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INTRODUCTIONANDSUMMARYOFCONCLUSIONS


InthePacificNorthwest,therearecurrently17distinctpopulationsegments(DPS)orevolutionarily


significantunits(ESUs)1ofPacificsalmonandsteelheadlistedasthreatenedorendangeredunder


theEndangeredSpeciesAct(ESA)(Table1).TheESArequiresthattheNationalMarineFisheries


Service(NMFS)reviewthestatusoflistedspeciesunderitsauthorityatleasteveryfiveyearsand


determinewhetheranyspeciesshouldberemovedfromthelistorhaveitslistingstatuschanged.


ThemostrecentsuchreviewforESAlistedsalmoninthePacificNorthwestoccurredin2011,anddid


notresultinanychangesinESAlistingstatus(Fordetal.2011)2.NMFSisagainconductingsucha


reviewin2015/163.


TheNMFSWestCoastRegionisresponsibleforthe5-yearreviewprocessanddecision-making


regardingproposedchangesinlistingstatus.Thisreportprovidesupdatedinformationandanalyses


onthebiologicalstatusofthelistedspecies,focusingon1)informationonESUboundaries,and2)


trendsandstatusinabundance,productivity,spatialstructureanddiversity.Wherepossible,this


reviewalsosummarizescurrentinformationwithrespecttorecoverygoalsidentifiedinrecovery


plansorTechnicalRecoveryTeamviabilitydocuments.


Intwoofthethreeformalstatusreviewsthatsupportedthecurrentlistings(Goodetal.2005;Hard


etal.2007)theBiologicalReviewTeam(BRT)categorizedeachESUaseither“indangerof


extinction”,“likelytobecomeendangered”or“notlikelytobecomeendangered”,basedontheESU’s


abundance,productivity,spatialstructureanddiversity.Inthethirdstatusreview(OregonCoast


cohosalmon;(Stoutetal.2012),thethreecategorieswereinsteadreferredtoas“high”,“moderate”


and“low”risk,andincludednarrativeandprobabilityofextinctiondefinitionsforthe“high”and


“moderate”riskcategories(seep.114ofStoutetal.2012).Inthisreport,foreachlistedESU,we


summarizewhetherthereisnewbiologicalinformationtoindicatethatanESUislikelytohave


movedfromoneofthethreebiologicalriskcategoriestoanother.Inaddition,wealsonotewhether


eachESUappearstobestable,improving,ordeclininginriskstatus,whetherornotsuchchanges


warrantachangeincategory(Table1).Theinformationinthereportwillbeincorporatedintothe


Region’sreview,andtheRegionwillmakefinaldeterminationsaboutanyproposedchangesin


listingstatus,takingintoaccountnotonlybiologicalinformationbutalsoongoingorplanned


protectiveeffortsandrecoveryactions.





 




1ForPacificsalmon,NMFSusesits1991ESUpolicy,thatstatesthatapopulationorgroupof

populationswillbeconsideredaDistinctPopulationSegmentifitisanEvolutionarilySignificant

Unit.ThespeciesO.mykissisunderthejointjurisdictionoftheNMFSandtheFishandWildlife

Service,soinmakingitslistingdeterminationsNMFSusedthe1996JointFWS-NMFSDPSpolicyfor

thisspecies.ThroughoutthisdocumentESUandDPSareusedinterchangeably.

2http://www.westcoast.fisheries.noaa.gov/publications/frn/2011/76fr50448.pdf

3http://www.westcoast.fisheries.noaa.gov/publications/frn/2015/80fr6695.pdf
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Table 1 – Summary of current ESA listing status, recent trends and summary of conclusions

Species ESU/DPS 2010risk


category1


ESAlisting


status


Recentrisk 

trend2 

Changein


risk


category1?


Chinook Upper 
Columbia 
spring


Indangerof 
extinction


Endangered Stable No


 SnakeRiver 
spring/summer 

Likelytobecome 
endangered


Threatened Stable No


 SnakeRiverfall Likelytobecome 
endangered


Threatened Improving No


 Upper 
Willamette 
spring


Likelytobecome 
endangered


Threatened Declining No


 Lower 
Columbia 

Likelytobecome 
endangered


Threatened Stable/Improving No


 PugetSound Likelytobecome 
endangered


Threatened Stable/Declining No


Coho Lower 
Columbia 

Indangerof 
extinction


Threatened Stable/Improving No


 OregonCoast Moderaterisk Threatened Improving Possibly


Sockeye SnakeRiver Indangerof 
extinction


Endangered Improving No


 LakeOzette Likelytobecome 
endangered


Threatened Stable No


Chum HoodCanal 
summer 

Likelytobecome 
endangered


Threatened Improving No


 ColumbiaRiver Likelytobecome 
endangered


Threatened Stable No


Steelhead Upper 
Columbia 

Indangerof 
extinction


Threatened Improving No


 SnakeRiver Likelytobecome 
endangered


Threatened Stable/Improving No


 Middle 
Columbia 

Likelytobecome 
endangered


Threatened Stable/Improving No


 Upper 
Willamette 

Likelytobecome 
endangered


Threatened Declining No


 Lower 
Columbia 

Likelytobecome 
endangered


Threatened Stable No


 PugetSound Likelytobecome 
endangered


Threatened Stable No


1RiskcategoryreflectstheassessmentofESU/DPSviabilitysummarizedinthepriorstatusreview(Fordetal.


2011).TheseriskcategoriesdonotincludeanevaluationoftheESASec.4(a)(1)listingfactors,andthusdonot


representaconclusionregardingESAlistingstatus.


2RecentrisktrendsummarizestheoveralltrendsinriskstatusforeachESU/DPSsincethepriorstatusreview,


inthejudgementofthechapterauthorconsideringallfourVSPcriteria(abundance,productivity,spatial


structureanddiversity).
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METHODS


ThisreportincludesbothasetofcommonanalysesconductedforeachESUaswellasinsomecases


ESU-specificanalysesdevelopedbytheindividualtechnicalrecoveryteams(TRTs).Here,we


describeonlythecommonsetofanalyses;seetheindividualsectionsforadescriptionofthe


analysesthatpertaintospecificESUs.


Spawningabundanceandtrends–AllofthePacificNorthwestTRTsspentconsiderabletimeand


effortdevelopingspawningabundancedataforthepopulationstheyidentifiedwithinESUs.In


almostallcasestheseestimatesarederivedfromstate,tribalorfederalmonitoringprograms.The


rawinformationuponwhichthespawningabundanceestimatesweredevelopedconsistsof


numeroustypesofdataincludingreddcounts,damcounts,carcasssurveys,informationonpre-

spawningmortality,anddistributionwithinpopulations,whichtheTRTsusedtodevelopestimates


ofnaturaloriginspawningabundance.Itisimportanttorecognizethatspawningabundance


estimatesandrelatedinformationsuchasthefractionofspawnersthatarenaturaloriginarenotin


mostcases‘facts’thatareknownwithcertainty.Rather,theytypicallyareestimatesbasedona


varietyofsourcesofinformation,someknownwithgreaterprecisionoraccuracythanothers.


Ideally,theseestimateswouldbecharacterizedbyagoodunderstandingofthedegreeofvariation


duetomeasurementerror.However,forthemostpartsuchastatisticalcharacterizationiseither


notpossibleorhasnotbeenattempted.Thespawningtimeseriessummarizedhereandreferences


tothemethodsandsourcesfortheirdevelopmentareavailablefromtheNorthwestFisheriesScience


Center’sSalmonPopulationSummarydatabase4andarealsodiscussedintheESU-specificchapters.


COMMONMETRICS


Multivariatedynamiclinearmodeling(DLM)wasusedtoestimatepopulation-specificmeantrends


ineachESUfromthelogoftotalspawnercounts.Theresultisanestimateofthemeanorsmoothed


totalspawnercounts,fromwhichsummarystatisticsregardingtrendswerecomputed.Wefocus


exclusivelyonfishspawninginnature,butoftenthesenaturallyspawningpopulationsincludesome


numbersofhatchery-originfish,eitheraspartofadeliberatesupplementationeffortordueto


strayingfromhatcherypopulations.Fortherestofthisreport,a“natural-origin”or“wild”fishrefers


toafishwhoseparentsspawnednaturally,anda“hatchery-origin”fishreferstoafishwhoseparents


werespawnedinahatchery,regardlessofpriorgenerationorigin.


Inordertoestimatethetrendofnatural-originspawnersinpopulationsthatalsoincludehatchery-

originspawners,aunivariateDLMwasappliedtothelogitofthefractionnatural-originestimateto


produceasmoothedproportionnatural-origintimeseries.Thiswasusedtoproduceanestimateof


themeannatural-originspawnersforyearswhenfractionnatural-originestimateswereunavailable.


Themeanorsmoothedtotalspawnercountissimilar(inconcept)toa3-or5-yeargeometricmean;


thegoalisthesame—toproduceanestimatethatsmoothsoversingleyearvariation.Suchvariation


arisesfromobservationerrorinthespawningcountsandalsofrompeaksandtroughsinspawners



4https://www.webapps.nwfsc.noaa.gov/apex/f?p=238:home:0.
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numbersduetothelife-historyofsalmonidsorenvironmentalvariation.ThemultivariateDLM


approachhasanumberofadvantages.Mostimportantlyitisastatisticalmodelforwhichmaximum-

likelihooddiagnostics,modelselectioncriteria,andconfidenceintervalsareavailable.Itisatime-

seriesmodel,whichaddressestemporalautocorrelationinthedata.Itdealswithmissingdataand


providesanestimateforthemissingyearwithappropriatelywiderconfidenceintervals.Andlastly,


itallowsustouseinformationacrossallpopulationswithinanESUtoestimatethelevelofyear-to-

yearvariationinthemeanspawnercount—theprocessvariance—andallowsustoestimatethe


year-to-yearcovariance,whichisoftenhigh,acrosspopulationswithinanESU.Thelatterimproves


estimationofmissingvaluesbecausepopulationswithdatainoneyearhelpinformthevaluesfor


populationswithmissingdatathatyear.





DYNAMICLINEARMODELINGFORTIME-VARYINGTRENDESTIMATION


Dynamiclinearmodels(DLMs)aresimilartolinearregressionmodelswithayearlytrend.Likea


classictrendanalysisusinglinearregression,thegoalistoestimatethemeanspawnercountatx,


wherexisyear(time).Linearregressionmodels,however,useatime-constantyearlytrend(which


appearsastheregressionlineversustime)whileDLMsallowthetrendtobetime-varying.


Inmathematicaltermsthismeansthattheclassiclinearregressionoflogspawners(y)againstyear


treatsthetrend(β)oryearlygrowthinthemeanspawnercountasaconstantandfitsthefollowing


model:





whereytaretheobservations,
!
isthemeanofytandvtarenormal-distributederrors.Themean


spawnercountinyeartisthemeanspawnercountinyeart−1plustheconstanttrendvalueβ.


Normally,wewritethismodelinclassiclinearregressionformas





withthemeanofytequaltoα+βt.ADLM,incontrast,allowsustofitamodelwithatime-varyingβ.


Specifically,thefollowingmodel





Thetime-varyingβismodeledasu+wt,wherewtisanormallydistributedrandomvariable.


Figure1showsexamplespawnerdatawhereatime-varyingsinusoidalβ(yearlygrowthrate)was


usedtogeneratecounts(thecircles)usingtheDLMmodelabove.Theblacklineinthetoppanelof


Figure1showsthetruemeany.Theredlineshowstheestimatefromalinearregressionofyagainst


AR054737









10







yearwithanon-time-varyingβ.ThebluelineshowstheestimatefromaDLMwheretheβisallowed


tovaryintime.Thebottompanelshowstheestimateofβcomparedtothetruesinusoidalβthat


generatedthedata.ThisillustratesthepowerofDLMwhentheobjectiveistoestimateatime-

varyingtrend.





MULTIVARIATEDLMSFORANALYSISOFMULTIPLETIMESERIESFROMONE


ESU


AmultivariateDLMallowsonetoestimatetime-varyingtrendsusingamultipleobservedtimeseries,


inourcasepopulationswithinESU,whereparametersharingisallowedacrossthetimeseries.


Specifically,onecanconstrainthevariancestobethesameacrosstimeseriesandtoallow


covarianceacrosstimeseries.Thelatterallowsinformationfromtimeserieswithdatainyeartto


helpinformtheestimateofmeanyfortimeseriesthathavenodatainyeart.


Mathematically,themodelbeingfitis





Theujarethelong-termmeanofβj,t.Thetrendatyeartisβj,t=uj+wj,t.Thewtandvtareerror


termsdrawnfromamultivariatenormaldistributionwithvariance-covariancematrixQandR


respectively.ThestructureofQandRallowsonetospecifydifferenttypesofparameterconstraints


(forexampleequalvariancesacrosspopulations).





MODELSELECTION


ModelselectionwasusedtoselectthestructureofQandR.Thefollowingstructureswereexplored


forQ:diagonalwithunequalvariances(nocovarianceacrosspopulationsintermsofgoodandbad


yearsandpopulationsallowedtohavedifferentyear-to-yearvariability),diagonalwithequal


variances(nocovarianceacrosspopulationsandpopulationsconstrainedtohavethesameyear-to-

yearvariability),onevarianceandonecovarianceacrossallpopulations,equalvariancesand


covariancesacrosssimilarruntimingsinapopulation,andunconstrained(uniquevariancesand


covariancesacrossallpopulations).ForRthefollowingstructureswereexplored:diagonalwith


unequalvariances(nocovariance)anddiagonalwithequalvariances.TheRrepresentstheresidual


non-time-dependenterrorandwasassumednottocovaryacrosspopulations(QandRcannotboth


havecovariancetermsintheDLMduetoidentifiabilityconstraints).AcrossthemajorityofESUs,


modelselectiongavethemostdatasupport(quantifiedwithAICc)toaQwithonevarianceandone
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covarianceacrossallpopulationsinanESUandanR,theresidualvariance-covariancematrix,with


onevarianceacrosspopulations.BecauseQhascovarianceterms,estimatesofmeanspawner


numberscanbeprovidedforpopulationswithmissingdatabecausethedatafromotherpopulations


helpsinformtheestimates(Figure2showsanexample).





Figure1--Thisfigurecomparesatrendanalysisusinganon-time-varyingtrend(redline)vialinearregression


versusatrendanalysisusingatime-varyingtrend(blueline).Theblacklineisthetruelinewearetryingtoestimate


(withtheredorblueline)andthedotsinthetoppanelaretheobservationsoftheblackline.
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CODETOFITAMULTIVARIATEDLM


TheMARSSRpackagewasusedtofitmultivariateDLMstothelog-spawnercounts(orindicesin


somecases).ThepackagehandlesmissingdataenteredasNAsformissingyears.Thefollowing


examplecodefits2time-seriesviaamultivariateDLMusingtheMARSSRpackage:


library(MARSS)


logspawners=log(matrix(c(


1106,1503,853,566,251,424,783,639,566,413,1035,890,


7348,6880,2699,1096,NA,NA,NA,1318,1127,472,637,869


),2,12,byrow=TRUE))


model=list(


Q="equalvarcov",


R="diagonalandequal",


U="unequal")


fit=MARSS(logspawners,model=model)





NATURAL-ORIGINSPAWNERESTIMATES


Forsomepopulations,therewereestimatesofthefractionoftotalnaturalspawnersthatwereof


natural-origin.However,formanypopulations,thesedatawerenoisyandhadmanymissingyears.


Inaddition,thenumberofyearswithfractionnatural-origininformationwasoftenshorterthanthe


yearswithtotalspawnercounts.Toestimateameannatural-originspawnerestimate,similartothe


meantotalspawnerestimate,themeantotalspawnerestimatewasmultipliedbyasmoothed


estimateofthefractionnatural-origin.Thesmoothedestimatewasproducedbyfittingaunivariate


DLMtothelogitzt=log(f/(1−f))ofthefractionnatural-originestimateswithatime-varyingβ.


Specifically,thefollowingmodelwasfit:





Themeannatural-originspawnerestimateattimetwastheny¯texp(z¯t)/(exp(z¯t)+1).Eachtime


seriesoffractionnatural-originfromeachpopulationwasfitindependently(nocovarianceassumed


acrosspopulations).
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Figure2--Theestimatedmeanlog(spawners)usingamultivariateDLM.Noticethattheinformationfromtheyears


whendataareavailablefortime-series1areusedtoinformtheestimatefortime-series2forthemissingyears


(markedwithacircle).


SUMMARYSTATISTICS


Thefollowingsummarystatisticswerereportedforthemeantotalspawnerestimates,themean


naturaloriginspawnerestimates,andtherawtotalandnaturaloriginspawnerestimates.Theseare


similartostatisticsreportedinpriorstatusreviews.


15-yeartrends.Alinearregressionwasfitto15yearsofthemeannaturaloriginspawnerestimate


andtheslope(trend)reported.


5-yeargeometricmeans.5-yeargeometricmeanswerecomputedfromtherawtotalandnatural


originspawnerestimates,whichmayhavemissingvalues.Whenthereweremissingvalues,the


geometricmeanwascomputedonlyfromthenon-missingvalues.Forexample,if3valueswere


available,(y1y2y3)(1/3)wasreported.


Averagefractionnaturalorigin.Thesewerecomputedfromtherawestimatesoffractionnatural-

origin.


Productivitymetric.BecauseageofreturndatawerenotconsistentlyavailableacrossallESUsand


populations,agenericproductivitymetricwascomputedasthemeannatural-originspawner
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estimateatyeartdividedbythemeantotalspawnerestimateatyeart−3forcohosalmonandt−4


forallotherspecies.


Harvest.WecompileddataontrendsintheadultequivalentexploitationrateforeachESU.Itis


importanttonotethatmagnitudeandtrendofanexploitationratecannotbeinterpreteduncritically


asatrendinlevelofriskfromharvest.Analysesrelatingexploitationratetoextinctionriskor


recoveryprobabilityhavebeenconductedinaquantitativewayforseveralESUs(e.g.,NMFS2001;


Fordetal.2007;NWFSC2010)andqualitativelyforothers(NMFS2004).Seespecificsectionsfor


details.








ESUBOUNDARIES


TheESAallowslistingofspecies,subspeciesanddistinctpopulationsegments(DPS)ofvertebrates.


TheESAasamendedin1978,however,providesnospecificguidancefordeterminingwhat


constitutesaDPS.Waples(1991)developedtheconceptofanEvolutionarilySignificantUnit(ESU)


foridentifyingDPSforPacificsalmon.ThisconceptwasadoptedbyNMFSinapplyingtheESAto


anadromoussalmonidspecies(NMFS1991).TheNMFSpolicystipulatesthatasalmonpopulationor


groupofpopulationsisconsideredaDPSifitrepresentsanESUofthebiologicalspecies.AnESUis


definedasapopulationorgroupofpopulationsthat1)issubstantiallyreproductivelyisolatedfrom


conspecificpopulations,and2)representsanimportantcomponentintheevolutionarylegacyofthe


species.


In2006NMFSchangeditspracticeofapplyingtheESUpolicytosteelheadpopulations,andinstead


appliedthejointUSFWS-NMFSDPSdefinitionindeterminingspeciesofsteelheadforlisting


consideration(71FR834,5January2006).Thischangewasinitiatedbecausesteelheadarejointly


administeredwithUSFWS,andUSFWSdoesnotusetheESUpolicyinitslistingdecisions(71FR834,


5January2006).UnderthejointUSFWSandNMFSDPSpolicy,agroupoforganismsisaDPSifitis


both“discrete”and“significant”fromothersuchpopulations.Evidenceofdiscretenesscaninclude


being‘‘markedlyseparatedfromotherpopulationsofthesametaxonasaconsequenceofphysical,


physiological,ecological,andbehavioralfactors,”andevidenceofsignificanceincludespersistencein


anunusualoruniqueecologicalsetting,evidencethatagroup’sextinctionwouldresultina


significantgapintherangeofthetaxon,ormarkedlydifferentgeneticcharacteristicsfromother


populations(seeDPSPolicy;61FR4722fordetails).NMFShasconcludedthatundertheDPSpolicy,


residentandanadromousformsofsteelheadarediscrete(andhencearedifferentDPS),whereas


biologicalreviewteamshavegenerallyconcludedthatresidentandanadromoussteelheadwithina


commonstreamarepartofthesameESUifthereisnophysicalbarriertointerbreeding(seeGoodet


al.2005foranextensivediscussionofthisissue).


Informationthatcanbeusefulindeterminingthedegreeofreproductiveisolationincludesincidence


ofstraying,ratesofrecolonization,degreeofgeneticdifferentiation,andtheexistenceofbarriersto


migration.Insightintoevolutionarysignificanceordiscretenesscanbeprovidedbydataongenetic


andlifehistorycharacteristics,habitatdifferences,andtheeffectsofstockstransfersor


supplementationeffortsonhistoricalpatternsofdiversity.
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LifehistorycharacteristicsthathavebeenusefulinestablishingESUorDPSboundariesinclude


juvenileemigrationandadultreturntiming,agestructure,oceanmigrationpatterns,andbodysize


andmorphology,andreproductivetraits(i.e.,eggsize).Populationgeneticstructurecanbevery


informativeforestimatingthedegreeofreproductiveisolationamongpopulations.Similarly,


mark/recapturestudiesprovideinformationonthelevelofinter-populationmigration,although


strayingdoesnotnecessarilyalwaysresultinsuccessfulgeneticintrogressionifstrayfishdonot


breedorbreedaseffectivelyasfishfromthelocalpopulation.


HabitatandecologicalinformationhasbeenextensivelyusedtoestablishESUandDPSboundaries,


especiallywherethereislittlepopulationspecificinformationavailable.Giventhehighlevelof


homingfidelityexhibitedbysalmonidsandtheassociateddegreeoflocaladaptationinlifehistory


traits,habitatcharacteristicsbecomeausefulproxyforpotentialdifferencesinlifehistorytraits.


Similarly,biogeographicboundariesandthedistributionandESUstructureofsimilarspecieshave


beenusedwhereinformationonthespeciesinquestionislacking.


IninitiallydefiningthestructureofESUsandDPSs,theBRTsanalyzedavarietyofdifferentdata


typesofvaryingquality.Atthetime,theBRTsrecognizedthatESUboundarieswouldnotnecessarily


bediscrete,butratherinsomecasesatransitionalzonecoveringoneormorebasinsmightexistat


theinterfacebetweenESUs.Insomecases,especiallywheretherewasnotanobviousgeographic


featuretorelyonandintheabsenceofbiologicalorgeneticdata,therewassomedegreeof


uncertaintyintheidentificationofESUboundaries.Population-specificinformationwasfrequently


limitedandinsomecasesnaturalpopulationsintheapparenttransitionalzonehadbeenextirpated


ormodifiedbythetransferoffishbetweenbasins.Ultimately,theBRTshaveusedthebestavailable


informationtoassigntransitionalpopulationsintoESUswiththeunderstandingthatifadditional


informationbecameavailablethedecisionsregardingtheboundariescouldberevisited.


ThemajorityoftheESUsandDPSsforPacificsalmonandsteelheadwereinitiallydefinedinthelate


1990saspartofthecoast-widestatusreviewprocessundertakenbytheNMFS.Intheintervening


15years,themostmarkedchangeinpopulationmonitoringhasarguablybeenintheanalysisof


additionalgeneticvariation.ThemajorityofthegeneticsinformationavailabletotheoriginalBRTs


inthe1990swasdevelopedusingstarch-gelelectrophoresisofallozymes.TheutilizationofDNA


microsatelliteandsingle-nucleotidepolymorphisms(SNPs)technologyinfisheriesduringthelast20


yearshasprovidedawealthofadditionalgeneticinformation.Overall,thesetechniqueshave


providedafinerlevelofdiscriminationthanwaspossiblewithallozymes.Furthermore,sincethe


initiallistingstherehavebeenextensivemonitoringeffortsthroughouttheWestCoast,manyof


whichincludegeneticanalysis.Thusthequalityandquantityofgeneticinformationavailableto


addresstheissueofESUandDPSdelineationhasimprovedconsiderablysincethetimeofthe


originalESAlistings.


Foranumberofpopulations,monitoringeffortsoverthelast20yearshavealsoexpandedthe


existingdatabasesonabundance,spawntiming,andmigratorypatterns,andthisinformationhas


alsobeeninformativeforunderstandingpopulationstructure.Additionally,themassmarkingof


hatchery-originjuvenileshasimprovedthequalityofthedatacollected,especiallyregardingthelife


historydataofnaturally-producedfish.


Fordetal.(2011)summarizedinformationpotentiallyjustifyingreconsiderationofboundariesfor


PugetSoundandWashingtonCoastESUsofcohosalmon,LowerColumbiaRiverChinookSalmonand
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MiddleColumbiaRiverChinookSalmonSpringRunESUs,andLowerColumbiaRiverandMiddle


ColumbiaRiversteelheadDPSs.


