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ABSTRACTठ⃚ठ⃚1ठ⃚

Thisठ⃚isठ⃚aठ⃚proofठ⃚ofठ⃚conceptठ⃚paperठ⃚basedठ⃚onठ⃚chronologicalठ⃚samplesठ⃚ofठ⃚growingठ⃚feathersठ⃚2ठ⃚

fromठ⃚geeseठ⃚thoughtठ⃚toठ⃚beठ⃚moltૐ퀐migrants.ठ⃚ठ⃚Whenठ⃚moltૐ퀐migrantठ⃚birdsठ⃚initiateठ⃚moltठ⃚3ठ⃚

shortlyठ⃚afterठ⃚migratingठ⃚toठ⃚aठ⃚newठ⃚isoscape,ठ⃚isotopeठ⃚valuesठ⃚measuredठ⃚alongठ⃚theठ⃚lengthठ⃚4ठ⃚

ofठ⃚theirठ⃚feathersठ⃚shouldठ⃚changeठ⃚continuously.ठ⃚ठ⃚Toठ⃚assessठ⃚longૐ퀐termठ⃚changesठ⃚andठ⃚dailyठ⃚5ठ⃚

cyclingठ⃚inठ⃚·15Nठ⃚andठ⃚·13Cठ⃚values,ठ⃚weठ⃚seriallyठ⃚sampledठ⃚growingठ⃚primariesठ⃚ofठ⃚threeठ⃚6ठ⃚

presumedठ⃚moltૐ퀐migrantठ⃚geese.ठ⃚ठ⃚Twoठ⃚showedठ⃚changingठ⃚·15Nठ⃚signaturesठ⃚alongठ⃚theठ⃚7ठ⃚

lengthठ⃚ofठ⃚theirठ⃚growingठ⃚primaries,ठ⃚indicatingठ⃚theyठ⃚wereठ⃚moltૐ퀐migrants,ठ⃚whileठ⃚theठ⃚8ठ⃚

third,ठ⃚presumablyठ⃚aठ⃚resident,ठ⃚showedठ⃚noठ⃚change.ठ⃚ठ⃚Weठ⃚thenठ⃚resampledठ⃚theseठ⃚feathersठ⃚9ठ⃚

atठ⃚closerठ⃚intervalsठ⃚forठ⃚evidenceठ⃚ofठ⃚theठ⃚predictedठ⃚dielठ⃚cycleठ⃚inठ⃚theठ⃚useठ⃚ofठ⃚exogenousठ⃚10ठ⃚

andठ⃚endogenousठ⃚proteinठ⃚forठ⃚featherठ⃚growth,ठ⃚generatedठ⃚byठ⃚theठ⃚dielठ⃚feedingठ⃚cycleठ⃚ofठ⃚11ठ⃚

theseठ⃚geese.ठ⃚ठ⃚Asठ⃚predicted,ठ⃚theठ⃚twoठ⃚geeseठ⃚thatठ⃚wereठ⃚equilibratingठ⃚toठ⃚aठ⃚newठ⃚isoscapeठ⃚12ठ⃚

showedठ⃚oscillationsठ⃚ofठ⃚approximatelyठ⃚24ૐ퀐hourठ⃚periodicityठ⃚inठ⃚·15Nठ⃚values,ठ⃚measuredठ⃚13ठ⃚

alongठ⃚theठ⃚lengthठ⃚ofठ⃚theirठ⃚primaries.ठ⃚ठ⃚Inठ⃚contrast,ठ⃚theठ⃚gooseठ⃚thatठ⃚wasठ⃚notठ⃚equilibratingठ⃚14ठ⃚

toठ⃚aठ⃚newठ⃚isoscapeठ⃚showedठ⃚noठ⃚24ૐ퀐hourठ⃚periodicityठ⃚inठ⃚itsठ⃚·15Nठ⃚values.ठ⃚ठ⃚Ourठ⃚resultsठ⃚15ठ⃚

demonstrateठ⃚thatठ⃚chronologicalठ⃚samplingठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚individualठ⃚primariesठ⃚16ठ⃚

holdsठ⃚greatठ⃚potentialठ⃚forठ⃚identifyingठ⃚individualsठ⃚thatठ⃚areठ⃚moltૐ퀐migrants.ठ⃚ठ⃚ठ⃚17ठ⃚

ठ⃚18ठ⃚

19ठ⃚
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INTRODUCTIONठ⃚20ठ⃚

Moltૐ퀐migrantsठ⃚requireठ⃚timeठ⃚forठ⃚theirठ⃚endogenousठ⃚proteinठ⃚reservesठ⃚toठ⃚comeठ⃚21ठ⃚

intoठ⃚equilibriumठ⃚withठ⃚localठ⃚isoscapesठ⃚(Martinezठ⃚delठ⃚Rioठ⃚andठ⃚Andersonૐ퀐Sprecherठ⃚22ठ⃚

2008).ठ⃚ठ⃚Thus,ठ⃚feathersठ⃚grownठ⃚duringठ⃚thisठ⃚periodठ⃚ofठ⃚equilibrationठ⃚shouldठ⃚showठ⃚aठ⃚23ठ⃚

steadyठ⃚changeठ⃚inठ⃚isotopicठ⃚signatureठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚theirठ⃚feathers.ठ⃚ठ⃚Thisठ⃚followsठ⃚24ठ⃚

becauseठ⃚feathersठ⃚growठ⃚atठ⃚aठ⃚moreठ⃚orठ⃚lessठ⃚constantठ⃚rateठ⃚throughoutठ⃚theठ⃚24ૐ퀐hourठ⃚cycleठ⃚25ठ⃚

(Murphyठ⃚andठ⃚Kingठ⃚1986;ठ⃚Schieltzठ⃚andठ⃚Murphyठ⃚1995,ठ⃚Lillieठ⃚andठ⃚Wangठ⃚1940);ठ⃚thus,ठ⃚26ठ⃚

whenठ⃚exogenousठ⃚proteinठ⃚fromठ⃚localठ⃚foragingठ⃚isठ⃚exhausted,ठ⃚endogenousठ⃚proteinठ⃚27ठ⃚

reserves,ठ⃚whichठ⃚areठ⃚comingठ⃚intoठ⃚equillibriumठ⃚withठ⃚theठ⃚newठ⃚isoscape,ठ⃚supplyठ⃚theठ⃚28ठ⃚

proteinठ⃚neededठ⃚toठ⃚buildठ⃚feathersठ⃚duringठ⃚dailyठ⃚periodsठ⃚ofठ⃚fastingठ⃚(Murphyठ⃚andठ⃚Kingठ⃚29ठ⃚

1990).ठ⃚30ठ⃚

Theseठ⃚factsठ⃚conspireठ⃚toठ⃚makeठ⃚twoठ⃚predictionsठ⃚thatठ⃚helpठ⃚identifyठ⃚moltठ⃚migrantठ⃚31ठ⃚

birdsठ⃚thatठ⃚initiateठ⃚featherठ⃚growthठ⃚shortlyठ⃚afterठ⃚movingठ⃚toठ⃚aठ⃚newठ⃚isoscape.ठ⃚ठ⃚First,ठ⃚aठ⃚32ठ⃚

steadyठ⃚changeठ⃚inठ⃚isotopeठ⃚signatureठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚flightठ⃚feathersठ⃚isठ⃚expectedठ⃚forठ⃚33ठ⃚

moltૐ퀐migrantsठ⃚thatठ⃚beginठ⃚moltठ⃚beforeठ⃚equilibratingठ⃚toठ⃚aठ⃚newठ⃚isoscape.ठ⃚ठ⃚Thisठ⃚34ठ⃚

predictionठ⃚isठ⃚easilyठ⃚testedठ⃚withठ⃚courseठ⃚samplingठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚flightठ⃚feathers.ठ⃚ठ⃚ठ⃚35ठ⃚

Second,ठ⃚fineठ⃚samplingठ⃚alongठ⃚feathers,ठ⃚shouldठ⃚revealठ⃚aठ⃚roughlyठ⃚24ૐ퀐hourठ⃚periodicityठ⃚36ठ⃚

representingठ⃚theठ⃚alternatingठ⃚useठ⃚ofठ⃚exogenousठ⃚andठ⃚endogenousठ⃚proteinठ⃚sourcesठ⃚forठ⃚37ठ⃚

featherठ⃚construction.ठ⃚ठ⃚Theठ⃚amplitudeठ⃚ofठ⃚thisठ⃚cycleठ⃚isठ⃚likelyठ⃚drivenठ⃚byठ⃚theठ⃚sizeठ⃚ofठ⃚theठ⃚38ठ⃚

proteinठ⃚poolठ⃚inठ⃚theठ⃚bloodठ⃚relativeठ⃚toठ⃚theठ⃚amountठ⃚ofठ⃚proteinठ⃚beingठ⃚withdrawnठ⃚forठ⃚39ठ⃚

featherठ⃚synthesis.ठ⃚ठ⃚Ifठ⃚theठ⃚fractionठ⃚ofठ⃚bloodठ⃚proteinठ⃚usedठ⃚forठ⃚featherठ⃚synthesisठ⃚isठ⃚small,ठ⃚40ठ⃚

thenठ⃚dailyठ⃚cyclingठ⃚associatedठ⃚withठ⃚feedingठ⃚andठ⃚fastingठ⃚mayठ⃚beठ⃚dampedठ⃚andठ⃚difficultठ⃚41ठ⃚

toठ⃚measure,ठ⃚butठ⃚itठ⃚stillठ⃚shouldठ⃚beठ⃚present.ठ⃚ठ⃚42ठ⃚

Greylagठ⃚Geeseठ⃚(Anserठ⃚anser)ठ⃚thatठ⃚breedठ⃚inठ⃚terrestrial,ठ⃚freshwaterठ⃚habitatsठ⃚inठ⃚43ठ⃚

Swedenठ⃚areठ⃚knownठ⃚fromठ⃚sightingsठ⃚ofठ⃚markedठ⃚individualsठ⃚(Nilssonठ⃚etठ⃚al.ठ⃚2001),ठ⃚toठ⃚44ठ⃚

migrateठ⃚inठ⃚lateठ⃚summerठ⃚toठ⃚theठ⃚maritimeठ⃚saltmarshesठ⃚ofठ⃚theठ⃚islandठ⃚ofठ⃚Saltholmठ⃚45ठ⃚

