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Thefirstcomprehensivephoto-identificationstudyofhumpbackwhalesthroughout


theNorthPacificoccurredin2004-2006duringtheSPLASHproject(Structureof


Populations,LevelsofAbundanceandStatusofHumpbacks).Totalabundancefor


theentireNorthPacificwasestimatedbyBarlowetal.(2011)tobe21,808


(CV=0.04).Wadeetal.(SC/66b/IA21)presentedestimatesofabundancefromthe


SPLASHdataforallsampledwinterandsummerareasintheNorthPacific,aswell


asestimatemigrationratesbetweentheseareas.





SubsequenttotheIWCSCmeeting,itwasdiscoveredthatthemultistratamodel


analyseswerenotnecessarilyconvergingtothecorrectanswer.Theprogram


MARK,usedfortheanalysesviaRMarkcode,hasanoptiontouseamorerobust


convergenceroutinecalled“simulatedannealing”.Therefore,theanalyseswere


repeatedusingthesimulatedannealingoption,whichtakesabout200-300times


longerthantheregularconvergenceroutine,withsomemodelstakingseveraldays


torun.ThebestmodelisthesameasinSC/66b/IA21,whereasinglesurvivalrate


isfixedforallareas,captureprobabilityvariesbystratumandyear,andthe


movementprobabilitiesarenon-markov,wheretheprobabilityofmovingtoa


stratumisdependentonwhetheranindividualwhalehadbeenseentherebefore.





ComparedtotheresultsinSC/66b/IA21,therevisedresultsforsummerareasledto


muchlowerestimatesofabundanceforKamchatka,SoutheastAlaska/Northern


BritishColumbia,andCalifornia,withtheestimatefortheAleutianIslandsand


BeringSeamuchhigher(Fig2-3,Table1).Thewinterareaestimateswerenot


changedasmuch(Fig2,Fig4,Table2).





Asnotedpreviously,thesummerareaabundanceestimatesaresensitivetothe


assumedannualsurvivalrate(Fig5).However,theyarenotsensitivetochanges


withintherange0.92to0.98,whichlikelycontainsthetruevalue.Whenthe


analysisisallowedtotrytoestimatethesurvivalrate,theestimateisanannualrate


of0.753,whichismuchtoolow.Thewinterareaestimatesarenotsensitivetothe


assumedsurvivalrate.





DifferentformulationsofthedatafromMexicowererun,asitisknownthatwhales


fromtheRevillagigedooffshoreislandshavedifferentmigrationprobabilitiesthan
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whalesfromMainlandMexico.Therefore,twomodelswith5winter-areaswere


tried,wheretheRevillagigedoIslandsformonestratum,andMainlandMexico


formsasecondstratum.Inone,thedatafromBajawerediscarded,andintheother,


thedatafromBajawereaddedtotheMainlandMexicostratum.Theresulting


migrationprobabilitiesshowtheverydifferentmigrationdestinationsforthesetwo


areas(Table4).








References


Wade,P.R.,QuinnII,T.J.,Barlow,J,Baker,C.S.,Burdin,A.M.,Calambokidis,J.,


Clapham,P.J.,Falcone,E.,Ford,J.K.B.,Gabriele,C.M.,Leduc,R.,Mattila,D.K.,Rojas-

Bracho,L.,Straley,J.,Taylor,B.L.,UrbánR.,J.,Weller,D.,Witteveen,B.H.,Yamaguchi,


M.2016.EstimatesofabundanceandmigratorydestinationforNorthPacific


humpbackwhalesinbothsummerfeedingareasandwintermatingandcalving


areas.PaperSC/66b/IA21submittedtotheScientificCommitteeofthe


InternationalWhalingCommission,June2016,Bled,Slovenia





 


AR012355



Wade:AbundanceandmigratorydestinationforNPhumpbacks SC/A17/NP10





3





Figure1.RegionalStratafortheanalysis,withsummerareasinblueandwinter


areasingreen.WithinAsia,subareasareconnectedwiththingreenlines,


representingOkinawa(“A”),Philippines(“B”),andOgasawara(“C”).Withinthe


AleutianIslandsandBeringSea,athinbluelineconnectstheGulfofAnadyrsubarea


totherestofthearea.Thepolygonsroughlyenclosewheresurveyeffortoccurred


foreacharea.
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Figure2.Abundancebyareaforsummer(blue)andwinter(green)areas,with95%


log-normalconfidencelimitsinparentheses.Alsoshownaretheestimated


migratorydestinationsforeachsummerarea(representingthebreedingpopulation


compositionfoundinthesummerarea),withthewidthofthearrowproportionalto


thepercentageofwhalesinthefeedingareathatmovetothatwinter/breedingarea.