ThisreviewconsidersnewinformationregardingtheboundarybetweentheLowerColumbiaRiver


steelheadDPSandtheUpperWillametteRiverSteelheadDPS.Specifically,wereviewnew


informationthatmayhelpclarifytheplacementofthenativewinterrunsteelheadintheClackamas


River,atributarytothelowerWillametteRiver(Figure3).Thisnewinformationincludesagenetic


analysesbasedonDNAdata(microsatellitesandsingle-nucleotidepolymorphisms;SNPs)whereas


theoriginalstatusreviews(Busbyetal.1996;Myersetal.2006)examinedprotein-basedallozyme


data.Moreimportantly,therecentDNAstudiesalsoincludesamplesrepresentingmoresteelhead


populations,includingtheClackamasRiverwinterrun,whichwasnotwellrepresentedintheearlier


allozymedatasets.Currently,thenativesteelheadintheWillametteRiverbelowWillametteFallsare


includedinthelowerColumbiaRiverDPS(Busbyetal.1996).Theseincludewinterrunsteelheadin


theClackamasRiverbasin(whoseconfluenceisjustbelowthefalls),thatareconsidereda


demographicallyindependentpopulation(DIP)withintheLowerColumbiaRiverDPS(Myersetal.


2006).


Anumberofotherboundaryissueshavebeenraised,primarilyregardingtheextensionofDPS/ESU


boundariesbeyondtheestimatedhistoricalrange.Theseinclude:colonizationbyLowerColumbia


RivercohosalmonESUfishintotheUpperWillametteBasinandupstreamoftheDallesDam,or


colonizationbylate-wintersteelheadupstreamoftheCalapooiaRiverintheUpperWillametteRiver.


Inthesecasesthereislittledoubtregardingtheoriginofthefish;however,theclassificationofthese


fishandtheirspawninghabitatisregardedasapolicyquestionratherthanabiologicaloneandis


notconsideredhere.
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Figure3–MapoftheLowerWillametteRiver


  

INFORMATIONRELATEDTOTHEORIGINALDELINEATIONOFTHELOWER


COLUMBIARIVERANDTHEUPPERWILLAMETTERIVERSTEELHEADDPS


Thefirstcoast-widesteelheadBRT(Busbyetal.1996)reviewedbiologicalandgeographic


informationonsteelheadpopulationstoidentifyDPSs(thenESUs)inWashington,Idaho,Oregonand


California.Busbyetal.(1996)reviewedpreviousgeneticstudies(primarilybasedonallozymes)and


alsocompiledandanalyzedadatasetconsistingof42allozymelociin108steelheadpopulation


samplesrangingfromCaliforniatonorthernWashington.TheBusbyetal.(1996)analysisconfirmed


earlierfindings(Allendorf1975;Utter&Allendorf1977;Okazaki1984;Schrecketal.1986;


Reisenbichleretal.1992)thattheregion’ssteelheadpopulationsconsistofdistinctcoastaland


inlandgeneticlineages.IntheColumbiaRiver,theinlandandcoastalgeneticlineagesareseparated


neartheCascadeCrest.Busbyetal.(1996)identifiedtheMiddleColumbiaRiver,UpperColumbia


River,andSnakeRiverDPSswithintheinlandlineageandtheLowerColumbiaRiverandUpper


WillametteRiverDPSswithinthecoastalgeneticlineage.Bothwinterandsummerrunsteelhead


populationsarenativetotheLowerColumbiaRiverandincludedinthatDPS,whereasintheUpper
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WillametteRiveronlylatewinterrunsteelheadwereconsiderednativeandincludedintheUpper


WillametteRiverDPS.


TwoofthesteelheadallozymestudiesreviewedbyBusbyetal.(1996)includedpopulationdatafrom


theLowerColumbiaandWillametteRivers.BothSchrecketal.(1986)andReisenbichleretal.


(1992)usedclusteranalysestodepictpopulationgroupingsandfoundthatsteelheadintheUpper


WillametteRiver,aboveWillametteFallsformedageneticgroupdistinctfromLowerColumbiaRiver


populations.ThestudybySchrecketal.(1986)includedsamplesofwinterrunsteelheadfromEagle


CreekNationalFishHatchery,whichislocatedonEagleCreek,atributarytotheClackamasRiver.


EagleCreekNFHhaspropagatedBigCreekstockfromtheLowerColumbiaRiverandClackamas


Riverstock,howeverthestockoriginsofthemajorityofsteelheadhatcheryreleasesinEagleCreek


priorto1989areunknown(Myersetal.2006).Schrecketal.(1986)analyzeddatafromtwoEagle


CreekNFHstocks,identifiedintheirreportasBigCreekandNative.Intheirallozymeanalysis,both


theBigCreekandNativesamplesfromEagleCreekNFHweregeneticallymostsimilartotheLower


ColumbiaRiverpopulations,formingaseparatesub-groupdifferentfromUpperWillametteRiver


late-winterrunsamples.


SubsequenttotheBusbyetal.(1996)review,geneticrelationshipsamongsteelheadpopulationsin


theWillametteRiverandlowerColumbiaRiverbasinswereexaminedaspartofastudyofhistorical


populationstructureoftheregion’ssalmonandsteelhead(Myersetal.2006).Myersetal.(2006)


analyzedaWashingtonDepartmentofFishandWildlife(WDFW)allozymedatasetfocusingonthe


LowerColumbiaRiverandcomputedgeneticdistancesbetweeneachpairofpopulations.Withinthe


LowerColumbiaRiverDPS,thedistancevaluesandadendrogrambasedonthemrevealedlittle


geneticdifferentiationthatalignedwithgeographicrelationships.Thedatasetincludedasingle


sampleofClackamasRiverwinterrunsteelhead,whichclusteredseparatelyfromotherlowerriver


populations.Myersetal.(1996)alsoanalyzedaNWFSCallozymedataset,whichincluded


populationdatafromboththeUpperWillametteRiverandLowerColumbiaRiverDPSs.TheNWFSC


datadidnotincludesamplesfromWillametteRiversteelheadbelowWillametteFalls.Ina


dendrogrambasedontheNWFSCallozymedataallofthenativewinterrunpopulationsfromthe


UpperWillametteRiverclusteredseparatelyfromLowerColumbiaRiversummerandwinterrun


steelhead,afindingconsistentwithpreviousstudiesindicatinggeneticdifferentiationbetweenthe


twoDPSs.


Inadditiontogeneticdifferences,thepreviousreviewsexamineddifferencesinrunandspawn


timingbetweenwinterrunsteelheadintheLowerColumbiaRiverandUpperWillametteRiver.


AlthoughadulttimingpatternsdifferamonglowerColumbiaRiverpopulations,winterrunsare


considered“early”,primarilyenteringfreshwaterbeginninginOctoberwithpeakspawning


occurringinwinter(Howelletal.1985).NativewinterrunpopulationsintheupperWillamette


Riverareconsidered“latewinter”andenterfreshwaterbeginninginFebruarywithpeakspawning


occurringinthespring.SteelheadintheClackamasRiverarelatewinterruntypewithpeak


spawninginMayandJune(OregonDepartmentofFishandWildlife(ODFW)1990;Murtaghetal.


1992).Stone(1878)alsonotedthatsteelheadintheClackamasRiver,especiallythoseintheupper


basin,peakinMaybutmayspawnintothelatespringandearlysummer.


IntheoriginalBRTstatusreview(Busbyetal.1996),theboundarybetweentheLowerColumbia


RiverDPSandUpperWillametteRiverDPSwasidentifiedasWillametteFallsontheWillamette
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River(rkm43).ThelocationoftheDPSboundarywasbasedontwofactors.First,theallozymedata


ofSchrecketal.(1986)showedageneticaffinityofsteelheadintheWillametteRiverbelowthefalls


withpopulationsintheLowerColumbiaRiver.Second,underhistoricflowconditionsWillamette


Fallswasonlypassableduringhighriverflowsinwinterandspringandthereforemayhavebeenan


isolatingmechanismforUpperWillametteRiversteelhead.Theseasonalflowpatternspermittedthe


basin’swinterrunsteelheadtoascendthefallsandaccessupriverspawningareasbeginninginlate


MarchorApril(Dimick&Merryfield1945).However,thefallsprovidedamigrationbarriertoadults


returninginotherseasons,includingsummersteelhead.WillametteFallswasalsoahistoricbarrier


toadultcohoandfallChinooksalmonandwasidentifiedasanESUboundaryforspringChinook


salmon(Myersetal.1998).


NEWGENETICINFORMATIONONLOWERCOLUMBIARIVERANDUPPER


WILLAMETTERIVERSTEELHEAD


RecentsteelheadDNAstudieshaveprovidednewinformationonpopulationgeneticstructureinthe


ColumbiaRiverBasin.Blankenshipetal.(2011)surveyedgeneticvariationat13microsatelliteDNA


lociin226samplecollectionsfromthroughouttheColumbiaandSnakerivers.Intheiranalyses,


inlandandcoastalgeneticlineagesweredistinctandwithinthecoastallineagepopulation


aggregatesweregenerallyconcordantwithDPSconfigurations.Nativelatewinterrunpopulations


intheUpperWillametteRiverclusteredseparatelyfromLowerColumbiaRiverwinterandsummer


runpopulations.Samplesofintroduced(fromtheLowerColumbiaRiver)summerandearlywinter


steelheadintheUpperWillametteRiverwereassignedaspartoftheLowerColumbiaRivergenetic


aggregate.Blankenshipetal.(2011)includedsamplesfromEagleCreekNFHandalsofromEagle


Creeknaturaloriginsteelhead.Inaddition,theyanalyzedgeneticsamplesfromwinterrunsteelhead


collectedattheClackamasRiverNorthForkDamandalsoaClackamasRiversampleofunknownrun


timeandorigin(hatcheryorwild).SimilartotheearlierallozymestudyofSchrecketal.(1986),the


EagleCreekNFHsampleclusteredwithLowerColumbiaRiverpopulationsinthemicrosatelliteDNA


analysis.However,thenatural-originEagleCreeksamplesandbothClackamasRiversampleswere


moresimilartotheUpperWillametteRiverlatewinterrungeneticaggregate.


Matalaetal.(2014)conductedthefirstgeographicallybroadexaminationofsteelheadgenetic


populationstructureintheColumbiaandSnakeriversusingSNPs.Theyusedasetof158putatively


neutralSNPs(i.e.,SNPsnotundernaturalselection)toanalyzegeneticrelationshipsamong


populationsinthecoastalsteelheadlineage.Theirstudyincludedninepopulationsamplesinthe


LowerColumbiaRiver,fourintheClackamasRiver,andsixfromtheUpperWillametteRiver.The


ClackamasRiversamplesincludedbothwinterrunandintroducedSkamaniasummerrunstock.The


UpperWillametteRiversampleswerefromnativewinterrunpopulationsineastsidetributariesand


winterrunsteelheadfrompresumptiveintroducedpopulationsinwestsidetributaries.Matalaetal.


(2014)foundthatpopulationrelationshipsdepictedusingthe158SNPsalignedwithDPS


designationswithnativewinterrunsteelhead,witheastsideUpperWillametteRivertributaries


formingagroupdistinctfromLowerColumbiaRiverpopulations.Intheiranalysis,populationsin


UpperWillametteRiverwestsidetributariesclusteredwithLowerColumbiaRiversamples,


providingfurthersupportforthehypothesisthatthesepopulationsoriginatedfromintroductionof


LowerColumbiaRiverfish.SimilartothemicrosatelliteresultsofBlankenshipetal.(2011),Matala


etal.(2014)foundthattheClackamasRiverandnaturallyspawningEagleCreekwinterrunsamples
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clusteredwithUpperWillametteRivernativewinterrunsteelheadandnotwiththeLowerColumbia


Riversamples.


Recently,VanDoorniketal.(2015)studiedsteelheadpopulationgeneticstructureintheWillamette


River.Thestudyemployed15microsatelliteDNAlociandincludedseveralnewsamplesofboththe


river’snativeandintroducedpopulations.Samplesfromearlierstudieswerealsoexaminedinthe


study,includingtheClackamasRiversamplesanalyzedbyBlankenshipetal.(2011).VanDoorniket


al.(2015)identifiedthreemajorWillametteRiverpopulationgroupsconsistingof1)introduced


summerrunpopulations,2)introducedearlywinterrunandwesterntributarypopulationsand3)


nativelatewinterrunpopulationsineasterntributaries.AsampleoftheEagleCreekNFHearly


winterrunpopulationwasincludedinthesecondearlywintergroup,whilesamplesofClackamas


RiverandEagleCreeknaturallyproducedsteelheadwereincludedinthethird,nativelatewinterrun


geneticgroup.VanDoorniketal.(2015)notedthattheirdataalsosuggestedsomeintrogressionby


theintroducedearlywinterrunintothewildClackamasRiverlatewinterpopulations.


Forthecurrentreview,13microsatelliteDNAlociwerecompiledfromtheBlankenshipetal.(2011)


andVanDoorniketal.(2015)studiestofurtherexaminewhetherClackamasRiverlatewinterrun


steelheadalignwithpopulationsintheLowerColumbiaRiverorthenativeWillametteRivergenetic


populationgroup.Datawerefrom15populationsintheLowerColumbiaRiver,threeClackamas


Riverlatewinterpopulations,andsixnativepopulationsfromtheWillametteRiverfromabove


WillametteFalls(Table2).Forsomelocations,samplestakenfrommultipleyearswerepooled.


Table2–Collectioninformationforsamplesusedtoanalyzegeneticrelationshipsamongsteelheadsamplesinthe


LowerColumbiaRiverandWillametteRiver.IncludedweresamplesofnaturalspawningpopulationsandtheCowlitz


Hatcherylatewinterrunpopulation,whichispartoftheLowerColumbiaRiverDPS.DPSabbreviationsareLCR,


LowerColumbiaRiverandUWR,UpperWillametteRiver.MicrosatelliteDNAdataforLowerColumbiaRiver


populationsarefromBlankenshipetal.(2011).MicrosatelliteDNAdataforClackamasandWillametteRiver


populationsarefromVanDoorniketal.(2015).


SamplingLocation DPS Runtype

Collection

year 

Sample

Size


LowerColumbiaRiver


CowlitzRiverHatchery LCR LateWinter 2008 96

CowlitzRiver,BarrierDam LCR Winter 2005 143

CowlitzRivertributaries LCR Winter 2008-2009 59

CoweemanRiver LCR Winter 2006 138

GreenRiver LCR Winter 2006 97

NorthForkToutleRiver LCR Winter 2005 99

SouthForkToutleRiver LCR Winter 2005-2007 73

KalamaRiver LCR Summer 2005 100

KalamaRiverTrap LCR Winter 2005 47

NorthForkLewisRiver,Cedar 
Trap


LCR Winter 2005 60


NorthForkLewisRiver, 
MerwinDam


LCR Winter 2005 98


EastForkLewisRiver LCR Winter 2005-2006 77

SandyRiver,MarmotDam LCR Winter 2005 98

WashougalRiver LCR Winter 2005-2006 71

HoodRiver,PowerdaleDam LCR Winter 2006 99

WillametteRiver
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SamplingLocation DPS Runtype

Collection 
year 

Sample

Size


ClackamasRiver LCR Latewinter 2000 41

ClackamasRiver,EagleCreek LCR Latewinter 2000 63

ClackamasRiver,NorthFork 
Dam


LCR Latewinter 2005 42


NorthForkMolallaRiver UWR Latewinter 1996 49

NorthSantiamRiver,Bennett 
Dam


UWR Latewinter 2005 45


SouthSantiamRiver,Foster 
Dam


UWR Latewinter 2005 49


SouthSantiamRiver,Foster 
Dam


UWR Latewinter 2009 50


SouthSantiamRiver,Wiley 
Creek


UWR Latewinter 1997 28


CalapooiaRiver UWR Latewinter 1997 36


Populationgeneticstructurewasassessedwiththeanalyticalmethodologiesusedintherecent


WillametteRiversteelheadstudyconductedbyVanDoorniketal.(2015).Detailsonthemethods


usedforthefollowinganalysesareprovidedinthatstudy.Geneticdiversityamongsampleswas


examinedbycomputingpair-wiseFSTvaluesusingtheprogramGenAlEx(PeakallandSmouse2006).


Thecriticalvalueusedtotestforsignificancebetweenpair-wiseFSTvalues(P=0.008)wascorrected


formultipletests(Narum2006).FSTvaluesweresignificantlydifferentfromeachotherforallpairs


ofsamples,exceptforFosterDam(2009)withNorthSantiam(P=0.073),andforNorthFork


MollallawithWileyCreek(P=0.022).TheaverageFSTvalueincomparisonsofClackamasRiver


sampleswithUpperWillametteRiversampleswas0.023(TableGENX2).ComparisonsofClackamas


RiversampleswithsamplesintheLowerColumbiaRiverDPSaveraged0.032.TheseaverageFST


valuessuggestthatClackamasRiversteelheadaremoregeneticallydifferentiatedfromLower


ColumbiaRiversteelheadthantheyarefromUpperWillametteRiverfish.


Table3--AveragepairwiseFSTvaluesfor24steelheadpopulationsintheLowerColumbiaRiverandWillamette


River.


Comparison AverageFST

Allsamples 0.030

WithinWillametteRiver(includingClackamas

River) 0.019

WithinLowerColumbiaRiver 0.016

WillametteRiver(includingClackamasRiver)vs

LowerColumbiaRiver 0.045

ClackamasRivervsotherWillametteRiver 0.023

ClackamasRivervsLowerColumbiaRiver 0.032





GeneticpopulationstructurewasexaminedbyestimatingCavalli-SforzaandEdwards(1967)chord


distancesamongsamplesover1,000bootstrapreplicatesusingPHYLIP(Felsenstein2005).The


resultingdistancevalueswerethenusedtoconstructaconsensusneighbor-joiningtree(Figure4).


Inaddition,aprincipalcoordinatesanalysiswasconductedbaseduponpairwiseFSTvalues(Figure


5).ConsistentwithpreviousDNAanalyses(Blakenshipetal.2011,Matalaetal.2014,VanDoorniket


AR054749









22







al.2015),bothfiguresdepicttwomainclusterscomprisedofLowerColumbiaRiverandWillamette


Riversamples.ClackamasRiversamplesclusteredwithupperWillametteRiversamples.











Figure4--Consensusneighbor-joiningtreeofCavalli-SforzaandEdwards(1967)chorddistancesforlowerColumbia


RiverandWillametteRiversteelheadsamples.Bootstrapvaluesareshowatnodeswith>50%consensus.


Populationswith“wi”ornonotationarewinterrun,summerrunpopulationsarenotatedwith“su”.“H”–hatchery-

origin.
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Figure5--PrincipalcomponentsplotofpairwiseFSTvaluesamonglowerColumbiaRiverandWillametteRiver


steelheadsamples.Populationswith“wi”ornonotationarewinterrun,summerrunpopulationsarenotatedwith


“su”.“H”–hatchery-origin.


ABayesianclusteringanalysisimplementedintheprogramSTRUCTURE(Falushetal.2003)was


usedtoinferthenumberofpopulationsorpopulationgroupspresentinthecompiledmicrosatellite


dataset.Inthisanalysispopulationmembershipofeachindividualfishsampleisnotidentifieda


priori.UsingthemethodsandparametersdescribedbyVanDoorniketal.(2015)theseanalyses


revealedthattwopopulationgroupsweremostlikely(i.e.,hadthegreatestvalueofthemetricΔK).


Eachofthe24populationsampleswasthenevaluatedforproportionalmembershipinthetwo


populationgroups.LowerColumbiaRiversamplespredominatelybelongedtothefirstgroupwith


membershipcoefficientsrangingfrom0.58to0.95(Table4).WillametteRiversamples,including


thosefromtheClackamasRiverprimarilybelongedtothesecondgroupwithmembership


coefficientsfrom0.75to0.96.


Table4--PopulationgroupmembershipvaluesforlowerColumbiaRiverandWillametteRiversteelheadsamples.


SamplingLocation RunType

MembershipCoefficient


Chart

PopGroup1 PopGroup2


LOWERCOLUMBIARIVER    


CowlitzRiverHatchery LateWinter 0.945 0.055


CowlitzRiver,BarrierDam Winter 0.913 0.087
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SamplingLocation RunType

MembershipCoefficient


Chart

PopGroup1 PopGroup2


CowlitzRivertributaries Winter 0.843 0.157


CoweemanRiver Winter 0.781 0.219


GreenRiver Winter 0.845 0.155


NorthForkToutleRiver Winter 0.903 0.097


SouthForkToutleRiver Winter 0.830 0.170


KalamaRiver Summer 0.821 0.179


KalamaRiverTrap Winter 0.751 0.249


NorthForkLewisRiver,Cedar

Trap


Winter 0.828 0.172


NorthForkLewisRiver,

MerwinDam


Winter 0.790 0.210


EastForkLewisRiver Winter 0.745 0.255


SandyRiver,MarmotDam Winter 0.601 0.399


WashougalRiver Winter 0.673 0.327


HoodRiver,PowerdaleDam Winter 0.576 0.424


WILLAMETTERIVER    
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SamplingLocation RunType

MembershipCoefficient


Chart

PopGroup1 PopGroup2


ClackamasRiver Latewinter 0.119 0.881


ClackamasRiver,EagleCreek Latewinter 0.120 0.880


ClackamasRiver,NorthFork

Dam


Latewinter 0.254 0.746


NorthForkMolallaRiver Latewinter 0.108 0.893


NorthSantiamRiver,Bennett

Dam


Latewinter 0.070 0.930


SouthSantiamRiver,Foster

Dam,2005


Latewinter 0.103 0.897


SouthSantiamRiver,Foster

Dam,2009


Latewinter 0.059 0.942


SouthSantiamRiver,Wiley

Creek


Latewinter 0.103 0.897


CalapooiaRiver Latewinter 0.037 0.963





CONCLUSIONS


ThereviewofrecentDNAstudiespresentedhere,aswellasthegeneticanalysisconductedforthis


reportindicatethatwinterrunsteelheadintheClackamasRiveraregeneticallymoresimilarto


nativewinterrunsteelheadintheUpperWillametteRiverthantosteelheadintheLowerColumbia


River.Atthetimeoftheoriginalcoast-widestatusreview(Busbyetal.1996)allozymedataexisted


foronlyasingleputativenativeClackamasRiverwinterrunpopulationfromEagleCreekNFH.


AnalysisofthatsamplesuggestedthatClackamasRiversteelheadweregeneticallyalignedwith


LowerColumbiaRiverpopulations.Itispossiblethatoverlapinadultreturntimesmayhave


resultedininterbreedingofthesteelheadstocksculturedatEagleCreekNFH,includingtheBigCreek


stockthatwasimportedfromtheLowerColumbiaRiver.Ifso,thatmayexplaintheaffinityofthat
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earliergeneticsamplewiththosefromtheLowerColumbiaRiver.VanDoorniketal.(2015)pointed


outthatthemicrosatelliteDNAdata,asevidencedintheSTRUCTUREanalysisofpopulationgroup


membership,alsosuggestthatClackamasRiverwinterrunsteelheadmayhaveexperiencedsome


levelofintrogressionfromLowerColumbiaRiverstocks.Thatobservationissupportedhere,where


membershipcoefficientstotheLowerColumbiaRiverpopulationgroupweresomewhatgreaterfor


ClackamasRiversamplesthanforupperWillametteRiversamples.Overall,thenewgenetic


informationindicatesthattheboundaryoftheLowerColumbiaRiverDPSandUpperWillamette


RiverDPSshouldberevised.Inaddition,areviewoftheboundarywouldbenefitfromthecollection


ofgeneticdatafromanywinterrunsteelheadpopulationsintheWillametteRiverbelowWillamette


Fallsthathavenotpreviouslybeensampled.Forexample,naturalspawningsteelheadpopulations


werehistoricallypresentinJohnsonandMountScottcreeks(Myersetal.2006).
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INTERIORCOLUMBIARIVERDOMAINSTATUSSUMMARIES





UPPERCOLUMBIARIVERSPRING-RUNCHINOOKSALMONESU


BRIEFDESCRIPTIONOFESU


TheUpperColumbiaSpring-RunChinooksalmonESUincludesnaturallyspawningspring-run


ChinooksalmoninthemajortributariesenteringtheColumbiaRiverupstreamofRockIslandDam


andassociatedhatcheryprograms(70FR37160;Figure6).TheESUwaslistedasEndangeredunder


theESAin1998(affirmedin2005and2012).





