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The effect of pond dyes on oviposition and
survival in wild UK Culexmosquitoes
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Abstract

British Culex pipiens complex [Culex pipiens sensu lato) mosquito distribution, abundance,
and potential for disease transmission are intimately linked to their environment. Pond and
lake dyes that block light to restrict algal photosynthesis are a relatively new product
assumed to be an environmentally friendly since they are based on food dyes. Their use in
urban garden ponds raises questions linked to mosquito oviposition, since coloured water
can be an attractant. Culex (mostly pipiens) is commonly found in UK gardens and is a
potential vector of viruses including the West Nile Virus (WNV). Any factors that significantly
change the distribution and population of Cx pipiens could impact future risks of disease
transmission. A gravid trap was used to catch female Cx pipiens mosquitoes for use in ovi-
position choice tests in laboratory and semi-field conditions. Two types of pond dye, blue
and shadow (which looks slightly red), were tested for their impact on oviposition and sur-
vival of wild caught Cx pipiens. There were no significant differences in the number of egg
batches laid when gravid mosquitoes were given a choice between either blue dye and clear
water or shadow dye and clear water indicating that these dyes are not attractants. Larvae
hatched from egg batches laid by wild-caught gravid females were used to measure survival
to adulthood with or without dye, in a habitat controlled to prevent further colonisation. The
experiment was run twice, once in the summer and again in the autumn, whereas the dyes
had no impact on emergence in the summer, there were highly significant reductions in
emergence of adults in both dye treated habitats in the autumn. Containers with or without
shadow dye were placed outside to colonise naturally and were sampled weekly for larvae
and pupae over a 6 month period through summer and autumn. There was a significant neg-
ative effect of shadow dye on pupal abundance in a three week period over the summer, but
otherwise there was no effect. It is likely that population abundance and food was a more
powerful factor for mosquito survival than the dye.

Introduction

Thelast15yearshaveseeran unprecedented¢hangen the statusof vector-bornediseasén
Europeasaresultof multiple andcomplexenvironmentalkchangesnfluencingmosquito
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populationg 1, 2]. Therearemanyexampleshroughouthistory,in temperateandtropical
countriesworldwide,of how changeso humanactivities e.g.deforestationagriculturalprac-
ticesandurbanisation alterthe distribution, ecologyor behaviourof adisease&ectorandcre-
atethe environmentalconditionsconduciveto diseas¢ransmissiorf2]. In the UK, changeso
land use climatechangeand humanactivitiesin adaptionto thatchangearelikely to affect
mosquitopopulationsThis providesacompellingrationaleto investigatdhowweimpactmos-
quito ecologyandbehaviourgspeciallgonsideringtheir potentialasvectorsof diseasedt is
againsthis backdropthat we havebeenstudyingurbanartificial containergsuchaswater
butts)andsmallpondswhich areidealhabitatsfor anumberof mosquitospecie$3].

In previousstudiesweinvestigatednosquitopopulationsin waterbuttsin both urbanand
rural habitatq3, 4] wherewefound a markeddifferencein mosquitospeciesompositionand
abundancewith () dominatingurbanhabitaty3]. We concludedhatthe
storageof waterin domesticgardensvasincreasingurban populationsof , a
potentialvectorof WestNile Virus (WNV). Waterbuttsarenot the only artificial waterbodies
in gardensmanygardendaveponds.Iln the UK domesticgardensareestimatedo contain
2.5+3.5million ponds[5], forming important reservoirdor taxaand helpingto sustainaquatic
biodiversity[6]. Wherepondsaredevelopediswildlife refugia,the lack of voracioudish pred-
atorsmeanghat mosquitoecanreachhigh densitiesnderstandingactorsthat will impact
on mosquitonumbersisimportant information in the bankfor anyfuture issuesvith mos-
quito control.