(55°389Nठ⃚12°459E)ठ⃚inठ⃚Denmarkठ⃚whereठ⃚theyठ⃚grazeठ⃚saltmarshठ⃚plantsठ⃚(Foxठ⃚etठ⃚al.ठ⃚1998)ठ⃚46ठ⃚

andठ⃚undergoठ⃚theirठ⃚annualठ⃚moltठ⃚(Foxठ⃚etठ⃚al.ठ⃚1995).ठ⃚Marineठ⃚environmentsठ⃚areठ⃚wellठ⃚47ठ⃚

knownठ⃚toठ⃚haveठ⃚veryठ⃚differentठ⃚·15Nठ⃚signaturesठ⃚thanठ⃚freshwaterठ⃚environments,ठ⃚andठ⃚48ठ⃚

theyठ⃚mayठ⃚haveठ⃚slightlyठ⃚differentठ⃚·13Cठ⃚signatures.ठ⃚ठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009)ठ⃚confirmedठ⃚thatठ⃚49ठ⃚

newlyठ⃚grownठ⃚flightठ⃚feathersठ⃚ofठ⃚Greylagठ⃚Geeseठ⃚showedठ⃚stableठ⃚isotopeठ⃚valuesठ⃚thatठ⃚50ठ⃚
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wereठ⃚intermediateठ⃚betweenठ⃚thoseठ⃚derivedठ⃚fromठ⃚aठ⃚terrestrialठ⃚plantठ⃚dietठ⃚(i.e.ठ⃚inठ⃚51ठ⃚

Swedenठ⃚priorठ⃚toठ⃚theठ⃚moltૐ퀐migration)ठ⃚andठ⃚aठ⃚dietठ⃚ofठ⃚saltmarshठ⃚plantsठ⃚fromठ⃚Saltholm.ठ⃚ठ⃚52ठ⃚

ठ⃚Toठ⃚exploreठ⃚expectedठ⃚changesठ⃚inठ⃚·15Nठ⃚andठ⃚·13Cठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚primariesठ⃚53ठ⃚

andठ⃚toठ⃚examineठ⃚theठ⃚potentialठ⃚forठ⃚24ૐ퀐hourठ⃚cyclingठ⃚inठ⃚theठ⃚useठ⃚ofठ⃚exogenousठ⃚andठ⃚54ठ⃚

endogenousठ⃚proteinठ⃚forठ⃚featherठ⃚growth,ठ⃚weठ⃚seriallyठ⃚sampledठ⃚aठ⃚singleठ⃚primaryठ⃚55ठ⃚

feathersठ⃚fromठ⃚eachठ⃚ofठ⃚threeठ⃚Greylagठ⃚Geeseठ⃚fromठ⃚Saltholm;ठ⃚theseठ⃚feathersठ⃚(andठ⃚noठ⃚56ठ⃚

others)ठ⃚wereठ⃚availableठ⃚fromठ⃚theठ⃚studyठ⃚ofठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009).ठ⃚ठ⃚Becauseठ⃚feathersठ⃚areठ⃚57ठ⃚

generatedठ⃚fromठ⃚tipठ⃚toठ⃚baseठ⃚andठ⃚composedठ⃚ofठ⃚nonૐ퀐livingठ⃚keratin,ठ⃚primariesठ⃚grownठ⃚byठ⃚58ठ⃚

geeseठ⃚thatठ⃚migratedठ⃚toठ⃚Saltholmठ⃚forठ⃚theirठ⃚moltठ⃚shouldठ⃚changeठ⃚chronologicallyठ⃚fromठ⃚59ठ⃚

moreठ⃚positiveठ⃚(freshwater)ठ⃚·15Nठ⃚signaturesठ⃚atठ⃚theठ⃚featherठ⃚tipठ⃚toठ⃚moreठ⃚negativeठ⃚60ठ⃚

(marine)ठ⃚·15Nठ⃚signaturesठ⃚atठ⃚theठ⃚featherठ⃚base.ठ⃚ठ⃚Further,ठ⃚becauseठ⃚flightlessठ⃚Greylagठ⃚61ठ⃚

Geeseठ⃚forageठ⃚onlyठ⃚atठ⃚nightठ⃚onठ⃚Saltholmठ⃚(Kahlertठ⃚etठ⃚al.ठ⃚1996),ठ⃚aठ⃚24ૐ퀐hठ⃚periodicityठ⃚inठ⃚theठ⃚62ठ⃚

·15Nठ⃚signatureठ⃚shouldठ⃚beठ⃚expectedठ⃚inठ⃚serialठ⃚samplesठ⃚fromठ⃚theठ⃚flightठ⃚feathersठ⃚ofठ⃚geeseठ⃚63ठ⃚

thatठ⃚wereठ⃚notठ⃚inठ⃚equilibriumठ⃚withठ⃚theठ⃚Saltholmठ⃚isoscape.ठ⃚ठ⃚64ठ⃚

Ourठ⃚resultsठ⃚showठ⃚thatठ⃚serialठ⃚samplesठ⃚takenठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚primaryठ⃚flightठ⃚65ठ⃚

feathersठ⃚readilyठ⃚showठ⃚equilibrationठ⃚towardठ⃚aठ⃚newठ⃚isoscapeठ⃚and,ठ⃚further,ठ⃚thatठ⃚66ठ⃚

feathersठ⃚sampledठ⃚atठ⃚fineठ⃚intervalsठ⃚canठ⃚revealठ⃚dielठ⃚shiftsठ⃚inठ⃚exogenousठ⃚andठ⃚67ठ⃚

endogenousठ⃚proteinठ⃚sourcesठ⃚usedठ⃚forठ⃚featherठ⃚generation.ठ⃚ठ⃚Weठ⃚areठ⃚awareठ⃚ofठ⃚justठ⃚twoठ⃚68ठ⃚

priorठ⃚studiesठ⃚ofठ⃚hairठ⃚orठ⃚feathersठ⃚thatठ⃚usedठ⃚chronologicalठ⃚samplesठ⃚toठ⃚examineठ⃚changesठ⃚69ठ⃚

inठ⃚isotopeठ⃚signaturesठ⃚throughठ⃚time.ठ⃚ठ⃚Cerlingठ⃚etठ⃚al.ठ⃚(2006)ठ⃚usedठ⃚Elephantठ⃚hairठ⃚toठ⃚70ठ⃚

demonstrateठ⃚theठ⃚movementठ⃚ofठ⃚individualठ⃚Africanठ⃚elephantsठ⃚(Loxodontaठ⃚africana)ठ⃚toठ⃚71ठ⃚

differentठ⃚foragingठ⃚locations,ठ⃚andठ⃚Churchठ⃚etठ⃚al.ठ⃚(2006)ठ⃚usedठ⃚samplesठ⃚alongठ⃚theठ⃚lengthठ⃚72ठ⃚

ofठ⃚aठ⃚growingठ⃚rectrixठ⃚fromठ⃚aठ⃚Californiaठ⃚Condorठ⃚(Gymnogypsठ⃚californianus)ठ⃚toठ⃚showठ⃚aठ⃚73ठ⃚

suddenठ⃚depositionठ⃚ofठ⃚leadठ⃚thatठ⃚resultedठ⃚inठ⃚itsठ⃚death.ठ⃚ठ⃚Becauseठ⃚ourठ⃚resultsठ⃚areठ⃚74ठ⃚

unavoidablyठ⃚basedठ⃚onठ⃚feathersठ⃚fromठ⃚justठ⃚threeठ⃚geese,ठ⃚theirठ⃚importanceठ⃚liesठ⃚inठ⃚theठ⃚75ठ⃚

newठ⃚approachesठ⃚weठ⃚useठ⃚toठ⃚studyठ⃚expectedठ⃚changesठ⃚inठ⃚isotopicठ⃚signaturesठ⃚forठ⃚moltૐ퀐76ठ⃚

migrantठ⃚birds.ठ⃚ठ⃚ठ⃚77ठ⃚

ठ⃚78ठ⃚

MATERIALSठ⃚ANDठ⃚METHODSठ⃚79ठ⃚

Feathersठ⃚wereठ⃚obtainedठ⃚fromठ⃚Greylagsठ⃚inठ⃚activeठ⃚moltठ⃚onठ⃚Saltholm,ठ⃚betweenठ⃚80ठ⃚

Copenhagenठ⃚andठ⃚Swedishठ⃚Skaniaठ⃚coastठ⃚(Foxठ⃚etठ⃚al.ठ⃚2009).ठ⃚ठ⃚Theठ⃚Danishठ⃚Forestठ⃚andठ⃚81ठ⃚
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Natureठ⃚Agencyठ⃚gaveठ⃚permissionठ⃚toठ⃚catchठ⃚andठ⃚sampleठ⃚theठ⃚geeseठ⃚andठ⃚theठ⃚landownersठ⃚82ठ⃚

ofठ⃚Saltholmठ⃚gaveठ⃚permissionठ⃚toठ⃚workठ⃚onठ⃚theठ⃚island.ठ⃚ठ⃚Theठ⃚geeseठ⃚wereठ⃚caughtठ⃚underठ⃚83ठ⃚

theठ⃚Copenhagenठ⃚Universityठ⃚Naturalठ⃚Historyठ⃚Museumठ⃚Ringingठ⃚Permitठ⃚A600ठ⃚<DMUૐ퀐84ठ⃚

