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Natali Ortiz-Perea, Rebecca Gander, Oliver Abbey, Amanda Callaghan�

Ecology and Evolutionary Biology Section, School of Biological Sciences, University of Reading,
Whiteknights, Reading, United Kingdom
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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
Thelast15yearshaveseenanunprecedentedchangein thestatusof vector-bornediseasein
Europeasaresultof multiple andcomplexenvironmentalchangesinfluencingmosquito
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populations[1, 2]. Therearemanyexamplesthroughouthistory,in temperateandtropical
countriesworldwide,of howchangesto humanactivities,e.g.deforestation,agriculturalprac-
ticesandurbanisation,alterthedistribution,ecologyor behaviourof adiseasevectorandcre-
atetheenvironmentalconditionsconduciveto diseasetransmission[2]. In theUK, changesto
landuse,climatechangeandhumanactivitiesin adaptionto thatchange,arelikely to affect
mosquitopopulations.Thisprovidesacompellingrationaleto investigatehowweimpactmos-
quito ecologyandbehaviour,especiallyconsideringtheir potentialasvectorsof diseases.It is
againstthisbackdropthatwehavebeenstudyingurbanartificial containers(suchaswater
butts)andsmallpondswhichareidealhabitatsfor anumberof mosquitospecies[3].

In previousstudies,weinvestigatedmosquitopopulationsin waterbuttsin bothurbanand
rural habitats[3, 4] wherewefoundamarkeddifferencein mosquitospeciescompositionand
abundance,with ����� ������	 (������	) dominatingurbanhabitats[3]. Weconcludedthat the
storageof waterin domesticgardenswasincreasingurbanpopulationsof ����� ������	, a
potentialvectorof WestNile Virus (WNV). Waterbuttsarenot theonly artificial waterbodies
in gardens;manygardenshaveponds.In theUK domesticgardensareestimatedto contain
2.5±3.5million ponds[5], forming important reservoirsfor taxaandhelpingto sustainaquatic
biodiversity[6]. Wherepondsaredevelopedaswildlife refugia,thelackof voraciousfishpred-
atorsmeansthatmosquitoescanreachhighdensities.Understandingfactorsthatwill impact
on mosquitonumbersis important information in thebankfor anyfuture issueswith mos-
quito control.

Despitetheir potentialimportancefor wildlife, domesticpondsareoftenmanagedfor aes-
theticpurposesanddifficultiesarisein maintainingnormalecosystemfunction whilst retain-
ing desirableaestheticqualities[7]. An exampleis thecurrentfashionfor usingponddyesto
improvereflectionandreducealgalgrowth.Pondandlakedyesarearelativelynewcommer-
ciallyavailableproduct,soldasanenvironmentallyfriendly wayto stopthegrowthof algae
throughthedisruptionof photosynthesis[8]. Theyhaveprovedto bepopularat recenthigh
profile gardenshowssuchasChelseaandHamptonCourt.Onesuchproducton themarketis
producedbyDyoFixwhostatethat their ponddyesareablendof Europeanfoodapproved
colourdye.Themodeof actionexplainedby themanufactureris that it actsasalight filter,
stoppingcolourson theredendof thespectrumfrom penetratingthewater.Sincetheplant
pigmentchlorophyll
, whichiscrucialto photosynthesis,absorbsredlight at662nm,thethe-
ory is thatadditionof areddyefilter will preventredlight from reachingalgaebelowthesur-
faceof thewater,therebyinhibiting photosynthesis.

Theconceptof usingdyesto limit algalgrowthbysurfaceinhibition hasbeenaroundfor
manyyearswith anearlyexamplebeinganilinedye[9]. Whilst effectiveat reducingblue-
greenalgalgrowthit wasaparticularlyhazardouschemicalandwasneverintendedfor practi-
caluse.Modernponddyes,however,claimto beenvironmentallyfriendly with manufacturers
statingthat theycanbeusednot only atadomesticlevelin residentialponds,but alsohave
commercialapplication,beingableto work on largebodiesof watersuchaslakes.Themanu-
facturersof ponddyesareconfidentthat theyareenvironmentallyfriendly sincetheymeet
EuropeanFoodAdditive regulations,althoughverylittle actualtoxicity information isavail-
able[8]. A fewstudiesexistthat look at theimpactof wavelength-blockingponddyeson algal
growth,with mixedresults.Onefoundno significantimpacton phytoplanktongrowth,with
no differencein chlorophyllaconcentrationsat theconcentrationsof dyeused(Aquasure,
4ml/m3) [10] whilstanotherfoundno reductionin microalgaegrowthuntil dyewasappliedat
ahighconcentration(Aquashade,5ml/m3[11]

