


previousphylogeneticcomparativestudy[15] reportedthatpresenceof femalesongwasunre-
latedto thepresenceof femaledance,indicatingthat thetwo traitsevolvedindependently.
This finding raisesquestionsabouttheselectiveforcesinfluencingtheevolutionof thetwo
traits,highlightingtheimportanceof examiningthewaysthatmultiple traitsfunction assexual
communicationsignals[16,17].Sexualsignalsthataresharedbetweenmalesandfemales,
includingornamentalplumage,song,anddance,aregenerallyconsideredto beinvolvedin
mutualmatechoice,or intrasexualcompetition[18,19].However,thecourtshipbehavioursof
Estrildidaearenot wellunderstoodin thisparadigm.

Amongbirds,dynamicsexualsignalsaresometimesmutuallyexchangedbetweenthe
sexes,aphenomenoncommonlyreferredto asaduet.Coordinatedduetsingingperformedby
matedpairsis thoughtto beinvolvedin mutualmateguarding,joint resourcedefence,andthe
signallingof commitment[20,21].Forexample,severalstudieshavereportedthatAustralian
magpie-lark(Grallina cyanoleuca) pairsthathadbeenin longerpartnershipsproducedmore
highlycoordinatedduetsongsthatservedaseffectiveterritorial displaysto rivals[22,23].In
addition,long-termcanebrakewren(Thryothorus modestus zeledoni) pairshavebeenreported
to singduetswith moreconsistentrepertoires[24]. In awell-studiedEstrildid,thezebrafinch,
matedpairsexhibitduetsof callsat thenestafterseparation,whichmaybeamechanismfor
pair-bondmaintenance[25]. However,althoughtheblue-cappedcordon-bleu(Uraeginthus
cyanocephalus) isanEstrildidspeciesknownfor femaledanceandsong,verylittle duetdanc-
ing or singinghasbeenobservedin thespecies(pers.obs.,but alsosee[11±13]).Whereasmost
previousduetresearchhasfocusedon vocalisation,onerecentstudyrevealedthataudio-visual
signalsperformedbypairsof magpie-larksin duetplayedasimilar role [26]. Thus,manypre-
viousstudiesof duetbehaviourhaveindicatedthatpair-bonddurationandstrengthcancon-
tribute to theperformanceof preciselycoordinateddisplaysof already-matedpairs,suggesting
thatsuchdisplaysareeffectivefor intra- or inter-pair communication[20].

It remainsunclearhowduetvocalisationsareinvolvedin earlierstagesof socialinteractions
betweenpotentialmatingpartners,suchastheinitiation of partnerships,andmatechoice.In
thecanary-wingedparakeet(Brotogeris versicolurus), duetsinginghasbeenobservedto pre-
cedeor coincidewith pair establishment[27], but similarempiricalevidencein otherspeciesis
scarce.Somepreviousstudieshavesuggestedthatvisualdisplaysexchangedandcoordinated
betweenmalesandfemalesmight beinvolvedin pair courtship,playingarole in mutualmate
choiceor mateassessmentin non-passerinespecies[28±30].Duetsingingandmutualdancing
in birdsshareseveralcharacteristics,both involving joint performanceof amaleandafemale,
oftenwith finely tunedtemporalcoordination(e.g.,synchronisation,or antiphony/taking
turns).However,thequestionof whetheraudioandvisualdisplayshavesimilar functions
remainscontentious[31,32].