Kaløठ⃚Ringmærkning.=ठ⃚85ठ⃚

Theठ⃚geeseठ⃚includedठ⃚inठ⃚thisठ⃚studyठ⃚wereठ⃚notठ⃚individuallyठ⃚tracked,ठ⃚soठ⃚weठ⃚doठ⃚notठ⃚86ठ⃚

knowठ⃚whenठ⃚theyठ⃚arrivedठ⃚atठ⃚Saltholm,ठ⃚orठ⃚howठ⃚soonठ⃚afterठ⃚arrivalठ⃚theyठ⃚startedठ⃚toठ⃚molt,ठ⃚87ठ⃚

orठ⃚evenठ⃚ifठ⃚theyठ⃚wereठ⃚allठ⃚moltૐ퀐migrantsठ⃚toठ⃚Saltholm.ठ⃚ठ⃚Theseठ⃚limitationsठ⃚meanठ⃚thatठ⃚weठ⃚88ठ⃚

couldठ⃚obtainठ⃚usefulठ⃚informationठ⃚onठ⃚periodicityठ⃚onlyठ⃚fromठ⃚birdsठ⃚thatठ⃚showedठ⃚strongठ⃚89ठ⃚

changesठ⃚inठ⃚theirठ⃚·15Nठ⃚signaturesठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚theठ⃚sampledठ⃚primary,ठ⃚indicatingठ⃚90ठ⃚

theyठ⃚wereठ⃚moltૐ퀐migrantsठ⃚toठ⃚Saltholm.ठ⃚ठ⃚Greylagsठ⃚areठ⃚largeठ⃚geeseठ⃚thatठ⃚wouldठ⃚requireठ⃚91ठ⃚

considerablyठ⃚moreठ⃚thanठ⃚aठ⃚monthठ⃚toठ⃚comeठ⃚intoठ⃚equilibriumठ⃚withठ⃚aठ⃚newठ⃚isoscapeठ⃚asठ⃚92ठ⃚

differentठ⃚asठ⃚thatठ⃚atठ⃚Saltholmठ⃚ठ⃚(Martinezठ⃚delठ⃚Rioठ⃚andठ⃚Andersonૐ퀐Sprecherठ⃚2008).ठ⃚ठ⃚93ठ⃚

Moltingठ⃚geeseठ⃚thatठ⃚wereठ⃚alreadyठ⃚inठ⃚equilibriumठ⃚withठ⃚theठ⃚saltठ⃚marshठ⃚isoscapeठ⃚ofठ⃚94ठ⃚

Saltholmठ⃚shouldठ⃚showठ⃚noठ⃚24ૐ퀐hourठ⃚cyclingठ⃚inठ⃚isotopicठ⃚signatures;ठ⃚theseठ⃚couldठ⃚beठ⃚95ठ⃚

eitherठ⃚local,ठ⃚Saltholm,ठ⃚geeseठ⃚(e.g.ठ⃚failedठ⃚breeders)ठ⃚orठ⃚saltठ⃚marshठ⃚breedersठ⃚fromठ⃚aठ⃚96ठ⃚

similarठ⃚isoscape.ठ⃚ठ⃚Althoughठ⃚thereठ⃚isठ⃚variationठ⃚amongठ⃚individualठ⃚featherठ⃚growthठ⃚rates,ठ⃚97ठ⃚

Greylagठ⃚Geeseठ⃚shouldठ⃚growठ⃚theirठ⃚feathersठ⃚atठ⃚approximatelyठ⃚7ठ⃚mmठ⃚dૐ퀐1,ठ⃚asठ⃚inferredठ⃚98ठ⃚

fromठ⃚aठ⃚meanठ⃚massठ⃚ofठ⃚3509gठ⃚(Dunningठ⃚2007)ठ⃚andठ⃚theठ⃚allometricठ⃚relationshipठ⃚99ठ⃚

betweenठ⃚primaryठ⃚growthठ⃚rateठ⃚andठ⃚bodyठ⃚sizeठ⃚(Rohwerठ⃚etठ⃚al.ठ⃚2009).ठ⃚100ठ⃚

Theठ⃚feathersठ⃚usedठ⃚forठ⃚thisठ⃚studyठ⃚wereठ⃚sampledठ⃚twice,ठ⃚onceठ⃚atठ⃚everyठ⃚5mmठ⃚toठ⃚101ठ⃚

plotठ⃚theठ⃚changeठ⃚inठ⃚·15Nठ⃚andठ⃚·13Cठ⃚overठ⃚aठ⃚longerठ⃚periodठ⃚ofठ⃚featherठ⃚time,ठ⃚measuredठ⃚asठ⃚102ठ⃚

mmठ⃚fromठ⃚theठ⃚tipठ⃚ofठ⃚theठ⃚primary,ठ⃚andठ⃚aठ⃚secondठ⃚timeठ⃚atठ⃚1ठ⃚orठ⃚2mmठ⃚intervals,ठ⃚inठ⃚theठ⃚103ठ⃚

hopeठ⃚thatठ⃚weठ⃚couldठ⃚detectठ⃚aठ⃚24hठ⃚periodicityठ⃚inठ⃚theठ⃚proteinठ⃚sourceठ⃚usedठ⃚forठ⃚featherठ⃚104ठ⃚

generation.ठ⃚ठ⃚Whichठ⃚primaryठ⃚featherठ⃚wasठ⃚usedठ⃚shouldठ⃚notठ⃚affectठ⃚theठ⃚resultsठ⃚ofठ⃚thisठ⃚105ठ⃚

study,ठ⃚asठ⃚Greylagठ⃚Geese,ठ⃚likeठ⃚mostठ⃚waterfowl,ठ⃚loseठ⃚andठ⃚replaceठ⃚theirठ⃚flightठ⃚feathersठ⃚106ठ⃚

simultaneouslyठ⃚(Hohmanठ⃚etठ⃚al.ठ⃚1992).ठ⃚ठ⃚ठ⃚ठ⃚107ठ⃚

Methodsठ⃚forठ⃚sampleठ⃚preparationठ⃚andठ⃚analysisठ⃚generallyठ⃚followठ⃚thoseठ⃚inठ⃚108ठ⃚

Paritteठ⃚andठ⃚Kellyठ⃚(2009).ठ⃚ठ⃚Feathersठ⃚wereठ⃚cleanedठ⃚inठ⃚diluteठ⃚detergentठ⃚followedठ⃚byठ⃚109ठ⃚

repeatedठ⃚rinsing.ठ⃚ठ⃚Afterठ⃚airठ⃚dryingठ⃚theठ⃚feathersठ⃚wereठ⃚cleanedठ⃚againठ⃚inठ⃚2:1ठ⃚110ठ⃚

chloroform:methanolठ⃚andठ⃚allowedठ⃚toठ⃚airठ⃚dryठ⃚beforeठ⃚processing.ठ⃚ठ⃚Onceठ⃚feathersठ⃚wereठ⃚111ठ⃚

driedठ⃚aठ⃚researchठ⃚technicianठ⃚markedठ⃚theठ⃚rachisठ⃚ofठ⃚eachठ⃚featherठ⃚fromठ⃚itsठ⃚tipठ⃚toठ⃚theठ⃚baseठ⃚112ठ⃚
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ofठ⃚theठ⃚growingठ⃚vaneठ⃚atठ⃚1,ठ⃚2ठ⃚orठ⃚5ठ⃚mmठ⃚intervals.ठ⃚ठ⃚Theठ⃚majorityठ⃚ofठ⃚theठ⃚posteriorठ⃚vaneठ⃚113ठ⃚

wasठ⃚thenठ⃚cutठ⃚away,ठ⃚leavingठ⃚onlyठ⃚theठ⃚fewठ⃚mmठ⃚closestठ⃚toठ⃚theठ⃚rachis.ठ⃚ठ⃚Then,ठ⃚usingठ⃚theठ⃚114ठ⃚

penठ⃚marksठ⃚asठ⃚aठ⃚guide,ठ⃚anठ⃚approximatelyठ⃚200¿gठ⃚sampleठ⃚ofठ⃚featherठ⃚vaneठ⃚wasठ⃚cutठ⃚115ठ⃚

immediatelyठ⃚adjacentठ⃚toठ⃚theठ⃚penठ⃚mark.ठ⃚ठ⃚Theseठ⃚samplesठ⃚wereठ⃚loadedठ⃚intoठ⃚tinठ⃚capsulesठ⃚116ठ⃚

(3.5x5.5mm)ठ⃚andठ⃚storedठ⃚inठ⃚anठ⃚elisaठ⃚plateठ⃚untilठ⃚theyठ⃚wereठ⃚analyzed.ठ⃚117ठ⃚

Weठ⃚analyzedठ⃚samplesठ⃚inठ⃚batchठ⃚sequencesठ⃚ofठ⃚49ठ⃚samplesठ⃚andठ⃚references,ठ⃚118ठ⃚

referredठ⃚toठ⃚asठ⃚autoruns.ठ⃚ठ⃚Eachठ⃚autorunठ⃚typicallyठ⃚analyzedठ⃚39ठ⃚unknownठ⃚samplesठ⃚andठ⃚119ठ⃚

8ठ⃚laboratoryठ⃚referenceठ⃚samplesठ⃚inठ⃚positionsठ⃚1,ठ⃚2,ठ⃚7,ठ⃚13,ठ⃚19,ठ⃚37,ठ⃚43,ठ⃚49.ठ⃚ठ⃚Theठ⃚laboratoryठ⃚120ठ⃚

referenceठ⃚materialठ⃚wasठ⃚powderedठ⃚Brownૐ퀐headedठ⃚Cowbirdठ⃚featherठ⃚(Molothorusठ⃚121ठ⃚

ater),ठ⃚generatedठ⃚asठ⃚describedठ⃚inठ⃚Kellyठ⃚etठ⃚al.ठ⃚(2009).ठ⃚ठ⃚ठ⃚Amongठ⃚sampleठ⃚variationठ⃚inठ⃚theठ⃚122ठ⃚

laboratoryठ⃚referenceठ⃚materialठ⃚wasठ⃚<ठ⃚0.20ठ⃚forठ⃚bothठ⃚·13Cठ⃚andठ⃚·15N.ठ⃚ठ⃚Inठ⃚addition,ठ⃚toठ⃚123ठ⃚

thisठ⃚laboratoryठ⃚referenceठ⃚weठ⃚ranठ⃚oneठ⃚sampleठ⃚eachठ⃚ofठ⃚twoठ⃚Nationalठ⃚Instituteठ⃚ofठ⃚124ठ⃚

Standardsठ⃚andठ⃚Technologiesठ⃚NISTठ⃚referenceठ⃚materialsठ⃚(USGSठ⃚40ठ⃚inठ⃚autorunठ⃚positionठ⃚125ठ⃚