Despitetheir potentialimportancefor wildlife, domesticpondsareoften managedor aes-
theticpurposesanddifficultiesarisein maintainingnormal ecosysterfunction whilstretain-
ing desirableaesthetiqualities[7]. An exampldsthe currentfashionfor usingpond dyesto
improvereflectionandreducealgalgrowth. Pondandlakedyesarearelativelynewcommer-
ciallyavailableoroduct,soldasan environmentallyfriendly wayto stopthe growth of algae
throughthedisruption of photosynthesi§3]. Theyhaveprovedto be popularatrecenthigh
profile gardenshowssuchasChelseandHampton Court. Onesuchproducton the marketis
producedby DyoFixwho statethat their pond dyesareablendof Europearfood approved
colourdye.Themodeof actionexplainedby the manufactureris thatit actsasalight filter,
stoppingcolourson thered endof the spectrumfrom penetratingthe water.Sincethe plant
pigmentchlorophyll , whichis crucialto photosynthesisgbsorbsedlight at662nm thethe-
ory isthataddition of ared dyefilter will preventredlight from reachingalgaebelowthe sur-
faceof the water therebyinhibiting photosynthesis.

The conceptof usingdyesto limit algalgrowth by surfacenhibition hasbeenaroundfor
manyyearswith anearlyexampleébeinganiline dye[9]. Whilst effectiveatreducingblue-
greenalgalgrowthit wasa particularlyhazardoushemicalandwasneverintendedfor practi-
caluse Modern pond dyeshowevergclaimto beenvironmentallyfriendly with manufacturers
statingthat theycanbeusednot only atadomestidevelin residentialponds,but alsohave
commercialapplication,beingableto work on largebodiesof watersuchaslakes Themanu-
facturersof pond dyesareconfidentthat theyareenvironmentallyfriendly sincetheymeet
EuropearFoodAdditive regulationsalthoughverylittle actualtoxicity information is avail-
able[8]. A fewstudiesexistthatlook at the impactof wavelengthblockingpond dyeson algal
growth,with mixedresults Onefound no significantimpacton phytoplanktongrowth, with
no differencein chlorophyllaconcentrationsat the concentrationof dyeused(Aquasure,
4ml/m3) [10] whilstanotherfound no reductionin microalgaegrowth until dyewasappliedat
ahigh concentration(AquashadeSml/m3[11]

Howeverthereareevenfewerstudiesnvestigatinghe useof the producton freshwater
fauna,andno investigationgnto anysecondarnon-lethaleffectehe dyemayhaveon organ-
isms,with the exceptionof aPhDthesig12] whereadye(CrystalBlue-Oceanhadno impact
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on catfishsurvivalandyield.Incidentallythis studyalsofailedto find anydifferencein algal
growthbetweerdyetreatedand untreatedwater.

Theuseof pond dyesin domesticand ornamentalgardengaiseqjuestiondinked to mos-
quito oviposition,sincecolouredwatercanbean attractant4]. iscommonly
foundin UK gardensandis apotentialvectorof virusesncluding the WestNile Virus [13,
14]. Whilst currently thereis no evidenceof diseas¢ransmissiorin the UK, anyfactorsthat
significantlychangehe distribution and populationof couldimpactfuture risksof
diseaséransmissionOur previouswork demonstratedhat . femalegreferto lay
eggsn blackdyewatercomparedwith the controlin the laboratoryand semi-fieldconditions.
It wasalsoobservedhat survivalof larvaethroughto adultswassignificantlyreducedn dyed
water,suggestinghatthereis someform of chronictoxicity [4]. Theseresultssuggesthatthe
dyesarein factnot asenvironmentallyfriendly aspreviouslysuggestedt alsoraiseghe possi-
bility that pond dyescould attractmosquitoego layeggsn gardenponds.Studieshave
reportedthat sp.femalesisewaterreflection,darknesstemperaturepheromonesnd
kairomonesaspart of the cuesto choosean ovipositionsite[15]. Thereis alsoevidencehat
mosquitoovipositionis influencedby waterbodyor containercolour, typeandsize[16+19].