Figure6–MapoftheUpperColumbiaRiverChinooksalmonESU’sspawningandrearingareas,illustrating


populationsandmajorpopulationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005
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Inthe2005review,aslightmajority(53%)ofthecumulativevotescastbytheBRTmembersplaced


thisESUinthe“indangerofextinction”category,withthenextcategory,“likelytobecome


endangered”,receivingasubstantialnumberofvotesaswell(45%)(Goodetal.2005).The2005


BRTreviewnotedthatUpperColumbiaSpringChinookpopulationshad“reboundedsomewhatfrom


thecriticallylowlevels”observedinthe1998review.AlthoughtheBRTconsideredthisan


encouragingsign,theynotedthattheincreasewaslargelydrivenbyreturnsinthetwomostrecent


spawningyearsavailableatthetimeofthereview.TheBRTratingswerealsoinfluencedbythefact


thattwooutofthethreeextantpopulationsinthisESUweresubjecttoextremehatchery


interventionmeasuresinresponsetotheextremedownturninreturnsduringthe1990s.Goodetal.


(2005)statedthatthesemeasureswere“...astrongindicationoftheongoingriskstothisESU,


althoughtheassociatedhatcheryprogramsmayultimatelyplayaroleinhelpingtorestorenaturally


self-sustainingpopulations.”


2010


ThestatusoftheESUin2010wasreportedinFordetal.(2011).Atthattime,theUpperColumbia


SpringChinookESUwasnotcurrentlymeetingtheviabilitycriteria(adaptedfromtheICTRT)inthe


UpperColumbiaRecoveryPlan.Increasesinnaturaloriginabundancerelativetotheextremelylow


spawninglevelsobservedinthemid-1990swereencouraging;however,averageproductivitylevels


remainedextremelylow.Overall,thereportconcludedthattheviabilityoftheUpperColumbia


SpringChinooksalmonESUhadlikelyimprovedsomewhatsincethetimeofthelastBRTstatus


review,buttheESUwasstillclearlyatmoderate-to-highriskofextinction.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


AnnualabundanceestimatesforeachoftheextantpopulationsinthisESUaregeneratedbasedon


expansionsfromreddsurveysandcarcasssampling.Indexareareddcountshavebeenconductedin


theseriversystemssincethelate1950’s.Multiplepasssurveysinindexareascomplementedby


supplementalsurveyscoveringthemajorityofspawningreacheshavebeenconductedsincethemid


1980’s.Formorerecentyears,estimatesofannualreturnstotheWenatcheeRiverpopulationalso


reflectcountsandsamplingdataobtainedatatrapattheTumwaterDamonthemainstemriver


downstreamofspringChinookspawningareas.Thedataseriesforeachpopulationhasbeen


updatedtoincludereturnyears2009to2014.Recentyearestimatesofspawnerabundance,


hatcheryandnaturaloriginproportionsandagecompositionwereprovidedbytheWashington


DepartmentofFishandWildlifeandareavailablethroughtheWDFWSCoREwebsite5.


SmoltProduction


NaturalproductionofspringChinooksalmonfromtheChiwawaRivertributarytotheWenatchee


Riverhasbeenmonitoredsince1991(Hillmanetal.2015).SmolttrapsatthemouthoftheChiwawa


RiverandinthedownstreamWenatcheeRivermainstemallowforgeneratingannualestimatesof


totalsmoltproductionresultingfromspawningintheChiwawaRiver.Mostofthesmoltsleavingthe


WenatcheeRiverfromproductionintheChiwawaRiveremigrateasyearlingsinthespringoftheir


secondyearoflife.AportionofChiwawaRiverproductionmovesdownstreaminthesummerand




5https://fortress.wa.gov/dfw/score/score/species/chinook.jsp?species=Chinook#spawning
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fallandoverwintersinthemainstemWenatcheeRiverbeforeemigratinginthespring.Analyses


doneinsupportofalifecyclemodelforWenatcheeSpringChinookindicatethattheproportionof


presmoltsemigratingdownstreamforextendedrearingandoverwinteringincreasessubstantially


withdensity(Jorgensenetal.2013a).SmoltproductionfromtheChiwawaRiverhasincreasedsince


theearly1990s,withpeakproductionoccurringin2001and2002(Figure7).


SmolttoAdultReturnRates


TheICTRTcurrentproductivitymetricincorporatesanadjustmentforannualsmolttoadultreturn


rate(SAR)estimatestoreducetheimpactofshort-termclimatevariability(ICTRT2007b).TheSAR


indexusedforallthreeUpperColumbiaRiverSpringChinooksalmonpopulationdataseriesuses


naturaloriginsmolt-to-adultestimatesderivedfromsmoltandadultmonitoringofproductionfrom


theChiwawaRiveralongwithalongerdataseriesofsmolttoadultreturnsurvivalestimatesfor


LeavenworthHatcheryreleases.Theindicesrepresentcumulativeoutofbasinsurvivals


(downstreampassage,oceanlifestages,upstreampassageincludingharvestescapementrates).The


SARserieshasbeenupdatedtoincludeestimatesthroughthe2009broodyear(Figure8).SAR


estimatesforthe2006-2008broodoutmigrantswereatthehighendoftherangeforthewhole


series,butbelowthepeakSARlevelsobservedintheearly2000s.TheaggregateUpperColumbia


SARseriesshowedsimilarpatternstoSARsforotherInteriorColumbiaRiverESUs;relativelylow


survivalsintheearly1990sbroodyearsfollowedbypeaksinthelate1990sandlate2000’s.The


largeyeartoyearfluctuationsinmarinesurvivalreflectedintheseseriesmakesitdifficulttodetect


potentialchangesinabundancethatmightresultfromrecentactionstoimprovesurvivalorcapacity.
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Figure7-ChiwawaRivernaturalsmoltproduction.Top:numberofsmoltsproducedvs.parentbroodyearredd


counts.Bottom:numberofsmoltsproducedthatarenatalrearing(blackbars)anddownstreamrearing(striped


bars)componentsbybroodyear(Hillmanetal.2014).
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Figure8-Upper-ColumbiaRivernatural-originspringChinooksalmonaggregatesmolt-to-adultreturnrates(blue


pointsandheavydashedline)estimatedasbroodyearratiosofsmoltoutmigrantstoreturningadults.Aggregate


SARsforotherInteriorColumbiabasinESUsandDPSsprovidedforcomparison.SnakeRiveraggregate


Spring/SummerChinook(solidblue),SnakeRiveraggregatenaturaloriginsteelhead(dashedgreen),Tuccannon


springChinook(dottedblue).UpperColumbiasteelhead(greendashedline),Mid-Columbiasteelhead(redline).


EachSARseriesisrescaledbydividingannualvaluesbythecorrespondingseriesmeantofaclilitaterelative


comparison.Linesarethreeyearmovingaverages.


OceanConditionIndices


UpperColumbiaspringChinooksalmonareacomponentoftheColumbiaRiverspringChinookrun


thatisbelievedtooccupymid-shelfwatersduringtheearlyoceanlifehistoryphase(see


EnvironmentalTrendssectionbelow).AggregateannualreturnsofColumbiaRiverSpringChinook


arecorrelatedwitharangeofoceanconditionindicesincludingmeasuresofbroadscalephysical


conditions,localbiologicalindicators,andlocalphysicalfactors(Petersonetal.2014a).Several
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indicators,eitherindividuallyorincombination,correlatewellwithspringChinooksalmonadult


returnswithalagof1to2years.However,foreachspecificindicatororcombination,thereare


anomalousyearsthatfalloutsideoftheapparentrelationships.Workiscontinuingtofurther


understandtherelationshipsamongphysicalandbiological‘drivers’andannuallevelsofocean


survivalforsalmonidspeciesintheoceanenvironment.Afteraccountingforageatreturnattimeof


oceanentry,theannualpatternintheUpperColumbiaspringChinookESUSARindexgenerally


correspondstothecompositerankingsacrossoceanindicatorsavailableforearlyoceanyears


startinginthelate1990s(Petersonetal.2014).


MultiplePopulationAnalyses


The2009FCRPSAdaptiveManagementandImplementationPlancalledformoredetailed


metapopulationanalysesthatcouldbeusedtohelpidentifypopulationsparticularlyvulnerableto


extinctionduetoisolationaswellastounderstandcommonalitiesanddifferencesinyeartoyear


variationsamongpopulations(Fullertonetal.2013).Preliminaryresultsindicatethatthethree


extantUpperColumbiaspringChinooksalmonpopulationsarerelativelydistinctandisolatedfrom


otherpopulations,bothintermsofgenetics/dispersalcharacteristicsaswellasinpatternsofannual


abundance.Inthemultiplepopulationabundancetrendanalysis,allthreeUpperColumbiaRiver


populationsshowedastrongcorrelationwithaparticularpatternthatwasnotidentifiedwith


populationsfromotherregions;ageneralincreasefromthelate1950sthroughthemid1980s


followedbyanabruptdeclineandasubsequentslowincrease(Jorgensenetal.2013b).Moreeffort


willbeneededtounderstandthedriversforthispatternandtheimplicationsforfuture


environmentalinfluence.


ABUNDANCEANDPRODUCTIVITY


Updateddataseriesonspawnerabundance,agestructureandhatchery/naturalproportionswere


usedtogeneratecurrentassessmentsofabundanceandproductivityatthepopulationlevel.


EvaluationsweredoneusingbothasetofmetricscorrespondingtothoseusedinpriorBiological


ReviewTeam(BRT)reviewsaswellasasetcorrespondingtothespecificviabilitycriteriabasedon


ICTRTrecommendationsforthisESU.TheBRTlevelmetricswereconsistentlydoneacrossallESUs


andDPSstofacilitatecomparisonsacrossdomains.AssessmentsusingtheICTRTmetricsare


describedintheTRTandRecoveryPlanCriteriasectionbelow.TheICTRTabundanceand


productivitymetricsaremeasuredoverlongertimeframestodampentheeffectsofannual


variationsandtheyuseannualnaturaloriginagecompositiontocalculatebroodyearrecruitment


whensamplinglevelsmeetregionalfisheryagencycriteria.


AnnualspawningescapementsforallthreeoftheextantUpperColumbiaspringChinookpopulations


showedsteepdeclinesbeginninginthelate1980s,leadingtoextremelylowabundancelevelsinthe


mid-1990s(Figure9,Table5).Thesteepdownwardtrendreflectstheextremelylowreturnratesfor


naturalproductionfromthe1990-94broodyears(Figure10).Broodyearreplacementrateswere


consistentlybelow1.0evenatlowparentspawnerlevelsthroughoutthe1990s.Steeplydeclining


trendsacrossindicesoftotalspawnerabundancewereamajorconsiderationinthe1997BRTrisk


assessmentpriortolistingoftheESU.Updatingthedataseriestoinclude2009-2014,theshort-term


(e.g.,15year)trendinwildspawnershasbeenneutralfortheWenatcheepopulationandpositivefor


theEntiatandMethowpopulations(Table6).Ingeneral,bothtotalandnaturaloriginescapements
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forallthreepopulationsincreasedsharplyfrom1999through2002andhaveshownsubstantialyear


toyearvariationsintheyearsfollowing,withpeaksaround2001and2010.Averagenaturalorigin


returnsremainwellbelowICTRTminimumthresholdlevels.





Figure9--Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.


Theannualreturnperspawnerseriesforeachpopulationdirectlyreflectsthepatternsinnatural


originaboundance(Figure10).Broodyearescapementswithpositivereturnperspawnervaluesare


associatedwiththoseyearsleadinguptothepeaksinnaturaloriginspawnerreturnsineachseries.
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Figure10–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturaloriginspawning


abundanceinyeart-smoothednaturalspawningabundanceinyear(t–4).Spawningyearsonx-axis.


Table5--5-year geometric mean of raw natural spawner counts.This is the raw total spawner count times


the fraction natural estimate, if available.In parentheses,5-yeargeometricmeanofrawtotalspawner


countsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnooronly


oneestimateofnaturalspawnersavailable. Thegeometricmeanwascomputedastheproductofcounts


raisedtothepowero freciprocalthenumberofcountsavailable(2to5). Aminimumof2valueswasused


tocomputethegeometricmean. Percentchangebetweenthemostrecenttwo5-yearperiodsisshownon


thefarright.


Table6--15-yeartrendsinlognaturalspawnerabundancecomputedfromalinearregressionappliedto


thesmoothednaturalspawnerlogabundanceestimate.Onlypopulationswithatleast4naturalspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.
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Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Methow R. SpR Up. Columbia/East Slope Cascades 722 (867) 44 (75) 292 (2171) 379 (1470) 425 (1828) 12 (24)

Entiat R. SpR Up. Columbia/East Slope Cascades 153 (179) 37 (56) 148 (280) 129 (278) 265 (360) 105 (29)


Wenatchee R. SpR Up. Columbia/East Slope Cascades 621 (735) 120 (192) 860 (1652) 385 (1671) 785 (2254) 104 (35) 

Population MPG 1990-2005 1999-2014

Methow R. SpR Up. Columbia/East Slope Cascades -0.05 (-0.15, 0.06) 0.07 (0.02, 0.12)

Entiat R. SpR Up. Columbia/East Slope Cascades 0.03 (-0.09, 0.15) 0.08 (0.01, 0.14)


Wenatchee R. SpR Up. Columbia/East Slope Cascades 0.02 (-0.1, 0.14) 0.01 (-0.05, 0.07) 
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NaturalproductionofspringChinooksalmonfromtheChiwawaRivertributarytotheWenatchee


Riverhasbeenmonitoredsince1991(Hillmanetal.2015).SmolttrapsatthemouthoftheChiwawa


RiverandinthedownstreamWenatcheeRivermainstemallowforgeneratingannualestimatesof


totalsmoltproductionresultingfromspawningintheChiwawaRiver.Mostofthesmoltsleavingthe


WenatcheeRiverfromproductionintheChiwawaRiveremigrateasyearlingsinthespringoftheir


secondyear.AportionofChiwawaRiverproductionmovesdownstreaminthesummerandfalland


overwintersinthemainstemWenatcheeRiverbeforeemigratinginthespring(Figure7).Smolt


productionfromtwootherWenatcheeRivertributarieshasbeenmonitoredforshorterperiods;


NasonCreek(2012startingyear)andWhiteRiver(2012startingyear).Bothseriesshowsome


indicationofdensitydependenteffectsathigherparentspawninglevels(Hillmanetal.,2014)


Harvest


SpringChinooksalmonfromtheupperColumbiabasinmigrateoffshoreinmarinewaterandwhere


impactsinoceansalmonfisheriesaretoolowtobequantified.Theonlysignificantharvestoccursin


themainstemColumbiaRiverintribalandnon-tribalfisheriesdirectedathatcheryspringChinook


salmonfromtheColumbiaandWillametteRivers.Exploitationrateshaveremainedrelativelylow,


generallybelow10%,thoughtheyhavebeenincreasinginrecentyears(Figure11).Theincreases


haveresultedfromincreasedallowableharvestratesundertheabundancedrivenslidingscale


harvestratestrategyguidingannualmanagementinresponsetocontinuedlargereturnsofhatchery


springChinooktotheColumbiaRiverBasin.








Figure11--TotalexploitationrateforupperColumbiaRiverspringChinooksalmon.DatafromtheColumbiaRiver


TechnicalAdvisoryCommittee(TAC2015).
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SPATIALSTRUCTUREANDDIVERSITY


TheproportionsofnaturalorigincontributionstospawningintheWenatcheeandMethow


populationshavetrendeddownwardssince1990(Figure12,Table7),reflectingthelargeincreasein


releasesandsubsequentreturnsfromthedirectedsupplementationprogramsinthosetwo


drainages(Hillmanetal.2015).ThereisnodirecthatcherysupplementationprogramintheEntiat


River.Hatchery-originspawnersintheEntiatRiversystemarepredominatelystraysfromEntiat


NFHreleases.TheEntiatNFHspringChinookreleaseprogramwasdiscontinuedin2007,andthe


upwardtrendinproportionalnaturaloriginsincethencanbeattributedtothatclosure.Inrecent


years,hatcherysupplementationreturnsfromtheadjacentWenatcheeRiverprogramhavealso


strayedintotheEntiat(Fordetal.2015).ThenearbyEastbankHatcheryfacilityisusedforrearing


theWenatcheeRiversupplementationstockpriortotransfertotheChiwawaacclimationpond.Itis


possiblethatsomeofthereturnsfromthatprogramarehomingontheEastbankfacilityandthen


strayingintotheEntiatRiver,thenearestspawningarea.








Figure12–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishofnatural


origin.Pointsshowtheannualrawestimates.


1 980 1 985 1990 1995 2000 2005 201 0 2015 

0
.0

0
.4

0
.8

Methow R. SpR 

1 980 1 985 1 990 1 995 2000 2005 201 0 201 5


0
.0

0
.4

0
.8

Entiat R. SpR


1 980 1 985 1990 1995 2000 2005 201 0 2015


0
.0

0
.4

0
.8

Wenatchee R. SpR


Salmon, Chinook (Upper Columbia River spring−run ESU)


R
a
w

 a
n
d
 s

m
o
o
th

e
d
 f
ra

c
w

ild
 e

s
ti
m

a
te

s

AR054764









37







Table7--5-yearmeanoffractionnaturalorigin(sumofallestimatesdividedbythenumberofestimates).


Blanksmean no estimate available in that 5-year range.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


NOAAFisheries(NationalMarineFisheriesServiceadoptedarecoveryplanforUpperColumbia


SpringChinookandsteelheadin2007(FR72#194.57303-57307).ThePlanwasdevelopedbythe


UpperColumbiaSalmonRecoveryBoard(UCSRB)andisavailablethroughtheirwebsite


(http://www.ucsrb.com/).TheUpperColumbiaSalmonRecoveryPlan’soverallgoalis“...toachieve


recoveryanddelistingofspringChinooksalmonandsteelheadbyensuringthelong-term


persistenceofviablepopulationsofnaturallyproducedfishdistributedacrosstheirnativerange.”


TwoincrementallevelsofrecoveryobjectivesareincorporatedintotheUpperColumbiaSalmon


RecoveryPlan.IncreasingnaturalproductionsufficientlytoupgradeeachUpperColumbiaRiverESU


from“endangered”to“threatened”statusisstatedasaninitialobjective.ThePlanincludesthree


specificquantitativereclassificationcriteriaexpressedrelativetopopulationviabilitycurves(ICTRT


2007).AbundanceandproductivityofnaturaloriginspringChinooksalmonwithineachofthe


extantUpperColumbiapopulations,measuredas8-yeargeometricmeans(representing


approximatelytwogenerations),mustfallabovetheviabilitycurverepresentingtheminimum


combinationsprojectingtoa10%riskofextinctionover100years.Inaddition,theplan


incorporatesexplicitcriteriaforspatialstructureanddiversityadoptedfromtheICTRTviability


report.Themeanscoreforthethreemetricsrepresentingnaturalratesandspatiallymediated


processesshouldresultinamoderateorlowerriskineachofthethreepopulationsandallthreats


definedashighriskmustbeaddressed.Inaddition,themeanscorefortheeightICTRTmetrics


trackingnaturallevelsofvariationshouldresultinamoderateorlowerriskscoreatthepopulation


level.


Achievingrecovery(delisting)ofeachESUviasufficientimprovementintheabundance,


productivity,spatialstructureanddiversityisthelonger-termgoaloftheUCSRBPlan.ThePlan


includestwospecificquantitativecriteriaforassessingthestatusoftheSpringChinookESUagainst


therecoveryobjective;“The12-yeargeometricmean(representingapproximatelythree


generations)ofabundanceandproductivityofnaturallyproducedspringChinookwithinthe


Wenatchee,EntiatandMethowpopulationsmustreachalevelthatwouldhavenotlessthana5%


extinction-risk(viability)overa100yearperiod”and“ataminimum,theUpperColumbiaSpring


ChinookESUwillmaintainatleast4,500naturallyproducedspawnersandaspawner:spawnerratio


greaterthan1:1distributedamongthethreepopulations”.Theminimumnumberofnaturally


producedspawners(expressedas12yeargeometricmeans)shouldexceed2,000eachforthe


WenatcheeandMethowRiverpopulationsand500withintheEntiatRiver.Minimumproductivity


thresholdswerealsoestablishedinthePlan.The12-yeargeometricmeanproductivityshould


exceed1.2spawnersperparentspawnerforthetwolargerpopulations(WenatcheeandMethow


Rivers),and1.4forthesmallerEntiatRiverpopulation.TheICTRThadrecommendedthatatleast


twoofthethreeextantpopulationsbetargetedforhighlyviablestatus(lessthan1%riskof


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


Methow R. SpR 0.84 0.61 0.16 0.27 0.24


Entiat R. SpR 0.86 0.70 0.56 0.47 0.74


Wenatchee R. SpR 0.86 0.66 0.54 0.24 0.35
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extinctionover100years)becauseoftherelativelylownumberofextantpopulationsremainingin


theESU.TheUCPlanadoptedanalternativeapproachforaddressingthelimitednumberof


populationsintheESU–5%orlessriskofextinctionforallthreeextantpopulations.


TheUpperColumbiaSalmonRecoveryPlanalsocallsfor‘…restoringthedistributionofnaturally


producedspringChinooksalmonandsteelheadtopreviouslyoccupiedareaswherepractical;and


conservingtheirgeneticandphenotypicdiversity.”SpecificcriteriaincludedintheUCSRBPlan


reflectacombinationofthespecificcriteriarecommendedbytheICTRT(ICTRT2007)andinthe


earlierQAReffort(Fordetal.2001).ThePlanincorporatesspatialstructurecriteriaspecifictoeach


springChinooksalmonpopulation.FortheWenatcheeRiverpopulation,thecriteriacallfor


observednaturalspawninginfourofthefivemajorspawningareasaswellasinatleastoneofthe


minorspawningareasdownstreamofTumwaterDam.IntheMethowRiver,naturalspawning


shouldbeobservedinthreemajorspawningareas.Ineachcase,themajorspawningareasshould


includeaminimumof5%ofthetotalreturntothesystemor20redds,whicheverisgreater.The


EntiatRiverSpringChinookpopulationincludesasinglehistoricalmajorspawningarea.


ThePlancallsformeetingorexceedingthesamebasicspatialstructureanddiversitycriteria


adoptedfromtheICTRTviabilityreportforrecoveryasforreclassification(seeabove).
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RecoveryStatusUpdate


Table8-UpperColumbiaspringChinooksalmonESUpopulationviabilitystatussummary.Currentabundanceandproductivityestimatesaregeometricmeans.Rangein


annualabundance,standarderrorandnumberofqualifyingestimatesforproductivitiesinparentheses.Upwardarrows:currentestimatesincreasedoverpriorreview.Oval:


nochangesincepriorreview.


Population Abundance and productivity metrics Spatial structure and diversity metrics Overall


viability


rating
ICTRT


minimum


threshold

Natural 

spawning 

abundance 

ICTRT 

productivity 
Integrated A/P 

risk 
Natural 

processes 

risk

Diversity 

risk 
Integrated 

SS/D risk 

 

Wenatchee River 

2005–2014
2,000            545 

(311-1,030)

 

         0.60   

(0.27, 15/20)

High

 

Low 
 

High 
 

High High
risk

 

Entiat River 

2005–2014
500           166  

(78-354)
         0.94  
(0.18, 12/20)

 
High 

 

Moderate 
 

High 
 

High High risk

Methow River 

2005–2014 2,000 
         379  

(189-929)

        0.46   

(0.31, 16/20)

High Low High High High risk
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Overallabundanceandproductivity(A/P)remainsratedathighriskfortheeachofthethreeextant


populationsinthisMPG/ESU (Table 8).  The10-yeargeometricmeanabundanceofadultnatural-

originspawnershasincreasedforeachpopulationrelativetothelevelsreportedinthe2011status


update,butnaturaloriginescapementsremainbelowthecorrespondingICTRTthresholds.The


combinationsofcurrentabundanceandproductivityforeachpopulationresultinahighriskrating


whencomparedtotheICTRTviabilitycurves.


Thecompositespatialstructure/diversity(SS/D)risksforallthreeoftheextantpopulationsinthis


MPGareratedathigh(Table 8).ThespatialprocessescomponentoftheSS/Driskislowforthe


WenatcheeandMethowriverpopulationsandmoderatefortheEntiatRiver(duetoalossof


productioninlowersectionwhichincreaseseffectivedistancetootherpopulations).Allthreeofthe


extantpopulationsinthisMPGareratedathighriskfordiversity,drivenprimarilybychronically


highproportionsofhatchery-originspawnersinnaturalspawningareasandlackofgeneticdiversity


amongthenatural-originspawners(ICTRT2008).


BasedonthecombinedratingsforA/PandSS/D,allthreeoftheextantpopulationsofUpper


ColumbiaspringChinooksalmonremainratedathighoverallrisk(Table8).





UPDATEDBIOLOGICALRISKSUMMARY


Currentestimatesofnaturaloriginspawnerabundanceincreasedrelativetothelevelsobservedin


thepriorreviewforallthreeextantpopulations,andproductivitieswerehigherfortheWenatchee


andEntiatandunchangedfortheMethow.Howeverabundanceandproductivyremainedwell


belowtheviablethresholdscalledforintheUpperColumbiaRecoveryPlanforallthreepopulations.