25ठ⃚andठ⃚USGSठ⃚41ठ⃚inठ⃚autorunठ⃚positionठ⃚31).ठ⃚ठ⃚ठ⃚Allठ⃚stableठ⃚isotopeठ⃚ratiosठ⃚areठ⃚expressedठ⃚inठ⃚126ठ⃚

standardठ⃚·ठ⃚notation,ठ⃚whereठ⃚·13Cठ⃚andठ⃚·15Nठ⃚=ठ⃚[(isotopeठ⃚ratioठ⃚sample/isotopeठ⃚ratioठ⃚127ठ⃚

standard)ठ⃚3ठ⃚1]ठ⃚*ठ⃚1000.ठ⃚ठ⃚Consequently,ठ⃚·13Cठ⃚andठ⃚·15Nठ⃚areठ⃚expressedठ⃚inठ⃚partsठ⃚perठ⃚128ठ⃚

thousandठ⃚(0)ठ⃚deviationठ⃚fromठ⃚aठ⃚standard,ठ⃚whichठ⃚wasठ⃚Viennaठ⃚Peeठ⃚Deeठ⃚Belemniteठ⃚forठ⃚129ठ⃚

·13Cठ⃚andठ⃚Airठ⃚forठ⃚·15N.ठ⃚ठ⃚Isotopeठ⃚ratiosठ⃚wereठ⃚measuredठ⃚atठ⃚theठ⃚Universityठ⃚ofठ⃚Oklahomaठ⃚130ठ⃚

usingठ⃚aठ⃚Thermoठ⃚Finniganठ⃚Deltaठ⃚Vठ⃚isotopeठ⃚ratioठ⃚massठ⃚spectrometerठ⃚connectedठ⃚toठ⃚aठ⃚131ठ⃚

CosTechठ⃚elementalठ⃚analyzer.ठ⃚ठ⃚132ठ⃚

Forठ⃚eachठ⃚autorunठ⃚weठ⃚correctedठ⃚allठ⃚measurementsठ⃚forठ⃚instrumentalठ⃚driftठ⃚133ठ⃚

betweenठ⃚theठ⃚firstठ⃚andठ⃚lastठ⃚sample.ठ⃚ठ⃚Instrumentalठ⃚driftठ⃚correctionsठ⃚wereठ⃚basedठ⃚onठ⃚theठ⃚134ठ⃚

slopesठ⃚ofठ⃚bestૐ퀐fitठ⃚linesठ⃚forठ⃚·13Cठ⃚andठ⃚·15Nठ⃚valuesठ⃚regressedठ⃚againstठ⃚analysisठ⃚timeठ⃚ofठ⃚135ठ⃚

referencesठ⃚withinठ⃚eachठ⃚autorun.ठ⃚ठ⃚Aठ⃚slopeठ⃚wasठ⃚calculatedठ⃚forठ⃚theठ⃚cowbirdठ⃚standardठ⃚inठ⃚136ठ⃚

theठ⃚runठ⃚andठ⃚thisठ⃚slopeठ⃚wasठ⃚usedठ⃚asठ⃚theठ⃚driftठ⃚correctionठ⃚coefficient.ठ⃚ठ⃚137ठ⃚

Toठ⃚determineठ⃚ifठ⃚thereठ⃚wasठ⃚evidenceठ⃚ofठ⃚24ૐ퀐hourठ⃚cyclingठ⃚inठ⃚theठ⃚·15Nठ⃚valuesठ⃚138ठ⃚

alongठ⃚theठ⃚lengthठ⃚ofठ⃚theठ⃚primaries,ठ⃚weठ⃚usedठ⃚customठ⃚Matlabठ⃚codeठ⃚toठ⃚performठ⃚anठ⃚139ठ⃚

autocorrelationठ⃚analysisठ⃚afterठ⃚deૐ퀐trendingठ⃚theठ⃚dataठ⃚usingठ⃚linearठ⃚regressionठ⃚andठ⃚140ठ⃚

removingठ⃚theठ⃚mean.ठ⃚ठ⃚Weठ⃚usedठ⃚thisठ⃚methodठ⃚toठ⃚findठ⃚correlationठ⃚maximaठ⃚andठ⃚minimaठ⃚141ठ⃚

thatठ⃚revealठ⃚periodicityठ⃚inठ⃚theठ⃚·15Nठ⃚values.ठ⃚ठ⃚Usingठ⃚additionalठ⃚customठ⃚Matlabठ⃚code,ठ⃚weठ⃚142ठ⃚

thenठ⃚developedठ⃚aठ⃚bootstrapठ⃚methodठ⃚toठ⃚testठ⃚forठ⃚theठ⃚statisticalठ⃚significanceठ⃚ofठ⃚havingठ⃚143ठ⃚
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autocorrelationठ⃚minimaठ⃚andठ⃚maximaठ⃚thatठ⃚correspondठ⃚toठ⃚aठ⃚periodicठ⃚patternठ⃚inठ⃚144ठ⃚

isotopeठ⃚values.ठ⃚ठ⃚Toठ⃚doठ⃚so,ठ⃚weठ⃚randomlyठ⃚permutedठ⃚theठ⃚dataठ⃚forठ⃚eachठ⃚featherठ⃚andठ⃚145ठ⃚

performedठ⃚autocorrelationठ⃚analysesठ⃚ofठ⃚thoseठ⃚permutedठ⃚values.ठ⃚ठ⃚Outठ⃚ofठ⃚10,000ठ⃚146ठ⃚

permutations,ठ⃚weठ⃚askedठ⃚whatठ⃚fractionठ⃚ofठ⃚theठ⃚dataठ⃚hadठ⃚bothठ⃚aठ⃚minimumठ⃚lessठ⃚thanठ⃚orठ⃚147ठ⃚

equalठ⃚thatठ⃚observedठ⃚inठ⃚ourठ⃚originalठ⃚autocorrelationठ⃚andठ⃚aठ⃚maximumठ⃚spacedठ⃚atठ⃚theठ⃚148ठ⃚

appropriateठ⃚interval.ठ⃚ठ⃚ठ⃚149ठ⃚

ठ⃚150ठ⃚

RESULTSठ⃚151ठ⃚

Evidenceठ⃚forठ⃚equilibrationठ⃚followingठ⃚moltૐ퀐migrationठ⃚152ठ⃚

Twoठ⃚geese,ठ⃚501ठ⃚andठ⃚508,ठ⃚showedठ⃚aठ⃚clearठ⃚andठ⃚steadyठ⃚declineठ⃚inठ⃚theirठ⃚·15Nठ⃚signaturesठ⃚153ठ⃚

throughठ⃚timeठ⃚(Pठ⃚<ठ⃚0.0001),ठ⃚whileठ⃚509,ठ⃚showedठ⃚noठ⃚changeठ⃚(Pठ⃚=ठ⃚0.34,ठ⃚Fig.ठ⃚1).ठ⃚ठ⃚Bothठ⃚154ठ⃚

geeseठ⃚thatठ⃚changedठ⃚didठ⃚soठ⃚inठ⃚aठ⃚wayठ⃚consistentठ⃚withठ⃚theठ⃚largeठ⃚shiftठ⃚ofठ⃚aboutठ⃚8ठ⃚0ठ⃚inठ⃚155ठ⃚

theठ⃚·15Nठ⃚isoscapesठ⃚suggestedठ⃚byठ⃚theठ⃚resultsठ⃚ofठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009).ठ⃚ठ⃚Theठ⃚thirdठ⃚gooseठ⃚156ठ⃚

showedठ⃚noठ⃚changeठ⃚inठ⃚·15Nठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚itsठ⃚primaryठ⃚andठ⃚hadठ⃚aठ⃚meanठ⃚ofठ⃚7.6ठ⃚0,ठ⃚157ठ⃚

aठ⃚valueठ⃚intermediateठ⃚betweenठ⃚theठ⃚startठ⃚andठ⃚endठ⃚valuesठ⃚forठ⃚theठ⃚twoठ⃚geeseठ⃚thatठ⃚158ठ⃚

showedठ⃚aठ⃚steadyठ⃚changeठ⃚inठ⃚·15Nठ⃚withठ⃚timeठ⃚(Fig.ठ⃚1),ठ⃚whichठ⃚wasठ⃚puzzling.ठ⃚ठ⃚Ifठ⃚thisठ⃚159ठ⃚

individualठ⃚hadठ⃚beenठ⃚onठ⃚Saltholmठ⃚longठ⃚enoughठ⃚toठ⃚beठ⃚inठ⃚equilibriumठ⃚withठ⃚theठ⃚saltठ⃚160ठ⃚

marshठ⃚isoscape,ठ⃚thenठ⃚itsठ⃚meanठ⃚·15Nठ⃚valueठ⃚shouldठ⃚haveठ⃚beenठ⃚atठ⃚orठ⃚belowठ⃚theठ⃚latestठ⃚161ठ⃚

valuesठ⃚fromठ⃚theठ⃚twoठ⃚geeseठ⃚thatठ⃚showedठ⃚aठ⃚steadyठ⃚changeठ⃚inठ⃚theirठ⃚·15Nठ⃚values.ठ⃚ठ⃚162ठ⃚

However,ठ⃚itsठ⃚meanठ⃚ofठ⃚7.6ठ⃚0,ठ⃚wasठ⃚considerablyठ⃚higherठ⃚thanठ⃚theठ⃚lowestठ⃚·15Nठ⃚valuesठ⃚163ठ⃚

foundठ⃚forठ⃚thoseठ⃚twoठ⃚geeseठ⃚(Fig.ठ⃚1),ठ⃚suggestingठ⃚thatठ⃚itठ⃚wasठ⃚aठ⃚residentठ⃚gooseठ⃚thatठ⃚didठ⃚164ठ⃚

notठ⃚feedठ⃚inठ⃚theठ⃚saltmarshesठ⃚ofठ⃚Saltholm.ठ⃚ठ⃚Someठ⃚ofठ⃚theठ⃚hayfieldsठ⃚usedठ⃚byठ⃚residentठ⃚165ठ⃚

Greylagठ⃚Geeseठ⃚areठ⃚lessठ⃚subjectठ⃚toठ⃚marineठ⃚influenceठ⃚thanठ⃚theठ⃚saltmarshesठ⃚whereठ⃚theठ⃚166ठ⃚

majorityठ⃚ofठ⃚migrantsठ⃚feed.ठ⃚ठ⃚ठ⃚167ठ⃚

Theठ⃚·13Cठ⃚signatureठ⃚ofठ⃚gooseठ⃚501ठ⃚increasedठ⃚significantlyठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚itsठ⃚168ठ⃚

primaryठ⃚(p=ठ⃚0.0003),ठ⃚whileठ⃚·13Cठ⃚forठ⃚gooseठ⃚509ठ⃚(pठ⃚=ठ⃚0.09)ठ⃚andठ⃚gooseठ⃚508ठ⃚(pठ⃚=ठ⃚0.46)ठ⃚169ठ⃚

showedठ⃚noठ⃚significantठ⃚changeठ⃚(Fig.ठ⃚1).ठ⃚ठ⃚Basedठ⃚onठ⃚theठ⃚resultsठ⃚ofठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009),ठ⃚theठ⃚170ठ⃚

