItistheintentofthispapertooutlinesomeof
thecostsforvoluntarycompliancewiththeESA

History
Inmanywaysprotectingendangeredspecies

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

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

OnMay81988anamendedplanwasre
portedintheFederalRegisteroutliningthenew
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program Aftereachpesticideinaclusterwas
evaluatedEPAwouldasktheUSFWStoreview

theclustersandprovidebiologicalopinionson
whetherjeopardyexistedAsaresultofpublicin
putthathighlightedvariousinequitiesthecluster
approachwasdiscardedinfavorofaspeciesbased
modelforbiologicalconsultationsThisprogramis
outlinedintheFederalRegisterJune211989

Underthisprogramendangeredspecieswill
berankedonfactorsdetrimentaltotheirexistence

Thosespeciesneedingthegreatestprotectionwill
begivenpriorityconsideration Therearethree

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

USFWSandwillbelimitedonlytothespecificap
plicationratesthatmayaffectalistedspecies

UnderthenewprogramtheEPAwillalso
takeintoconsiderationapplicationmethodstim
ingandusepatternsandintegratethisinformation
toprovidetheUSFWSwithamorerealistic
packagewithwhichtomakebiologicaldetermina
tions

LocalResponse
Previouseffortsbybothdistrictstocontrol

AedessquamigerCoquilletthavereliedontwo
major approaches source reduction and

1MarinSonomaMosquitoAbatementDistrict556NorthMcDowellBoulevardPetalumaCalifornia94954

2AlamedaCountyMosqutioAbatementDistrict23187ConnecticutStreetHaywardCalifornia94545



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

areasBothtechniquesdisruptedtheovipositional
substratemakingitunacceptableforbreeding
habitat

Itisthissamedisruptionofhabitatespecially
withregardtodiskingthatisbeingcalledinto
questionbyadvocatesofmorestringentregulations
toprotectendangeredspeciesTheserecentenvi
ronmentalrestrictionsandchangesinphilosophy
concerningsourcereductionasviewedbyregula
toryagencieshavelimitedtheamountofnew
sourcereductionprojectsandinsomecaseselimi
natedthem Sourcereductionhasbeenanac

ceptedalternativetochemicalapplicationfor
mosquitoreductionbyboththedistrictsandregu
latoryagenciesformanyyears

Costeffectivemosquitocontrolcouldbe
achievedbyutilizingthepropertoolsoutofthe
sourcereductiontoolboxforsoundwatermanage
mentpracticesThisisespeciallyevidentfromthe
successofthePetalumaMarshprojectinSonoma
andMarincounties Sourcereductionhasalso

beenshowntobethemosteconomicallysoundap
proachtomosquitoabatementversusachemical
controlapproachSarhanetal1980 Inthe

PetalumaMarshfrom19681972tidalrecirculation

ditchingwasresponsibleforreducingpesticideuse
byovereightypercentTelfordandRucker1973
Fenthionusagein1972wasreportedatthattime
asonlyninegallonsforallmosquitosuppression
Overfivethousandacresoftidalsaltmarshwas

enhancedbybettertidalflow Withincreased

scrutinybyregulatoryagenciesandtheelimination
ofsomesourcereductiontoolsbothdistrictsfell

backtoapesticideapproachforAedessquamiger
controlinthelate1970sandearly1980s

WiththeconcernexpressedbytheMay1988
ESAproposalorganophosphatebasedpesticides
werediscontinuedbybothdistrictsduringthe1988
1989seasontovoluntarilycomplywiththeprovi
sionsoftheActasmodifiedin1989Thedistricts

responsetotheserestrictionshasbeentocontrol
theremainingAedessquanigerpopulationsusing
thethirdgenerationpesticidesorbiologicalcon
trolmethodsBacillusthuringiensisvarisraelensis
serotypeH14andMethoprenearebecomingthe
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mainstayofbothdistrictspesticidetreatment
regime

Inthepastinexpensiveorganophosphatein
secticidesprovedtobethemostimmediatelyef
fectivemethodofreducinglarvalpopulationsof
thismosquito Theshifttobiologicalcontrol
agentshasincreasedpesticidebudgetsalmosteight
totenfoldinsomecasesTherearealsoanumber
ofindirectenvironmentalcostsassociatedwiththe

biologicalcontrolapproachespeciallyforreducing
saltmarshmosquitopopulationsspecificallyAedes
squamigerinthatmultipleapplicationsareneces
sarytoachievetotalcontrol

Thereasonforthiswillbecomeevidentwitha

shortdiscussionofAedessquamigerbiologyAedes
squamigerisaunivoltinespecieswithlarvalactivity
beginningafterfallrainsEggsaestivateduringthe
summerandhatchonhightidesandthefirstrains
ofthewinterseasonSuccessivecohortsofeggs
developoneachstormeventaswaterlevelsriseto
floodpreviouslydryareasEggsaredepositedby
thepreviouswintersadultpopulationalongcon
tourlinesdefinedbyrecedingfloodwater The

intervalpatternofrainhightideandlengthofdry
periodsaffectwhereandatwhatheighteggswillbe
depositedinthemarsh Sixdistincthatchesof

Aedessquamigerwereobservedfollowinghightides
andheavyrainsfromOctobertoFebruary1953to
1954Telford1958butpreviousobservations
foundonlythreehatches