Howeverthereareevenfewerstudiesinvestigatingtheuseof theproducton freshwater
fauna,andno investigationsinto anysecondarynon-lethaleffectsthedyemayhaveon organ-
isms,with theexceptionof aPhDthesis[12] whereadye(CrystalBlue-Ocean)hadno impact
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on catfishsurvivalandyield.Incidentallythisstudyalsofailedto find anydifferencein algal
growthbetweendyetreatedanduntreatedwater.

Theuseof ponddyesin domesticandornamentalgardensraisesquestionslinked to mos-
quito oviposition,sincecolouredwatercanbeanattractant[4]. ����� ������	 is commonly
found in UK gardensandisapotentialvectorof virusesincluding theWestNile Virus [13,
14].Whilst currentlythereisno evidenceof diseasetransmissionin theUK, anyfactorsthat
significantlychangethedistribution andpopulationof �� ������	 couldimpactfuture risksof
diseasetransmission.Our previouswork demonstratedthat ��. ������	 femalespreferto lay
eggsin blackdyewatercomparedwith thecontrol in thelaboratoryandsemi-fieldconditions.
It wasalsoobservedthatsurvivalof larvaethroughto adultswassignificantlyreducedin dyed
water,suggestingthat thereissomeform of chronictoxicity [4]. Theseresultssuggestthat the
dyesarein factnot asenvironmentallyfriendly aspreviouslysuggested.It alsoraisesthepossi-
bility thatponddyescouldattractmosquitoesto layeggsin gardenponds.Studieshave
reportedthat ����� sp.femalesusewaterreflection,darkness,temperature,pheromonesand
kairomonesaspartof thecuesto chooseanovipositionsite[15]. Thereisalsoevidencethat
mosquitoovipositionis influencedbywaterbodyor containercolour,typeandsize[16±19].

Bluepondandshadowlakedyes(redcolour)areproductssimilar to theblackponddye
whichblockstheredendof thevisiblelight spectrumpenetratingthewater.Thesedyeswere
createdto bemorenaturalthantheblackcolourpondwhenappliedto thewaterandareless
reflective[20]. Pondblueis themostpopulardyeusedandthemosteconomicalthoughlake
shadowisapopularproductbecauseit isacolourlessdyein thewater[20].

Our previouswork demonstratedthatDyofix blackdyewasanattractantto gravidmosqui-
toeswith asignificantimpactson survival(emergence)but no measureableimpacton mos-
quito numbersin asemi-naturalhabitat[4]. Thelackof animpactin anaturalhabitatwas
explainedbyabalancebetweenhigherovipositionbut reducedsurvivalin ablackdyetreated
habitat.Basedon thishypothesis,two further ponddyeswerestudiedto determinewhether
theimpactwasonefoundgenerallyor whethertheimpactof ponddyeson mosquitonumbers
varieddependingon thedye.

Methods

Trapping wild gravid females
Wild gravidfemale����� werecollectedusingReiterovitraps[21] modifiedby[3] (Fig1A).
Attractedto thebait infusion,femalesarepulledinto aductconnectedto thecollectionchamber
byuseof afanlocatedin theupperportion of thetrap.Thefanisconnectedto avalve-regulated
lead-acidbatterythatproducesanegativeair pressureinsidethebox,allowingfor mosquitocollec-
tion (Fig1B).Theovitrapconsistedof two parts;alightweightupperportion (amodifiedtoolbox
containingafan,batteryandtrapfor theadults)andalowerportion (5 litre tray)whichcontained
theattractantinfusion.Infusionswerepreparedbyfermenting1 lb of freshlycutgrass,1 lb of hay,
5gof brewer'syeastand60L of tapwater.Themixturewasfermentedin an80L blackwastebin
(44.5cmx 58.5cm)outdoorsfor 7daysattheUniversityof Reading.Prior to usetheinfusionwas
filtratedusingametallicring thatat thebottompresentsanetto removethegrassandthehay.