ExactestimatesareinTable3.AreasareasinFigure1.
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Figure3.Comparisonofsummerabundanceestimates,includingtheMultistrata


estimates(N_MS),estimatesextrapolatedfromtheMultistratawinterabundance


proratedbymigrationrates(N_MS_prorated),estimatesextrapolatedfromtheChao


winterabundanceproratedbytheMultistratamigrationrates(N_Chao_prorated),


andthesummer-summerChapman-Petersonmodelestimates(N_CP).
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Figure4.Comparisonofwinterabundanceestimates,includingtheMultistrata


estimates(N_MS),estimatesextrapolatedfromtheMultistratasummerabundance


proratedbymigrationrates(N_MS_prorated),theChaoMthwinter-winter


estimates(N_Chao),andthewinter-winterChapman-Petersonmodelestimates


(N_CP).
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Figure5.Sensitivitytotheassumedsurvivalrate.Whenallowedtobeestimated,the


estimatewasanannualrateof0.753,whichistoolow.


A.Winterareaabundanceestimates.










B.Summerareaabundanceestimates.
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Table1.Estimatesofabundanceforsummerareas,withestimatesfromthe


Multistratamodel(Nmulti)andtheChapman-Petersonsummer-summermodel(NCP).


Ineachcase,CVistheCoefficientofVariation.Totalisthetotalabundancesummed


acrossallstrata.





Stratum Nmulti CV NCP CV


Kamchatka 94 0.288 103 0.230


AI/Ber 14,693 0.086 2,348 0.137


GOA 2,400 0.084 3,148 0.062


SEA/NBC 2,110 0.073 3,005 0.042


SBC/NWA 352 0.249 412 0.156


CA/OR 1,728 0.126 1,555 0.119


Total 15,805  10,572 














Table2.Abundanceestimatesforwinterareas,definedasn/p.Nmultiistheestimate


fromtheMultistratamodelusingbothwinterandsummerdata,NCPistheestimate


fromtheChapman-Petersonwinter-wintermodel,andNChaoistheestimatefromthe


Chaowinter-wintermodel.Ineachcase,CVistheCoefficientofVariation.Totalis


thetotalabundancesummedacrossallstrata.


Stratum Nmulti CV NCP CV NChao CV


Asia 1,066 0.079 1,143 0.068 1,907 0.165


Hawaii 11,571 0.042 8,097 0.055 9,920 0.090


Mexico 2,806 0.055 3,327 0.043 4,910 0.095


CentralAm 783 0.170 431 0.339 519 0.353


Total 16,225  12,999  17,256 
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Table3.Movementprobabilitiesforthemulti-stratamodel.


a.Probabilityofmovingfromeachwinterarea(onleft)toeachsummerarea(as


columns).


 Areamovingto    


Areamoving


from Kamchatka AI/Bering GOA SE/NBC SBC/WA OR/CA


Asia 0.054 0.946 0.000 0.000 0.000 0.000


Hawaii 0.000 0.711 0.120 0.152 0.016 0.000


Mexico 0.000 0.552 0.111 0.020 0.033 0.284


Central


America 0.000 0.000 0.000 0.000 0.074 0.926





b.Probabilityofmovingfromeachsummerarea(onleft)toeachwinterarea(as


columns).





 Areamovingto


Areamovingfrom Asia Hawaii Mexico CentralAmerica


Kamchatka 1.000 0.000 0.000 0.000


AI/Bering 0.021 0.868 0.110 0.000


GOA 0.004 0.872 0.120 0.000


SE/NBC 0.000 0.961 0.038 0.000


SBC/WA 0.000 0.635 0.279 0.087


OR/CA 0.000 0.000 0.327 0.672








Table4.Movementprobabilitiesfromthemulti-stratamodelforthreedifferent


treatmentsofthedatafromMexico.Inthefirst,thedatafromMexicowerepooled


asasinglestratum.Inthesecond,thedataweresplitinto2strata(Revillagigedo


andMainlandMexico)sothattherewere5winterareas,ratherthan4,withthedata


fromBajadiscarded.Thethirdvariantwasasthesecond,butwiththedatafrom


BajapooledwithdatafromMainlandMexico.


 Areamovingto    


Areamovingfrom Kamchatka AI/Bering GOA SE/NBC SBC/WA OR/CA


Mexico(pooled) 0.000 0.552 0.111 0.020 0.033 0.284


      


Mex-Revillagigedo 0.000 0.803 0.163 0.023 0.011 0.000


Mex-Mainland 0.000 0.135 0.034 0.012 0.043 0.775


      


Mex-Revillagigedo 0.000 0.784 0.182 0.022 0.012 0.000


Mex-Mainland+Baja0.000 0.412 0.062 0.017 0.043 0.466
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