ThecurrentstudyexaminedtheJavasparrow(Lonchura oryzivora), amonogamousand
sexuallymonochromaticsongbirdbelongingto theEstrildidaefamily.In general,Estrildid
fincheshaveahighlygregariousnaturewithout territories,andtheir songsareonly usedfor
courtshipandnot territorial defence[14,33].Only maleJavasparrowshavebeenobservedto
producesongs,whereasbothmalesandfemalesperformcourtshipdancesthatareoftenmutu-
allyexchangedin aduet-likemanner.Thesedancesaretypicallyterminatedby femalesper-
forming acopulationsolicitationdisplay(CSD),followedbycopulation[14,33](Fig1;S1±S3
Movies).ThesebehaviouralfeaturesmaketheJavasparrowasuitablespeciesfor empirically
testingtheroleof duetdancing,andinvestigatingits involvementin mutualcourtshippreced-
ing pair establishment.Thus,weexaminedtherelativeimportanceof songanddancein this
species,in whichdanceissharedbetweenthesexesbut songisnot. Weobservedbehavioural
interactionsbetweenmalesandfemalesuponfirst meeting,andexaminedwhichbehaviours
wereessentialfor matingsuccess,basedon theoccurrenceof CSD,mounting,andcopulation.
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Methods

Ethics statement

Thisstudywasconductedwith approvalfrom theInstitutional Animal CareandUseCommit-
teeof theNationalUniversityCorporationatHokkaidoUniversity(No. 11±0028)in accor-
dancewith HokkaidoUniversityRegulationsof Animal Experimentation.During thestudy,
stresswasminimisedandall birdswerecaredfor andtreatedappropriately,in accordance
with theGuidelinesfor ProperConductof Animal Experimentsfrom theScienceCouncilof
JapanandtheGuidelinesfor EthologicalStudiesfrom theJapanEthologicalSociety.After the
study,birdswereusedeitherfor otherexperimentsor for breedingpurposes.

Study species

Javasparrowsarenativeto JavaandBali in Indonesia,but arealsopopularaspets,andhence
their displaybehavioursarewell-described[14,33].WhenJavasparrowscourt prospective
mates,eitheramaleor afemalestartsbybill wiping andhopping(Fig1),whichareoftenfol-
lowedbymalesingingandfemaleCSDs(S1±S3Movies)[14,33].Thetwo mainbehavioural
elementsof courtshipdance(hoppingandbill wiping) areritualised,andcanbedistinguished
from non-courtshipbehaviours[14,33].

BecauseJavasparrowsareless-wellstudiedandendangeredin their naturalhabitat,welack
information abouttheir breedingecology,includingpair-bondtenure,andtherateof extra-pair
copulation.Accordingto theobservationof captivepopulations[33], in agreementwith our per-
sonalobservations,bothsexescontributeto nest-building,incubating,andtaketurnsfeedingthe
young.Pairmembersarebondedandoftenclumptogether,evenoutsidethebreedingperiod.

Subject birds

Weused29adultJavasparrows(male:n = 14,female:n = 15;343±639d old) from our labora-
tory-bredpopulation.Subjectbirdsdid not haveprior breedingexperience.To ensurerepro-
ductivemotivation,all birdswerekeptin single-sexhomecages(43× 37× 41cm) for at least
1month beforetheexperimentstarted.To observesocialinteractionsduring thebirds' first
encounters,weensuredthatpairedmalesandfemaleshadneverdirectlymetbefore.

Throughoutthestudy,subjectbirdswerekeptin acontrolledenvironmentsuitablefor
breeding(atatemperatureof 25± 3ÊC;humidity 30±60%;12L:12Dphotoperiod)andpro-
videdwith finch seedmixture adlibitum, consistingof foxtailmillet coatedwith eggyolk, rice,
water,shellgrit, andgreenvegetables.All subjectbirdsweremarkedwith colouredlegrings
andaluminium bandsfor individual identification.

Pairing test

Becausetestingall combinationsof malesandfemaleswouldbedifficult andcouldreduce
reactionsof subjectsbecauseof habituationto repeatedencounterswith differentbirds,we
designed56pairingcombinations,in whicheachmalesubjectwastestedwith four females,
andeachfemalesubjectwith two to fivemales,with 3±5d betweentests.To confirm that
habituationin thispairingtestdesignwasminimal, weincludedtheeffectof testorder(i.e.,