·13Cठ⃚signaturesठ⃚ofठ⃚theseठ⃚geeseठ⃚shouldठ⃚haveठ⃚declinedठ⃚ifठ⃚theyठ⃚hadठ⃚movedठ⃚fromठ⃚Swedenठ⃚171ठ⃚

toठ⃚Saltholmठ⃚forठ⃚theठ⃚molt.ठ⃚ठ⃚Yetठ⃚gooseठ⃚501ठ⃚showedठ⃚aठ⃚significantठ⃚increaseठ⃚inठ⃚itsठ⃚·13Cठ⃚172ठ⃚

duringठ⃚primaryठ⃚growthठ⃚(Fig.ठ⃚1);ठ⃚itठ⃚alsoठ⃚showedठ⃚aठ⃚highlyठ⃚significantठ⃚declineठ⃚inठ⃚·15N,ठ⃚173ठ⃚

suggestingठ⃚thatठ⃚itठ⃚wasठ⃚indeedठ⃚aठ⃚moltૐ퀐migrantठ⃚toठ⃚theठ⃚islandठ⃚ofठ⃚Saltholmठ⃚(Fig.ठ⃚1).ठ⃚ठ⃚174ठ⃚
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ठ⃚175ठ⃚

Evidenceठ⃚forठ⃚24ठ⃚hourठ⃚cyclingठ⃚inठ⃚·15Nठ⃚176ठ⃚

Toठ⃚exploreठ⃚theठ⃚possibilityठ⃚ofठ⃚24ૐ퀐hourठ⃚cyclingठ⃚inठ⃚theठ⃚·15Nठ⃚valuesठ⃚forठ⃚theseठ⃚threeठ⃚geese,ठ⃚177ठ⃚

weठ⃚sampledठ⃚theirठ⃚primariesठ⃚asठ⃚finelyठ⃚asठ⃚possible,ठ⃚atठ⃚1ठ⃚orठ⃚2mmठ⃚intervalsठ⃚alongठ⃚theठ⃚178ठ⃚

lengthठ⃚ofठ⃚theठ⃚feather.ठ⃚ठ⃚Flightlessठ⃚Greylagठ⃚Geeseठ⃚forageठ⃚atठ⃚nightठ⃚onठ⃚Saltholmठ⃚(Kahlertठ⃚179ठ⃚

etठ⃚al.ठ⃚1996).ठ⃚ठ⃚Thus,ठ⃚aठ⃚24ૐ퀐hourठ⃚periodicityठ⃚inठ⃚theठ⃚·15Nठ⃚signatureठ⃚shouldठ⃚beठ⃚recoveredठ⃚180ठ⃚

fromठ⃚serialठ⃚samplesठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚theठ⃚feathersठ⃚forठ⃚geeseठ⃚501ठ⃚andठ⃚508,ठ⃚theठ⃚twoठ⃚181ठ⃚

indiviudualsठ⃚thatठ⃚wereठ⃚comingठ⃚intoठ⃚equilibriumठ⃚withठ⃚theठ⃚Saltholmठ⃚marineठ⃚182ठ⃚

environmentठ⃚(Fig.ठ⃚2).ठ⃚ठ⃚Inठ⃚contrast,ठ⃚gooseठ⃚509,ठ⃚whichठ⃚showedठ⃚noठ⃚changeठ⃚inठ⃚·15Nठ⃚alongठ⃚183ठ⃚

theठ⃚lengthठ⃚ofठ⃚itsठ⃚primary,ठ⃚wasठ⃚notठ⃚expectedठ⃚toठ⃚showठ⃚aठ⃚24ૐ퀐hourठ⃚periodicityठ⃚inठ⃚itsठ⃚·15Nठ⃚184ठ⃚

valuesठ⃚becauseठ⃚itठ⃚apparentlyठ⃚wasठ⃚inठ⃚equilibriumठ⃚withठ⃚itsठ⃚Saltholmठ⃚diet.ठ⃚ठ⃚Theठ⃚lengthठ⃚ofठ⃚185ठ⃚

theseठ⃚fineૐ퀐resolutionठ⃚runsठ⃚wasठ⃚shorterठ⃚thanठ⃚theठ⃚lengthठ⃚ofठ⃚featherठ⃚usedठ⃚toठ⃚generateठ⃚186ठ⃚

Figureठ⃚1ठ⃚becauseठ⃚ofठ⃚samplingठ⃚problemsठ⃚andठ⃚aठ⃚malfunctionठ⃚ofठ⃚theठ⃚massठ⃚187ठ⃚

spectrophotometer.ठ⃚ठ⃚ठ⃚ठ⃚ठ⃚188ठ⃚

Autocorrelationठ⃚resultsठ⃚forठ⃚·15Nठ⃚measuredठ⃚inठ⃚theseठ⃚serialठ⃚samplesठ⃚areठ⃚189ठ⃚

summarizedठ⃚inठ⃚Figureठ⃚2.ठ⃚ठ⃚Noteठ⃚that,ठ⃚becauseठ⃚thereठ⃚isठ⃚significantठ⃚samplingठ⃚noise,ठ⃚theठ⃚190ठ⃚

signalठ⃚isठ⃚notठ⃚purelyठ⃚periodicठ⃚inठ⃚anyठ⃚ofठ⃚theठ⃚sampledठ⃚feathers.ठ⃚ठ⃚Featherठ⃚508ठ⃚showsठ⃚aठ⃚191ठ⃚

minimumठ⃚(mostठ⃚negative)ठ⃚autocorrelationठ⃚valueठ⃚atठ⃚theठ⃚secondठ⃚autocorrelationठ⃚lag.ठ⃚ठ⃚192ठ⃚

Givenठ⃚aठ⃚samplingठ⃚intervalठ⃚ofठ⃚2ठ⃚mm,ठ⃚thisठ⃚correspondsठ⃚toठ⃚4ठ⃚mmठ⃚ofठ⃚featherठ⃚length.ठ⃚ठ⃚ठ⃚193ठ⃚

Additionally,ठ⃚508ठ⃚showedठ⃚positiveठ⃚autocorrelationठ⃚valuesठ⃚inठ⃚theठ⃚regionठ⃚ofठ⃚twiceठ⃚theठ⃚194ठ⃚

minimum,ठ⃚stronglyठ⃚indicatingठ⃚periodicityठ⃚inठ⃚theठ⃚data.ठ⃚ठ⃚Theठ⃚bootstrapठ⃚statisticsठ⃚195ठ⃚

indicatedठ⃚thatठ⃚theठ⃚probabilityठ⃚ofठ⃚havingठ⃚theठ⃚combinationठ⃚ofठ⃚aठ⃚minimumठ⃚atठ⃚theठ⃚lagठ⃚ofठ⃚2ठ⃚196ठ⃚

andठ⃚aठ⃚maxठ⃚nearठ⃚theठ⃚lagठ⃚ofठ⃚4ठ⃚isठ⃚Pठ⃚=ठ⃚0.032.ठ⃚ठ⃚Featherठ⃚501ठ⃚hadठ⃚aठ⃚differentठ⃚samplingठ⃚197ठ⃚

intervalठ⃚and,ठ⃚accordingly,ठ⃚showedठ⃚aठ⃚moreठ⃚expandedठ⃚autocorrelationठ⃚functionठ⃚withठ⃚aठ⃚198ठ⃚

minimumठ⃚atठ⃚lagठ⃚ofठ⃚3ठ⃚andठ⃚aठ⃚maximumठ⃚autocorrelationठ⃚atठ⃚twiceठ⃚thatठ⃚value.ठ⃚ठ⃚Theठ⃚199ठ⃚

bootstrapठ⃚probabilityठ⃚ofठ⃚havingठ⃚thatठ⃚combinedठ⃚maximumठ⃚andठ⃚minimumठ⃚wasठ⃚P=ठ⃚0.01.ठ⃚ठ⃚200ठ⃚

Thus,ठ⃚bothठ⃚feathersठ⃚501ठ⃚andठ⃚508ठ⃚showठ⃚significantठ⃚periodicityठ⃚inठ⃚theirठ⃚·15Nठ⃚values.ठ⃚ठ⃚Inठ⃚201ठ⃚

contrast,ठ⃚featherठ⃚509,ठ⃚whichठ⃚showedठ⃚noठ⃚signठ⃚ofठ⃚comingठ⃚intoठ⃚aठ⃚newठ⃚equilibriumठ⃚forठ⃚202ठ⃚

·15N,ठ⃚neverठ⃚showedठ⃚aठ⃚significantठ⃚changeठ⃚inठ⃚signठ⃚forठ⃚theठ⃚autocorrelation,ठ⃚suggesting,ठ⃚203ठ⃚

asठ⃚predicted,ठ⃚thatठ⃚thereठ⃚wasठ⃚noठ⃚periodicठ⃚signalठ⃚underlyingठ⃚theठ⃚dataठ⃚forठ⃚thisठ⃚feather.ठ⃚ठ⃚ठ⃚204ठ⃚