Short-termpatternsinthoseindicatorsappeartobelargelydrivenbyyear-toyearfluctuationsin


survivalratesinareasoutsideofthesewatersheds.Allthreepopulationscontinuedtoberatedat


lowriskforspatialstructurebutathighriskfordiversitycriteria.Large-scalesupplementation


effortsintheMethowandWenatcheeRiversareongoing,intendedtocountershort-term


demographicrisksgivencurrentaveragesurvivallevelsandtheassociatedyear-to-yearvariability.


Underthecurrentrecoveryplan,habitatprotectionandrestorationactionsarebeingimplemented


thataredirectedatkeylimitingfactors.Achievingnaturaloriginabundanceandproductivitylevels


abovethethresholdviabilitycurvecorrespondingto5%riskinextinctionwillrequiresubstantial


improvementsinsurvivaland/ornaturalproductioncapacity(Figure 13).Giventhehighdegreeof


year-to-yearvariabilityinlifestagesurvivalsandthetimelagsresultingfromthe5yearlifecycleof


thepopulations,itisnotpossibletodetectincrementalgainsfromhabitatactionsimplementedto


dateinpopulationlevelmeasuresofadultabundanceorproductivity.Effortsareunderwayto


developlifestagespecificestimatesofperformance(survivalandcapacities)andtousealifecycle


modelframeworktoevaluateprogress.Basedontheinformationavailableforthisreview,therisk


categoryfortheUpperColumbiaSpringChinookESUremainsunchangedfromthepriorreview


(Fordetal.2011).AlthoughthestatusoftheESUisimprovedrelativetomeasuresavailableatthe


timeoflisting,allthreepopulationsremainathighrisk.
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Figure13--AbundanceandproductivitygapsforUpperColumbiaspringChinookESUpopulations(mapalsoincludes


SnakeRiverSpring/SummerChinookESUpopulationsforcomparison).Populationswithinsufficientdatato


generategapsareshadedingray.Gapsaredefinedasrelativeimprovementinproductivityorlimitingcapacity


requiredforapopulationtoexceeditscorresponding5%riskviabilitycurve(ICTRT2007).


TheUpperColumbiaRecoveryPlanincludesanumberofstrategiesforimprovingsurvivalin


tributaryhabitatsandthemainstemmigrationcorridoralongwithcomplementaryharvest


managementandhatcherymanagementregimes.Thetimeframesforimplementingactionsandfor


thoseactionstoresultinimprovedsurvivalsvaryacrossstrategies.Improvedpassagesurvivals


relativetoconditionsprevalentatthetimeoflistingareexpectedtoberelativelyimmediate.Given


theanticipatedactionimplementationscheduleandassumptionsregardingtimelagsforrealizing


targethabitatimprovementsincorporatedintotheUpperColumbiaRecoveryPlan,improvementsin


survivalduetochangesinhabitatconditionsareexpectedaccrueovera10−50yearperiod.
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UPPERCOLUMBIARIVERSTEELHEADDPS





BRIEFDESCRIPTIONOFESU


TheUpperColumbiaSteelheadDPSincludesallnaturallyspawnedanadromousO.mykiss(steelhead)


populationsbelownaturalandmanmadeimpassablebarriersinstreamsintheColumbiaRiverBasin


upstreamfromtheYakimaRiver,Washington,totheUS-Canadaborder,aswellassixartificial


propagationprograms:theWenatcheeRiver,WellsHatchery(intheMethowandOkanoganRivers),


WinthropNFH,OmakCreekandtheRingoldsteelheadhatcheryprograms(Figure14).TheUpper


ColumbiaSteelheadDPSwasoriginallylistedundertheESAin1997;itiscurrentlydesignatedas


threatened.





Figure14–MapoftheUppersteelheadDPS’sspawningandrearingareas,illustratingpopulationsandmajor


populationgroups.





NOAAFisherieshasdefinedDPSsofsteelheadtoincludeonlytheanadromousmembersofthis


species(70FR67130).OurapproachtoassessingthecurrentstatusofasteelheadDPSisbased
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evaluatinginformationtheabundance,productivity,spatialstructureanddiversityofthe


anadromouscomponentofthespecies(Goodetal.2005;70FR67130).Manysteelheadpopulations


alongtheWestCoastoftheU.S.co-occurwithconspecificpopulationsofresidentrainbowtrout.We


recognizethattheremaybesituationswherereproductivecontributionsfromresidentrainbow


troutmaymitigateshort-termextinctionriskforsomesteelheadDPSs(Goodetal.2005;70FR


67130).Weassumethatanybenefitstoananadromouspopulationresultingfromthepresenceofa


conspecificresidentformwillbereflectedindirectmeasuresofthecurrentstatusoftheanadromous


form.





SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


The2005BRTcitedlowgrowthrate/productivityasthemostseriousriskfactorfortheUpper


ColumbiaRiversteelheadDPS(Goodetal.2005).Inparticular,theBRTconcludedthatthe


extremelylowreplacementrateofnaturalspawnershighlightedinthe1998reviewcontinued


throughthesubsequentbroodcycle.The2005BRTassessmentalsoidentifiedverylownatural


spawnerabundancecomparedtointerimescapementobjectivesandhighlevelsofhatchery


spawnersinnaturalareasascontributingriskfactors.The2005BRTreportdidnotethatthe


numberofnaturallyproducedsteelheadreturningtospawnwithinthisDPShadincreasedoverthe


levelsreportedinthe1998statusreview.AswiththeMid-ColumbiaandSnakeRiverDPSreviews,


the2005BRTrecognizedthatresidentO.mykisswereassociatedwithanadromoussteelhead


productionareasforthisDPS.ThereviewstatedthatthepresenceofresidentO.mykisswas


consideredamitigatingfactorbymanyoftheBRTmembersinratingextinctionrisk.


2010


The2010statusreviewupdatereportedthatUpperColumbiasteelheadpopulationshadincreasedin


naturaloriginabundanceinrecentyears,butproductivitylevelsremainedlow(Fordetal.2011).


Theproportionsofhatcheryoriginreturnsinnaturalspawningareasremainedextremelyhigh


acrosstheDPS,especiallyintheMethowandOkanoganRiverpopulations.Themodest


improvementsinnaturalreturnsthathadbeenobservedtheyearspriortothereviewwereprobably


primarilytheresultofseveralyearsofrelativelygoodnaturalsurvivalintheoceanandtributary


habitats.TributaryhabitatactionscalledforintheUpperColumbiaRecoveryPlanwereanticipated


tobeimplementedoverthenext25yearsandthebenefitsofsomeofthoseactionswouldrequire


sometimetoberealized.Overall,thenewinformationconsidereddidnotindicateachangeinthe


biologicalriskcategorysincethetimeofthelastBRTstatusreview.





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


The2011NWFSCstatusreview(Fordet.al2011)evaluatedthestatusoftheUpperColumbia


SteelheadDPSbasedondataseriesthroughcycleyear2008/2009foreachofthefourextant
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populations,alongwithsamplinginformationcollectedatPriestRapidsDamfortheaggregatereturn


totheUpperColumbiaBasinandWellsDam(MethowandOkanoganpopulationscombined).


Estimatesgeneratedusingthatmethodologyarecurrentlyavailablethroughthe2013/2014cycle


yearsforeachpopulation.Spawningescapementestimatesarebasedonarunreconstructionmodel


incorporatingannualdamcounts,resultsofathreeyearradiotrackingprogramandestimatesof


broodstockandfisheriesremovalsinvariousreachesaboveRockIslandDam.Estimatesare


generatedbyWDFWregionalstaff(ncorporatinginformationfromtheColvilleTribalFish&Wildlife


Department)andareavailablethroughtheWDFWSCoREwebsite6.Anupdatedapproachfor


estimatingpopulationlevelescapementshasbeeninitiatedinrecentyears.Thatapproachuses


mark/recapturestatisticsbasedondatageneratedfromthecombinationofsystematicPITtaggingof


atargetproportionofthereturnspassingRockIslandDam(belowallfourpopulationspawning


tributaries)andsubsequentdetectionsatarraysineachofthetributaries.Preliminarycomparisons


oftheresultsfromtheupdatedapproachwiththemethodsusedinprioryearsindicatethey


generallyproducecompatibleestimatesforagivenyear.Itisanticipatedthatfutureestimatesof


annualpopulationlevelspawningescapementsfortheUpperColumbiaSteelheadDPSwillbebased


onthenewmethods.Afterfiveormoreyearsareavailabletoallowforrefinementsintheapproach


andacomparisonofresultsfromapplyingtheoldandnewmethodologiesunderarangeofreturn


levels,prioryearescapementreconstructionsmayberevised(A.Murdoch,WDFW,pers.comm).


TheSARindexfortheUpperColumbiaSteelheadDPSseriesusesnaturaloriginsmolttoadult


estimatesbasedongatewellsmoltsamplingatRockIslandDamandadultreturncombinedwith


naturaloriginadultmonitoringatPriestRapidsDam.Theindexrepresentcumulativeoutofbasin


survivals-downstreampassage,oceanlifestages,upstreampassageincludingharvestimpact


(Figure16).





ABUNDANCEANDPRODUCTIVITY


Updateddataseriesonspawnerabundance,agestructureandhatcherywildproportionswereused


togeneratecurrentassessmentsofabundanceandproductivityatthepopulationlevel.Evaluations


weredoneusingbothasetofmetricscorrespondingtothoseusedinpriorBiologicalReviewTeam


(BRT)reviewsaswellasasetcorrespondingtothespecificviabilitycriteriabasedonICTRT


recommendationsforthisESU.TheBRTlevelmetricswereconsistentlydoneacrossallESUsand


DPSstofacilitatecomparisonsacrossdomains.AssessmentsusingtheICTRTmetricsaredescribed


intheTRTandRecoveryPlanCriteriasectionbelow.TheICTRTabundanceandproductivitymetrics


aremeasuredoverlongertimeframestodampentheeffectsofannualvariationsandtheyuseannual


naturaloriginagecompositiontocalculatebroodyearrecruitmentwhensamplinglevelsmeet


regionalfisheryagencycriteria.


Themostrecentestimates(5-yeargeometricmean)oftotalandnatural-originspawnerabundance


haveincreasedrelativetothepriorreviewforallfourpopulations(Figure17,Table9).The


abundanceseriesfortheaggregatereturnmonitoredatPriestRapidsDam(Figure15)andforall




6https://fortress.wa.gov/dfw/score/
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fourpopulationsgenerallyreflectacommonpatterninannualreturnsforbothhatcheryandnatural


originfish.Althoughthemagnitudesvaryamongtheindividualpopulations,eachseriesshowsthree


peaksinannualreturnsoccurringinthemid-1980s,theearly2000sand2010/2011.Thatpattern


appearstobelargelydrivenbyvariationsinsmolttoadultreturnrates(Figure16).Inspiteofthe


recentincreases,natural-originreturnsremainwellbelowtargetlevels.


Figure15-EstimatedpassageofsteelheadatPriestRapidsDambasedonladdercountsandWDFWtrapsamplingfor


runcomposition.(Broodyear=passageyear+1)Samplingprograminitiatedin1986andareestimatesoftotal


(hatcherypluswild)runsize.Countsforprioryearswerenotdirectlysampledtodeterminehatcheryproportions.


Annualbroodyearreturn-per-spawnerestimateshavebeenwellbelowreplacementinrecentyears


forallfourpopulations,withtheexceptionofafewyearsfortheWenatcheeRiver.Thereturnper


spawnerestimatessummarizedinFigure18areratiosoftheestimatednaturaloriginreturns


producedfromspawnersineachbroodyear,undertheassumptionthatbothhatcheryandnatural


originfishcontributetoproductionasparentspawners.Inspiteofthefactthateachpopulationis


consistentlyexhibitingnaturalproductionrateswellbelowreplacement,naturalproductionhasnot


declinedconsistently,buthasfluctuatedatlevelswellbelowrecoveryobjectives.Thelargenumbers


ofhatcheryfishonthespawninggroundseachyearmaybesubsidizingspawningatlevelswellabove


thecurrentnaturalcarryingcapacityofthesystem.
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Figure16-Upper-ColumbiaRivernaturaloriginsteelheadaggregatesmolttoadultreturnrates(greenpointsand


heavydashedline).AggregateSARsforotherInteriorColumbiabasinESUsandDPSsprovidedforcomparison.


SnakeRiveraggregateSpring/SummerChinook(solidblue),SnakeRiveraggregatenaturaloriginsteelhead(dashed


green),TuccannonspringChinooksalmon(dottedblue),Mid-Columbiasteelhead(redline).EachSARseriesis


rescaledbydividingannualvaluesbythecorrespondingseriesmeantofaclilitaterelativecomparison.Linesare


threeyearmovingaverages.
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Figure17–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.








Figure18–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).Spawningyearsonx-axis.
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Table9--5-year geometric mean of raw natural spawner counts.This is the raw total spawner count times


the fraction natural estimate, if available.In parentheses,5-yeargeometricmeanofrawtotalspawner


countsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnooronly


oneestimateofnaturalspawnersavailable. Thegeometricmeanwascomputedastheproductofcounts


raisedtothepower1overthenumberofcountsavailable(2to5). Aminimumof2valueswasusedto


computethegeometricmean. Percentchangebetweenthemostrecenttwo5-yearperiodsisshownonthe


farright.


Table10--15-yeartrendsinlogwildspawnerabundancecomputedfromalinearregressionappliedto


thesmoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





SPATIALSTRUCTUREANDDIVERSITY


WiththeexceptionoftheOkanoganpopulation,theupperColumbiaRiverpopulationswereratedas


lowriskforspatialstructure.Thehighriskratingsfordiversityarelargelydrivenbyhighlevelsof


hatcheryspawnerswithinnaturalspawningareasandlackofgeneticdiversityamongthe


populations.Thebasicmajorlifehistorypatterns(summerA-runtype,tributaryandmainstem


spawning/rearingpatterns,andthepresenceofresidentpopulationsandsubpopulations)appearto


bepresent.Allofthepopulationswereratedathighriskforcurrentgeneticcharacteristicsbythe


ICTRT.Geneticssamplestakeninthe1980sindicatelittledifferentiationwithinpopulationsinthe


upperColumbiaRiverDPS.MorerecentstudieswithintheWenatcheeRiverbasinhavefound


differencesbetweensamplesfromthePashastinRiver,believedtoberelativelyisolatedfrom


hatcheryspawning,andthosefromotherreacheswithintheWenatchee.Thissuggeststhatthere


mayhavebeenahigherlevelofwithinandamongpopulationdiversitypriortotheadventofmajor


hatcheryreleases(Seamonsetal.2012).GeneticstudiesbasedonsamplingintheWenatcheeaswell


asotherUpperColumbiaRiversteelheadpopulationtributariesareunderwayandshouldallowfor


futureanalysesofcurrentgeneticstructureandanyimpactsofchanginghatcheryreleasepractices


(A.Murdoch,WDFWpers.comm.).


Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Entiat R. SuR Up. Columbia/East Slope Cascades 68 (134) 38 (200) 107 (491) 102 (462) 209 (696) 105 (51)


Methow R. SuR Up. Columbia/East Slope Cascades 274 (1206) 100 (927) 434 (4228) 504 (3463) 841 (3839) 67 (11)

Okanogan R. SuR Up. Columbia/East Slope Cascades 65 (678) 23 (522) 123 (2163) 144 (1735) 248 (2123) 72 (22)

Wenatchee R. SuR Up. Columbia/East Slope Cascades 525 (1847) 265 (742) 772 (2318) 678 (1857) 1548 (2767) 128 (49) 

Population MPG 1990-2005 1999-2014

Entiat R. SuR Up. Columbia/East Slope Cascades 0.04 (-0.02, 0.11) 0.07 (0.02, 0.11)


Methow R. SuR Up. Columbia/East Slope Cascades 0.06 (-0.01, 0.12) 0.1 (0.06, 0.14)

Okanogan R. SuR Up. Columbia/East Slope Cascades 0.06 (-0.02, 0.14) 0.1 (0.06, 0.14)

Wenatchee R. SuR Up. Columbia/East Slope Cascades 0.04 (-0.01, 0.1) 0.07 (0.03, 0.11) 
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Hatchery-originreturnscontinuetoconstituteahighfractionoftotalspawnersinnaturalspawning


areasforthisDPS(Table11).Theestimatedproportionofnatural-originspawnershasincreased


consistentlysincethelate1990sforallfourpopulations(Figure19).Natural-originproportions


werethehighestintheWenatcheeRiver(58%).Althoughincreasing,naturaloriginproportionsin


theMethowandOkanoganriversremainedatlowlevels.Therearecurrentlydirectreleasesof


hatcheryoriginjuvenilesinthreeofthefourpopulations,theexceptionbeingtheEntiatRiver.Based


onPITdetections,hatcheryoriginspawnersintheEntiatRiverincludestrayhatcheryreturnsfrom


releasesintotheWenatcheeRiver(Hillmanetal.2015).











Figure19–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.


Table11--5-yearmeanoffractionnaturalorigin(sumofallestimatesdividedbythenumberofestimates).


Blanksmean no estimate available in that 5-year range.
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Entiat R. SuR 0.56 0.21 0.24 0.24 0.31


Methow R. SuR 0.24 0.14 0.11 0.15 0.24


Okanogan R. SuR 0.11 0.05 0.06 0.09 0.13


Wenatchee R. SuR 0.30 0.41 0.34 0.38 0.58 
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NOAAFisheriesadoptedarecoveryplanforupperColumbiaRiverspringChinooksalmonand


steelheadin2007(FR72#194,57303−57307).TheplanwasdevelopedbytheUpperColumbia


SalmonRecoveryBoard(UCSRB)andisavailableat:http://www.nwr.noaa.gov/Salmon-Recovery-

Planning/Recovery-Domains/Interior-Columbia/Upper-Columbia/Upper-Col-Plan.cfm.


Achievingrecovery(delisting)ofeachESUviasufficientimprovementinabundance,productivity,


spatialstructure,anddiversityisthelongertermgoaloftheUCRecoveryPlan.TheUCRecovery


Planincludesspecificquantitativecriteriaexpressedrelativetopopulationviabilitycurves(ICTRT


2007).ItincludestwoquantitativecriteriaforassessingthestatusofthesteelheadDPSagainstthe


recoveryobjective:“The12-yeargeometricmean(representingapproximatelythreegenerations)of


abundanceandproductivityofnaturallyproducedsteelheadwithintheWenatchee,Entiat,and


Methowpopulationsmustreachalevelthatwouldhavenotlessthana5%extinction-risk(viability)


overa100yearperiod”and“ataminimum,theUpperColumbiaSteelheadDPSwillmaintainatleast


3,000naturallyproducedspawnersandaspawner:spawnerratiogreaterthan1:1distributedamong


thethreepopulations.”Theminimumnumberofnaturallyproducedspawners(expressedas12-

yeargeometricmeans)shouldexceed1,000eachfortheWenatcheeandMethowriverpopulations


and500eachfortheEntiatandOkanoganriverpopulations.Theplanalsoestablishedminimum


productivitythresholds.Thesenaturalspawnerabundancecriteriareplacetheinterimtargets


referencedinthe2005BRTreport.The12-yeargeometricmeanproductivityshouldexceed1.1


spawnersperparentspawnerforthetwolargerpopulations(WenatcheeandMethowRivers),and


1.2forthesmallerEntiatRiverandOkanoganpopulations.


TheICTRThadrecommendedthatatleasttwoofthefourextantpopulationsbetargetedforhighly


viablestatus(lessthan1%riskofextinctionover100years)becauseoftherelativelylownumberof


extantpopulationsremainingintheESU.TheUCRecoveryPlanadoptedanalternativeapproachfor


addressingthelimitednumberofpopulationsintheESU—5%orlessriskofextinctionforatleast


threeofthefourextantpopulations.


TheUCRecoveryPlanalsocallsfor“…restoringthedistributionofnaturallyproducedspring


Chinooksalmonandsteelheadtopreviouslyoccupiedareaswherepractical,andconservingtheir


geneticandphenotypicdiversity.”SpecificcriteriaincludedintheUCRecoveryPlanreflecta


combinationofthecriteriarecommendedbytheICTRT(ICTRT2007)andanearlierpre-TRT


analyticalproject(Fordetal.2001).Theplanincorporatesspatialstructurecriteriaspecifictoeach


steelheadpopulation.FortheWenatcheeRiverpopulation,thecriteriarequireobservednatural


spawninginfourofthefivemajorspawningareasaswellasinatleastoneoftheminorspawning


areasdownstreamofTumwaterDam.IntheMethowRiver,naturalspawningshouldbeobservedin


threemajorspawningareas.Ineachcase,themajorspawningareasshouldincludeaminimumof


5%ofthetotalreturntothesystemor20redds,whicheverisgreater.TheEntiatRiverspring


Chinookpopulationincludesasinglehistoricalmajorspawningarea.Theplanincorporatescriteria


forspatialstructureanddiversityadoptedfromtheICTRTviabilityreport.Themeanscoreforthe


threemetricsrepresentingnaturalratesandspatiallymediatedprocessesshouldresultina


moderateorlowerriskineachofthethreepopulationsandallthreatsdefinedashighriskmustbe


addressed.Inaddition,themeanscorefortheeightICTRTmetricstrackingnaturallevelsof


variationshouldresultinamoderateorlowerriskscoreatthepopulationlevel.
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Table12-ViabilityassessmentsforextantUpperColumbiaSteelheadDPSpopulations.Naturalspawningabundance:mostrecent10yeargeometricmean(range).ICTRT


productivity:20yeargeometricmeanforparentescapementsbelow75%ofpopulationthreshold.Currentabundanceandproductivityestimatesaregeometricmeans.Range


inannualabundance,standarderrorandnumberofqualifyingestimatesforproductivitiesinparentheses.Upwardarrows:currentestimatesincreasedoverpriorreview.


Oval:nochange,downwardarrowindicateestimatehasdecreased.


Population 

Abundance and productivity metrics Spatial structure and diversity metrics

Overall


viability


rating

ICTRT 

minimum 

threshold 

Natural 

spawning 

abundance 
ICTRT 

productivity 
Integrated A/P 

risk 

Natural 

processes 

risk 
Diversity 

risk 
Integrated 

SS/D risk 

 

Wenatchee River 

2005–2014 

 
1,000 

 

        1,025  

(386-2,235) 

 
         1.207   

(.021, 3/20)

 

Low 

 
Low 

 
High 

 
High Maintained

 

Entiat River 

2005–2014

 
500 

 

          146   
(59-310) 

 

           0.434    

(.22, 12/20)

 
High 

 

Moderate 
 

High 
 

High High risk

Methow River 

2005–2014 
 

1,000 

 

         651   

(365-1,105) 

 

         0.371     

(0.37, 3/20) 

 
High 

 

Low 
 

High 
 

High High risk

Okanogan River 

2005–2014 
 

750 

 

 

        189   

(107-310) 

 

          0.154   

(.275, 6/20) 

High 

 

 

High 
 

High 
 

High High risk
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UPDATEDBIOLOGICALRISKSUMMARY


UpperColumbiaRiversteelheadpopulationshaveincreasedrelativetothelowlevelsobservedinthe


1990s,butnaturaloriginabundanceandproductivityremainwellbelowviabilitythresholdsfor


threeoutofthefourpopulations(Table13).ThestatusoftheWenatcheeRiversteelheadpopulation


continuedtoimprovebasedontheadditionalyearsinformationavailableforthisreview.The


abundanceandproductivityviabilityratingfortheWenatcheeRiverexceedstheminimumthreshold


for5%extinctionrisk.However,theoverallDPSstatusremainsunchangedfromthepriorreview,


remainingathighriskdrivenbylowabudanceandproductivityrelativetoviabilityobjectivesand


diversityconcerns.Applicationofthecriteriaforabundance/productivityresultsinrelativelycoarse


scaleratingsforeachpopulation.AcrossInteriorColumbiaDPSs,thepopulationsdifferinthe


relativechangesinsurvivalorlimitingcapacitiesthatcouldleadtoviableratings(Figure20).The


requiredimprovementtoimprovetheabundance/productivityestimatesforUpperColumbia


SteelheadpopulationsisatthehighendoftherangeforalllistedInteriorpopulations(Figure20).


GiventherecentchangesinhatcherypracticesintheWenatcheeRiverandthepotentialforreduced


hatcherycontributionsorincreasedspatialseparationofhatcheryvs.naturaloriginspawners,itis


possiblethatgeneticcompositioncouldtrendtowardspatternsconsistentwithstrongnatural


selectioninfluencesinthefuture.Ongoinggeneticsamplingandanalysiscouldprovideinformation


inthefuturetodetermineifthediversityriskisabating.Theproportionsofhatchery-originreturns


innaturalspawningareasremainhighacrosstheDPS,especiallyintheMethowandOkanoganriver


populations.Theimprovementsinnaturalreturnsinrecentyearslargelyreflectseveralyearsof


relativelygoodnaturalsurvivalintheoceanandtributaryhabitats.Tributaryhabitatactionscalled


forintheUpperColumbiaRecoveryPlanareanticipatedtobeimplementedoverthenext25years


andthebenefitsofsomeofthoseactionswillrequiresometimetoberealized.