Fig 1. Schematic view of the Java sparrow courtship. Courtship of the Java sparrow includes male song and dancing by both sexes. (A) Songs

are composed of introductory notes, sparse repetition of single notes with low amplitude, and a main song phrase that is characterised by a variety

of notes. (B, C) Dance includes bill wiping and hopping. (D, E) Courtship can be initiated by either a male or a female, often followed by dance

response of the partner bird. When any dance components (bill wiping or hopping) were mutually exchanged, the behaviour was considered duet

dancing. The courting phase was considered to span from the start of the courtship until female CSDs or until the end of courting behaviours in

cases without CSDs. Mating success was determined based on the presence of CSD, mounting and copulation that followed the courting phase.

doi:10.1371/journal.pone.0172655.g001
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1±4for males,1±5for females)in eachstatisticalmodel,asexplainedbelow.To separatelytest
theeffectsof anindividual'sexperienceandtheir partner'sexperience,testordersof thetwo
pairedbirdswerenot correlated.

On thedayprior to thepairingtest,eachsubjectbird wasisolatedfrom its cagematesand
individually introducedinto anexperimentalcage(27× 36× 18cm) equippedwith aperch,
andwaterandfoodcupsin asoundproofroom.After spending1 night alonein thesound-
proof room,thefemalesubjectwasmovedinto themale'scagethefollowingmorning,and
their behaviourwasrecordedwith avideocamera(GC-PX1,Victor, KanagawaJapan)for 9h
(9:00±18:00).After thepairingtest,eachsubjectwasreturnedto its homecage.All courtship
episodeswereextractedfrom the9-hmovieof eachpairingtestandcoded(seebelowfor the
definition of courtshipepisode).

Behavioural coding

Thebeginningof courtshipwasdefinedbyeithersubjectstartingto showanycourtshipbehav-
iours,includingdancing(bill wiping or hopping)or singing(Fig1).Accordingto our prelimi-
naryobservations,in themajority of thecases,courtshipstartedwith bill wiping.Bill clicking
soundswereoftenalsoinvolvedin courtshipdisplaysof bothsexes[34], but werenot exam-
inedin thisstudybecausebill movementassociatedwith clickingis too subtleto identify
whichbird producedthesound.Thecourtingphasewasconsideredto befrom thestartof the
courtshipuntil femaleCSDs(Fig1D) or until theendof courtingbehavioursin caseswithout
CSDs(Fig1E).Periodswith anabsenceof courtshipbehavioursor matingeventsfor more
than0.5minuteswereseenasseparatingcourtshipepisodes.

Weexaminedwhichtypesof behaviouralinteractionsduring thecourtingphaseinfluenced
matingsuccess(i.e.,thepresenceof CSDs,mounting,andcopulation;Fig1D and1E).In par-
ticular,wecheckedwhetherfemalesinitiated courtship(femaleinitiation). Thoughfemalesare
typicallythoughtto bemoreselectivethanmalesevenin monogamousspeciesbasedon the
frequentsexualdimorphismsin ornamentalor displaytraits(but alsosee[18,34,35]),it is
unclearwhichsextypicallyinitiatescourtshipin theJavasparrow.In addition,wescoredthe
presence/absenceof duetdance,bycheckingwhethercourtshipdances(i.e.,bill wiping or
hopping)weremutuallyexchanged,andexaminedthepresenceof songsin thecourtship
phase.Javasparrowstendedto startsingingbyproducingsparserepetitionof introductory
notesbeforethemainsong(Fig1A;cf. [36]), similar to thebehaviourreportedin aclosely
relatedspecies,theBengalesefinch [37]. Presenceof songswasscoredasfollows:0,malepro-
ducedno songduring thecourtingphase;1,maleproducedintroductory notesbut not the
mainsongduring thecourtingphase;2,maleproducedat leastpartof themainsongduring
thecourtingphase.All otherbehaviouralvariables(i.e.,femaleinitiation, duetdancing,CSD,
mounting,andcopulation)werescoredas1/0(presence/absence)values.