ठ⃚205ठ⃚
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DISCUSSIONठ⃚206ठ⃚

Theठ⃚valueठ⃚ofठ⃚samplingठ⃚feathersठ⃚seriallyठ⃚207ठ⃚

Asठ⃚farठ⃚asठ⃚weठ⃚areठ⃚aware,ठ⃚theठ⃚dataठ⃚forठ⃚·15Nठ⃚inठ⃚Figureठ⃚1ठ⃚constituteठ⃚theठ⃚firstठ⃚directठ⃚testठ⃚ofठ⃚208ठ⃚

aठ⃚gradualठ⃚changeठ⃚inठ⃚theठ⃚isotopicठ⃚compositionठ⃚ofठ⃚feathersठ⃚beingठ⃚grownठ⃚whileठ⃚aठ⃚moltૐ퀐209ठ⃚

migrantठ⃚isठ⃚comingठ⃚intoठ⃚equilibriumठ⃚withठ⃚aठ⃚newठ⃚isoscape.ठ⃚ठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009)ठ⃚inferredठ⃚210ठ⃚

thisठ⃚processठ⃚byठ⃚samplingठ⃚foodठ⃚plantsठ⃚usedठ⃚byठ⃚Greylagठ⃚Geeseठ⃚onठ⃚theirठ⃚breedingठ⃚211ठ⃚

groundsठ⃚inठ⃚southernठ⃚Sweden,ठ⃚andठ⃚onठ⃚theirठ⃚saltwaterठ⃚moltingठ⃚groundsठ⃚onठ⃚theठ⃚islandठ⃚212ठ⃚

ofठ⃚Saltholmठ⃚inठ⃚Denmark.ठ⃚ठ⃚Thisठ⃚inferenceठ⃚wasठ⃚basedठ⃚onठ⃚theठ⃚assumptionठ⃚thatठ⃚213ठ⃚

fractionationठ⃚valuesठ⃚forठ⃚theठ⃚conversionठ⃚ofठ⃚·15Nठ⃚valuesठ⃚inठ⃚foodठ⃚plantठ⃚toठ⃚·15Nठ⃚valuesठ⃚inठ⃚214ठ⃚

gooseठ⃚featherठ⃚wereठ⃚accuratelyठ⃚representedठ⃚byठ⃚theठ⃚resultsठ⃚ofठ⃚anठ⃚experimentalठ⃚studyठ⃚215ठ⃚

ofठ⃚Japaneseठ⃚Quailठ⃚(Coturnixठ⃚japonica)ठ⃚raisedठ⃚onठ⃚aठ⃚plantठ⃚basedठ⃚dietठ⃚(Hobsonठ⃚andठ⃚Clarkठ⃚216ठ⃚

1992a;ठ⃚Hobsonठ⃚andठ⃚Clarkठ⃚1992b).ठ⃚ठ⃚Howठ⃚wellठ⃚thoseठ⃚valuesठ⃚representठ⃚similarठ⃚217ठ⃚

processesठ⃚inठ⃚Greylagठ⃚Geeseठ⃚isठ⃚anठ⃚unknown,ठ⃚asठ⃚areठ⃚theठ⃚confidenceठ⃚intervalsठ⃚218ठ⃚

associatedठ⃚withठ⃚theseठ⃚transformations.ठ⃚ठ⃚Further,ठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009)ठ⃚usedठ⃚onlyठ⃚twoठ⃚foodठ⃚219ठ⃚

plantsठ⃚fromठ⃚eachठ⃚localityठ⃚toठ⃚inferठ⃚theठ⃚expectedठ⃚changesठ⃚inठ⃚·15Nठ⃚andठ⃚·13Cठ⃚valuesठ⃚forठ⃚220ठ⃚

feathers,ठ⃚yetठ⃚Greylagठ⃚Geeseठ⃚probablyठ⃚useठ⃚aठ⃚largerठ⃚diversityठ⃚ofठ⃚plantsठ⃚atठ⃚eachठ⃚ofठ⃚theseठ⃚221ठ⃚

localities,ठ⃚asठ⃚isठ⃚knownठ⃚toठ⃚beठ⃚theठ⃚caseठ⃚onठ⃚Saltholmठ⃚asठ⃚theठ⃚moltठ⃚progressesठ⃚(Foxठ⃚etठ⃚al.ठ⃚222ठ⃚

1998).ठ⃚ठ⃚Forठ⃚theseठ⃚reasons,ठ⃚theठ⃚directठ⃚measureठ⃚ofठ⃚changeठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚theठ⃚223ठ⃚

featherठ⃚thatठ⃚weठ⃚haveठ⃚establishedठ⃚forठ⃚twoठ⃚ofठ⃚theठ⃚threeठ⃚Greylagठ⃚primariesठ⃚inठ⃚ourठ⃚224ठ⃚

sampleठ⃚offersठ⃚aठ⃚powerfulठ⃚confirmationठ⃚ofठ⃚theठ⃚resultठ⃚obtainedठ⃚byठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009)ठ⃚forठ⃚225ठ⃚

·15N.ठ⃚ठ⃚Theirठ⃚meanठ⃚valueठ⃚forठ⃚·15Nठ⃚ofठ⃚8.4ठ⃚0ठ⃚forठ⃚feathersठ⃚fromठ⃚12ठ⃚moltingठ⃚geeseठ⃚isठ⃚226ठ⃚

reasonablyठ⃚closeठ⃚toठ⃚theठ⃚meanठ⃚ofठ⃚7.6ठ⃚0ठ⃚forठ⃚theठ⃚twoठ⃚geeseठ⃚inठ⃚ourठ⃚sampleठ⃚thatठ⃚wereठ⃚227ठ⃚

equilibratingठ⃚withठ⃚theठ⃚Saltholmठ⃚environment.ठ⃚ठ⃚Theठ⃚meanठ⃚·15Nठ⃚forठ⃚theठ⃚gooseठ⃚thatठ⃚228ठ⃚

showedठ⃚noठ⃚evidenceठ⃚ofठ⃚equilibratingठ⃚wasठ⃚alsoठ⃚7.60ठ⃚(509),ठ⃚considerablyठ⃚higherठ⃚thanठ⃚229ठ⃚

theठ⃚latestठ⃚(mostठ⃚proximal)ठ⃚·15Nठ⃚valuesठ⃚forठ⃚theठ⃚geeseठ⃚thatठ⃚showedठ⃚strongठ⃚declinesठ⃚inठ⃚230ठ⃚

·15Nठ⃚(Fig.ठ⃚1).ठ⃚ठ⃚Theठ⃚relativelyठ⃚highठ⃚meanठ⃚·15Nठ⃚forठ⃚gooseठ⃚509,ठ⃚togetherठ⃚withठ⃚theठ⃚lackठ⃚ofठ⃚231ठ⃚

changeठ⃚inठ⃚·15Nठ⃚alongठ⃚itsठ⃚feather,ठ⃚suggestsठ⃚thatठ⃚thisठ⃚gooseठ⃚hadठ⃚notठ⃚arrivedठ⃚earlyठ⃚andठ⃚232ठ⃚

delayedठ⃚theठ⃚startठ⃚ofठ⃚itsठ⃚moltठ⃚untilठ⃚reachingठ⃚equilibriumठ⃚withठ⃚theठ⃚Saltholmठ⃚isoscape.ठ⃚ठ⃚233ठ⃚

Possiblyठ⃚itठ⃚wasठ⃚aठ⃚Saltholmठ⃚residentठ⃚withठ⃚aठ⃚differentठ⃚diet.ठ⃚ठ⃚234ठ⃚

Foxठ⃚etठ⃚al.ठ⃚(2009)ठ⃚suggestedठ⃚thatठ⃚·13Cठ⃚alsoठ⃚changedठ⃚inठ⃚aठ⃚wayठ⃚thatठ⃚suggestedठ⃚theठ⃚235ठ⃚

useठ⃚ofठ⃚endogenousठ⃚Cठ⃚inठ⃚theठ⃚generationठ⃚ofठ⃚primaryठ⃚feathersठ⃚duringठ⃚theठ⃚molt.ठ⃚ठ⃚236ठ⃚
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However,ठ⃚theठ⃚absoluteठ⃚differenceठ⃚inठ⃚theठ⃚expectedठ⃚valuesठ⃚forठ⃚·13Cठ⃚(again,ठ⃚generatedठ⃚237ठ⃚

byठ⃚samplingठ⃚twoठ⃚foodठ⃚plantsठ⃚fromठ⃚theठ⃚Swedishठ⃚breedingठ⃚groundsठ⃚andठ⃚twoठ⃚foodठ⃚238ठ⃚

plantsठ⃚fromठ⃚theठ⃚Saltholmठ⃚moltingठ⃚grounds)ठ⃚wasठ⃚lessठ⃚thanठ⃚2ठ⃚0.ठ⃚ठ⃚Whileठ⃚differencesठ⃚asठ⃚239ठ⃚

smallठ⃚asठ⃚2ठ⃚0ठ⃚canठ⃚reliablyठ⃚beठ⃚measured,ठ⃚predictingठ⃚differencesठ⃚thisठ⃚smallठ⃚byठ⃚applyingठ⃚240ठ⃚

fractionठ⃚valuesठ⃚toठ⃚theठ⃚·13Cठ⃚valuesठ⃚measuredठ⃚toठ⃚samplesठ⃚ofठ⃚twoठ⃚foodठ⃚plantsठ⃚consumedठ⃚241ठ⃚

byठ⃚geeseठ⃚atठ⃚theirठ⃚breedingठ⃚andठ⃚moltingठ⃚sitesठ⃚seemsठ⃚hazardous.ठ⃚ठ⃚Withठ⃚theirठ⃚sampleठ⃚ofठ⃚242ठ⃚

12ठ⃚geese,ठ⃚Foxठ⃚etठ⃚al.ठ⃚(2009)ठ⃚didठ⃚findठ⃚theठ⃚featherठ⃚valuesठ⃚toठ⃚beठ⃚intermediateठ⃚betweenठ⃚243ठ⃚

theठ⃚foodठ⃚valuesठ⃚forठ⃚Swedenठ⃚andठ⃚Saltholm,ठ⃚usingठ⃚theठ⃚conversionठ⃚figuresठ⃚forठ⃚Japaneseठ⃚244ठ⃚

Quailठ⃚(Hobsonठ⃚andठ⃚Clarkठ⃚1992b).ठ⃚ठ⃚Ourठ⃚meanठ⃚·13Cठ⃚valueठ⃚ofठ⃚26.2ठ⃚0ठ⃚forठ⃚theठ⃚threeठ⃚245ठ⃚

feathersठ⃚weठ⃚analyzedठ⃚isठ⃚closeठ⃚toठ⃚theirठ⃚meanठ⃚ofठ⃚26.5ठ⃚0ठ⃚basedठ⃚onठ⃚12ठ⃚geeseठ⃚(Foxठ⃚etठ⃚al.ठ⃚246ठ⃚