Bluepondandshadowlakedyes(red colour) areproductssimilar to the blackpond dye
which blocksthe red end of the visiblelight spectrumpenetratinghe water. Thesedyeswere
createdo bemore naturalthanthe blackcolourpondwhenappliedto thewaterandareless
reflectivg[20]. Pondblueis the mostpopulardyeusedandthe mosteconomicalthoughlake
shadowis apopularproductbecausé is acolourlesslyein the water[20].

Our previouswork demonstratedhat Dyofix blackdyewasan attractantto gravidmosqui-
toeswith asignificantimpactson survival(emergenceput no measureablanpacton mos-
quito numbersin asemi-naturahabitat[4]. Thelackof animpactin anaturalhabitatwas
explainedby abalancebetweerhigherovipositionbut reducedsurvivalin ablackdyetreated
habitat.Basedn this hypothesistwo further pond dyeswerestudiedto determinewhether
theimpactwasonefound generallyor whethertheimpactof pond dyeson mosquitonumbers
varieddependingon thedye.

Methods
Trapping wild gravid females

Wild gravidfemale werecollectedusingReiterovitraps[21] modified by [3] (Fig 1A).
Attractedto the baitinfusion,femalesarepulledinto aductconnectedo the collectionchamber
by useof afanlocatedn the upperportion of thetrap. Thefanis connectedo avalve-regulated
lead-acidbatterythat producesanegativeair pressurensidethe box,allowingfor mosquitocollec-
tion (Fig 1B).Theovitrap consistef two parts;alightweightupperportion (amodified toolbox
containingafan, batteryandtrap for the adults)andalowerportion (5 litre tray) which contained
the attractantinfusion. Infusionswerepreparedoy fermentingl |b of freshlycut grassy Ib of hay,
5 g of brewer'syeasand 60L of tapwater. The mixture wasfermentedn an80L blackwastebin
(44.5cmx 58.5cm) outdoorsfor 7 daysatthe Universityof ReadingPrior to usethe infusionwas
filtrated usingametallicring that at the bottom present& netto removethe grassaandthe hay.

In total, 10trapswereusedfor this study,placedn the glasshousareaof the Whiteknights
campusof the Universityof ReadingBerkshire England(51.44198&, 0.9456&V). Gravid
femalemosquitoesverecollectedn summer(Julyto August)in 2014and2015 Approxi-
mately1000gravidfemalemosquitoesverecollectedhroughthe samplingperiodin 2014and
2015 Most of the mosquitoessampledbelongto the genusHowever afewnumberof

(<5) and (<5) werealsopresenthroughoutthetrap-
ping period.
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Ponddyes

Two pond dyes(SGPBlueand SGPShadow(Dyofix)) wereusedin this study,suppliedas
odourlesssolutions.PondBluehasapH of 5£6at 10g/Lwaterandarat oral LD500f 2g/Kg
andfish LD50of >100mg/L,andLakeShadowhasa pH of 7+8at 10g/Lwater,arat oral LD50
of 2g/Kgandfish LC500f >100mg/L[22].

Fig 1. A modified emergeretrap [3] basedon Reiter'sgravid box trap design.A. A diagramof the ovitrap.B. Ovitrap usedduring the experimens.

https://da.org/10.1371durnal.pon®193847.g0D
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Oviposition preferencesf wild mosquitoes

A choiceexperimentwasperformedbetweenlulyto Septembe014andagainin 2015A tent
(245x 145x 95cm) wasplacedadjacento awoodedareain the samdocationasthegravid
traps.Approximately two hundredgravidmosquitoesverecollectedrom the modifiedtraps
andtransferrednto thetent24h postcollection.Adult femaleavereprovidedwith a10%
sucrosesolution. Thetentcontained142 L plasticcontainerg14lengthx 21widthx 10height
cm): 7 with 1.5L tapwaterand7 with 1.5L watertreatedwith eitherblueor shadowponddye
[8]. A randomisedblock designwasusedto removeedgeeffectsAfter severdaysthe contain-
ersweretakento the laboratoryto counteggbatchedaid in eachcontainer.The experiment
wasrepeatedwo timesandwith two typesof dye:blueandshadow Treatmentsveretap
water,1.51 of blueor 1.5 of shadowDyofix ponddye/1.5L.