In total,10trapswereusedfor thisstudy,placedin theglasshouseareaof theWhiteknights
campusof theUniversityof Reading,Berkshire,England(51.4419ÊN, 0.9456ÊW). Gravid
femalemosquitoeswerecollectedin summer(Julyto August)in 2014and2015.Approxi-
mately1000gravidfemalemosquitoeswerecollectedthroughthesamplingperiodin 2014and
2015.Mostof themosquitoessampledbelongto the����� genus.However,afewnumberof
�������	 �������	 (<5) and����	��
 
����
�
 (<5) werealsopresentthroughoutthetrap-
ping period.
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Ponddyes
Twoponddyes(SGPBlueandSGPShadow(Dyofix)) wereusedin thisstudy,suppliedas
odourlesssolutions.PondBluehasapH of 5±6at10g/Lwaterandarat oralLD50of 2g/Kg
andfishLD50of >100mg/L,andLakeShadowhasapH of 7±8at10g/Lwater,arat oralLD50
of 2g/KgandfishLC50of >100mg/L [22].

Fig 1. A modified emergencetrap [3] basedon Reiter'sgravid box trap design.A. A diagramof theovitrap.B.Ovitrapusedduring theexperiments.

https://doi.org/10.1371/journal.pone.0193847.g001
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Oviposition preferencesof wild mosquitoes
A choiceexperimentwasperformedbetweenJulyto September2014andagainin 2015.A tent
(245x 145x 95cm) wasplacedadjacentto awoodedareain thesamelocationasthegravid
traps.Approximately,two hundredgravidmosquitoeswerecollectedfrom themodifiedtraps
andtransferredinto thetent24h postcollection.Adult femaleswereprovidedwith a10%
sucrosesolution.Thetentcontained142 L plasticcontainers(14lengthx 21widthx 10height
cm):7with 1.5L tapwaterand7 with 1.5L watertreatedwith eitherblueor shadowponddye
[8]. A randomisedblockdesignwasusedto removeedgeeffects.After sevendays,thecontain-
ersweretakento thelaboratoryto counteggbatcheslaid in eachcontainer.Theexperiment
wasrepeatedtwo timesandwith two typesof dye:blueandshadow.Treatmentsweretap
water,1.5�l of blueor 1.5�l of shadowDyofix ponddye/1.5L.

Thechoiceexperimentwasrepeatedwith wild-caughtgravidfemalesin laboratorycondi-
tions(25� 2ÊC)andnormal light/dark photoperiod(16:8h). Twentygravidfemaleswerecho-
senrandomlyandtransferredinto eachof 5 cottonnetcages30x 30x 30cmpertreatmentset.
Eachcagecontaineda10%sucrosesolutionandtwo 200ml transparentplasticcups(12x 5
cm) filled with 150ml of eithertapwateror dyewater(10�1 blueor 10�l shadow).Theplastic
cupsin eachcagewererotated90Êdaily to eliminatepositionaleffectandcollectionof eggs
wasbegunthedayaftertheexperimentsetup.Eggswereremovedfrom theplasticcupsin
eachcagedaily to eliminateovipositioneffect.Treatmentsweretapwaterandblueandshadow
Dyofix ponddye.10�l of blueor 10�l of shadowweredissolvedin 1Lof tapwaterandthen
transferredto the5 200ml plasticcups.

Thechoiceexperimentswererepeatedasabovebut in theabsenceof light; blackbagswere
usedasacoverin eachcageduring theexperiment.

Emergencestudy
A modifiedemergencetrap [23] wasusedto measuretheimpactdyehadon survival(Fig2).
Trapsweremadefrom lidded11litre cylindricalplasticbins(23x 28cm).Thesurfaceof each
lid wasremoved,keepingtheperipheraledges(ring) connectedto thebin. Fourholeswere
punchedon eachring wheretwo metallicscablesweregluedto createaconicalstructure.The
conicalstructurewascoveredwith awhitenetwith anopeningin theapexto removeadults.
Eachbin (9 replicatespertreatment)wasfilled with 10litresof tapwater;ahundredwild lar-
vae(above2nd instar)and1.2gof guineapig food(3mmpellets).Thewild larvaewere
obtainedfrom eggbatchescollectedfrom wild mosquitofemales.Treatmentsweretapwater,
10�l of blueor 10�l of shadowof liquid Dyofix ponddyein 10Lwater[22]. Thebinswere
placedin 9 sitesat theglasshousearea(51Ê26'13.2ºN;0Ê56'31.2ºW).