Table13-UpperColumbiaSteelheadDPSSteelheadpopulationviabilityratingsintegratedacrossthefourVSP


parameters.Viabilitykey:HV,highlyviable;V,viable;M,maintained;andHR,highrisk(doesnotmeetviability


criteria).


 Spatial structure/diversity risk

 Very low Low Moderate High

Abundance/

productivity


risk

Very low 
(<1%)

HV 
 

HV V M

Low 
(1–5%)

V 
V
 V

M


Wenatchee 

Moderate

(6–25%)
M M M HR

High

(>25%)
HR HR HR

HR

Entiat

Methow

Okanogan
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Figure20–UpperColumbiasteelheadDPSpopulationabundance/productivitygaps.Populationswithinsufficient


datatogenerategapsshadedingray.Gapsaredefinedasrelativeimprovementinproductivityorlimitingcapacity


requiredforapopulationtoexceeditscorresponding5%riskviabilitycurve(ICTRT,2007b).Gapestimatesfor


populationsintheMid-ColumbiaDPSandSnakeRiverDPSprovidedforcomparison(shadedcolors).
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SNAKERIVERSPRING/SUMMER-RUNCHINOOKSALMONESU





BRIEFDESCRIPTIONOFESU


TheSnakeRiverSpring-SummerChinooksalmonESUincludesallnaturallyspawnedpopulationsof


spring/summer-runChinooksalmoninthemainstemSnakeRiverandtheTucannonRiver,Grande


RondeRiver,ImnahaRiver,andSalmonRiversubbasins,aswellasfifteenartificialpropagation


programs(Figure21).TheESUwasfirstlistedundertheESAin1992,andthelistingwasreaffirmed


in2005and2012.





Figure21–TheSnakeRiverspring/summer-runChinooksalmonESU’spawningandrearingareas,illustrating


populationsandmajorpopulationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


The2005BRTreportevaluatedthestatusofSnakeRiverspring/summerChinookusingdataon


returnsthrough2001,withthemajorityofBRTriskratingpointsbeingassignedtothemostlikelyto


beendangeredcategory(Goodetal.2005).TheBRTnotedthatalthoughtherewereanumberof


extantspawningaggregationswithinthisESU,asubstantialnumberofhistoricalspawning


populationshavebeenlost.ThemostseriousriskfactorfortheESUwaslownaturalproductivity


(spawnertospawnerreturnrates)andtheassociateddeclineinabundancetoextremelylowlevels
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relativetohistoricalreturns.Largeincreasesinescapementestimatesformany(butnotall)areas


forthe2001returnyearwereconsideredencouragingbytheBRT.HowevertheBRTalso


acknowledgedthatreturnlevelswerehighlyvariableandthatabundanceshouldbemeasuredover


atleastan8yearperiodandthatbythismeasurethethenrecentabundancelevelsacrosstheESU


fallshortofinterimobjectives.TheBRTwasconcernedaboutthehighlevelof


production/mitigationandsupplementationhatcheryprogramsacrosstheESU,notingthatthese


programsrepresentedongoingriskstonaturalpopulationsandmadeitdifficulttoassesstrendsin


naturalproductivityandgrowthrates.Thephasingoutofthenon-nativeRapidRiver-origin


hatcheryprogramintheGrandeRondeBasinwasviewedasapositiveaction.


2010


Fordetal.(2011)concludedthatpopulationlevelstatusratingsremainedathighriskacrossall


MPGswithintheESU;althoughnaturalspawningabundanceestimateshadincreased,allpopulations


remainedbelowminimumnaturaloriginabundancethresholds.Relativelylownaturalproduction


ratesandspawninglevelsbelowminimumabundancethresholdsremainedamajorconcernacross


theESU.Theabilityofpopulationstobeself-sustainingthroughnormalperiodsofrelativelylow


oceansurvivalremaineduncertain.Factorscitedbythe2005BRT(Goodetal.2005)remainedas


concernsorkeyuncertaintiesforseveralpopulations.Overall,thenewinformationconsideredin


2010didnotindicateachangeinthebiologicalriskcategorysincethetimeofthepriorBRTstatus


reviewin2005.





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


ThepreviousBRTreview(Fordetal.2011)analyzedspawnerabundancedataseriesformost


populationsinthisESUusingexpansionsfromindexareareddcountsandweirestimates(ICTRT


2010).ThecurrentICTRTdataseriesextendsthetimeperiodofrecordthroughatleastthe2013or


2014returnyearforpopulationsacrossalloftheMPGsintheSpring/SummerChinookESU.Data


andanalysesusedinthisassessmentwereobtainedprimarilyfromstateandtribalfisheries


agencies.ODFW,WDFWandIDFGupdatedannualestimatesofspawningescapement,


hatchery/wildspawnerfractionsandagecompositionformostpopulations,oftenincorporatingdata


generatedbyregionalprojectsconductedbytheNezPerce,UmatillaandShosoneBannocktribal


fisheriesdepartments.Inseveralcasestheprimarysourceforinformationonapopulationwasan


ongoingtribalsamplingprogram(e.g.,theDidsonsonarbasedprogramintheSeceshRiverandthe


markrecaptureweirsamplingprojectinJohnsonCreek–bothconductedbytheNezPerceTribal


Fisheriesdepartment).Amajoradvancesincethedatacompilationeffortsleadingtothe2011


NWFSCstatusreviewhasbeenthecooperativeeffortsofregionalfishmanagerstomaintain


regionallycompatibledatabasesusingstandardizedformatsandmethodstopromoteefficiencyand


accesstopopulationlevelestimatesofkeystatusindicatorsincludingspawningabundance,


hatchery/naturalproportionsandagestructure.


Effortstorefineanddocumenttheestimatesforindividualpopulationshavecontinued.Inmost


cases,updatestoestimatedescapementsorhatchery/wildspawnerproportionsforprioryearshave


beenrelativelyminor.Notableadditionsandchangesincludeincorporationofadditionalspawner
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surveyandweircountdataprovidedbytheSoshone-BannockTribalFisheriesDepartmentinto


populationlevelspawnerestimatesfortheYankeeFork,updatingthedataseriesfortheLemhiRiver


populationtoaccountforspawningestimatesintheHaydenCreektributary,andtheadditionofdata


seriesfortwoadditionalpopulations(theUpperandLowerMiddleForkpopulations).Population


levelestimatesderivedfromthesesourcesforthisassessmentareavailablethroughtheNWFSC


SalmonPopulationSummarydatabase(http://www.nwfsc.noaa.gov/trt/mapsdata.cfm).


FreshwaterProductionAssessments


RecentanalysesofsmoltproductionfromSalmonRiverandGrandeRondeChinookpopulationshave


identifiedorcorroboratedrelativelystrongdensitydependentgrowthandmortalityeffects(Walters


etal.2013b;Copelandetal.2014c;ISAB2015).Inaddition,newinsightsintotheprevalenceandthe


potentialimportanceofjuvenilemigrationtacticsforindividualpopulationshavebecomeavailable


(Copeland&Venditti2009;Copelandetal.2014c).Informationfromthesestudieswillbediscussed


inboththeAbundance/ProductivityandSpatialStructure/Diversitysections.


Relativedensityhadeffectsonsurvivalduringaparticularstage(e.g.eggtosummerparr)aswellas


ongrowth.Theeffectsofdensitydependenceongrowthwereoftencorrelatedwithmortalityrates


duringthenextlifehistoryphase(overwintering).Ingeneral,theSnakeRiverstudiesdidnot


supportadensityrelatedmigrationmechanism.


MultiplePopulationAnalyses


The2009FCRPSAdaptiveManagementandImplementationPlanidentifiedaneedformoredetailed


metapopulationanalysesthatcouldbeusedtohelpidentifypopulationsparticularlyvulnerableto


extinctionduetoisolationaswellastounderstandcommonalitiesanddifferencesinyeartoyear


variationsamongpopulations(Fullertonetal.2013;Jorgensenetal.2013).Moreeffortwillbe


neededtodevelopandimplementmetapopulationmodelsthatcanbeusedtofullyaccomplishthose


objectives,butsomepreliminaryinsightsareavailable(Fullertonetal.2013).Specifically,results


fromexpandedgenetics/dispersalanalysesindicategeneralrelationshipsamongpopulationsthat


wouldbeconsistentwithICTRTdelineations,howeverthereweresomeoutlierpopulationsor


deviationsincommonpatterns.Forexample,TheLemhiRiverandtheGrandeRondeRiverarein


twoMPGsthataregeographicallyseparated,buttheirtrendsinabundancearemoresimilarthanto


theotherpopulationsassignedtotheirrespectiveMPGs,inspiteofbeingover800streamkmsapart.


Thismaybearesultofacommonresponsetocorrelatedenvironmentalfactors.Thepopulationsin


theSouthForkSalmonMPGshowedahighdegreeofdiversity.Twoofthepopulationsinthisgroup


showedrelativelyuniquepatternsinannualtrendsinabundancethatdidnotcorrelatewellwithany


otherpopulation.Continuingthemetapopulationanalyticalworkshould,inthefuture,eitherfurther


validateorprovideascientificbasisforupdatingtheobjectivesbehindthepopulationrecovery


scenariooptionsrecommendedbytheICTRT.


SmolttoAdultReturnRates


TheICTRTcurrentproductivitymetricincorporatesanadjustmentforannualsmolttoadultreturn


rate(SAR)estimatestoreducetheimpactofshorttermclimatevariability(ICTRT2007).TheSAR


indexusedinearlieranalyseshasbeenextendedusingestimatesbasedonthesamplingthe


aggregatenaturaloriginsmoltoutmigrantsandadultreturnsatLowerGraniteDam.Theindices
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representcumulativeoutofbasinsurvivals(downstreampassage,oceanlifestages,upstream


passageincludingharvestescapementrates).TheSARseriesderivedfromestimatesofthe


aggregatewildsmoltoutmigrationandthecorrespondingadultreturnssummedbyageoverthe


associatedreturnyearsshowsaseriesoffluctuationsthataresimilartoSARseriesforother


ColumbiaBasinESUs/DPSs(Figure22).Ingeneral,seriesofrelativelyhighandlowyearsinsmolt


toreturnratesweresimilaramongColumbiaBasinESUs/DPSs,althoughtherearesomedifferences.


AlloftheindicesshowedpeaksinSARsforbroodyearsintheearly1980sandthelate2000s,and


relativelylowsurvivalsintheearly1990sand2000s.





Figure22--SnakeRiverspring/summerChinooksalmonaggregatesmolttoadultreturnrates(bluepointsand


heavyline).AggregateSARsforotherInteriorColumbiabasinESUsandDPSsprovidedforcomparison.SnakeRiver


aggregatewildsteelheadrun(solidgreen),UpperColumbiaspringChinook(bluedashedline),UpperColumbia


steelhead(greendashedline)and,Mid-Columbiasteelhead(redline).EachSARseriesisrescaledbydividingannual


valuesbythecorrespondingseriesmeantofaclilitaterelativecomparison.





OceanConditionIndices
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SnakeRiverspring/summerChinooksalmonarepartoftheColumbiaRiverupriveryearling


dominatedChinookrunthatisbelievedtooccupymid-shelfwatersduringtheearlyoceanlifehistory


phase(seeEnvironmentalTrendssectionbelow).ThesummercomponentsofthisESUaremore


similarinoceandistributiontothespringChinookrunsthantotherunsfromthenon-listed


summer/fallESUinthemid/upperColumbia.AggregateannualreturnsofColumbiaRiverspring


Chinookarecorrelatedwitharangeofoceanconditionindicesincludingmeasuresofbroadscale


physicalconditions,localbiologicalindicators,andlocalphysicalfactors(Petersonetal.2014).


Severalindicators,eitherindividuallyorincombination,correlatewellwithspringChinookadult


returnswithalagof1to2years.However,foreachspecificindicatororcombination,thereare


anomalousyearsthatfalloutsideoftheapparentrelationships.Workiscontinuingtofurther


understandtherelationshipsamongphysicalandbiological‘drivers’andannuallevelsofocean


survivalforsalmonidspeciesintheoceanenvironment(Petersonetal.2014).Afteraccountingfor


ageatreturnvs.oceanentry,theannualpatternintheaggregateSnakeRiverChinooksalmonESU


SARindex(Figure22)generallycorrespondstothecompositerankingsacrossoceanindicators


availableforearlyoceanyearsstartinginthelate1990s(Petersonetal.2014).


GeneticDiversity


ResultsfromtwostudiesofpatternsingeneticdiversitywithinandamongpopulationsintheSnake


spring/summerChinooksalmonESUhaverecentlybeenpublished.VanDoorniketal.(2011)


analyzedgeneticsamplesfromsomeSalmonRiverpopulations,andreportednoevidencefor


significantintrogressionofhatcherystocks.Thestudyreportedonresultsofanalyzingrecent


samplesfromlocationsinGrandeRondeRiverbasinpopulationsthathavebeensubjecttopast


supplementationeffortsinvolvinganoutsidestock(RapidRiver).Thestudywasdesignedto


determineifthegeneticprofilesofnaturallyproducedChinooksalmonjuvenilesshowedevidenceof


introgression.Samplesfromfourofthepopulations(MinamRiver,WenahaRiver,LostineRiverand


theImnahaRiver)indicatedthatwithinandamongpopulationdiversityretainedtheirdistinctions


fromtheoutofbasinstocksusedtosupplypriorreleases.Therewereindicationsofsomelowlevel


introgressionfromRapidRiverstockintheWenahaandMinamRiversamples.LookingglassCreek


andUpperGrandeRondesamplesindicatedsubstantialinfluenceoftheRapidRiverstock.The


resultsforLookingglassCreekreflectthevirtualreplacementoftheoriginalrunbythelargescale


hatcheryprogram.VanDoorniketal.(2013)speculatethatthestrongRapidRivergeneticsignalin


theUpperGrandeRondeRiversamplesmayreflectacombinationoffactors,includingtherelatively


poorproductivityofthenatalrunundercurrenthabitatandenvironmentalconditionsalongwitha


greatersimilarityinhabitatcharacteristicswiththeareasinwhichtheRapidRiverstockoriginated.


ABUNDANCEANDPRODUCTIVITY


Updateddataseriesonspawnerabundance,agestructureandhatchery/naturalproportionswere


usedtogeneratecurrentassessmentsofabundanceandproductivityatthepopulationlevel.


EvaluationsweredoneusingbothasetofmetricscorrespondingtothoseusedinpriorBiological


ReviewTeam(BRT)reviewsaswellasasetcorrespondingtothespecificviabilitycriteriabasedon


ICTRTrecommendationsforthisESU.TheBRTlevelmetricsweredoneconsistentlyacrossallESUs


andDPSstofacilitatecomparisonsacrossdomains.AssessmentsusingtheICTRTmetricsare


describedintheTRTandRecoveryPlanCriteriasectionbelow.TheICTRTabundanceand


productivitymetricsaremeasuredoverlongertimeframestodampentheeffectsofannual
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variationsandtheyuseannualnaturaloriginagecompositiontocalculatebroodyearrecruitment


whensamplinglevelsmeetagencycriteria.


Estimatesoftheannualabundanceofnaturaloriginspawnerswithineachof26SnakeRiverSpring


SummerChinookESUpopulationsaresummarizedinfiveyearincrementsTable14andare


illustratedinFigure23.Fiveyearsreflectsthe5yearbroodcyclestypicalofInteriorColumbia


spring/summerChinooksalmonpopulations.Themostrecentfiveyeargeometricmeanabundance


estimatesfor25outofthe26populationsarehigherthanthecorrespondingestimatesforthe


previousfiveyearperiodbyvaryingdegrees,theestimateforthe26thpopulationwasfornochange


fromaverylowabundanceinthepriorfiveyearperiod.Therecentfiveyearabundancelevelsfor


17ofthepopulationsweremorethantwicetheestimatesforthepreviousfiveyearperiod.Fourof


thefivepopulationswiththehighestrelativeincreaseswerepopulationswithsignificantlevelsof


directhatcherysupplementation(YankeeFork,CatherineCreek,UpperGrandeRondeRiverandEast


ForkoftheSouthFork).MarshCreekandtheLemhiRiverhadthehighestrelativeincreasesamong


populationsthatwerenotsupplementedbyhatcheryproduction.Thelevelofincreasefortheother


populationsexhibitingapositivechangerangedfrom34%to81%.


Short-term(15year)populationtrendsintotalspawnerabundancewerepositiveovertheperiod


1999to2014for23ofthe26populationnaturaloriginabundanceseries,buttherelativeratesof


increaseforeachpopulationwerelowerthanestimatesoftrendforthepriorreviewperiod(Table


15).TrendsformostpopulationsintheMiddleForkandUpperSalmonMPGSarestronglypositive.


TwopopulationsintheMiddleForkMPG(MarshCreekandLoonCreek)alongwithone(Lemhi


River)intheUpperSalmonMPGhadrelativelyflattrendsintotalabundancesince1995.Short-term


trendsintotalabundancefortheSouthForkMPGwerealsopositivebutatlowerlevelsthaninthe


MiddleForkandUpperSalmonMPGs,withtheexceptionoftherelativelystrongtrendintheEast


ForkSouthForkpopulation.IntheGrandeRondeMPG,threeofthepopulationsexhibited


moderatelypositivetrends,andtheremainingthreehadrelativelyflatorslightlynegative


trajectoriesintotalspawningabundancesince1995.Themostrecent15yeartrendestimateforthe


singleextantpopulationintheLowerSnakeMPG,theTucannonRiver,hadasimilarpositivetrendas


inthepriorreview.Thetrendinnaturaloriginspawnersforthreepopulationswereflat(Lower


MiddleForkMainstem)orslightlynegative(CamasandLoonCreeks).Onepopulation(theLower


MiddleForkSalmonRiverMainstem)declinedatarateof9%peryearovertheperiod.


Itisimportanttoputtherecentaverageabundanceandtrendestimatesinalongertermcontext.


Theshorttermtrendsdescribedinthisreportallowforadetailedassessmentoftheperformanceof


populationssincethesteepdeclinesandextremelylowspawnerlevelsobservedfromtheearly


1970sthroughthe1990s.Estimatesofpopulationlevelescapementformanyofthesepopulations


areavailablegoingbackintothe1950’sand1960s,asaredamcountsrepresentingtheaggregate


returnsfromallSnakeRiverpopulations(e.g.,IceHarborcountsbeginningin1962).Thehistorical


populationspecificspawnerestimatesandthedamcountaggregatereturnestimatesallindicatethat


returnsinthelate1950sandearly1960sweregenerallyhigherthanrecentreturns,inmostcasesby


asubstantialamount(Fordetal.2011).
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Figure23–Smoothedtrendinestimatedtotal(thickblackline)andnaturalorigin(thinredline)population


spawningabundance.Pointsshowtheannualrawspawningabundanceestimates.
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Figure24–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).).Spawningyearsonxaxis.
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Table14--5-year geometric mean of raw naturalorigin spawner counts.This is the raw total spawner count times the fraction naturalorigin estimate, if


available.In parentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable


butnooronlyoneestimateofnaturaloriginspawnersavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthe


numberofcountsavailable(2to5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo5-year


periodsisshownonthefarright.


Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Imnaha R. Mainstem SSR Grande Ronde/Imnaha 218 (529) 231 (452) 899 (2032) 264 (1196) 699 (2041) 165 (71)


Minam R. SSR Grande Ronde/Imnaha 110 (284) 162 (166) 541 (552) 449 (460) 619 (698) 38 (52)

Catherine Cr. SSR Grande Ronde/Imnaha 27 (102) 56 (56) 126 (259) 70 (205) 368 (852) 426 (316)


Wenaha R. SSR Grande Ronde/Imnaha 71 (305) 164 (186) 612 (638) 354 (364) 488 (643) 38 (77)

Wallowa/Lostine R. SSR Grande Ronde/Imnaha 82 (159) 101 (104) 317 (619) 246 (729) 809 (1962) 229 (169)


Grande Ronde R. Up. Mainstem SSR Grande Ronde/Imnaha 33 (96) 31 (32) 55 (105) 26 (141) 114 (816) 338 (479)

Tucannon R. SSR Low. Snake 230 (314) 34 (84) 226 (398) 273 (400) 409 (678) 50 (70)


MF Salmon R. Low. Mainstem SSR MF Salmon R. 28 (28) 4 (4) 4 (4) 0 (0)

Camas Cr. SSR MF Salmon R. 20 (20) 13 (13) 115 (115) 43 (43) 42 (42) -2 (-2)


Chamberlain Cr. SSR MF Salmon R. 286 (286) 85 (85) 1107 (1107) 470 (470) 1074 (1074) 129 (129)

Sulphur Cr. SSR MF Salmon R. 59 (59) 21 (21) 55 (55) 49 (49) 112 (112) 129 (129)


Bear Valley Cr. SSR MF Salmon R. 177 (177) 95 (95) 662 (662) 319 (319) 776 (776) 143 (143)

MF Salmon R. Up. Mainstem SSR MF Salmon R. 13 (13) 140 (140) 52 (52) 104 (104) 100 (100)


Loon Cr. SSR MF Salmon R. 25 (25) 21 (21) 225 (225) 54 (54) 65 (65) 20 (20)

Big Cr. SSR MF Salmon R. 76 (76) 29 (29) 302 (302) 121 (121) 270 (270) 123 (123)


Marsh Cr. SSR MF Salmon R. 102 (102) 99 (99) 285 (286) 126 (126) 564 (564) 348 (348)

EF SF Salmon R. SSR SF Salmon R. 273 (284) 125 (127) 392 (545) 139 (339) 575 (1041) 314 (207)


SF Salmon R. SSR SF Salmon R. 690 (1089) 344 (602) 968 (1540) 626 (1124) 923 (1194) 47 (6)

Secesh R. SSR SF Salmon R. 338 (348) 212 (227) 951 (978) 434 (458) 994 (1014) 129 (121)

Lemhi R. SSR Up. Salmon R. 51 (51) 51 (51) 198 (198) 86 (86) 262 (262) 205 (205)


Salmon R. Up. Mainstem SSR Up. Salmon R. 227 (275) 67 (85) 675 (1104) 327 (564) 624 (897) 91 (59)

Yankee Fork SSR Up. Salmon R. 16 (16) 6 (6) 60 (60) 25 (120) 169 (623) 576 (419)


Valley Cr. SSR Up. Salmon R. 26 (26) 26 (26) 109 (109) 85 (85) 192 (192) 126 (126)

Salmon R. Low. Mainstem SSR Up. Salmon R. 63 (63) 41 (41) 239 (239) 99 (99) 137 (137) 38 (38)


Pahsimeroi R. SSR Up. Salmon R. 45 (67) 172 (343) 226 (298) 360 (388) 59 (30)

EF Salmon R. SSR Up. Salmon R. 68 (107) 34 (46) 442 (442) 224 (224) 594 (594) 165 (165)
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Table15--15-yeartrendsinlognaturaloriginspawnerabundancecomputedfromalinearregression


appliedtothe smoothednaturaloriginspawnerlogabundanceestimate.Onlypopulationswithatleast4


naturaloriginspawnerestimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5


yearsandlast5yearsofthe15-year period.







HarvestimpactsonthespringcomponentofthisESUareessentiallythesameasthoseontheUpper


ColumbiaRiver(Figure25).HarvestoccursinthelowerportionofthemainstemColumbiaRiver.


MainstemColumbiaRiverfisheriesrepresentthemajorityofharvestimpactsonthisESU.Insome


yearsadditionalharvestintheSnakeRiverbasinonspecificpopulationswithintheESUoccurs.


EstimatesoftotalexploitationrateincludingtheSnakeRiverbasincomponentsareincludedinthe


SPSdatabase.SnakeRiversummerChinooksharetheoceandistributionpatternsoftheupperbasin


springrunsandareonlysubjecttosignificantharvestinthemainstemColumbiaRiver.Theincreases


inrecentyearshaveresultedfromincreasedallowableharvestratesundertheabundancedriven


slidingscaleharvestratestrategyguidingannualmanagementinresponsetocontinuedlarge


returnsofhatcheryspringChinooktotheColumbiaRiverbasin.HarvestofsummerChinookhas


beenmoreconstrainedthanthatofspringChinookwithconsequentlylowerexploitationratesonthe


summercomponentofthisESU.However,theoverallpatternofexploitationratescalculatedbythe


TACisnearlyidenticaltothatoftheUpperColumbiaRiverspringChinook.


