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ABSTRACTWeinvestigatedtheeffectsofBacillusthuringiensisvarisraelensisabacterialmosquito
controlmaterialonthevernalpooltadpoleshrimpLepiduruspackardiandlarvalmosquitoesFieldtrials
wereconductedinephemeralpoolsonawildliferefugetodetermineefficacyandresidualactivityinaddition
tonontargetimpactsTheVectoBaca12ASformulationofBtiappliedat1169mlha16flozAkilled
100oftargetOchlerotatusdorsalismosquitolarvaeat24hoursposttreatmentbuthadlittleeffectat48
hoursTherewerenodetectableadverseeffectsonsurvivalofthevernalpooltadpoleshrimp

INTRODUCTION

Previousinvestigatorshavebeenconcernedwiththeeffect
thatvariousvernalpoolinvertebratespeciesmighthaveon
theefficacyofBacillusthuringiensisvarisraelensisBti
againstmosquitoesBlausteinandMargalit1991FryOBrien
andMulla1996Howeverincreasingenvironmental
awarenessofthevalueofephemeralhabitatsandthesubsequent
listingofsomeassociatedspeciesaseitherthreatenedor
endangeredhasshiftedthefocustotheeffectsthat
contemporarymosquitocontrolmaterialsmayhaveonthenon
targetorganismsthemselvesOnesuchspeciesofinterestis
thevernalpooltadpoleshrimpLepiduruspackardiSimon
whichwaslistedasendangeredonSeptember191994

LepiduruspackardiisfoundonlyinCaliforniasCentral
ValleybetweenShastaCountytothenorthandTulareCounty
tothesouthTheonlyknownpopulationsofthetadpoleshrimp
outsidetheCentralValleyarefoundinthecomplexofvernal
poolsontheWarmSpringsSeasonalWetlandsunitoftheDon
EdwardsSanFranciscoBayNationalWildlifeRefugein
AlamedaCountyandontheadjacentCatellusDevelopment
CorporationpropertyArnold1997abGoettle1997

Priorto1980theAlamedaCountyMosquitoAbatement
Districttreatedstandingwateronandaroundwhatiscurrently
Refugepropertywitholdstylebroadspectrumpesticidesto
controlmosquitoeswhichcancausediscomfortandvector
diseasesofhumansandanimalsinthesurroundingurbanized
areasHamerskyRusmiselperscomHoweverthe

commercialavailabilityofbiorationalslikeBtiin1982Valent
BiosciencesperscomallowedtheDistricttoutilizemore
environmentallyfriendlytargetspecificmaterialstocontrol
mosquitoeswithinitsjurisdictionAlthoughvernalpoolshave
notbeentreatedsincetheareawasdesignatedasawildlife
refugein1992USFishandWildlifeofficialsquestionhow
thisnewermaterialmightimpactthetadpoleshrimpifsuch

applicationsweretobecomenecessarytodayTheobjective
ofourprojectwastoinvestigatewhetherBtiVectoBac12AS
ValentBiosciencesNorthChicagoILappliedunder
operationalconditionsandratesadverselyaffectsthesurvival
ofthevernalpooltadpoleshrimp

MATERIALSANDMETHODS

ASection7permitrequestwhichwouldallowincidental
takeofanendangeredspeciesduringthecourseoftheresearch
wassubmittedtotheUSFWSEndangeredSpeciesofficein
SacramentoinNovember1997Approvalwasobtainedin
timetoconductthestudyinMarch1999Theprojecttook
placeontheWarmSpringsSeasonalWetlandsunitoftheDon
EdwardsSanFranciscoBayNWRWefoundsixpoolswith
sufficientLpackardinumberstoperformthestudyand
randomlyselectedtreatedandcontrolpoolsinpairedsetsFig
1Becausevernalpooltadpoleshrimpareendangeredand
maybedecliningatthislocationwedidapreexperiment
survivaltesttoensurethatplacingshrimpinsentinelcontainers



January2001 ProceedingsandPapersoftheSixtyNinthAnnualConference 89

wouldnotkillthemThree19L5galbucketswithscreened
windowsonthesidesbottomandlidwereplacedinonepool
Alsothatthecontainerrestedonthebottomandextended
abovethewatersurfaceFiveLpackardiwereputineach
containerandcounteddailyfor4daysTherewasnomortality
forthefirst3daysbutoneshrimpwasfounddeadonday4
whichrestrictedourinvestigationto3days

Theexperimentwassetupbyplacing2setsoftwo
sentinelcontainersineachofthe6poolsEachsetconsisted
ofone19L5galbucketwhichcontainedfiveLpackardi
andone4L1galfloatingbucketwhichcontained10late
2dinstarOchlerotatusdorsalisMeigenlarvaeBothshrimp
andmosquitolarvaewereplacedinbuckets24hourspriorto
thecommencementoftheexperimentandwerecountedjust
beforetreatmentandat24and48hoursposttreatment