Trapsweremonitoreddaily for adultmosquitoes.Thesewerecapturedusingamanual
aspiratorandtransferredinto smallplastictubes.Theemergenceexperimentwasrepeated
twice.Thefirst experimentwasperformedon 27th AugustÐ8 th September(Summer)andthe
secondexperimentwassetup on 29th SeptemberÐ16th November2015(Autumn).

Natural colonisationof containerswith or without dyes
Eighteen10L bins(26cmx 26cm) werefilled with 8 L of tapwateror 8L of tapwaterand
shadowdyeand4 gof oakleavestreecollectedfrom theHarris Gardenat theUniversityof
Reading.For thedyetreatment,8 �l of dyewasaddedto eachcontainer(i.e.1�l concentrate/L
water).Thebinswereplacedin pairsin theexperimentalgroundsof theSchoolof Agriculture
at theUniversityof Reading(51.4419ÊN,0.9456ÊW).

Containersweresampledweeklyfrom August11th 2014until 12th November2014.Sam-
pling wascarriedout usinganaquariumfishnet(6 x 12cm;1 mm mesh).Thenetwas
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droppedinto eachcontainerandmovedin circlesfrom thetop to thebottomfor 10seconds
beforeremoval.Thelarvaeandpupaecollectedweretransferredto atraywheretheywere
counted;thelarvaewerereturnedto thecontainer.Pupaesampledwith thenetwereplacedin
plastictubesusingplasticpipettesandtakento thelaboratoryto completetheir development
to adults.In addition to thenetsampling,avisualsearchfor pupaewasperformedto remove
all pupaein eachcontainer.

Statisticalanalysis
Dataweretestedfor normality usingaShapiro-Wilknormality test.Wheredatawerenormally
distributedapairedt-testandone-wayanalysisof variance(ANOVA) wasused.To observe
thedifferencebetweenthenumberof eggbatcheslaid bygravidfemalesandthepreferencein
colourapairedt-testwasperformed.One-wayanalysisof variance(ANOVA) wasusedto
compareeggbatcheslaid in darknessandlight. Ovipositionin thetentwasnot normally

Fig 2. A modified emergencetrap.

https://doi.org/10.1371/journal.pone.0193847.g002
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distributedandanonparametricMann±Whitney�-test wasperformedto assessdifferencesin
thenumberof eggbatcheslaid bybloodfeedmosquitoin semi-fieldconditions.

Differencesin adultemergencebetweentreatmentswereanalysedusingageneralisedlinear
modelbinomial test.Abundancedatain waterbuttswereLog(x+1) transformedandtherela-
tionshipbetweenmosquitoabundanceandtreatmentanalysedusinga2 wayrepeatedmea-
suresANOVA (Analysisof variance).Mosquitoabundanceamonguntreatedandtreatedbins
wasanalysedthroughtheperiodof time andacrosstheseason(summerandautumn).Weper-
formedall statisticalanalysisusingRversion3.3.1[24].

Results

Oviposition selectionin a tent
Thetotalnumberof eggsbatcheslaidbytheovipositingfemalemosquitoeswere593;386in
(65.1%)treatedtreatmentsand207in (34.9%)in untreatedtreatment(S1Table).Despitethedif-
ferencein numbers,statisticalanalysisfoundno preferencefor eithertheblueor shadowdyecom-
paredto thetapwater(ShadowW = 126.5;� = 0.185(Fig3A);BlueW = 135;P= 0.093(Fig3B).

Oviposition behaviourin laboratory
����� spp.showedno preferencefor ovipositionin blueor shadowcolourdyein normal light/
dark(bluet = -1.776;df = 8;� = 0.114;shadowt = -0.919;df = 8;� = 0.385)or in darkened
conditions(bluet = 0.219;df = 8;� = 0.832(Fig4A);shadowt = -0.888;df = 8;� = 0.400(Fig
4B,S1Table)).

Emergencestudy:field conditions
Thetotalnumberof adultsemergingfrom differenttreatmentswasnot significantin thesum-
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-fieldconditions.A. Differencesbetweenblue
colourdyeandtapwater.B. Differencesbetweenshadowcolourdyeandtapwater.

https://doi.org/10.1371/journal.pone.0193847.g003
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5).A Tukeypost-hocanalysisfoundsignificantdifferencesbetweentheshadowdyeand
untreatedbinsandbetweenthebluedyeanduntreatedbinsin theautumnseason(Table1,S2
Table).