The choiceexperimentwasrepeatedvith wild-caughtgravidfemalesn laboratorycondi-
tions(25 2EC)andnormallight/dark photoperiod(16:8h). Twentygravidfemalesverecho-
senrandomlyandtransferrednto eachof 5 cottonnetcage80x 30x 30cm pertreatmentset.
Eachcagecontaineda 10%sucrosesolutionandtwo 200ml transparenplasticcups(12x 5
cm) filled with 150ml of eithertapwateror dyewater(10 1 blueor 10 | shadow)Theplastic
cupsin eachcagewererotated90Edaily to eliminatepositionaleffectand collectionof eggs
wasbegunthe dayafterthe experimentsetup. Eggswvereremovedfrom the plasticcupsin
eachcagedailyto eliminateovipositioneffect. Treatmentsveretapwaterandblueandshadow
Dyofix ponddye.10 | of blueor 10 | of shadowweredissolvedn 1L of tapwaterandthen
transferredo the5200ml plasticcups.

The choiceexperimentsvererepeatedasabovebut in the absencef light; blackbagswere
usedasacoverin eachcageduring the experiment.

Emergencestudy

A modified emergencérap [23] wasusedto measurgheimpactdyehadon survival(Fig 2).
Trapsweremadefrom lidded 11litre cylindrical plasticbins (23x 28cm). The surfaceof each
lid wasremoved keepingthe peripheraledgegring) connectedo the bin. Fourholeswere
punchedon eachring wheretwo metallicscablesveregluedto createaconicalstructure. The
conicalstructurewascoveredwith awhite netwith anopeningin the apexto removeadults.
Eachbin (9 replicatepertreatment)wasfilled with 10litres of tapwater;ahundredwild lar-
vae(above2" instar)and 1.2g of guineapig food (3mm pellets) Thewild larvaewere
obtainedfrom eggbatchesollectedrom wild mosquitofemalesTreatmentsveretapwater,
10 | ofblueor 10 | of shadowof liquid Dyofix ponddyein 10Lwater[22]. Thebinswere
placedn 9 sitesatthe glasshousarea(51E26'13.2°N)E56'31.2°W).
Trapsweremonitoreddaily for adultmosquitoesThesewverecapturedusingamanual
aspiratorandtransferrednto smallplastictubes.Theemergencexperimentwasrepeated
twice. Thefirst experimentwasperformedon 27" Augustb8™" Septembe(Summer)andthe
secondexperimentwassetup on 29" SeptemberD16" November2015(Autumn).

Natural colonisation of containerswith or without dyes

EighteenlOL bins (26 cm x 26cm) werefilled with 8 L of tapwateror 8 L of tapwaterand
shadowdyeand4 g of oakleavedreecollectedrom the Harris Gardenat the University of
ReadingForthedyetreatment8 | of dyewasaddedto eachcontainer(i.e.1 | concentrate/L
water).Thebinswereplacedn pairsin the experimentafjroundsof the Schoolof Agriculture
atthe Universityof Reading51.4419EN).9456EW).

Containersweresampledveeklyfrom August11™ 2014until 12" November2014 Sam-
pling wascarriedout usinganaquariumfish net(6 x 12cm; 1 mm mesh).Thenetwas
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Fig 2. A modified emergertetrap.

https://da.org/10.1371durnal.pon®193847.g0D

droppedinto eachcontainerand movedin circlesfrom thetop to the bottom for 10seconds
beforeremoval.Thelarvaeand pupaecollectedwveretransferredto atray wheretheywere
countedithelarvaewerereturnedto the container.Pupaesampledvith the netwereplacedn
plastictubesusingplasticpipettesandtakento thelaboratoryto completetheir development
to adults.In additionto the netsamplingavisualsearctor pupaewasperformedto remove
all pupaein eachcontainer.