Organophosphatecontroleffortsoverthe
yearswereplannedtotreatfourthinstarlarvaelate
inthebreedingseasontakingintoconsideration
thesynchronizationofpupationwhichgenerally
beginsinearlyFebruaryQuickeffectivecontrol
couldberealizedusinglowcostorganophosphate
pesticideswithaonetreatmentapproachjustprior
topupation

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

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



mentsathighdosagerateswererequiredduring
the19881989seasontoachieveacceptableAedes
squamigermortalityratesincontrastwithaone
timeapplicationatlowdosageratesofacontact
organophosphateinsecticide

Increaseddisturbanceofbreedinghabitatis
inherentusingtheacceptableorbiorational
controlapproach Directincreasedcoststothe

districtsweresustainedinbothincreasedsurveil

lancetimeandhigherpesticidecostaswellasthe
indirectenvironmentalcostsofincreasedperturba
tionofbreedinghabitatwhichiscoexistentwith
endangeredspecieshabitat

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

Neverthelesscertaintrendsandcomparisons
incostsfortreatingtheseareascanbeexamined
withthisinmindTheusageoffenthionGB1111
andBtiforthethreepreviousAedessquamiger
controlseasonsinMarinCountydemonstratethe
continuingtrendsFenthionusagedroppedfrom
onegallonin19861987tozeroin19881989while
InternationalToxicUnitsITUsofBtisubstan
tiallyincreasedfromlessthanonebillionduring
the19861987and19871988controlseasonsto

over900billionduring19881989GoldenBearoil
useremainsrelativelystablebetween500and1750
gallonssincethisistheproductofchoicefor
CulisetainomataWillistontreatmentSomeuse
ofoilwasreservedfortreatingAedessquamiger
pupaebutthiswasminimalduetotheincreased
efforttotreatearlyinstars

AlamedaCountyMADexperiencedasimilar
trendinpesticideuseforAedessquamigercontrol
overthesameperiodFig1Onceagainthereis
ageneraldeclineinorganophosphateandlarvicid
ingoilusageandacorrespondingincreaseinbio
rationalinsecticideuse

Intrusionfrequencyisalsoincreasedwiththe
useofbiologicalcontrolagentsExaminationof
ACMADsworkexperienceoverthepasttwosea
sonsattheOraLomapropertyshows31inspec
tionsandthreetreatmentsduringthe19871988
seasonand29inspectionsandeighttreatments
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Figure1ACMADsinsecticideusageoverthelast
threeseasonsforthecontrolofAesquamiger

duringthe19881989seasonAsimilarexperience
wasnotedbyMSMADattheHalespropertyin
MarinCountywithtwoinspectionsandonetreat
mentduringthe19871988seasonandfiveinspec
tionsandfourtreatmentsduringthe19881989
season

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

Sincethebiologicalcontrolphilosophyisnot
restrictedtojustAedessquamigercontrolthein
creasedcostsforbiologicalsisreflectedinthedis
trictsoverallpesticidebudgetsFigure2showsthe
dollaramountspentbyMarinSonomaMADon
pesticidesforthepasttenyearsThedramaticin
creaseinfundsallocatedtopesticideacquisitionis
principallyduetothehighcostofthesebiologicals
andtheneedformorefrequentapplications

Acostperacrecomparisonforfenthionand
othernonorganophosphatealternativesisshownin
Table1Itisobviousthatbiorationalinsecticides

areseveraltimesgreaterincostthanthe
organophosphatefenthion

Ifwelookatapricecomparisonbetween
fenthionwithothernonorganophosphatesinTable
2weseealowofthreetimestoahighofsixtytwo
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Figure2MSMADspesticideexpendituresover
thelasttenyears

Table1Costacrevaluesforvariousinsecticide
treatmentsusedinthecontrolofAedessquamiger

ApplicationRate
Treatment Low High

FenthionLiquid 030 118

Altosid150dayBriquets 348 464

VectobacGGranules 233 1860

Vectobac12ASLiquid 177 706

GB111Oil 504 840

BtiSandGranules 415 1660

AltosidSandGranules 331 410

Vectobac12AS 525 1170

AltosidBriquets

Table2Comparativecostsoffenthionagainstbiorationalandoilinsecticidesattwodifferent
applicationratesforthecontrolofAedessquamiger

Fenthion0025lbsAIA Fenthion0050lbsAIA
Low High Low High

Altosid150dayBriquets 12X 15X 6X 8X

VectobacGGranules 8X 62X 4X 31X

Vectobac12ASLiquid 6X 24X 3X 12X

GB111Oil 17X 28X 8X 14X

BtiSandGranules 14X 55X 7X 28X

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

Caveat

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

voluntarycontributionsfromCaliforniataxreturns
arenotencouragingApproximatelyonemillion
dollarswascontributedintaxyear1987andap
proximately909000intaxyear1988Thesefunds
arefortheprotectionofallendangeredspecies
plantandanimalwithinCalifornia

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

Itisthegoalofthemosquitoabatementdis
trictstovoluntarilycomplywiththeESAbeforeit
becomesmandatorytoexhibitgoodfaithandwill
ingnesstoworkwiththeUSFWSCaliforniaDe
partmentofFish GameandEPAtoprotecten
dangeredspecieswhilesuppressingsaltmarsh
mosquitopopulations Itishoweverourcon

stituentswhoareindirectlyfootingaportionofthe
billtoprotectthesespecies
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