Natural colonisationof containers
Theonly speciesrecordedbreedingin thesmallexperimentalbinswere����� ������	 �	��	�
�
���. Larvalandpupalnumberswereanalysedbyseason;summer(August-Middleof Septem-
ber)andautumn(Middle to Septemberto October).No significantdifferenceswereobserved
in overalllarvalandpupaldensitiesbetweentreatments(larvalF 1 32= 0.318,� = 0.576;pupal
F 1 33= 2.611� = 0.116)(Fig6).Howeveruntreatedbinsshowedoverallhigherpupaldensities
in summerseasoncomparedwith treatedbins(F 1 16= 6.317,� = 0.023)(Fig7A).Thiswas
becausepupaldensityvariedsignificantlyin weeks5,6and7betweentreatedanduntreated
bins(F 1 16= 5.254,� = 0.036).Thetotalnumberof larvaevariedsignificantlybetweenseasons,
with highernumbersin thesummer(F 1 32= 14.528,� < 0.001)(Fig7).However,pupalabun-
dancedid not varybetweenseasons(F 1 32= 1.861,� = 0.172).

Discussion
Wepreviouslydemonstratedthatgravidfemale����� mosquitoespreferredto layeggsin
blackdyedwater[4]. Howeverweshowherethatblueandshadow(colourless)ponddyeshad
no impactatall on ovipositionin eitherlaboratorytestsor in thesemi-fieldstudyin thetent.
Giventheseresults,it wouldseemthat theblackdyecolourdoeshavemoreattractiveor stimu-
lant propertiesthaneithertheblueor shadowdyes.Possibleexplanationsfor theseresultsare
thatmosquitoeschooseto ovipositin blackwaterbecausei) it indicatesdepthandthereforea
lowerthreatof desiccationbeforejuvenilesdevelop,ii) it might indicateahigherconcentration

Fig 4. Meannumber of eggsbatches(�SE) laid by ����� wild mosquito in temperaturecontrol room in normal
anddarkenedconditions. A. bluecolourdyeandtapwater.B. shadowcolourdyeandtapwater.

https://doi.org/10.1371/journal.pone.0193847.g004

Oviposition and wild Culex mosquitoes survival using pond dyes

PLOS ONE | https://doi.org/10.1371/journal.pone.0193847 March 28, 2018 8 / 15



of organicmatterprovidingnutrition [25,26],iii) it mimicsshadingof thewaterbody[27]
andiv) blackdyedwaterholdsheatlongerthanundyedandmosquitoesmaybeableto visually
sensenear-infraredradiation(700to >900 nm) [23].

Althoughtherewasno sustainedeffecton egglaying,blueandshadowdyeshadanimpact
on ����� spmosquitosurvival.Forbothdyetreatments,significantlyfeweradultsemerged
from containersthathadbeenplacedoutsideandcoveredto preventcolonisationbyother
mosquitoesor macroinvertebrates.Theseresultsaresimilar to thosepreviouslyreportedby
Ortiz andCallaghan[4] (usinganidenticalexperimentaldesign)wherethenumberof adults
emergingfrom ablackdyetreatmentweresignificantlylowerthanthecontrol.Thiswasnot
easilyexplainedsinceatoxicologicalassayfoundno significantlarvalmortality following
exposureto anyof thedyes,atvariousconcentrationsovera48hour period.If theexperiment
hadbeenin atreatednaturalpondfull of algae,andif thatalgalpopulationwasimpactedby
thetreatment,thenanexplanationof theresultsmight beareductionin theavailabilityof
food,sincealgaeform asignificantproportion of thelarvaldiet.However,mosquitolarvaeare
not discriminatoryandtheir diet will consistof detritusandmicroorganismsaswellasalgae
[28]. In thisparticularexperiment,tapwaterwasusedwith guineapig food(and,potentially,

Fig 5. Meannumber(�SE) of adultsemergedfrom thethreetreatments(tap,blueandshadow)in A. summerandB.
autumn.

https://doi.org/10.1371/journal.pone.0193847.g005

Table1. Tukeypostdoctestscomparing adult emergencefrom the threetreatments(tap, blueandshadow)in
summerandautumn.

Interaction Summer Autumn

Z � Z �

Blue-Shadow 0.738 0.741 -1.327 0.38

Blue-Tap -1.262 0.417 -4.056 <0.001

Shadow-Tap -2.001 0.112 -2.738 0.017

https://doi.org/10.1371/journal.pone.0193847.t001
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resultingmicroorganisms)for larvaeto eat.Thereforealgaeshouldnot havebeenalimiting
factor.