Statisticalanalysis

Dataweretestedfor normality usinga Shapiro-Wilknormality test. Wheredatawerenormally
distributeda pairedt-testand one-wayanalysiof varianc ANOVA) wasused.To observe
thedifferencebetweerthe numberof eggbatchedaid by gravidfemalesaandthe preferencen
colour apairedt-testwasperformed.One-wayanalysi®f varianc ANOVA) wasusedto
compareeggbatchedaid in darknessandlight. Ovipositionin the tentwasnot normally
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distributedandanonparametridMann+Whitney -test wasperformedto assesdifferencesn
the numberof eggbatchedaid by blood feedmosquitoin semi-fieldconditions.

Differencesn adultemergencbetweertreatmentavereanalysedisingageneralisedinear
modelbinomialtest.Abundancedatain waterbuttswereLog (x+1) transformedandtherela-
tionship betweermosquitoabundancendtreatmentanalysedisinga 2 wayrepeatednea-
suresANOVA (Analysisof variance) Mosquitoabundancemonguntreatedandtreatedbins
wasanalysedhroughthe period of time andacrosghe seasorfsummerandautumn).We per-
formedall statisticalnalysisusingR version3.3.1]24].

Results
Oviposition selectionin atent

Thetotal numberof eggdatchedaid by the ovipositingfemalemosquitoesvere593;386in
(65.1%)reatedtreatmentsand 207in (34.9%)n untreatedreatment(S1Table).Despitethe dif-
ferencan numbers statisticabnalysigound no preferencdor eitherthe blueor shadowdyecom-
paredto thetapwater(ShadowwV = 126.5; = 0.185Fig 3A); BlueW = 135;P = 0.093Fig 3B).

Oviposition behaviourin laboratory

spp.showedo preferencdor ovipositionin blueor shadowcolourdyein normallight/
dark (bluet=-1.776df=8; =0.114shadowt =-0.919df=8; =0.385)orin darkened
conditions(bluet =0.219df=8; =0.832Fig4A);shadowt =-0.888df=8; =0.400(Fig
4B,S1Table)).

Emergencestudy:field conditions

Thetotal numberof adultsemergingfrom differenttreatmentsvasnot significantin the sum-
mer(Z =-1.259, =0.208)but variedsignificantlyin theautumn(Z =-4.049, < 0.001)Fig

Fig 3. Meannumber of eggbatches( SE) laid by spp.in semi-field conditions. A. Differenesbetweerblue
colourdyeandtapwater.B. Differeneshetweershadowcolourdyeandtapwater.

https://abi.org/10.1371durnal.por.0193847.908
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Fig 4. Meannumber of eggshatcheq SE) laid by wild mosquitoin temperature control room in normal
and darkenedconditions. A. bluecolourdyeandtapwater.B. shadowcolourdyeandtapwater.

https://i.org/10.1371durnal.por.0193847.g4

5). A Tukeypost-hocanalysigound significantdifferencedetweerthe shadowdyeand
untreatedbinsandbetweerthe bluedyeanduntreatedbinsin theautumnseasorfTablel, S2
Table).