VectoBac12ASwasappliedbyanenvironmentalspecialist
fromAlamedaMADat1169mlha16flozAusinga
backpacksprayertothe3poolsdesignatedfortreatment
Mosquitolarvaewerereplaceddailyasneededtodocument
anyresidualactivitytheBtimayhavehad

DataweresubjectedtoanalysisofvarianceANOVA

usingSystat7SPSSInc1997Percentsurvivorshipwas
thecombinednumberinthetwobucketsperspeciesperpool

Sitesweretreatedasreplicatesforanalysis

RESULTS

ResultsoftheexperimentsaresummarizedinFig2

LControl
Treated

2B

Figure1DiagramofWarmSpringsSeasonalWetlandsinAlamedaCountyCaliforniaLabelsindicatevernalpoolsused
instudyBtiwasappliedat1169mlha16flozAtotreatedpools

TherewasnoapparenteffectofBtiontadpoleshrimpAllL
packardisurvivedineverypondregardlessoftreatmentand
regardlessofanymortalityinmosquitolarvaeHoweverBti
causedsignificantmortalityofOcdorsalisANOVA
P0002Allmosquitoessurvivedinallbutonecontrolsite
but100diedinthetreatedsitesat24hoursand20diedat

48hoursTherewasonecontrolsitewithsubstantialmosquito
mortalityfromunknowncauses100at24hoursand55at
48hourshowevertherewasstillasignificanteffectof
treatment

DISCUSSION

TheLpackardiontheWarmSpringsunitareofparticular
interestbecausetheyaregeographicallyisolatedfromthe
remainderofthepopulationintheCentralValleyofCalifornia
Linder1952Longhurst1955Furthermorerefugepersonnel
areconcernedbecausetheirsurveysindicatethatthis
populationappearstobedecliningAlbertsonperscomso
itwouldbedesirabletoidentifythereasonsforthisTheUS
FishandWildlifeServicesconcernwithmosquitoabatement
activitiesasapossiblecausativefactormaystemfromseveral
publishedreportsofadverseeffectsonanothertadpoleshrimp
TriopslongicaudatusLeConteNotostracaTriopsidaewhich
isfoundinfreshwateragroecosystemslikericeandisnot
endangeredMiuraandTakahashi1974Waltonetat1990
Theaforementionedstudieslargelyutilizedclassesof
pesticideslikesyntheticpyrethroidsorganophosphatesand
carbamateswhicharenotcurrentlyusedbythelocalmosquito
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abatementdistrictBiorationalssuchasBtiandmethoprene
arethepreferredmaterials

OurstudiesontheVectoBaC12ASformulationofBti
indicatethatthereisnonegativeimpactonthesurvivalofthe
endangeredvernalpooltadpoleshrimpevenwhenthereis
100controlofthetargetorganismTheseresultssuggestthat
Btiisagoodcandidatematerialforuseinthisparticular
sensitivehabitat

OtherfactorsbesidesliquidBtimayexplainanydeclines
inshrimppopulationsatthislocationHabitatlosswhichhas

imperiledvernalpooltadpoleshrimpelsewhereHollandand
Jain1988USFWS1994shouldnotbeafactorheresince
thispopulationiswithinRefugeboundariesHowever
degradationofthemudsubstrateinindividualpoolsdueto
plantgrowthhasbeenobservedtodecreaseothervernalpool
specieslikefairyshrimpBelkperscomandshouldbe
consideredInadditionAhl1991foundthefecunditywas
drasticallyreducedinLpackardiindividualsthatwere
parasitizedbyanechinostomeflukeDirectpredationofshrimp
bywaterfowlhasbeenobservedbyRefugebiologists
AlbertsonperscomandmayreduceLpackardi
populationsFinallysincetheWarmSpringsunitissurrounded
byindustrialareasandisnearamajortransportationcorridor
thepresenceofsomesortofenvironmentalcontaminantis
alsoalogicalpossibilityTheunexplainedmortalityofsentinel
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Figure2MeanpercentsurvivorshipofsentineltadpoleshrimpLepiduruspackardiandmosquitolarvaeOchlerotatus
dorsalispreandposttreatmentwithliquidBtiErrorbarsindicatestandarderrorindicatessignificantdifference
ANOVAFTrtxDay 749df 230P0002

mosquitolarvaeinonecontrolsitewhichwasnotcontaminated
fromtreatmentbutwasadjacenttolifelesspoolsthatcontained
submergedpipessupportsthelattertheoryOurattemptsto
reproducethemortalityofOcdorsalislarvaeincontrolpool
Alviaalaboratorybioassayusingsoilandwatersamplesfrom
thisparticularpoolfailedbutmoreextensivechemicaltesting
whichwasbeyondthescopeofourworkmeritsfurther
investigation
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