2009).ठ⃚ठ⃚However,ठ⃚theठ⃚differenceठ⃚inठ⃚theठ⃚inferredठ⃚valuesठ⃚forठ⃚featherठ⃚tissueठ⃚generatedठ⃚247ठ⃚

fromठ⃚Swedishठ⃚reservesठ⃚andठ⃚fromठ⃚Saltholmठ⃚plantठ⃚materialठ⃚suggestsठ⃚thatठ⃚·13Cठ⃚valuesठ⃚248ठ⃚

shouldठ⃚declineठ⃚duringठ⃚primaryठ⃚growth.ठ⃚ठ⃚Yet,ठ⃚weठ⃚foundठ⃚noठ⃚evidenceठ⃚forठ⃚suchठ⃚aठ⃚declineठ⃚249ठ⃚

inठ⃚theठ⃚threeठ⃚feathersठ⃚weठ⃚examined:ठ⃚twoठ⃚geeseठ⃚showedठ⃚noठ⃚change,ठ⃚whileठ⃚theठ⃚thirdठ⃚250ठ⃚

showedठ⃚aठ⃚significantठ⃚increaseठ⃚inठ⃚·13Cठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚itsठ⃚primaryठ⃚(Fig.ठ⃚1).ठ⃚ठ⃚251ठ⃚

Further,ठ⃚gooseठ⃚501ठ⃚thatठ⃚showedठ⃚anठ⃚increaseठ⃚inठ⃚·13Cठ⃚valuesठ⃚showedठ⃚aठ⃚strongठ⃚declineठ⃚252ठ⃚

inठ⃚·15Nठ⃚valuesठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚itsठ⃚growingठ⃚primary,ठ⃚soठ⃚weठ⃚knowठ⃚thatठ⃚thisठ⃚253ठ⃚

individualठ⃚wasठ⃚notठ⃚yetठ⃚inठ⃚equilibriumठ⃚withठ⃚theठ⃚Saltholmठ⃚·15Nठ⃚isoscape.ठ⃚ठ⃚Theठ⃚positiveठ⃚254ठ⃚

slopeठ⃚forठ⃚·13Cठ⃚inठ⃚thisठ⃚gooseठ⃚furtherठ⃚suggestsठ⃚thatठ⃚theठ⃚expectedठ⃚differenceठ⃚inठ⃚featherठ⃚255ठ⃚

·13C,ठ⃚estimatedठ⃚fromठ⃚foodठ⃚plantsठ⃚sampledठ⃚inठ⃚Swedenठ⃚andठ⃚Saltholmठ⃚(Foxठ⃚etठ⃚al.ठ⃚2009),ठ⃚256ठ⃚

wasठ⃚notठ⃚reliable.ठ⃚257ठ⃚

ठ⃚258ठ⃚

Storedठ⃚reservesठ⃚andठ⃚24ૐ퀐hourठ⃚cyclingठ⃚ठ⃚259ठ⃚

Asठ⃚predictedठ⃚theठ⃚twoठ⃚geeseठ⃚thatठ⃚showedठ⃚strongठ⃚declinesठ⃚inठ⃚·15Nठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚260ठ⃚

theirठ⃚growingठ⃚primariesठ⃚alsoठ⃚showedठ⃚24ૐ퀐hourठ⃚cyclingठ⃚inठ⃚theirठ⃚·15Nठ⃚values.ठ⃚ठ⃚Further,ठ⃚261ठ⃚

theठ⃚gooseठ⃚thatठ⃚showedठ⃚noठ⃚changeठ⃚inठ⃚·15Nठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚itsठ⃚primaryठ⃚showedठ⃚noठ⃚262ठ⃚

evidenceठ⃚ofठ⃚24ૐ퀐hourठ⃚cycling,ठ⃚aठ⃚resultठ⃚weठ⃚predictedठ⃚becauseठ⃚thisठ⃚gooseठ⃚wasठ⃚notठ⃚263ठ⃚

comingठ⃚intoठ⃚equilibriumठ⃚withठ⃚theठ⃚Saltholmठ⃚·15Nठ⃚environment.ठ⃚ठ⃚Theseठ⃚resultsठ⃚supportठ⃚264ठ⃚

theठ⃚useठ⃚ofठ⃚endogenousठ⃚reservesठ⃚forठ⃚featherठ⃚growthठ⃚duringठ⃚partsठ⃚ofठ⃚theठ⃚24ૐ퀐hourठ⃚cycleठ⃚265ठ⃚

whenठ⃚geeseठ⃚doठ⃚notठ⃚forageठ⃚andठ⃚feathersठ⃚continueठ⃚toठ⃚growठ⃚(Murphyठ⃚andठ⃚Kingठ⃚1990).ठ⃚ठ⃚266ठ⃚

Theठ⃚periodicityठ⃚ofठ⃚thisठ⃚cyclingठ⃚canठ⃚alsoठ⃚beठ⃚estimatedठ⃚fromठ⃚theठ⃚autocorrelationठ⃚267ठ⃚
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analysisठ⃚andठ⃚thatठ⃚periodicityठ⃚shouldठ⃚matchठ⃚featherठ⃚growthठ⃚rates.ठ⃚ठ⃚Ourठ⃚268ठ⃚

autocorrelationठ⃚analysesठ⃚revealedठ⃚periodicitiesठ⃚correspondingठ⃚toठ⃚growthठ⃚ratesठ⃚ofठ⃚269ठ⃚

roughlyठ⃚8ठ⃚andठ⃚6ठ⃚mmठ⃚dૐ퀐1ठ⃚forठ⃚feathersठ⃚509ठ⃚andठ⃚501,ठ⃚respectively.ठ⃚ठ⃚Theseठ⃚periodicityठ⃚270ठ⃚

valuesठ⃚accordठ⃚wellठ⃚withठ⃚theठ⃚estimatedठ⃚primaryठ⃚growthठ⃚rateठ⃚ofठ⃚aboutठ⃚7ठ⃚mmठ⃚dૐ퀐1ठ⃚forठ⃚aठ⃚271ठ⃚

birdठ⃚theठ⃚sizeठ⃚ofठ⃚aठ⃚Greylagठ⃚Gooseठ⃚(Rohwerठ⃚etठ⃚al.ठ⃚2009).ठ⃚ठ⃚ठ⃚Finerठ⃚samplingठ⃚thanठ⃚couldठ⃚beठ⃚272ठ⃚

achievedठ⃚byठ⃚ourठ⃚equipmentठ⃚wouldठ⃚presumablyठ⃚eliminateठ⃚theठ⃚noiseठ⃚inठ⃚ourठ⃚273ठ⃚

autocorrelationठ⃚resultsठ⃚resultingठ⃚fromठ⃚1ठ⃚orठ⃚2ठ⃚mmठ⃚samplingठ⃚intervals,ठ⃚leavingठ⃚onlyठ⃚274ठ⃚

noiseठ⃚associatedठ⃚withठ⃚dayૐ퀐toૐ퀐dayठ⃚differencesठ⃚inठ⃚foodठ⃚intakeठ⃚andठ⃚feedingठ⃚timesठ⃚275ठ⃚

(Moranठ⃚etठ⃚al.ठ⃚2011).ठ⃚ठ⃚ठ⃚276ठ⃚

ठ⃚277ठ⃚

Generalठ⃚278ठ⃚

Bridgeठ⃚etठ⃚al.ठ⃚(2011)ठ⃚assessedठ⃚theठ⃚possibleठ⃚useठ⃚ofठ⃚endogenousठ⃚proteinठ⃚reservesठ⃚forठ⃚279ठ⃚

moltingठ⃚byठ⃚studyingठ⃚changesठ⃚inठ⃚·Dठ⃚andठ⃚·13Cठ⃚inठ⃚theठ⃚primariesठ⃚ofठ⃚Paintedठ⃚Buntingsठ⃚280ठ⃚

(Passerinaठ⃚ciris).ठ⃚ठ⃚Likeठ⃚manyठ⃚otherठ⃚migrantठ⃚songठ⃚birdsठ⃚thatठ⃚breedठ⃚inठ⃚theठ⃚centralठ⃚andठ⃚281ठ⃚

southernठ⃚regionsठ⃚ofठ⃚westernठ⃚Northठ⃚America,ठ⃚Paintedठ⃚buntingठ⃚fromठ⃚theठ⃚Midwesternठ⃚282ठ⃚

breedingठ⃚populationठ⃚migrateठ⃚toठ⃚northwestठ⃚Mexicoठ⃚forठ⃚theirठ⃚annualठ⃚postૐ퀐breedingठ⃚283ठ⃚

moltठ⃚(Thompsonठ⃚1991;ठ⃚Rohwerठ⃚etठ⃚al.ठ⃚2005;ठ⃚Rohwerठ⃚2013).ठ⃚ठ⃚Hereठ⃚theyठ⃚exploitठ⃚aठ⃚foodठ⃚284ठ⃚

flushठ⃚generatedठ⃚byठ⃚theठ⃚lateठ⃚summerठ⃚monsoon,ठ⃚whichठ⃚deliversठ⃚mostठ⃚ofठ⃚theठ⃚annualठ⃚285ठ⃚

precipitationठ⃚toठ⃚thisठ⃚regionठ⃚ofठ⃚northwestठ⃚Mexicoठ⃚inठ⃚Julyठ⃚3ठ⃚Septemberठ⃚(Adamsठ⃚andठ⃚286ठ⃚

Comrieठ⃚1997;ठ⃚Comrieठ⃚andठ⃚Glennठ⃚1998).ठ⃚ठ⃚Primaryठ⃚replacementठ⃚inठ⃚Paintedठ⃚Buntingsठ⃚inठ⃚287ठ⃚