Population MPG 1990-2005 1999-2014


Imnaha R. Mainstem SSR Grande Ronde/Imnaha 0.1 (0.01, 0.18) 0.02 (-0.06, 0.1)

Minam R. SSR Grande Ronde/Imnaha 0.12 (0.03, 0.2) 0.05 (-0.02, 0.11)


Catherine Cr. SSR Grande Ronde/Imnaha 0.09 (0.01, 0.17) 0.08 (0, 0.16)

Wenaha R. SSR Grande Ronde/Imnaha 0.17 (0.08, 0.25) 0.02 (-0.05, 0.09)


Wallowa/Lostine R. SSR Grande Ronde/Imnaha 0.1 (0.02, 0.18) 0.1 (0.02, 0.17)

Grande Ronde R. Up. Mainstem SSR Grande Ronde/Imnaha 0.07 (-0.02, 0.16) 0.05 (-0.03, 0.13)


Tucannon R. SSR Low. Snake 0.04 (-0.07, 0.14) 0.1 (0.03, 0.18)

MF Salmon R. Low. Mainstem SSR MF Salmon R. -0.09 (-0.16, -0.02)


Camas Cr. SSR MF Salmon R. 0.11 (0, 0.22) -0.01 (-0.08, 0.07)

Chamberlain Cr. SSR MF Salmon R. 0.1 (0, 0.21) 0.08 (0.01, 0.15)


Sulphur Cr. SSR MF Salmon R. 0.06 (-0.04, 0.16) 0.07 (0, 0.13)

Bear Valley Cr. SSR MF Salmon R. 0.11 (0.01, 0.21) 0.06 (-0.01, 0.13)


MF Salmon R. Up. Mainstem SSR MF Salmon R. 0.03 (-0.04, 0.11)

Loon Cr. SSR MF Salmon R. 0.14 (0.03, 0.25) -0.01 (-0.09, 0.07)


Big Cr. SSR MF Salmon R. 0.1 (-0.01, 0.21) 0.06 (-0.02, 0.13)

Marsh Cr. SSR MF Salmon R. 0.08 (-0.02, 0.18) 0.08 (0.01, 0.15)


EF SF Salmon R. SSR SF Salmon R. 0.04 (-0.05, 0.12) 0.06 (-0.02, 0.14)

SF Salmon R. SSR SF Salmon R. 0.06 (-0.03, 0.15) 0.02 (-0.05, 0.09)


Secesh R. SSR SF Salmon R. 0.08 (-0.01, 0.17) 0.05 (-0.02, 0.12)

Lemhi R. SSR Up. Salmon R. 0.08 (-0.01, 0.18) 0.04 (-0.03, 0.11)


Salmon R. Up. Mainstem SSR Up. Salmon R. 0.08 (-0.02, 0.18) 0.06 (-0.01, 0.13)

Yankee Fork SSR Up. Salmon R. 0.13 (0.02, 0.25) 0.16 (0.08, 0.23)


Valley Cr. SSR Up. Salmon R. 0.12 (0.02, 0.22) 0.09 (0.02, 0.15)

Salmon R. Low. Mainstem SSR Up. Salmon R. 0.08 (-0.02, 0.18) 0 (-0.06, 0.07)


Pahsimeroi R. SSR Up. Salmon R. 0.11 (0.05, 0.17)

EF Salmon R. SSR Up. Salmon R. 0.15 (0.03, 0.26) 0.07 (0, 0.15)
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Figure25--TotalexploitationratesforSnakeRiverspring/summerChinooksalmoninthemainstemColumbiaRiver


fisheries.DatafromtheColumbiaRiverTechnicalAdvisoryTeam(TAC2015).


SPATIALSTRUCTUREANDDIVERSITY


CurrentestimatesofspatialstructureanddiversityratingsforSnakeRiverSpring/SummerChinook


populationsaresummarizedinTable17.TheICTRTratingsforspatialstructureremainunchanged.


Mostpopulationabundanceestimatesarebasedonreddorweircountsconductedacrossreaches


withinoracrossmajorspawningareas.Recentsurveyresultsareconsistentwithrecordsforthe


yearsanalyzedbytheICTRT.


TheproportionofhatcheryoriginspawnerswithinpopulationsvariesconsiderablyacrossMPGs


(Figure26,Table16).AllfiveextantpopulationsintheGrandeRondeRiverbasinhadrelativelyhigh


hatcheryspawnerproportionsinthe1990s,reflectingthelargescaleuseofoutofbasinstock(Rapid


River)inlocalreleasesduringthatperiod.Managerstransitionedthereleaseprogramsto


incorporatelocalnaturaloriginbroodstockinthemid1990s.Currentlyfiveofthesixextantnatural


populationtributariesaswellasLookingglassCreek(withanextripatednatalpopulation)have


targetedhatcheryreleases.Duringthattransition,returninghatcheryoriginfishfromtheRapid


Riverreleaseswereactivelyremovedpriortospawning.Returnsfromnaturaloriginbroodstock


increasedasthespecificin-basinprogramsreachedtheirsmoltproductionobjectives.Thecurrent


localbroodstockbasedhatcheryprogramsinthreeofthebasinsaredesignedtosupplementnatural


spawningwhilecontributingtomeetingmitigationobjectives


(http://www.dfw.state.or.us/fish/HGMP/final.asp#3).ReleasesintoLookingglassCreek,an


extirpatedpopulation,areaconventionalsegregatedprogram.ThehistoricalLookingglassCreekrun


isbelievedtohavebeenextirpatedasaresultoftheoutofbasinhatcheryprogram.Thecurrent


programusesbroodstockthatoriginatedfromCatherineCreek.TheMinamandWenahaRiver
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populationsdonothavedirectsupplementationprograms.TheImnahaRiver,anadjacentriver


basintotheGrandeRonde,isalsointhisMPG,hasanongoingintegratedhatcheryprogramthat


incorporatesnaturaloriginbroodstock.


ThesinglecurrentextantpopulationintheLowerSnakeRiverMPG,theTucannonRiver,hasan


ongoingsupplementationprogram,andhatcheryreturnshaveconstitutedaboutathirdofspawning


innaturalareasinrecentyears.Markrecaptureestimatescomparedtoreddcountandcarcass


recoveriesindicatethatprespawnmortalitiesintheTucannonRiverhavebeenrelativelyhighin


recentyears.Effortsareunderwaytofurtherquantifyandtoidentifypotentialdirectcauses


(Bumgarner&Dedloff2015).HatcheryproportionsforpopulationsintheMiddleForkSalmonMPG


arebasedoncarcassrecoveriesandremainverylow,indicatingnegligiblestrayingratesasthereare


nodirectreleaseprogramsinthisriverbasin.


ThreeofthefourSouthForkSalmonMPGpopulationshaveongoinghatcheryprograms.Hatchery


proportionsforthetwoofthethreepopulationsintheSouthForkSalmonRiverwithactivehatchery


programsdecreasedmarginallyinthemostrecentfiveyearupdate.TheSeceshRivercontinuesto


showlowhatcheryproportionsreflectingsomestrayingfromtheprogramsintheadjacent


populations.TheICTRTincludedafourthpopulationintheneighboringLittleSalmonRiverdrainage


inthisMPG.Thispopulationincludesreturnsfromlargescalehatcheryreleasesalthoughsomeofits


sidetributaryspawningareaslikelyhavelowhatcherycontributions.Directestimatesofnatural


originspawnersforthispopulationarelimitedtoweirpassagecountsfortheRapidRivertributary.


IntheUpperSalmonRiverMPG,fourofthesevenpopulationswithsufficientinformationtodirectly


estimatehatcherycontributionshadverylowhatcheryproportions(LemhiRiver,EastForkSalmon


River,ValleyCreekandtheLowerMainstemSalmonRiver).Themostrecentfiveyearmeanforthe


PahsimeroiRiverwasalsorelativelylow.ThissystemispartoftheIdahoSupplementationStudy


andhasundergonesubstantialvariationindirectedsupplementationoverrecentbroodcycles.Two


oftheotherpopulationsinthisMPGarethesubjectofactivehatcheryreleaseprogramsasreflected


intheirrespectiveaveragespawnerproportions.Hatcherycontributionstospawninginthebulkof


thehabitatusedbytheUpperSalmonRiverpopulationareregulatedbymanagingpassageat


Sawtoothweir,locatedonthemainstemSalmonRivernearthedownstreamextentofspawning.


HatcheryproportionswithintheYankeeForkpopulationhaveincreasedsubstantiallyinrecent


years,reflectingreturnsfromalargescalesupplementationeffortconductedbytheShosonne


Bannocktribalfisheriesdepartment.Insomerecentyearstheprogramhasaugmentedongoing


smoltreleaseswithadultplantsusingsurplusreturnsfromtheSawtoothHatcheryprograminthe


UpperSalmonRiver(Gregory&Wood2013;Denny&Blackadar2015).
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Figure26–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.
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Table16--5-yearmeanoffractionnaturaloriginspawners(sumofallestimatesdividedbythenumberof


estimates). Blanksmean no estimate available in that 5-year range.








BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


TheICTRTidentified27extantand4extirpatedpopulationsofSnakeRiverSpring/SummerChinook


thathistoricallyusedtheaccessibletributaryanduppermainstemhabitatswithintheSnakeRiver


drainages(ICTRT2003).ThepopulationsareaggregatedintofiveextantMajorPopulation


Groupings(MPGs)basedongenetic,environmentalandlifehistorycharacteristics.TheLowerSnake


RiverMPGincludestheTucannonRiverandAsotinCreek(extirpated)populations.TheGrande


Ronde/ImnahaRiverMPGincludessixpopulationswithintheGrandeRondeRiverdrainageandtwo


intheImnahaRiver.ThreepopulationswithintheSouthForkSalmonRiverdrainageandafourthin


theLittleSalmonRiverformanadditionalMPG.ChamberlainCreekalongwithsixpopulationsinthe


MiddleForkdrainageconstitutethenextupstreamMPG.TheUpperSalmonRiverMPGincludes


severalmajortributarypopulationsalongwithtwomainstemsectionsalsoclassifiedasindependent


populations.


NOAAFisherieshasinitiatedrecoveryplanningfortheSnakeRiverdrainage,organizedarounda


subsetofmanagementunitplanscorrespondingtoStateboundaries.Atributaryrecoveryplanfor


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


Imnaha R. Mainstem SSR 0.43 0.53 0.45 0.23 0.35

Minam R. SSR 0.46 0.97 0.98 0.98 0.89


Catherine Cr. SSR 0.32 1.00 0.57 0.35 0.45

Wenaha R. SSR 0.28 0.89 0.96 0.97 0.76


Wallowa/Lostine R. SSR 0.55 0.97 0.56 0.35 0.45

Grande Ronde R. Up. Mainstem SSR 0.37 0.98 0.76 0.27 0.18


Tucannon R. SSR 0.74 0.64 0.61 0.69 0.67

MF Salmon R. Low. Mainstem SSR 1.00 1.00 1.00 1.00


Camas Cr. SSR 1.00 1.00 1.00 1.00 1.00

Chamberlain Cr. SSR 1.00 1.00 1.00 1.00 1.00


Sulphur Cr. SSR 1.00 1.00 1.00 1.00 1.00

Bear Valley Cr. SSR 1.00 1.00 1.00 1.00 1.00


MF Salmon R. Up. Mainstem SSR 1.00 1.00 1.00 1.00

Loon Cr. SSR 1.00 1.00 1.00 1.00 1.00


Big Cr. SSR 1.00 1.00 1.00 1.00 1.00

Marsh Cr. SSR 1.00 1.00 1.00 1.00 1.00


EF SF Salmon R. SSR 0.96 0.99 0.73 0.42 0.61

SF Salmon R. SSR 0.66 0.59 0.64 0.56 0.77


Secesh R. SSR 0.97 0.94 0.97 0.95 0.98

Lemhi R. SSR 1.00 1.00 1.00 1.00 1.00


Salmon R. Up. Mainstem SSR 0.84 0.80 0.63 0.58 0.70

Yankee Fork SSR 1.00 1.00 1.00 0.52 0.39


Valley Cr. SSR 1.00 1.00 1.00 1.00 1.00

Salmon R. Low. Mainstem SSR 1.00 1.00 1.00 1.00 1.00


Pahsimeroi R. SSR 0.71 0.51 0.79 0.93

EF Salmon R. SSR 0.64 0.77 1.00 1.00 1.00
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oneofthemajormanagementunits,theLowerSnakeRivertributarieswithinWashingtonstate


boundaries,wasdevelopedundertheauspicesoftheLowerSnakeRiverRecoveryBoardandwas


acceptedbyNOAAFisheriesin2005.TheLSRBPlanprovidesrecoverycriteria,targetsandtributary


habitatactionplansforthetwopopulationsofSpring/SummerChinookintheLowerSnakeMPGin


additiontotheTouchetRiver(Mid-ColumbiaSteelheadDPS)andtheWashingtonsectionsofthe


GrandeRondeRiver.PlanningeffortsareunderwayfortheOregonandIdahodrainages.Viability


criteriarecommendedbytheICTRTarebeingusedinformulatingrecoveryobjectiveswithineachof


themanagementunitplanningefforts.


TRTandRecoveryPlanCriteria


TherecoveryplansbeingsynthesizedanddevelopedbyNOAAFisherieswillincorporateviability


criteriarecommendedbytheICTRT(ICTRT2007a,b).TheICTRTrecoverycriteriaarehierarchical


innature,withESU/DPSlevelcriteriabeingbasedonthestatusofnaturaloriginChinooksalmon


assessedatthepopulationlevel.AdetaileddescriptionoftheICTRTviabilitycriteriaandtheir


derivation(ICTRT2007a)canbefoundatwww.nwfsc.noaa.gov/trt/col/trt_viability.cfm.Underthe


ICTRTapproach,populationlevelassessmentsarebasedonasetofmetricsdesignedtoevaluaterisk


acrossthefourviablesalmonidpopulation(VSP)elements–abundance,productivity,spatial


structureanddiversity(McElhanyetal.2000).TheICTRTapproachcallsforcomparingestimatesof


currentnaturaloriginabundance(measuredasa10yeargeometricmeanofnaturalorigin


spawners)andproductivity(estimateofreturnperspawneratlowtomoderateparentspawning


abundance)againstpredefinedviabilitycurves.Inaddition,theICTRTdevelopedasetofspecific


criteria(metricsandexampleriskthresholds)forassessingthespatialstructureanddiversityrisks


basedoncurrentinformationrepresentingeachspecificpopulation.TheICTRTviabilitycriteriaare


generallyexpressedrelativetoparticularriskthreshold-lowriskisdefinedaslessthana5%riskof


extinctionovera100yearperiodandverylowriskaslessthana1%probabilityoverthesametime


period.


SnakeRiverSpring/SummerChinook:ICTRTExampleRecoveryScenarios


TheICTRTrecommendsthateachextantMPGshouldincludeviablepopulationstotalingatleasthalf


ofthepopulationshistoricallypresent,withallmajorlifehistorygroupsrepresented.Inaddition,


theviablepopulationswithinanMPGshouldincludeproportionalrepresentationoflargeandvery


largepopulationshistoricallypresent.TheICTRTalsorecommendedthatatleastonepopulationina


viableMPGshouldmeetcriteriaforHighlyViable(e.g.,1%riskorless).WithinanyparticularMPG,


theremaybeseveralspecificcombinationsofpopulationsthatcouldsatisfytheICTRTcriteria.The


ICTRTidentifiedexamplescenariosthatwouldsatisfythecriteriaforallextantMPGs(ICTRT2005).


IneachcasetheremainingpopulationsinanMPGshouldbeatorabovemaintainedstatus.


LowerSnakeRiverMPG:ThisMPGhistoricallycontainedtwopopulations,andone,AsotinCreek,is


currentlyconsideredextirpated.TheICTRTbasiccriteriawouldcallforbothpopulationsbeing


restoredtoviablestatus.TheICTRTrecommendedthatrecoveryplannersshouldgivepriorityto


restoringtheTucannonRivertohighlyviablestatus,andevaluatethepotentialforreintroducing


productioninAsotinCreekasrecoveryplanningprogresses.


GrandeRondeMPG:ThisMGPhadeighthistoricalpopulations,twoofwhicharecurrently


consideredfunctionallyextirpated.ThebasicICTRTcriteriacallforaminimumof4populationsat
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viableorhighlyviablestatus.ThepotentialscenarioidentifiedbytheICTRTwouldincludeviable


populationsintheImnahaRiver(runtiming),theLostine/WallowaRiver(largesize)andatleastone


fromeachofthefollowingpairs:CatherineCreekorUpperGrandeRonde(largesizepopulations);


andMinamRiverorWenahaRiver.


SouthForkMPG:TwoofthefourhistoricalpopulationsinthisMPGshouldberestoredtoviableor


highlyviablestatus.TheICTRTrecommendsthatthepopulationsintheSouthForkdrainagesshould


begivenpriorityrelativetomeetingMPGviabilityobjectivesgiventherelativelysmallsizeandthe


highlevelofpotentialhatcheryintegrationfortheLittleSalmonRiverpopulation.


MiddleForkMPG:TheICTRTcriteriacallforatleastfiveoftheninepopulationsinthisMPGtobe


ratedasviable,withatleastonedemonstratinghighlyviablestatus.TheICTRTexamplerecovery


scenarioincludedChamberlainCreek(geographicposition),BigCreek(largesizecategory),Bear


ValleyCreek,MarshCreek,andeitherLoonCreekorCamasCreek.


UpperSalmonMPG:ThisMPGincludedninehistoricalpopulationsoneofwhich,PantherCreek,is


consideredfunctionallyextirpated.TheICTRTexamplerecoveryscenarioforthisMPGincludesthe


PahsimeroiRiver(summerChinooklifehistory);theLemhiRiverandUpperSalmonMainstem(very


largesizecategory);EastForkSalmonRiver(largesizecategory)andValleyCreek.
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Table17-SnakeRiverspring/summerChinookpopulations.Updatedstatussummaryvs.draftrecoveryplanviabilityobjectives.=improvedsince


priorreview.=Decreasedsincepriorreview.=nochange.ShadedpopulationsarethemostlikelycombinationswithineachMPGtobe


improvedtoviablestatus.Currentabundanceandproductivityestimatesexpressedasgeometricmeans(standarderror)..


Population


Abundance/ProductivityMetrics

SpatialStructureand


DiversityMetrics

Overall


Viability


Rating
ICTRT


Minimum
Threshold

Natural 

Spawning 
Abundance

ICTRT


Productivity

Integrated A/P


Risk

Natural


Processes Risk

Diversity

Risk

Integrated

SS/D Risk


LowerSnakeRiverMPG


Tucannon River 750 267(.19 .69(.23) High Low Moderate Moderate
 High


Asotin Creek 500 extirpated     
 Extirpated


Grande
Ronde/Imnaha
MPG


WenahaRiver 750
 399(.12) .93(.21) High Low
 Moderate
 Moderate
 HIGHRISK

Lostine/WallowaR. 1,000 332(.24) .98(.12) High Low Moderate Moderate HIGHRISK

LookingglassR.(ext) 500 extirpated     
 extirpated


MinamR. 750
 475(.12) .94(18) High(M) Low Moderate Moderate HIGHRISK

CatherineCreek 1,000
 110(.31) .95(.15) High Moderate Moderate Moderate HIGHRISK


UpperGr.RondeR. 1,000
 43(.26) .59(.28) High High Moderate High HIGHRISK


ImnahaRiver 750
 328(.21) 1.20(.09) High(M) Low Moderate Moderate HIGHRISK


SouthForkMPG


SouthForkMainstem 1,000 791(.18) 1.21(.20) High(M)
 Low Moderate Moderate HIGHRISK


SeceshRiver 750 472(.18) 1.25(.20 High(M)
 Low Low Low HIGHRISK


EastF,/JohnsonCr. 1,000 208(.24) 1.15(.20) High
 Low Low Low HIGHRISK


LittleSalmonRiver 750 Insf.data  
 Low Low Low HIGHRISK


  
 
 
 
 
 
 


MiddleForkMPG


ChamberlainCreek
 750 641(.17) 2.26(.45) Moderate
 Low Low Low Maintained


BigCreek
 1,000 164(.23) 1.10(.21) High
 Very Low Moderate Moderate HIGHRISK


LoonCreek
 500 54(.10) .98(.40) High
 Low Moderate Moderate HIGHRISK


CamasCreek
 500 38(.20) .80(.29) High
 Low Moderate Moderate HIGHRISK


LowerMainstemMF
 500 Insf.data Insf.data -
 Moderate Moderate Moderate HIGHRISK


UpperMainstemMF
 750 71(.18) 0.50(.72) High
 Low Moderate Moderate HIGHRISK


SulphurCreek
 500 67(.99) .92(.26) High
 Low Moderate Moderate HIGHRISK


MarshCreek
 500 253(.27) 1.21(.24) High
 Low Low Low HIGHRISK
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BearValleyCreek
 750 474(.27 1.37(.17) High(M) Very Low Low Low HIGHRISK


UpperSalmonRiverMPG


SalmonLowerMain
 2,000 108(.18) 1.18(.17) High Low Low Low HIGHRISK


SalmonUpperMain
 1,000 411(.14) 1.22(.19) High(M) Low Low Low HIGHRISK


PahsimeroiRiver
 1,000 267(.16) 1.37(.20) High(M) Moderate High High HIGHRISK


LemhiRiver
 2,000 143(.23) 1.30(.23) High High High High HIGHRISK


ValleyCreek
 500 121(.20) 1.45(.15) High Low Moderate Moderate HIGHRISK


SalmonEastFork
 1,000 347(.22) 1.08(.28) High Low High high HIGHRISK


YankeeFork
 500 44(.45) .72(.39) High Moderate High High HIGHRISK


NorthFork
 500 Insf.data Insf.data  Low Low Low HIGHRISK


PantherCreek(ext)
 750 Insf.data Insf.data     Extirpated
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Figure27AbundanceandproductivitygapsforSnakeRiverSpring/SummerChinookESUpopulations(mapalso


includesUpperColumbiaSpringChinookESUpopulationsforcomparison).Populationswithinsufficientdatato


generategapsshadedingray.Gapsaredefinedasrelativeimprovementinproductivityorlimitingcapacityrequired


forapopulationtoexceeditscorresponding5%riskviabilitycurve(ICTRT,2007b).


UPDATEDBIOLOGICALRISKSUMMARY


ThemajorityofpopulationsintheSnakeRiverspring/SummerChinooksalmonESUremainedat


highoverallrisk,withonepopulation(ChamberlainCreekintheMiddleForkMPG)improvingtoan


overallratingofmaintainedduetoanincreaseinabundance(Table17).Naturaloriginabundance


hasincreasedoverthelevelsreportedinthepriorreviewformostpopulationsinthisESU,although


theincreaseswerenotsubstantialenoughtochangeviabilityratings.Relativelyhighoceansurvivals


inrecentyearswereamajorfactorinrecentabundancepatterns.Tenpopulationsincreasedinboth
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abundanceandproductivity,sevenincreasedinabundancewhiletheirupdatedproductivity


estimatesdecreased,twopopulationsdecreasedinabundanceandincreasedinproductivity.One


population,LoonCreekintheMiddleForkMPG,decreasedinbothabundanceandproductivity.


AlthoughallbutonepopulationinthisESUremainedathighriskforabundanceandproductivity,


thereisaconsiderablerangeintherelativeimprovementstolifecyclesurvivalsorlimitinglifestage


capacitiesrequiredtoattainviablestatus(Figure27).Ingeneral,populationswithintheSouthFork


groupinghadthelowestgapsamongMPGs.TheothermultiplepopulationMPGseachhavearange


ofrelativegaplevels.


Spatialstructureratingsremainunchangedfromthepriorreviews,withlowormoderaterisklevels


forthemajorityofpopulationsintheESU.FourpopulationsfromthreeMPGs(CatherineCreekand


UpperGrandeRonde,LemhiRiverandLowerMiddleForkMainstem)remainathighriskforspatial


structureloss.ThreeofthefourextantMPGsinthisESUhavepopulationsthatareundergoingactive


supplementationwithlocalbroodstockhatcheryprograms.Inmostcasesthoseprogramsevolved


frommitigationeffortsandincludesomeformofslidingscalemanagementguidelinesdesignedto


maximizepotentialbenefitsinlowabundanceyearsandreducepotentialnegativeimpactsathigher


spawninglevels.Effortstoevaluatekeyassumptionsandimpactsareunderwayforseveral


programs.