Fromthesedata,wecalculatedthetotalnumberof episodeswith maledance,femaledance,
CSD,mounting,andcopulationin eachmale±femalecombination.Whentherewereno
courtingbehaviours(i.e.,bill wiping,hopping,or singing),or mating-relatedbehaviours(i.e.,
CSD,mounting,andcopulation),throughoutthe9-hobservationperiod,theepisodewas
scoredzeroon all measures.

Statistical analyses

Wetestedwhethermatingsuccessin eachcourtshipepisodewasdependenton howthepair
behaviourallyinteractedduring thecourtingphase.In theanalyses,wefocusedon eachcourt-
shipepisode,andevaluatedwhethermatingsuccess(i.e.,asdeterminedbasedon thepresenceof
CSD,mounting,andcopulation)wasdependenton femaleinitiation, andthepresenceof duet
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dancingandmalesong,usingageneralisedlinearmixedmodel(GLMM) with binomialerror
distribution andarandomeffectof pair combinationidentity to accountfor non-independence
of multiple courtshipepisodedatafrom thesamepair. In theseanalyses,bothmaleandfemale
experiencewith thepairingtestwasconsideredbyenteringtestorder(i.e.,1±4for males,1±5
for females)asanexplanatoryvariable.To accountfor theeffectof experienceof somepairsthat
repeatedlyengagedin courtshipwithin atest,theepisodeorderwasalsoenteredasanexplana-
tory variable.In addition,to dealwith multiple datafrom eachpair,weextracteddatafrom the
initial courtshipepisodeandrepeatedtheaboveanalysesusingaGLMM with binomialerror
distribution with randomeffectsof maleandfemaleidentities.However,asGLMM for copula-
tion failedto converge,wewereobligedto usetheGLM (without randomeffects).

Asasupplementaryanalysis,weexploredwhichfactorswereableto explainwhichsexiniti-
atedcourtshipin eachepisode.Specifically,weconsideredepisodeorder,testorder,andpres-
ence/absenceof successfulcopulationsin precedingepisodeswithin pairs,andtestedtheir
effectson femaleinitiation, usingaGLMM with binomialerror distribution andrandom
effectsof maleandfemaleidentities.All statisticalanalyseswereperformedusingRver.3.2.2
(Rcoreteam2015).

Results
Weobserved240courtshipepisodesin 46male±femalecombinations(238episodesincluded
dance,andtwo includedonly song).No courtshipoccurredin 10combinations.Females
producedCSDsin atotalof 134courtshipepisodes,whichwasfollowedbymounting in 95
episodes(S2Movie),andcopulationin 54episodes(S1Movie).In somemale±femalecombi-
nations,pairedbirdsrepeatedlyexhibitedcourtshipbehaviourwithin the9-hobservation
period(0±6CSDs/pair,0±6mountings/pair,0±5copulations/pair;S1Fig).

Effects of courtship interactions on mating success

Wepredictedthatbehaviouralinteractionsbetweenpairedbirdswouldberesponsiblefor
thematingsuccessof eachcourtshipepisode.Theresultspartiallyconfirmedthisprediction,
becauseduetdancingandmalesingingcontributedto higherprobabilityof occurrenceof
CSD,mounting,andcopulation(GLMM, p< 0.007;Table1A,Fig2). Importantly,wefound
that femalesfrequentlyperformedCSDsbeforelisteningto songsor whentheyhadonly
heardintroductorynotes(Fig2A).However,femaleinitiation hadno effecton matingsuccess
(GLMM, p> 0.87;Table1A). In addition,althoughtherewereno habituationeffectscaused
byrepeatedpairingtests;malesthatexperiencedmorepairingtestsweremoresuccessful
in inducingCSD,andfemalesthatexperiencedmorepairing testsweremorelikely to be
mountedbymales(Table1A).However,therewasno tendencyfor agreaternumberof court-
shipepisodeswithin pairsto leadto highermatingsuccess(Table1A).