Our previouswork on theeffectof blackponddyefailedto detectanymeasureableimpact
on mosquitoabundancewhentheexperimentwasconductedin anaturallycolonisedcon-
tainerratherthanundercontrolledconditions[4], despiteaverystronglysignificantimpact
on survivalandovipositionundercontrolledconditions.However,in contrast,theshadow
dyetreatmenthadasignificantlynegativeimpacton pupalabundancein anaturallycolonised
containerin latesummer.Thecontainersall hadhighabundancesof ����� ������	 mosquitoes
whichgeneratescompetitionandcanhaveasignificantimpacton thedevelopmentrate[29±
31]andsurvivalof conspecificmosquitoes[17,19,32].It is likely that,sincethesedyesarenot
ovipositionattractants,alackof differencebetweentreatments(apartfrom theimpacton
pupaeduring oneseason)ismorerelatedto overcrowdingandcompetitionhavingagreater
impactthanthedye.Therelationshipbetweenmeanlarvalnumbersconvertedinto mean
pupalnumbersshowsaverylow survivalrate(between1%minimum and7%maximum)
comparedto theemergenceratesin thecontrolledexperiment(around60%).

Vision isalong-rangecueusedfor ovipositionsitelocationbymanymosquitospecies[33].
A numberof studieshavelookedat thebehaviouralecologyof ovipositionchoice,including
colour,for avarietyof mosquitoesof thegenera����	, �����, �������	, and�����������	
[16,18,25,34±37].Black,blueandredcoloursall seemto beattractiveto speciesincluding
����	 
��������	, ����� 
�������	���	, ����	 
��������	 and����	 
������ [25,35].However
manyof thesestudiesresultfrom laboratorystudies,whichwhilst instructive,maynot accu-
ratelyreflectthecuesthatareusedin thefield.Whilst laboratorystudiesthatmeasurethetotal
numberof mosquitoeggs(or eggbatches)laid in testversuscontrol conditionscanprovide
usefulinformation on ovipositionstimulantsandrepellents,thesestudiescansaylittle about
theimpactof thesechemicalson ovipositionin nature.Thishascertainlybeenthecasein our
experimentalresearch.

It hasbeensuggestedthat theterminologyusedin laboratoryandfield studiesshouldbe
clarified,sothatovipositionattractantsor repellentsaretermsusedwhenmosquitoesare
usinglong- to middle-rangecuesresultingin areorientationof flight direction[38]. In the
caseof short-rangeor contactcues,suchasthoseusedin laboratorystudiessuchasours,Day
[35] suggeststhat theterm stimulantor deterrentwouldbemoreaccurate.

Conclusion
Theseresultsshowthatponddyeshaveanimpacton mosquitobehaviourandsurvival.
Althoughtheblueandshadowdyeshadno impacton oviposition(unlike blackdye[4]), the
emergenceof adultsin dyedwaterwassignificantlyimpacted.Theseresultsdo imply that the
dyeis in somewaytoxic to themosquitoesoveralongperiodof time,althoughit isnot clear
whatishappening.

Populationsof mosquitoesarelikely to changeaslandscapeandclimatechanges,andit has
beensuggestedthat townsandcitiesrepresentsomeof thehighestrisk areasfor potential
transmissionof bird-relatedmosquito-bornediseases[39]. Theornithophagichabitof ��.
������	 limits its potentialasabridgevectorbut seasonalabundanceandothereco-behavioural
characteristicspredisposethisspeciesto serveasapotentialenzooticvectorof WNV, capable
of maintainingcyclesamongbird populations,in theUK [40]. It is important to understand
environmentalfactorsthatmight impacton mosquitopopulationsuccessin urbanhabitats,

Fig 6. Mean(�SEM) ����� �����	
 abundancein untreatedandshadowdye-treatedsmall bins acrossthe sampling
period. A. larvae.B. pupae.

https://doi.org/10.1371/journal.pone.0193847.g006
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particularlyif thesefactorsareanthropologicalin nature.Theresultspresentedhereandin
our previouswork showthatdyesarenot totallyneutralandcanreducefecundityaswellas
actasattractants[4]. Mosquitolarvaearenormallyonememberof afreshwaterecosystem
that includesothermacroinvertebrates.Weknowthat theseinteractwith eachotherand
sothenextstagewill beto look atmosquitopopulationsin dyedpondscontainingwhole
communities.
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