Whiletherehavebeenimprovementsinabundance/productivityinseveralpopulationsrelativeto


priorreviews,thosechangeshavenotbeensufficienttowarrantachangeinESUstatus.
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SNAKERIVERFALL-RUNCHINOOKSALMONESU





BRIEFDESCRIPTIONOFESU


TheextantSnakeRiverfallChinooksalmonESUincludesfishspawninginthelowermainstemofthe


SnakeRiverandthelowerreachesofseveraloftheassociatedmajortributariesincludingthe


Tucannon,theGrandeRonde,Clearwater,SalmonandImnahaRivers(Figure28).ThisESUwas


originallylistedundertheESAin1992(mostrecentlyreaffirmedin2005and2012).Historically,


naturalproductionfromthisESUwasmainlyfromspawninginthemainstemoftheSnakeRiver


upstreamoftheHellsCanyonDamcomplex.Thespawningandrearinghabitatassociatedwiththe


currentextantpopulationrepresentsapproximately20%ofthetotalhistoricalhabitatavailableto


theESU(Daubleetal.2003).Basedonupdatedinformation,therewasasinglehistoricalpopulation


(theMiddleSnakepopulation)abovethecurrentlocationofHellsCanyonDam,consistingoftwo


majorspawningareas.Theprimary(largestandmostproductive)MiddleSnakeRiver


subpopulationlikelyspawnedwithintheareaofdirectaquiferinfluencedescribedbyConnoretal.


(inpreparation).Temperatureconditionsduringspawningandincubationwerestronglyinfluenced


bywaterinputsfromtheaquifer,allowingforearlieremergencetimingandrapidgrowthespecially


inthereachesupstreamofthecurrentSwanFallsDamsite.AsinglepopulationaboveHellsCanyon


isarevisionoftheoriginaldeterminationoftwopopulationsaboveHellsCanyonDambasedon


historicalaccountsofspawnerdistributionandspatialgeomorphicconsiderations(ICTRT2007).A


keyfactorinthatdecisionwasa56-kmgapinsuitablespawninghabitatreportedinParkhurst


(1950).Basedonadetailedreviewofthegeomorphicpotentialinthatregion,thegapwas


overestimatedandwasmorelikelylessthan25km(Connoretal.inprep).
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Figure28--MapoftheSnakeRiverfall-runChinooksalmonESU’sspawningandrearingareas,illustrating


populationsandmajorpopulationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


The2005BRTreview(Goodetal.2005)includedanassessmentofSnakeRiverfallChinooksalmon


basedondataforrunsthroughthe2001returnyear.Amajorityoftheratingpointsassignedby


individualBRTmembersfellintothe“likelytobecomeendangered”category(60%).TheBRT


reviewnotedthat“…thisoutcomerepresentedasomewhatmoreoptimisticassessmentofthestatus


ofthisESUthanwasthecaseatthetimeoftheoriginalstatusreview...”.Reasonscitedforamore


optimisticratingincluded:thenumberofnaturaloriginspawnersin2001waswellover1,000for


firsttimesince1975,managementactionshadreducedthenumberofoutsideoriginstrayhatchery


fishpassingtothespawninggrounds,theincreasingcontributionofnativeLyonsFerryfishfrom


supplementationprogramsandthefactthatrecentnaturaloriginreturnshadbeenfluctuating


between500and1,000spawners–somewhathigherthanpreviouslevels.The2005BRTstatus


ratingsfortheSnakeRiverfallChinooksalmonESUwerealsoinfluencedbyconcernsthatthe


geometricmeanabundanceatthetimewasbelow1,000(“...averylownumberforanentireESU”),


andbecauseofthelargefractionofhatcheryfishonthespawninggrounds.Additionalconcerns
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citedbytheBRTincludedthefactthatalargeportionofhistoricalmainstemhabitatwas


inaccessible.SomeBRTmemberswereconcernedaboutthepossibilitythatanaturalhistorical


bufferbetweenSnakeRiverfallChinookandotherColumbiaRiverESUsmayhaveexistedandthatit


hadbeencompromisedbyhatcherystraying.


2010


Fordetal.(2011)concludedthatabundanceandproductivityestimatesforthesingleremaining


populationofSnakeRiverFallChinooksalmonhadimprovedsubstantiallyrelativetothetimeof


listing.Howeverthecurrentcombinedestimatesofabundanceandproductivitypopulationstill


resultedinamoderateriskofextinctionofbetween5%and25%in100years.Theextant


populationofSnakeRiverfallChinookwastheonlyremainingfromanhistoricalESUthatalso


includedlargemainstempopulationsupstreamofthecurrentlocationoftheHellsCanyonDam


complex.Theincreasesinnaturaloriginabundancewereencouraging.However,hatcheryorigin


spawnerproportionshadincreaseddramaticallyintheyearspriortothereview–onaverage,78%


oftheestimatedadultspawnerswerehatcheryoriginoverthemostrecentbroodcycleleadingupto


the2010review.Overall,thenewinformationconsideredin2010didnotindicateachangeinthe


biologicalriskcategorysincethetimeofthelastBRTstatusreviewin2005.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Spawnerabundance,productivityandproportionnaturaloriginestimatesfortheLowerMainstem


SnakeRiverpopulationarebasedoncountsandsamplingatLowerGraniteDam.Separateestimates


ofthenumbersofadult(age4andolder)andjack(age3)fallChinooksalmonpassingoverLower


GraniteDamarederivedusingladdercountsandtheresultsofsamplingaportionofeachyear’srun


usingatrapassociatedwiththeladder.Aportionofthefishsampledatthetrapareretainedand


usedashatcherybroodstock.Eachyear,projectedreturnlevelsofhatchery-andnatural-origin


SnakeRiverfallChinooksalmonareusedtodefinearandomizedsamplingstrategyacrossthe


durationoftherunthatwillalsoachievehatcherybroodstockobjectivesfortheSnakeRiverfall


Chinookprogramsandbeconsistentwithimpactlimitsonco-occurringlistedsteelheadreturns.


Fishshuntedintothetraparemeasured,sampledforscalestodetermineage,andexaminedfor


marksand/ortags.FishremovedforbroodstockaretransportedtoLyonsFerryandNezPerce


Tribalhatcheries(onalternativedays)forholdingandspawning.Codedwiretags(CWTs)areread


atspawning.Thedatafromtrapsampling,includingtheCWTrecoveryresults,passiveintegrated


transponder(PIT)tagdetectionsandtheincidenceofadiposeclips,areusedtoconstructdaily


estimatesofhatcheryproportionsintherun.


Atpresent,estimatesofnatural-originreturnsaremadebysubtractingestimatedhatchery-origin


returnsfromthetotalrunestimates(Youngetal.2012).Inthenearfuture,returnsfromaParental


BasedgeneticTagging(PBT)programwillallowforacomprehensiveassessmentofhatchery


contributionsand,therefore,amoredirectassessmentofnaturalreturns.


Samplingmethodsandstatisticalproceduresusedingeneratingtheestimatedescapementshave


improvedsubstantiallyoverthepast10to15years.Beginningwiththe2005return,estimatesare


availableforthetotalrunapportionedintonaturalandhatcheryreturnsbyage(andhatchery-

origin)withstandarderrorsandconfidencelimits(e.g.,Youngetal.2012).Currentestimatesof
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escapementoverLowerGraniteDamforreturnyearspriorto2005werealsobasedonadultdam


countsandtrapsampling.Methodsvariedacrossyearsandaregenerallydescribedinannual


reportscompiledbytheWashingtonDept.ofFishandWildlifeSnakeRiverlaboratory(Milksetal.


2014).Inthenearfuture,theescapementestimatesfor1999-2004returnyearswillbeupdated


usingthenewescapementreconstructionframework.


ABUNDANCEANDPRODUCTIVITY


Theupdateddataseriesdescribedaboveofspawnerabundance,agestructureandhatchery/natural


proportionswereusedtogeneratecurrentassessmentsofabundanceandproductivityatthe


populationlevel.Evaluationsweredoneusingbothasetofmetricscorrespondingtothoseusedin


priorBiologicalReviewTeam(BRT)reviewsaswellasasetcorrespondingtothespecificviability


criteriabasedonICTRTrecommendationsforthisESU.TherelativelysimpleBRTlevelmetricswere


doneconsistentlyacrossallESUsandDPSstofacilitatecomparisonsacrossdomains.Assessments


usingtheICTRTmetricsaredescribedintheTRTandRecoveryPlanCriteriasectionbelow.The


ICTRTabundanceandproductivitymetricsaremeasuredoverlongertimeframestodampenthe


effectsofannualvariationsandtheyuseannualnaturaloriginagecompositiontocalculatebrood


yearrecruitmentwhensamplinglevelsmeetregionalfisheryagencycriteria.Populationlevel


estimatesderivedfromthesesourcesforthisassessmentareavailablethroughtheNWFSCSalmon


PopulationSummarydatabase(http://www.nwfsc.noaa.gov/trt/mapsdata.cfm).


Priortotheearly1980s,returnsofSnakeRiverfallChinooksalmonwerelikelypredominatelyof


natural-origin(Bugert1995).Naturalreturnlevelsdeclinedsubstantiallyfollowingthecompletion


ofthethree-damHellsCanyonComplex(1959-1967),whichcompletelyblockedaccesstomajor


productionareasaboveHellsCanyonDam,andtheconstructionofthelowerSnakeRiverdams


(1962-1975).BasedonextrapolationsfromsamplingatIceHarborDam(1977-1990),theLyons


FerryHatchery(1987-present)andatLowerGraniteDam(1990-present),hatcherystraysmadeup


anincreasingproportionofreturnsattheuppermostSnakeRivermainstemdamthroughthe1980s


(Bugert&Hopley1989;Bugertetal.1990).Straysfromout-plantingPriestRapidshatchery-origin


fallChinooksalmon(anout-of-ESUstockfromthemid-Columbia)andSnakeRiverfallChinook


salmonfromtheLyonsFerryHatcheryprogram(on-stationreleasesinitiatedinthemid-1980s)


werethedominantcontributors.Estimatednatural-originreturnsreachedalowoflessthan100fish


in1990.


Inrecentyears,naturallyspawningfallChinooksalmoninthelowerSnakeRiverhaveincludedboth


returnsoriginatingfromnaturallyspawningparentsandfromreturninghatcheryreleases.


Hatchery-originfallChinooksalmonescapingupstreamaboveLowerGraniteDamtospawn


naturallyarenowpredominantlyreturnsfromsupplementationprogramjuvenilereleasesin


reachesaboveLowerGraniteDamandfromreleasesatLyonsFerryHatcherythathavedispersed


upstream.ThesefishareconsideredtobepartofthelistedESU.


Thegeometricmeannaturaladultabundanceforthemostrecent10yearsofannualspawner


escapementestimates(2005-2014)is6,418,withastandarderrorof0.19.Natural-originspawner


abundancehasincreasedrelativetothelevelsreportedinthemostrecentstatusreview(Fordetal.


2011),drivenlargelybyrelativelyhighescapementsinthemostrecentthreeyears(Table18).
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Figure29–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.





Figure30–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).Spawningyearsonxaxis.


Table18--5-year geometric mean of raw natural spawner counts.This is the raw total spawner count times


the fraction natural estimate, if available.In parentheses,5-yeargeometricmeanofrawtotalspawner


countsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnooronly


oneestimateofnaturalspawnersavailable. Thegeometricmeanwascomputedastheproductofcounts


raisedtothepower1overthenumberofcountsavailable(2to5). Aminimumof2valueswereusedto


computethegeometricmean. Percentchangebetweenthemostrecenttwo5-yearperiodsisshownonthe


farright.





1980 1985 1990 1995 2000 2005 2010 2015


0
2
0
0
0
0

6
0
0
0
0

Snake R. Low. Mainstem FR


Salmon, Chinook (Snake River fall−run ESU)


P
re

d
ic
te

d
 a

b
u
n
d
a
n
c
e
 a

n
d
 9

5
%

 C
Is

−
2

−
1

0
1

2

1975 1980 1985 1990 1995 2000 2005 2010 2015


Snake R. Low. Mainstem FR


Salmon, Chinook (Snake River fall−run ESU)


lo
g
(t
o
ta

l 
s
p
a
w
n
e
r 
t+

4
) 
−
 l
o
g
(w

ild
 s

p
a
w
n
e
r 
t)

Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change


Snake R. Low. Mainstem FR Snake R. 333 (581) 548 (980) 3049 (8496) 3662 (10581) 11254 (37812) 207 (257) 

AR054806









79








Table19--15-yeartrendsinlognaturalspawnerabundancecomputedfromalinearregressionappliedto


the smoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





SnakeRiverfallChinooksalmonhaveaverybroadoceandistributionandhavebeentakeninocean


salmonfisheriesfromcentralCaliforniathroughsoutheastAlaska.Theyarealsoharvestedin-river


intribalandnon-tribalfisheries.Historicallytheyweresubjecttototalexploitationratesonthe


orderof80%.Sincetheywereoriginallylistedin1992,fisheryimpactshavebeenreducedinboth


oceanandriverfisheries(Figure31).Totalexploitationratehasbeenrelativelystableintherangeof


40%to50%sincethemid1990s.





Figure31--TotalexploitationrateforSnakeRiverfallChinooksalmon.Dataformarineexploitationratesfromthe


ChinookTechnicalCommitteemodel(Calibration1503)andforin-riverharvestratesfromtheColumbiaRiver


TechnicalAdvisoryCommittee(TAC2014,andRobinEhlke,WDFW,personalcommunication).


 


Population MPG 1990-2005 1999-2014

Snake R. Low. Mainstem FR Snake R. 0.22 (0.17, 0.26) 0.15 (0.1, 0.19) 
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SPATIALSTRUCTUREANDDIVERSITY


TheextantLowerSnakeRiverFallChinookpopulationconsistsofaspatiallycomplexsetoffive


historicalmajorspawningareas(ICTRT2007),eachofwhichconsistsofasetofrelativelydiscrete


spawningpatchesofvaryingsize(Connoretal.2001;Grovesetal.2013).TheprimaryMaSAinthe


extantLowerRiverpopulationisthe96-kmUpperHellsCanyonReach,extendingupriverfromthe


confluenceoftheSalmonRivertotheHellsCanyonDamsite,wherethecanyonwallsnarrowand


stronglyconfinetheriverbed.AsecondmainstemSnakeRiverMaSA,theLowerHellsCanyon,


extends69kmdownstreamfromtheSalmonRiverconfluencetotheupperendofthecontemporary


LowerGraniteDampool.Thelowermainstemreachesoftwomajortributariestothemainstem


SnakeRiver,theGrandeRondeandtheClearwaterRivers,werealsoidentifiedbytheICTRTas


MaSAs.BothoftheseriversystemscurrentlysupportsfallChinookspawninginthelowerreaches.


Inaddition,thereissomehistoricalevidenceforproductionoflatespawningChinookinspatially


isolatedreachesinuprivertributariestoeachofthesesystems.Attemptsareunderwaytodevelopa


separateearlyspawningcomponentintotheupperClearwaterRiverusingtheSouthFork


Clearwaterweirasabroodstockcollectionpoint(Hesse&Johnson2012).


HistoricalrecordsandgeomorphicassessmentssupportthehistoricalexistenceofafifthMaSA


comprisedofspawninghabitatsintheLowerTucannonRiverandtheadjacentinundatedmainstem


SnakeRiversectionassociatedwithLittleGooseandLowerMonumentalDams.Severalother


tributariesofvaryingsize(e.g.,theSalmonandImnahaRivers,AlpowaandAsotinCreeks)enterthe


mainstemSnakeRiverwithineachoftheMaSAsdefinedabove.Productioninthoselowermainstem


sectionsisconsideredpartoftheadjoiningmainstemMaSA(ICTRT2007).SimilartotheGrande


RondeandClearwaterRivers,anecdotalaccountssuggestthatlatespawningChinookmayhave


existedinthelowermainstemoftheSouthForkSalmonRiver(e.g.,Connoretal.,inprep).


Historically,someleveloffallChinooksalmonspawningmayhaveoccurredinthelowerSnakeRiver


inthereachcurrentlyinundatedbytheIceHarborDampool(Daubleetal.2003).Spawnersusing


thelowestpotentialspawningreachesintheSnakeRiver,currentlyinundatedbyIceHarborDam,


couldhavebeenassociatedwitheithertheLowerSnakeRiverpopulationorapopulationcentered


onmainstemColumbiaRiverspawningareascurrentlyinundatedbyJohnDayandMcNaryDams.


AlthoughannualreddsurveysshowthatfallChinookspawningoccursinallfiveofthehistorical


MaSAs,theinabilitytoobtaincarcasssamplesrepresentativeofthemainstemMaSAsmakes


assessmentofnaturaloriginspawnerdistributionsdifficult.Reconstructionofnaturalorigin


spawnersbasedonhatcheryexpansionsanddatafromhoming/dispersalstudiesonacclimated


hatcheryreleasesindicatethatfouroutofthefiveMaSAsarecontributingtonaturallyproduced


returns.CarcasssamplesareobtainedintheTucannonRiver,expandingthehatcherymarked


recoveriesinthatMaSAaccountforvirtuallyalloftheredds,suggestingnegligiblenaturalorigin


returns(Milks&Oakerman2014).
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Figure32–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishofnatural


origin.Pointsshowtheannualrawestimates.





Table20--5-yearmeanoffractionnaturaloriginfishinthepopulaiton(sumofallestimatesdividedbythe


numberofestimates). Blanksmean no estimate available in that 5-year range.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


Productivity,definedintheICTRTviabilitycriteriaastheexpectedreplacementrateatlowto


moderateabundancerelativetoapopulation’sminimumabundancethreshold,isakeymeasureof


thepotentialresilienceofanaturalpopulationtoannualenvironmentallydrivenfluctuationsin


survival.TheICTRTViabilityReport(ICTRT2007)providedasimplemethodforestimating


populationproductivitybasedonreturn-per-spawnerestimatesforthemostrecent20years.To


assurethatallsourcesofmortalityareaccountedfor,theICTRTrecommendedthatproductivities


usedinInteriorColumbiaRiverviabilityassessmentsbeexpressedintermsofreturnstothe


spawningground.Othermanagementapplicationsexpressproductivitiesintermsofpre-harvest


recruits.Pre-harvestrecruitestimatesareavailableforSnakeRiverfallChinooksalmon.


TheICTRTViabilityreport(2007)alsoacknowledgedthatalternativemeansofassessing


productivityatlowtomoderatespawningabundancemaybeappropriateorrequired,especiallyin


caseswheretotal(natural-plushatchery-origin)spawninglevelsconsistentlyareatorabovethe


minimumthresholdforaparticularpopulation.Inparticular,itanticipatedthatfittedstock-recruit


modelsmightprovideausefulalternativeforevaluatingapopulation’sabundanceandproductivity


relativetospecificrecoverycriteria.TheICTRTrecommendedthatifsuchanapproachwasusedthe


‘steepness’parameter(Hilborn&Walters1992)ofthestock-recruitmodelwouldbeanappropriate


indexofproductivity.Steepnessisdefinedastheexpectedreturn-per-spawnerataparent-spawner
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levelof20%ofthepredictedequilibriumescapementforadataseries.Steepnessisderived


algebraicallyfromthemorebasicstock-recruitcurveparameters(productivityattheoriginand


capacity).Whiletheconsistentlyhighspawnerescapementsdrivenbyacombinationofnaturaland


hatcherysupplementationreturnshavecomplicatedinterpretationofresultsfromthesimpleR/S


method,theincreasedrangeinparentescapementestimateshasincreasedthefeasibilityofusing


fittedstock-recruitrelationshipsasanalternativeapproachforestimatingproductionparameters.


Estimatesofcurrentproductivityforthispopulationweredevelopedusingboththesimpleaverage


R/Smethodandbyfittingstock-recruitfunctionsusingmaximumlikelihoodstatisticalroutines(nls


routineintheRstatisticalpackage).UsingtheICTRTsimple20-yearR/Smethod,thecurrent


estimateofproductivityforthispopulation(1990-2009broodyears)is1.53withastandarderrorof


0.18.FindingsusingthesimpleR/Smethodindicatethattherehavebeenyearswhenabundance


washighbutproductivity(R/S)fellbelowthereplacementlevel(Figure33),indicatingpotential


influencefromdensity-dependencelimitations,pooroceanconditions,orpoormigrationconditions.


Thisestimateofproductivity,however,maybeproblematicfortworeasons:1)theincreasingly


smallnumberofyearsthatactuallycontributetotheproductivityestimatemeansthatthereis


increasingstatisticaluncertaintysurroundingthatestimate,and2)theyearscontributingtothe


estimatearenowfarinthepastandmaynotaccuratelyreflectthetrueproductivityofthecurrent


population.UnderthesimpleR/Smethod,alloftheR/Sestimatesforyearsafter1999areexcluded


fromtheaverageduetothehightotal(hatcherypluswild)escapementsinthoseyears.Total


escapementsforbroodyears2010through2014arealsowellabovetheminimumthresholdlevels


andwillbeexcludedincalculatingproductivityusingthesimpleICTRTmethodinfuture


assessments.


Expressingproductivityasanexpectedaveragereturn-per-spawnerfromparent-spawner


escapementsbelowlevelsassociatedwithstrongdensity-dependenteffectsisakeyfeatureofthe


ICTRTmethodsforassessingcurrentpopulationperformanceagainstviabilitycurves.TheICTRT


determined,basedonpreliminarysensitivityanalyses,thatestimatedproductivitiesderivedby


fittingstock-recruitrelationshipstocurrentdataseriescouldbecomparedtoasinglesetofviability


curvesifthoseestimateswereexpressedassteepness(ICTRT2007).


Fouralternativestock-recruitmodels(Table21)werefittothe1991-2010broodyearspawnerand


returndatasetfortheLowerMainstemSnakeRiverfallChinooksalmonpopulation:1)ConstantRS-


amodelthatassumedaconstantunderlyingR/Svaluethatisinvariantwithrespecttospawner


density,2)Beverton-HoltRS,3)RickerRS,and4)theShepardmodelRS(Shepard1982),aformthat


includesathirdfittedparametercorrespondingtothegeneralshapeoftherelationship.Each


functionwasfitwithandwithoutanannualPDOtermtoevaluatethepotentialcontributionofyear


toyearvariationsinoceanconditions.ThenlsroutineintheRstatisticalpackagewasthenusedto


estimatetheparametersofthefourstock-recruitmodels(Table22).Themodelswerestatistically


comparedusingtheAICccriteria(AICcmodavgpackage).


Regardlessofwhetherrecruitsweremeasuredasreturnstothespawninggroundsoraspre-harvest


recruits,basedonacomparisonofAICcvaluesthethreemodelsincorporatingdensity-dependent


terms(Beverton-Holt,RickerandShepard)fitthedatasignificantlybetterthantheconstantR/S


model(Table22).Theestimatedequilibriumabundanceestimatesfromthethreedensity-

dependentmodelswereeachbelowtherecent10-yeargeometricmeannaturalabundanceestimate
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of6,418.TheBevertonHoltmodelhadthelowest(mostsupported)AICcscore,followedbythe


Shepardfunction.Thefittedrelationshipsfornaturallogreturnperspawnervs.parentspawners


andtheresultsofbootstrappingtoillustratethepotentialinfluenceofparameteruncertaintyforthe


Beverton-HoldfunctionareprovidedinFigure33.Theinsetpiechartinthetoppanelsummarizes


theproportionsofthebootstrapsamplesthatfallintothefourpossibleriskcategories.67%ofthe


samplesexceededtheviabilitycurveforVeryLowRisk,comparedtotherecoveryplanrequirement


of80%.Thespawner/recruitplotincludesthe1991-2014recruitandparentspawnerpairs,


unadjustedandadjustedtoreflectthefittedPDOrelationshipincludedintheanalysis.


Table21-Stock-RecruitfunctionsfittoSnakeRiverFallChinookbroodyear1991-2010dataseries.
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Figure33-BevertonHoltstockrecruitrelationshipfittedtobroodyears1991-2010SnakeRiverFallChinookadult


escapementestimates.IncludesparameteruncertaintygeneratedusingthenlsBootroutineintheRstatistical


package.Toppanel:Summaryofbootstrapresults(2,000iterations)plottedagainstSnakeFallChinookviability


curves.Piechartinupperrightcornersummarizestheproportionsofbootstraprunsvs.ICTRTviabilitycurves(High,


Moderate,LowandVeryLowrisk).Bottompanel:Datapoints(withandwithoutaveragefittedPDOmultiplier).


Blackdashedlineis1:1replacement.
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Table22-SnakeRiverfallChinookspawner/recruitfunctionfits.Seetextfordetails.








Whilethe10-yeargeometricmeannatural-originabundancelevelhasbeenhigh,the


abundance/productivitymarginisinsufficienttorateasVeryLowRiskgiventheuncertainty-

bufferingrequirementunderthesinglepopulationviabilityscenario.Thepotentialthatthe‘true’


underlyingabundanceandproductivitybeingestimatedfromthesamplesfallsabovethe5%


viabilitycurve(withminimumabundancethreshold)isgreaterthan80%.Asaresult,theLower


MainstemSnakeRiverfallChinooksalmonpopulationisratedatLowRisk,ratherthanVeryLow


Riskforabundanceandproductivity.