Althoughit ispossiblethat femalesdid not needto listento awholesongaftertheyhad
alreadyheardit in thefirst courtshipepisode,theresultsfrom theanalyseson initial episodes
revealedtheopposite,showingaweakerandnon-significantsongeffecton CSD(GLMM,
p> 0.11;Table1B).However,duetdancingcontributedto ahigherprobabilityof occurrence
of CSD,mounting,andcopulationin thefirst courtshipepisode(Table1B),consistentwith
theresultsfrom all courtshipepisodes(Table1A).

Which sex initiated courtships

Danceswereapproximatelyequallylikely to beinitiatedby femalesor males(125vs113court-
shipepisodes,binomial test;p = 0.437),morethan80%of which(n = 197)induceddancingof
thepartnerbird, whichwasconsideredduetdancingin thisstudy(S1andS2Movies;S2Fig).
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Theoccurrenceof duetdancingwasnot significantlyrelatedto femaleinitiation (GLMM,
p = 0.153),indicatingthatduetdancingcouldbetriggeredbybothsexes.

Althoughweexaminedtheeffectsof episodeorder,testorder,andpresence/absenceof suc-
cessfulcopulationsin precedingepisodeson femaleinitiation, noneof thesevariableshadsig-
nificant effects(GLMM, episodeorder:p = 0.903,femaletestorder:p = 0.099,maletestorder:
p = 0.810,experienceof copulationsuccess:p = 0.093).However,thereweresignificantindi-
vidualdifferencesin theprobabilityinitiating courtshipamongmales(p = 0.027)andfemales
(p< 0.001).

Discussion
Thecurrentstudyrevealedthatmutualcourtshipdancingplayedanessentialrole in matingin
theJavasparrow.Importantly,this finding contrastswith themajority of pastsongbirdresearch
focusedon vocalisations(i.e.,songs)asprimary behaviouralsexualsignals.

Table 1. Effects of behaviou ral interaction s between paired birds on mating succes s (occurrence of CSD, mounting, and copulation) in all court-
ship episodes (A) and initial courtship episode of each pair (B). As the subject birds experienced multiple pairing tests with different partners, test order

was included as an explanatory variable to control for it (A, B). As some pairs engaged in multiple courtships in a test, the order of courtship episodes was also

included as an explanatory variable (A).

(A) All courtshi p episodes

CSD Mounting Copulation

Explanatory variable (category /

scale)

Coef SE z p Coef SE z p Coef SE z p

Intercept -4.51 1.08 -4.17 ��
0.001

-6.66 1.67 -3.99 ��
0.001

-5.55 1.84 -3.01 0.003

Behaviour al
interaction

Initiating sex (female or

male) � 1
-0.02 0.34 -0.07 0.941 -0.12 0.41 -0.29 0.775 -0.01 0.47 -0.02 0.987

Dance (duet or solo) � 1 3.42 0.62 5.50 <
0.001

� 4.13 0.96 4.32 <
0.001

� 3.13 0.99 3.15 0.002 �

Song (0, 1, 2) � 2 0.87 0.31 2.83 0.005 � 0.82 0.30 2.75 0.006 � 1.00 0.37 2.70 0.007 �

Experien ce Episode order 0.02 0.06 0.30 0.762 -0.03 0.07 -0.44 0.660 -0.14 0.09 -1.45 0.146

Male test order 0.36 0.17 2.14 0.032 � 0.12 0.29 0.41 0.682 0.06 0.35 0.18 0.859

Female test

order

0.19 0.19 1.02 0.309 0.83 0.32 2.55 0.011 � 0.30 0.36 0.84 0.403

(B) Initial courtshi p episodes

CSD Mounting Copulation

Explanatory variable (category /

scale)

Coef SE z p Coef SE z p Coef SE z p

Intercept -5.78 2.42 -2.39 0.017 -7.12 2.64 -2.70 0.007 -9.10 3.58 -2.54 0.011

Behaviour al
interaction

Initiating sex (female or

male) � 1
-0.91 1.01 -0.91 0.365 0.32 0.98 0.33 0.744 1.46 1.18 1.23 0.219

Dance (duet or solo) � 1 3.91 1.26 3.12 0.002 � 3.06 1.22 2.51 0.012 � 2.74 1.32 2.07 0.039 �

Song (0, 1, 2) � 2 0.95 0.60 1.59 0.113 1.24 0.62 1.98 0.047 � 2.44 1.35 1.81 0.070 ²

Experien ce Male test order 0.25 0.46 0.54 0.592 0.14 0.45 0.30 0.762 0.38 0.47 0.81 0.419

Female test

order

0.50 0.45 1.12 0.264 0.83 0.46 1.81 0.071 ² 1.10 0.55 1.98 0.048 �

�1: Estimated coefficients were for the categories shown with bold (female and duet).

�2: 0, male produced no song during the courting phase; 1, male produced introductory notes but not the main song during the courting phase; 2, male

produced at least part of the main song during the courting phase.

Each coefficient was estimated from GLMM or GLM with binomial error distribution, and the significance of explanatory variables is indicated with

�: p �� 0.05 or

†: p �� 0.1.

doi:10.1371/journal.pone.0172655.t001
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In thecurrentstudy,weobservedbehaviouralinteractionsbetweentwo oppositesexbirds
on first encounter,finding thatmutualcourtshipdances(duetdances)predictedhighermat-
ing success,asdeterminedby theoccurrenceof CSD,mounting,andcopulation.Moreover,
theresultsrevealedthatduetdancingwasinitiatedbyeithersex,andinitiator sexdid not affect
matingoutcomes,supportingtheviewthatcourtshipin thisspeciesisabilateralprocess.
Whereaspastresearchprimarily focusedon theadaptivesignificanceof mutualdisplays
exchangedbetweenalreadypair-bondedmalesandfemales[20,32,38],our findingssuggest
thatduetdancingmayalsobeinvolvedin ªmatchmakingºbymutuallyconfirming thewilling-
nessto mate.

Althoughtheresultsrevealedthatsongsof malesalsocontributedto matingsuccess
(Table1),wespeculatethat thiswaslessinfluential thanduetdancing.In manycourtshipepi-
sodes,femalesbeganto showCSDsbeforemalessang,or whentheyhadonly heardintroduc-
tory notes(Fig2A), indicatingthat femalematedecisionsweremaderegardlessof themain
song.Thiswasstill truewheninitial courtshipepisodeswereexaminedalone(Table1B),
meaningthat femalesnot knowingtheir partner'ssongoftenstill showedCSDfollowingduet
dancing.This finding issurprising,giventhatmainsongphraseshowsgreatamong-individual
variationin acousticcomplexity,andhasthustraditionallybeenthoughtto beimportant for
matechoicein someEstrildidspecies[39±41](alsosee[10,42,43]).Althoughour findings
appearto suggestthatsongis lessimportant asasexualsignalin theJavasparrow,wepropose
thatdance,in contrastwith song,isparticularlyimportant for close-distancecommunication.
BecauseJavasparrowssingundirectedsongs[36,44],presumablycontributing to advertise-
mentdirectedto potentialmatesor assessmentof rival males,asreportedin otherrelatedspe-
cies(cf.zebrafinch [45]), it is likely thatsongsprovidecluesfor matechoicebeforefemales
reachcloseproximity with males.

Weobservedrepeatedcourtshipdisplayson first encounterof somepairs(S1Fig),which
occurredwithin arelativelyshorttime (i.e.,9-hobservationof pairingtest).Aswetestedbirds
thatdid not haveprior breedingexperienceandwerekeptwith same-sexbirds,theymayhave
beeneagerlysearchingfor mates.Accumulatedexperienceof courtshipswithin pairsdid not
necessarilyincreasematingsuccessin latercourtshipepisodes.However,increasedexperience
(astestorderprogressed)wasassociatedwith moresuccessin mating(Table1). It remains
unclearwhethersuchrepeatedeventsof mutualcourtshipandcopulationleadto pair-forma-
tion or influencereproductiveperformancein thisspecies[46,47].This issueshouldbeinvesti-
gatedfurther in futurestudies.