Natural colonisation of containers

Theonly speciesecordedbreedingin the smallexperimentabinswere

Larvaland pupalnumberswereanalysedy seasonsummer(August-Middleof Septem-
ber)andautumn(Middle to Septembeto October).No significantdifferencesvereobserved
in overalllarvaland pupaldensitiedetweertreatmentqlarvalF ; 3,=0.318, =0.576pupal
F133=2.611 =0.116)Fig6). Howeveruntreatedbins showedoverallhigherpupaldensities
in summerseasortomparedwith treatedbins(F ; 16=6.317, =0.023)Fig7A). Thiswas
becaus@upaldensityvariedsignificantlyin weekss, 6 and 7 betweertreatedanduntreated
bins(F 1 16=5.254, =0.036) Thetotalnumberof larvaevariedsignificantlybetweerseasons,
with highernumbersin the summer(F ; 3,=14.528, < 0.001)Fig 7). Howeverpupalabun-
dancedid not varybetweerseasonéF 1 3,=1.861, =0.172).

Discussion

We previouslydemonstratedhat gravidfemale mosquitoegpreferredto layeggsn
blackdyedwater[4]. Howeverwe showherethat blueand shadow(colourlesspond dyeshad
no impactatall on ovipositionin eitherlaboratorytestsor in the semi-fieldstudyin thetent.
Giventheseresultsjt would seenthatthe blackdyecolourdoeshavemoreattractiveor stimu-
lant propertiesthan eitherthe blueor shadowdyes Possiblexplanationsor theseresultsare
thatmosquitoeshoosdo ovipositin blackwaterbecausé it indicatesdepthandthereforea
lowerthreatof desiccatiorbeforejuvenilesdevelopiji) it mightindicateahigherconcentration
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Fig5. Meannumber( SE) of adultsemergedrom thethreetreatmentgqtap,blueandshadow)n A. summerandB.
autumn

https://i.org/10.1371durnal.por.0193847.906

of organicmatterproviding nutrition [25, 26],iii) it mimics shadingof thewaterbody[27]
andiv) blackdyedwaterholdsheatlongerthanundyedand mosquitoesnaybeableto visually
sensanear-infraredradiation (700to >900 nm) [23].

Althoughtherewasno sustaineceffecton egglaying,blueandshadowdyeshadanimpact
on spmosquitosurvival.For both dyetreatmentssignificantlyfeweradultsemerged
from containerghat hadbeenplacedoutsideandcoveredo preventcolonisationby other
mosquitoeor macroinvertebrates heseresultsaresimilar to thosepreviouslyreportedby
Ortiz and Callaghari4] (usinganidenticalexperimentatlesign)wherethe numberof adults
emergingirom ablackdyetreatmentweresignificantlylowerthanthe control. This wasnot
easilyexplainedsinceatoxicologicalassayound no significantlarvalmortality following
exposurdo anyof the dyesatvariousconcentration®vera48hour period.If the experiment
hadbeenin atreatednaturalpondfull of algaeandif thatalgalpopulationwasimpactedby
thetreatmentthenanexplanationof the resultsmight beareductionin the availabilityof
food, sincealgadiorm asignificantproportion of the larvaldiet. However mosquitolarvaeare
not discriminatoryandtheir dietwill consistof detritusand microorganismsaswell asalgae
[28]. In this particularexperimenttap waterwasusedwith guineapig food (and,potentially,

Tablel. Tukey postdoctestscomparing adult emergencdrom the threetreatments(tap, blue and shadow)in
summerand autumn.

Interaction Summer Autumn
Z Z
Blue-Shadw 0.738 0.741 -1.327 0.38
Blue-Tap -1.262 0.417 -4.056 <0.001
Shadow-B&p -2.001 0.112 -2.738 0.017

https://cbi.org/10.1371djurnal.por.0193847.t00
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Fig 6. Mean( SEM) abundancen untreatedand shadowdye-treatedsmall bins acrossthe sampling
period. A. larvaeB. pupae.

https://abi.org/10.1371durnal.por.0193847.906

resultingmicroorganismsjor larvaeto eat.Thereforealgaeshouldnot havebeenalimiting
factor.