Sinaloaठ⃚isठ⃚soठ⃚rapidठ⃚thatठ⃚itठ⃚requiresठ⃚anठ⃚averageठ⃚ofठ⃚onlyठ⃚30ठ⃚andठ⃚34ठ⃚daysठ⃚inठ⃚adultठ⃚femalesठ⃚288ठ⃚

andठ⃚adultठ⃚males,ठ⃚respectivelyठ⃚(Rohwerठ⃚2013).ठ⃚ठ⃚ठ⃚289ठ⃚

Bridgeठ⃚etठ⃚al.ठ⃚(2011)ठ⃚showedठ⃚thatठ⃚bothठ⃚·Dठ⃚andठ⃚·13Cठ⃚valuesठ⃚changedठ⃚fromठ⃚290ठ⃚

primaryठ⃚1ठ⃚toठ⃚9ठ⃚inठ⃚someठ⃚Paintedठ⃚Buntingsठ⃚sampledठ⃚inठ⃚Sinaloa.ठ⃚ठ⃚Theyठ⃚suggestठ⃚thatठ⃚291ठ⃚

birdsठ⃚thatठ⃚showedठ⃚differencesठ⃚betweenठ⃚primariesठ⃚1ठ⃚andठ⃚9ठ⃚shouldठ⃚beठ⃚individualsठ⃚thatठ⃚292ठ⃚

hadठ⃚initiatedठ⃚moltठ⃚shortlyठ⃚afterठ⃚arrivingठ⃚inठ⃚Sinaloa,ठ⃚beforeठ⃚theirठ⃚endogenousठ⃚proteinठ⃚293ठ⃚

reservesठ⃚reachedठ⃚equilibriumठ⃚withठ⃚theठ⃚Sinaloaठ⃚isoscape.ठ⃚ठ⃚Individualsठ⃚thatठ⃚failedठ⃚toठ⃚294ठ⃚

showठ⃚strongठ⃚differencesठ⃚betweenठ⃚theseठ⃚primariesठ⃚eitherठ⃚mayठ⃚haveठ⃚delayedठ⃚moltठ⃚295ठ⃚

untilठ⃚theirठ⃚endogenousठ⃚proteinठ⃚reservesठ⃚wereठ⃚inठ⃚equilibriumठ⃚withठ⃚theठ⃚Sinaloaठ⃚296ठ⃚

isoscape,ठ⃚orठ⃚theठ⃚foodठ⃚theyठ⃚consumedठ⃚beforeठ⃚migratingठ⃚mayठ⃚haveठ⃚matchedठ⃚whatठ⃚theyठ⃚297ठ⃚

wereठ⃚consumingठ⃚onठ⃚theirठ⃚Sinaloaठ⃚moltingठ⃚grounds.ठ⃚ठ⃚Directठ⃚evidenceठ⃚ofठ⃚continuousठ⃚298ठ⃚
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changeठ⃚inठ⃚·Dठ⃚andठ⃚·13Cठ⃚isठ⃚neededठ⃚toठ⃚testठ⃚theठ⃚suggestionठ⃚byठ⃚Bridgeठ⃚etठ⃚al.ठ⃚(2011)ठ⃚thatठ⃚299ठ⃚

buntingsठ⃚showingठ⃚strongठ⃚differencesठ⃚inठ⃚·Dठ⃚andठ⃚·13Cठ⃚signaturesठ⃚betweenठ⃚primariesठ⃚1ठ⃚300ठ⃚

andठ⃚9ठ⃚wereठ⃚comingठ⃚intoठ⃚equilibriumठ⃚withठ⃚aठ⃚newठ⃚isoscapeठ⃚whileठ⃚molting.ठ⃚ठ⃚Thisठ⃚couldठ⃚301ठ⃚

nowठ⃚beठ⃚accomplishedठ⃚byठ⃚samplingठ⃚acrossठ⃚differentठ⃚primariesठ⃚onठ⃚theठ⃚featherૐ퀐timeठ⃚302ठ⃚

axisठ⃚developedठ⃚byठ⃚Rohwerठ⃚andठ⃚Bromsठ⃚(2012)ठ⃚spanningठ⃚theठ⃚replacementठ⃚ofठ⃚allठ⃚303ठ⃚

primaries.ठ⃚ठ⃚ठ⃚304ठ⃚

Inठ⃚general,ठ⃚measuringठ⃚isotopicठ⃚changesठ⃚inठ⃚serialठ⃚samplesठ⃚takenठ⃚atठ⃚equalठ⃚timeठ⃚305ठ⃚

intervalsठ⃚fromठ⃚flightठ⃚feathersठ⃚offersठ⃚aठ⃚powerfulठ⃚toolठ⃚forठ⃚studyingठ⃚moltૐ퀐migration.ठ⃚ठ⃚Itठ⃚306ठ⃚

providesठ⃚strongठ⃚dataठ⃚forठ⃚individualठ⃚birdsठ⃚whileठ⃚avoidingठ⃚theठ⃚assumptionsठ⃚involvedठ⃚307ठ⃚

withठ⃚foodठ⃚samplingठ⃚andठ⃚usingठ⃚fractionठ⃚estimatesठ⃚toठ⃚computeठ⃚expectedठ⃚tissueठ⃚valuesठ⃚308ठ⃚

forठ⃚isotopes.ठ⃚ठ⃚Samplesठ⃚fromठ⃚theठ⃚primariesठ⃚thatठ⃚representठ⃚equalठ⃚timeठ⃚intervalsठ⃚canठ⃚beठ⃚309ठ⃚

generatedठ⃚inठ⃚twoठ⃚ways.ठ⃚ठ⃚Forठ⃚largeठ⃚birds,ठ⃚finelyठ⃚spacedठ⃚serialठ⃚samplesठ⃚takenठ⃚alongठ⃚theठ⃚310ठ⃚

lengthठ⃚ofठ⃚aठ⃚primaryठ⃚canठ⃚giveठ⃚suchठ⃚goodठ⃚dataठ⃚thatठ⃚theठ⃚evidenceठ⃚ofठ⃚generalठ⃚changesठ⃚canठ⃚311ठ⃚

evenठ⃚beठ⃚confirmedठ⃚byठ⃚evidenceठ⃚ofठ⃚24ૐ퀐hourठ⃚periodicityठ⃚inठ⃚isotopeठ⃚measurements,ठ⃚asठ⃚312ठ⃚

weठ⃚haveठ⃚shownठ⃚hereठ⃚forठ⃚Greylagठ⃚Geese.ठ⃚ठ⃚Forठ⃚smallठ⃚birds,ठ⃚seriallyठ⃚samplingठ⃚singleठ⃚313ठ⃚

flightठ⃚feathersठ⃚generatesठ⃚onlyठ⃚aठ⃚limitedठ⃚temporalठ⃚seriesठ⃚ofठ⃚samplesठ⃚andठ⃚theठ⃚flightठ⃚314ठ⃚

feathersठ⃚ofठ⃚smallठ⃚birdsठ⃚growठ⃚tooठ⃚slowlyठ⃚(Rohwerठ⃚etठ⃚al.ठ⃚2009)ठ⃚forठ⃚traditionalठ⃚samplingठ⃚315ठ⃚

methodsठ⃚toठ⃚achieveठ⃚aठ⃚sampleठ⃚densityठ⃚sufficientठ⃚toठ⃚detectठ⃚24ૐ퀐hourठ⃚cycling.ठ⃚ठ⃚However,ठ⃚316ठ⃚

samplesठ⃚representingठ⃚approximatelyठ⃚equalठ⃚timeठ⃚intervalsठ⃚acrossठ⃚theठ⃚fullठ⃚primaryठ⃚317ठ⃚

moltठ⃚canठ⃚beठ⃚takenठ⃚fromठ⃚differentठ⃚primariesठ⃚(Rohwerठ⃚andठ⃚Bromsठ⃚2012),ठ⃚thusठ⃚greatlyठ⃚318ठ⃚

extendingठ⃚theठ⃚samplingठ⃚periodठ⃚toठ⃚theठ⃚timeठ⃚requiredठ⃚toठ⃚replaceठ⃚allठ⃚9ठ⃚orठ⃚10ठ⃚primaries.ठ⃚ठ⃚319ठ⃚

Suchठ⃚sampling,ठ⃚coupledठ⃚withठ⃚informationठ⃚onठ⃚howठ⃚soonठ⃚afterठ⃚arrivalठ⃚moltૐ퀐migrantsठ⃚320ठ⃚

initiateठ⃚primaryठ⃚replacement,ठ⃚couldठ⃚giveठ⃚excellentठ⃚empiricalठ⃚dataठ⃚onठ⃚theठ⃚timeठ⃚321ठ⃚

requiredठ⃚toठ⃚reachठ⃚equilibriumठ⃚followingठ⃚changesठ⃚inठ⃚isoscapesठ⃚byठ⃚smallठ⃚wildठ⃚birds.ठ⃚ठ⃚ठ⃚322ठ⃚
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Figureठ⃚1.ठ⃚Valuesठ⃚forठ⃚·15Nठ⃚andठ⃚·13Cठ⃚measuredठ⃚inठ⃚serialठ⃚samplesठ⃚alongठ⃚theठ⃚lengthठ⃚ofठ⃚theठ⃚

primary.ठ⃚ठ⃚Featherठ⃚veinठ⃚wasठ⃚sampledठ⃚atठ⃚5mmठ⃚intervalsठ⃚nearठ⃚theठ⃚rachisठ⃚ofठ⃚theठ⃚growingठ⃚

primaryठ⃚forठ⃚itsठ⃚fullठ⃚length,ठ⃚startingठ⃚atठ⃚theठ⃚tipठ⃚ofठ⃚theठ⃚feather.ठ⃚ठ⃚
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ठ⃚

Figureठ⃚2.ठ⃚Autocorrelationठ⃚andठ⃚regressionठ⃚resultsठ⃚forठ⃚·15Nठ⃚measuredठ⃚atठ⃚1ठ⃚orठ⃚2ठ⃚mmठ⃚intervalsठ⃚

fromठ⃚theठ⃚tipsठ⃚ofठ⃚growingठ⃚primaries.ठ⃚ठ⃚Greylagठ⃚Geeseठ⃚501ठ⃚andठ⃚508ठ⃚showedठ⃚decreasingठ⃚

·15Nठ⃚values,ठ⃚indicatingठ⃚theyठ⃚wereठ⃚equilibratingठ⃚withठ⃚theठ⃚Saltholmठ⃚isoscapeठ⃚asठ⃚theirठ⃚

primariesठ⃚wereठ⃚growing,ठ⃚andठ⃚bothठ⃚showedठ⃚significantठ⃚autocorrelationsठ⃚(pठ⃚=ठ⃚0.01ठ⃚andठ⃚

0.03,ठ⃚respectively).ठ⃚ठ⃚Gooseठ⃚509ठ⃚showedठ⃚noठ⃚changeठ⃚inठ⃚itsठ⃚·15Nठ⃚valuesठ⃚andठ⃚noठ⃚

autocorrelationठ⃚(pठ⃚>ठ⃚0.25).ठ⃚
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