In previousstudiesof variousbird species,femalepreferencefor malevisualdisplayshas
beenexplainedin termsof aggressivenessor intensity(e.g.,brown-headedcowbird[48], bow-
erbirds[49±51]),andmotor performance(e.g.,manikins[52,53];reviewedin [5]). Onestudy
of thediamondfiretail (Stagonopleura guttata; anEstrildidspeciesthatexhibitsmaledancing
but not femaledancing)reportedthat femalespreferredfastercourtshipdisplays(i.e.,afaster
bobbingrate)[10]. In theblue-cappedcordon-bleu,anEstrildidspeciesknownfor tap-danc-
ing courtshipbehaviouramongmalesandfemales,it remainsunclearwhethermatingprefer-
enceisbasedon tapspeed[11]. In Javasparrows,it isdifficult to determinewhetherparticular
dancefeaturesareadvantageousfor mating,becausebill wiping andhoppingratecouldbe
condition-dependentsignalsof individuals,but mayalsobeinfluencedby thebehavioursof

Fig 2. Effects of duet dance and male song on mating succes s. Mating success is plotted as the

probability of occurrence (%) of CSD (A), mounting (B), or copulation (C) per observed episodes, depending

on male’s singing behaviour during courtship phase and the presence of duet dancing. Solo dance means

absence of duet dance (i.e., only one of the paired birds showed dance). Each number in (A) shows the

sample size (the number of courtship episodes), which was consistent in (B) and (C).

doi:10.1371/journal.pone.0172655.g002
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thepartnerbird (S1andS2Movies).Mutual dancedisplaysaresubjectto synergisticeffects
betweentwo birds,makingit difficult to determineclearcausalrelationshipsin linked
sequencesof courtshipdances.Moreover,thelink betweenduetandmatingoutcomesdoes
not necessarilyindicatecausality,if bothareconsequencesof mutualmatechoice.Careful
experimentalcontrol of oneof thesevariableswill becrucial,thoughdifficult, for investigating
whetherandhowmalesandfemalesbasetheir matingpreferenceson dance.

Overall,thecurrentstudyhighlightsthenecessityof investigatingtemporalcoordinationof
mutualcourtshipbetweenthesexesto further determinethefunction of theJavasparrow's
mutualdisplay.Becausethisstudywas,to our knowledge,thefirst to investigatemutual inter-
actionsof Estrildidcourtshipwith afocuson thepresenceor absenceof particularbehaviours,
weusedarelativelybroaddefinition of ªduetdanceº.Futurestudiesshouldexaminethepre-
cisetemporalrelationshipsbetweenthecourtshipdancesof pairedbirds,andwhetherthe
degreeof coordinationaffectsmatingoutcomes.In addition,determiningthewaysin which
duetdancingchangesovertime within Javasparrowpairsmayprovidevaluableinsight,
becauseseveralpreviousstudiesof vocalduetssuggestthat thedegreeof duetcoordination
increaseswith pair-bondduration in somespecies[22,23].Althoughfine temporalcoordina-
tion isknown to signalthestrengthof apair'srelationshipto rivals[20], thefinding thatJava
sparrowsexhibitedmutualduetdancingwhenno otherindividualswerepresentindicatesthat
theprimary function of duetdancingis for potentialmatingpartners,not bystanders.

Supporting information
S1 Movie. Duet dancing followed by mounting and copulation.

(MP4)

S2 Movie. Duet dancing followed by mounting.

(MP4)

S3 Movie. Female solo dancing not leading to mating.

(MP4)

S1 Fig. Frequencydistribution of thenumberof CSDs(a),mountings(b), andcopulations
(c) / pair.
(PDF)

S2 Fig. Proportion of female-initiated and male-initiated courtship dances, in relation to

occurrence of duet dance and CSD.

(PDF)
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