Our previouswork on the effectof blackpond dyefailedto detectanymeasureablenpact
on mosquitoabundancevhenthe experimentwasconductedn anaturallycolonisedcon-
tainerratherthanundercontrolledconditions[4], despiteaverystronglysignificantimpact
on survivalandovipositionundercontrolledconditions.However,n contrastthe shadow
dyetreatmenthadasignificantlynegativempacton pupalabundancén anaturallycolonised
containerin latesummer.The containersall hadhigh abundancesf mosquitoes
which generatesompetitionand canhaveasignificantimpacton the developmentate[29+
31]andsurvivalof conspecifianosquitoeg17,19,32]. It islikely that, sincethesedyesarenot
ovipositionattractantsalackof differencebetweertreatmentqapartfrom theimpacton
pupaeduring oneseasonjs morerelatedto overcrowdingand competitionhavingagreater
impactthanthedye.Therelationshipbetweemmeanlarvalnumbersconvertednto mean
pupalnumbersshowsaverylow survivalrate (betweerl%minimum and 7%maximum)
comparedo the emergenceatesin the controlledexperimentaround60%).

Vision isalong-rangecueusedfor ovipositionsitelocationby manymosquitospecie$33].
A numberof studieshavelookedat the behaviourakcologyof ovipositionchoice,including

colour,for avarietyof mosquitoeofthegenera , , and
[16,18,25,34+37]Black,blueandred coloursall seemnto beattractiveto speciesncluding
, . and [25,35].However

manyof thesestudiesresultfrom laboratorystudieswhich whilstinstructive,maynot accu-
ratelyreflectthe cuesthatareusedin thefield. Whilst laboratorystudieghat measurehetotal
numberof mosquitoegggor eggbatches)aid in testversuscontrol conditionscanprovide
usefulinformation on ovipositionstimulantsandrepellentsthesestudiescansaylittle about
theimpactof thesechemicaln ovipositionin nature.This hascertainlybeenthe casen our
experimentatesearch.

It hasbeensuggestethattheterminologyusedin laboratoryandfield studiesshouldbe
clarified,sothat ovipositionattractantsor repellentaretermsusedwhenmosquitoesre
usinglong- to middle-rangecuesresultingin areorientationof flight direction[38]. In the
caseof short-rangeor contactcuessuchasthoseusedin laboratorystudiessuchasours,Day
[35] suggestthatthe term stimulantor deterrentwould bemoreaccurate.

Conclusion

Theseresultsshowthat pond dyeshaveanimpacton mosquitobehaviourandsurvival.
Althoughthe blueandshadowdyeshadno impacton oviposition(unlike blackdye[4]), the
emergencef adultsin dyedwaterwassignificantlyimpacted.Theseresultsdo imply thatthe
dyeisin somewaytoxic to the mosquitoesoveralong period of time, althoughit is not clear
whatis happening.

Populationsof mosquitoesrelikely to changeaslandscapand climatechangesandit has
beensuggestethattownsandcitiesrepresensomeof the highestrisk areador potential
transmissiorof bird-relatedmosquito-bornediseasef39]. Theornithophagichabitof .

limits its potentialasabridgevectorbut seasonabundancend othereco-behavioural
characteristicpredisposehis specieso serveasa potentialenzooticvectorof WNV, capable
of maintainingcyclesamongbird populationsjn the UK [40]. It isimportantto understand
environmentafactorsthat might impacton mosquitopopulationsuccess urbanhabitats,
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Fig 7. Mean( SEM) abundancebetweenuntreated and treated small bins. A. larvae B. Pupae.

https:/Hoi.org/10.137/ournal.pon®©193847.9g007

particularlyif thesefactorsareanthropologicain nature.Theresultspresentedereandin
our previouswork showthat dyesarenot totally neutraland canreducefecundityaswellas
actasattractantd4]. Mosquitolarvaearenormally onememberof afreshwateecosystem
thatincludesothermacroinvertebratedVe know that thesenteractwith eachotherand
sothenextstagewill beto look at mosquitopopulationsin dyedpondscontainingwhole
communities.
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