TherecentlyreleasedProposedNMFSSnakeRiverFallChinookRecoveryPlan(NMFS2015b)


proposesthatasinglepopulationviabilityscenariocouldbepossiblegiventheuniquespatial


complexityoftheLowerMainstemSnakeRiverfallChinooksalmonpopulationifmajorspawning


areassupportingthebulkofnaturalreturnsareoperatingconsistentwithlong-termdiversity


objectives.Underasinglepopulationscenario,therequirementsforasufficientcombinationof


naturalabundanceandproductivitycouldbebasedonacombinationoftotalpopulationnatural


abundanceandrelativelyhighproductionfromoneormoremajorspawningareaswithrelatively


lowhatcherycontributionstospawning.Atpresent(escapementsthrough2014),giventhe


widespreaddistributionofhatcheryreleasesandthelackofdirectsamplingofreach-specific


spawnercompositions,thereisnoindicationofastrongdifferentialdistributionofhatcheryreturns


amongmajorspawningareas.


Intermsofspatialstructureanddiversity,theLowerMainstemSnakeRiverfallChinooksalmon


populationwasratedatlowriskforGoalA(allowingnaturalratesandlevelsofspatiallymediated


processes)andmoderateriskforGoalB(maintainingnaturallevelsofvariation)resultinginan


overallspatialstructureanddiversityratingofModerateRisk(Table23).Themoderateriskrating
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wasdrivenbychangesinmajorlifehistorypatterns,shiftsinphenotypictraitsandhighlevelsof


genetichomogeneityinsamplesfromnatural-originreturns.Inaddition,riskassociatedwith


indirectfactors,specificallythehighlevelsofhatcheryspawnersinnaturalspawningareasandthe


potentialforselectivepressureimposedbycurrenthydropoweroperationsandcumulativeharvest


impactscontributetothecurrentratinglevel.


UPDATEDBIOLOGICALRISKSUMMARY


OverallpopulationviabilityfortheLowerMainstemSnakeRiverfallChinooksalmonpopulationis


determinedbasedonthecombinationofratingsforcurrentabundanceandproductivityand


combinedspatialstructurediversity.





Table23--LowerMainstemSnakeRiverfallChinooksalmonpopulationriskratingsintegratedacrossthefourviable


salmonidpopulation(VSP)metrics.ViabilityKey:HV–HighlyViable;V–Viable;M–Maintained;HR–HighRisk;Green


shadedcells–meetscriteriaforHighlyViable;Grayshadedcells–doesnotmeetviabilitycriteria(darkestcellsareat


greatestrisk).




 SpatialStructure/DiversityRisk


  VeryLow Low Moderate High


Abundance/


Productivity


Risk


VeryLow(<1%) HV HV V M


Low(1-5%) V V


V


LowerMain.


Snake





M


Moderate


(6–25%)

M M


M





HR


High(>25%) HR HR HR HR





TheoverallcurrentriskratingfortheLowerMainstemSnakeRiverfallChinooksalmonpopulationis


“viable”(Table23).ThesinglepopulationdelistingoptionsprovidedinthedraftSnakeRiverFall


ChinookRecoveryPlanwouldrequirethepopulationtomeetorexceedminimumrequirementsfor


HighlyViable(greenshadedcombinations)withahighdegreeofcertainty.
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Thecurrentratingdescribedaboveisbasedonevaluatingcurrentstatusagainstthecriteriaforthe


aggregatepopulation.Theoverallriskratingisbasedonalowriskratingfor


abundance/productivityandamoderateriskratingforspatialstructure/diversity.For


abundance/productivity,theratingreflectsremaininguncertaintythatcurrentincreasesin


abundancecanbesustainedoverthelongrun.Thegeometricmeannaturalabundanceforthemost


recent10yearsofannualspawnerescapementestimates(2005-2014)is6,418fish.UsingtheICTRT


simple20-yearR/Smethod,thecurrentestimateofproductivityforthispopulation(1990-2009


broodyears)is1.5.Givenremaininguncertaintyandthecurrentlevelofvariability,thepoint


estimateofcurrentproductivitywouldneedtomeetorexceed1.70,whichisthepresentpotential


metricforthepopulationtoberatedatverylowrisk.Whilenatural-originspawninglevelsare


abovetheminimumabundancethresholdof4,200,andestimatedproductivityisalsohigh,the


estimatesarenothighenoughtoaccountfortheuncertaintybufferneededtoachievearatingofvery


lowrisk.


Forspatialstructure/diversity,themoderateriskratingwasdrivenbychangesinmajorlifehistory


patterns,shiftsinphenotypictraits,andhighlevelsofgenetichomogeneityinsamplesfromnatural-

originreturns.Inparticular,theratingreflectstherelativelyhighproportionofwithin-population


hatcheryspawnersinallmajorspawningareasandthelingeringeffectsofprevioushighlevelsof


out-of-ESUstrays.Inaddition,thepotentialforselectivepressureimposedbycurrenthydropower


operationsandcumulativeharvestimpactscontributetothecurrentratinglevel.


Giventheinformationavailablein2015,anincreaseinestimatedproductivity(oradecreaseinthe


year-to-yearvariabilityassociatedwiththeestimate)wouldberequired,assumingthatnatural-

originabundanceofthesingleextantSnakeRiverfallChinooksalmonpopulationremainsrelatively


high.Anincreaseinproductivitycouldoccurwithafurtherreductioninmortalitiesacrosslife


stages.Suchanincreasecouldbegeneratedbyactionssuchasareductioninharvestimpacts


(particularlywhennatural-originspawnerreturnlevelsarebelowtheminimumabundance


threshold)and/orfurtherimprovementsinjuvenilesurvivalsduringdownstreammigration.Itis


alsopossiblethatsurvivalimprovementsresultingfromactions(e.g.,moreconsistentflow-related


conditionsaffectingspawningandrearing,andincreasedpassagesurvivalsresultingfromexpanded


spillprograms)inrecentyearshaveincreasedproductivity,butthatincreaseiseffectivelymaskedas


aresultoftherelativelyhighspawninglevelsinrecentyears.Athirdgeneralpossibilityisthat


productivitylevelsmaybedecreasedovertimeasaresultofnegativeimpactsofchronicallyhigh


hatcheryproportionsacrossnaturalspawningareas.Suchadecreasewouldalsobelargelymasked


bythehighannualspawninglevels.


Diversity:Toachievehighlyviablestatuswithahighdegreeofcertainty,thespatial


structure/diversityratingneedstobelowrisk.ThisstatusassessmentusedtheICTRTframework


forevaluatingpopulation-levelstatusintermsofspatialstructureanddiversityorganizedaround


twomajorgoals:maintainingnaturalpatternsforspatiallymediatedprocessesandmaintaining


naturallevelsofvariation(ICTRT2007).


Forasinglepopulationscenario,achievinglowriskforspatialstructure/diversitywouldrequirethat


oneormoremajorspawningareasproduceasignificantlevelofnatural-originspawnerswithlow


influencebyhatchery-originspawnersrelativetotheothermajorspawningareas.Atpresent


(escapementsthrough2014),giventhewidespreaddistributionofhatcheryreleasesandhatchery-
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originreturnsacrossthemajorspawningareaswithinthepopulation,andthelackofdirectsampling


ofreach-specificspawnercompositions,thereisnoindicationofastrongdifferentialdistributionof


hatcheryreturnsamongmajorspawningareas.


Overall,thestatusofSnakeRiverfallChinooksalmonhasclearlyimprovedcomparedtothetimeof


listingandcomparedtopriorstatusreviews.ThesingleextantpopulationintheESUiscurrently


meetingthecriteriaforaratingof“viable”developedbytheICTRT,buttheESUasawholeisnot


meetingtherecoverygoalsdescribedintherecoveryplanforthespecies,whichrequirethesingle


populationtobe“highlyviablewithhighcertainty”and/orwillrequirereintroductionofaviable


populationabovetheHellsCanyonDamcomplex(NMFS2015b).


 


AR054816









89











SNAKERIVERSOCKEYESALMONESU





BRIEFDESCRIPTIONOFESU


TheESUincludesallanadromousandresidualsockeyesalmonfromtheSnakeRiverBasin,Idaho,as


wellasartificiallypropagatedsockeyesalmonfromtheRedfishLakecaptivepropagationprogram


(Figure34).ThisESUwasfirstlistedasendangeredundertheESAin1991;thelistingwas


reaffirmedin2005and2012.





Figure34--MapoftheSnakesockeyesalmonESU’sspawningandrearingareas,illustratingpopulationsandmajor


populationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


The2005BRTassignedtheSnakeRiverSockeyesalmonESUtothe“indangerofextinction”category


(Goodetal.2005).ThishighriskratingwasreflectedinthescoringbyallmembersoftheBRT.The
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BRTratedtheESUatextremelyhighriskacrossallfourbasicriskmeasures(abundance,


productivity,spatialstructureanddiversity),notingthatonly16naturallyproducedadultshave


beencountedsince1991.TheBRTassessmentacknowledgedthattheemergencycaptivebrood


programinitiatedin1991had,“…atleasttemporarily...rescuedthisESUfromthebrinkof


extinction…”andthatongoingresearchhadsubstantiallyincreasedbiologicalandenvironmental


informationabouttheESU.


2010


Fordetal.(2011)concludedthatsubstantialprogresshadbeenmadewiththeSnakeRiversockeye


salmoncaptivebroodstockbasedhatcheryprogram,butnaturalproductionlevelsofanadromous


returnsremainedextremelylowforthisESU.Inthenrecentyears,sufficientnumbersofeggs,


juvenilesandreturninghatcheryadultshadbeenavailablefromthecaptivebroodprogramtoallow


forinitiationofeffortstoevaluatealternativesupplementationstrategiesinsupportofre-

establishingnaturalproductionofanadromoussockeye.Limnologicalstudiesanddirect


experimentalreleaseswerebeingconductedtoelucidateproductionpotentialinthreeoftheStanley


Basinlakesthatwerecandidatesforsockeyerestoration.Theavailabilityofincreasednumbersof


adultsandwassupportingdirectevaluationoflakehabitatrearingpotential,juveniledownstream


passagesurvivalsandadultupstreamsurvivals.Althoughthecaptivebroodprogramhadbeen


successfulinprovidingsubstantialnumbersofhatcheryproducedO.nerkaforusein


supplementationefforts,substantialincreasesinsurvivalratesacrosslifehistorystageswereneeded


inordertore-establishsustainablenaturalproduction(Hebdonetal.2004;Keeferetal.2008a).The


increasedabundanceofhatcheryrearedSnakeRiversockeyesalmonreducedtheriskofimmediate


loss,butlevelsofnaturallyproducedsockeyesalmonreturnsremainedextremelylow.Asaresult,


overall,Fordetal.(2011)concludedthatalthoughtheriskstatusoftheSnakeRiversockeyesalmon


ESUappearedtobeonanimprovingtrendin2010,thenewinformationconsidereddidnotindicate


achangeinthebiologicalriskcategorysincethetimeofthepriorBRTstatusreviewin2005.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Estimatesofannualreturnsarenowavailablethrough2014.Adultreturnsin2008and2009were


thehighestsincethecurrentcaptivebroodbasedprogrambeganwithatotalof650and809adults


countedbacktotheStanleybasin.Approximatelytwo-thirdsoftheadultscapturedineachyear


weretakenattheRedfishLakeCreekweir;theremainingadultswerecapturedattheSawtooth


HatcheryweironthemainstemSalmonRiverupstreamoftheRedfishLakeCreekconfluence.


AtthisstageoftherecoveryeffortsforSnakeRiverSockeye,informationontherelativesurvival


ratesforrearingandmigratorylifestagesprovidesvaluableinsightsintothepotentialforrestoring


sustainablenaturalproductionandthelevelsofimprovementthatmaybenecessarytoaccomplish


productionobjectives.Therecentincreasesintheavailabilityofhatcheryjuvenileshasallowedfor


taggingonasufficientscaletogeneraterelativelypreciseestimatesofbothjuvenileandadultlife


stagesurvivals.EstimatesaresummarizedintheNOAASnakeRiverSockeyeRecoveryPlan.


JuvenileoutmigrantsurvivalsfromreleasetoLowerGraniteDamhavebeenhighlyvariable,with


indicationsthatmostmortalityisincurredpriortomigrantspassingtheconfluenceoftheNorthFork


oftheSalmonRiver.SurvivalsfromLowerGraniteDamtobelowBonnevilleDamreflecttwo
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pathways:juvenilescollectedandtransportedtobelowBonnevilleDamandin-rivermigrants.


JuvenilesurvivalfromLowerGranitetoBonnevilleDamsince2008hasrangedfrom40%to57%


(NMFS2014).


UpstreamadultpassagesurvivalsfromBonnevilleDamtoLowerGraniteDamaveragedover70%


from2010-2012,droppingoffto44%in2013,likelyinresponsetohightemperaturesduringthe


migrationperiod.AdultsurvivalsfromLowerGraniteDamtotheSawtoothBasinalsoaveragedover


70%for2010-12,droppingoffto33%in2013.Temperaturesduringtheadultupstreammigration


in2015wereunusuallyhigh.Preliminaryestimatesindicatedsubstantiallossesinbothreacheswith


only14%ofpittaggedfishdetectedatBonnevilleDamreachingMcNaryDam,thelastmainstem


ColumbiaRiverdambeforetheSnakeRiverconfluence(B.Bellarud,NOAAFisheries,pers.comm.).


PreliminaryindicationsarethatsurvivalfromMcNarytoLowerGraniteDamandbeyondwerealso


low.Theimplicationsofthisrangeinannualsurvivalsforrecoveryeffortsareuncertainandwill


dependontherelativefrequencyofpassageconditionsacrossfutureyears.Giventheirparticular


runtiming,phenotypicandbehavioralcharacteristics,SnakeRiversockeyemaybeparticularly


susceptibletohighsummertemperaturesduringtheiradultmigration(Crozieretal.2008a).


ABUNDANCEANDPRODUCTIVITY


AdultreturnsofsockeyesalmontotheSawtoothBasincontinuedtoincreasethroughreturnyear


2014(Table24).ThehigherreturnsoffishcollectedattheRedfishLakeandSawtoothweirshave


supportedsubstantialincreasesinthenumberofadultsreleasedabovetheRedfishLakeCreekweir


(Table25).Annualadultreleasesinthemostrecentfiveyears(2011-2014)haveaveragedover


1200;almostdoubletheaveragefortheprior5yearperiod.Thelargeincreasesinreturningadults


inrecentyearsreflectimproveddownstreamandoceansurvivalsaswellasincreasesinjuvenile


productionsincetheearly1990s.


AlthoughtotalsockeyesalmonreturnstotheSawtoothBasininrecentyearshavebeenhighenough


toallowforsomelevelofspawninginRedfishLake,thehatcheryprogramremainsinitsinitialphase


withapriorityongeneticconservationandbuildingsufficientreturnstosupportsustained


outplanting(NMFS2015a).
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Table24-AdultsockeyesalmonreturnstoStanleybasinsites(P.KlineandCKozfkay,IDFGpers.comm.March,


2015).








Increasedproductionfromthecaptivebroodprogramhasresultedinsufficientreleaseand


outplantinglevelsforinitialevaluationsofalternativesupplementationstrategies(Hebdonetal.


2004).Hatcheryrearedpre-smoltshavebeenoutplantedintoeachofthethreelakessincethemid-

1990s(Table25).PresmoltoutplantsusingprogenyfromtheRedfishLakehatcheryprogramsinto


Redfish,Alturas,andPetitlakeswereinitiatedinthemid-1990sbuthavenotcontinuedinrecent


yearsduetorelativelypoorrelativesmolttoadultreturnratesforthatparticularstrategy.Direct


smoltplantsinthelowersectionofRedfishLakeCreekandintheSalmonRiver(Sawtoothweir)


haveaveragedmorethan220,000peryearinthemostrecentfiveyearperiod(2011-2014).


UnmarkedjuvenileO.nerkaemigratingfromthethreelakesystemshaveaveragedapproximately


18,500overthemostrecent5years,rangingfromover30,000in2012toalowof4,200in2014.A


numberofsourcescouldbecontributingtotheoutmigrationofunmarkedjuvenilesincludingprior


yearsadultspassedintoRedfishLake,eggboxoutplants,naturalproductionfromresidentspawners


orkokanee.





 

Natural 

Return 

Hatchery 

Return 

AlturasL. 

NaturalReturn 

Total 

Return** 

* 

Natural 

Return 

AlturasL. 

Natural 

Return 

Hatchery 

Return 

Total 

Alturas 

Return 

TotalReturn 

toSFH 

Natural 

Returnto 

OtherTraps 

Hatchery 

Returnto 

OtherTraps 

Totalto 

OtherTraps 

Untrapped


Fishinthe 

Basin 

Total 

Trapped 

Totalin


Basin


1985 3 0 3 11 0 11 14 14


1986 29 0 29 0 0 29 29


1987 16 0 16 0 0 16 16


1988 1 0 1 0 0 1 1


1989 0 0 0 1 1 1 1


1990 0 0 0 0 0 0 0


1991 4 0 4 0 0 4 4


1992 1 0 1 0 0 1 1


1993 8 0 8 0 8 8


1994 1 0 1 0 1 1


1995 0 0 0 0 0 0


1996 1 0 1 0 1 1


1997 0 0 0 0 0 0


1998 1 0 1 0 1 1


1999 0 0 0 7 0 7 7 7


2000 10 109 119 0 0 124 0 124 0 0 0 14 243 257


2001 4 11 15 0 0 8 0 8 0 0 0 3 23 26


2002 1 6 1 8 4 0 3 1 7 0 0 0 7 15 22


2003 0 2 2 0 0 0 0 0 0 0 0 1 2 3


2004 0 1 1 4 0 18 0 22 0 1 1 3 24 27


2005 2 0 2 0 0 4 0 4 0 0 0 0 6 6


2006 0 0 0 1 0 2 0 3 0 0 0 0 3 3


2007 0 1 1 3 0 0 0 3 0 0 0 0 4 4


2008 48 332 0 380 91 1 126 1 218 0 0 0 50 598 648


2009 75 492 1 568 9 1 239 2 249 0 0 0 16 817 833


2010 141 504 7 652 20 7 621 14 648 3 19 22 33 1322 1355


2011 111 431 0 542 32 2 522 2 556 0 1 1 18 1099 1117


2012 40 67 0 107 12 0 123 0 135 0 0 0 15 242 257


2013 49 173 0 222 30 0 16 0 46 0 2 2 2 270 272


2014* 443 1035 0 1479 10 0 24 0 34 0 3 3 63 1516 1579


*Allnumbersin2014arepreliminaryasgeneticanalysesarepending.Likelyadjust10%higherorlowerforallcategories.


**SomeofthefishreturningtoSFHandRFLarestraysfromreleaselocationsatalternatesites(e.g.adultsoriginatingfromeggboxesinAlturasreturning


***2014returnincludes1fishofunknownorigin(hatcheryorwild)  

RedfishLakeCreek** SawtoothFishHatchery** OtherTraps(LGD,EFSR)
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Table25–ReleasesofadultsandprogenyfromRedfishLakecaptivebroodprogramintoRedfishLake,RedfishLake


CreekandtheSalmonRiveratorabovetheSawtoothWeir(C.Kozfkay,IDFGpers.comm.March,2015)





SawtoothHatcheryweirsmolts


Release


Year

Captive


Anadromous 

hatchery 

Anadromous


Naturals


Anadromous


(Unknown 

Origin)


Total EyedEggs Presmolts

Smoltsbelow 

RFLCweir 

UpperSalmonRiverReleaseof


HatcheryRearedSmolts


1993 24 24


1994 63 63 14,119


1995 0 83,045 3,794


1996 120 120 105,000 1,932 11,545


1997 80 80 85,378 152,322


1998 0 95,248 37,583 44,032


1999 18 3 21 23,886 4,859 4,859


2000 46 114 6 166 48,051 148


2001 65 10 4 79 83,003 13,915


2002 177 7 5 189 106,501 38,672


2003 309 309 59,810


2004 244 244 79,887 96


2005 176 176 39,870 39,269 39,061


2006 465 465 61,804 46,430 39,622


2007 498 498 62,015 54,582 47,094


2008 396 406 113 52 967 57,093 73,808 76,587


2009 680 637 14 0 1,331 34,561 73,681 99,374


2010 367 1,130 79 0 1,576 31,413 60,498 118,780


2011 558 924 66 0 1,548 50,054 191,048


2012 622 161 12 0 795 11,354 166,652


2013 162 150 34 0 346 273,080


2014 1,098 1,114 2,212 296,389 

RedfishLakeadultreleases RedfishLakejuvenilereleases 
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Table26-EstimatedannualnumbersofsalmonsmoltoutmigrantsfromtheStanleybasin.Thisincludeshatchery


smoltreleases,knownoutmigrantsoriginatingfromhatcherypre-smoltoutplants,andestimatesofunmarked


juvenilesmigratingfromRedfish,Alturas,andStanleylakescombined.(C.Kozfkay,IDFGpers.comm.March,2015)








AnnualestimatesofanindexofSARshavebeengeneratedforSnakeRiversockeyeastheestimated


numberofsmoltsatLowerGraniteDaminagivenyeardividedintothenumberofreturningadults2


yearslater(NWFSC2009).ThemedianSARindexforthe1998−2006seriesofannualestimateswas


0.2%,withannualindicesrangingfromalowof0.07%toahighof1.04.SARestimatesfor5ofthe9


yearsintheserieswerebasedonlessthan50adultsreturningtoLowerGraniteDam;therefore


theseresultsshouldbeinterpretedwithcaution.CurrentlyavailableSARestimatesdonotinclude


thefulleffectoftherelativelylargereturnsin2009and2010observedforrunsreturningtothe


upperColumbia(LakeWenatcheeandLakeOkanogan)andSnakerivers.


Year 

No.Pre-

smolts


planted


Estimated


outmigrationfrom


plantedpre- 

smolts 

No.smolts


planted


No.eyed


eggs


planted


Estimated


unmarked


outmigration


Total


estimated


outmigration


1993 0 0 0 0 569 569


1994 14,119 0 0 0 1,820 1,820


1995 91,572 823 3,794 0 357 4,974


1996 1,932 14,715 11,545 105,000 923 27,183


1997 255,711 401 0 105,767 304 705


1998 141,871 61,877 81,615 0 2,799 146,291


1999 40,271 38,750 9,718 20,311 3,108 51,576


2000 72,114 12,971 148 65,200 6,602 19,721


2001 106,166 16,595 13,915 0 2,764 33,274


2002 140,410 25,716 38,672 30,924 10,704 75,092


2003 76,788 26,116 0 199,666 4,952 31,068


2004 130,716 22,244 96 49,134 4,643 26,983


2005 72,108 61,474 78,330 51,239 22,135 161,939


2006 107,292 33,401 86,052 184,596 61,312 180,765


2007 82,105 25,848 101,676 51,008 16,023 143,547


2008 85,005 28,269 150,395 67,984 22,240 200,904


2009 59,538 24,852 173,055 75,079 12,429 210,336


2010 65,851 10,505 179,278 59,683 17,533 207,316


2011 50,054 8,904 191,048 42,665 18,788 218,740


2012 11,354 2,373 166,652 0 31,821 200,846


2013 0 31 273,080 0 20,205 293,316


2014 0 0 296,389 0 4,239 300,628


*estimatedoutmigrationisnotbybroodyearbutisbyoutmigrationyear.
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ThelowerGraniteSARsreflectaggregatereturnratesacrosstwomajordownstreammigration


routes:in-riverpassageanddownstreamtransporttobelowBonnevilleDam.Estimatesofthe


proportiontransportedoverthe1998to2006outmigrationyearshaverangedfromapproximately


50%tomorethan90%.Themedianestimatedsurvivalofjuvenilein-rivermigrantsdownriverfrom


LowerGraniteDamthroughthelowerSnakeRivertoMcNaryDamonthemainstemColumbiaRiver


was67%fortheperiod1996−2010,individualyearestimatesrangedfrom28%to76%(Ferguson


2010).ThemedianestimateofjuvenilepassagesurvivalsfortheMcNaryDamtotheBonnevilleDam


reach(1998−2003,2006−2010)was0.54,whichshouldbeinterpretedwithcautionduetosmall


samplesizesandassociatedlowdetectionprobabilitiesformanyoftheindividualyearestimates


(Ferguson2010).


AdultupstreampassagesurvivalsthroughthemainstemColumbiaRivertothemouthoftheSnake


Riverareassumedtoberelativelyhighbasedoninferencesfromestimatesofupstreampassagefor


upperColumbiaRiversockeye(NWFSC2008).ComparisonsofadultsockeyecountsatIceHarbor


andLowerGranitedamsindicatedirectlossesarealsolowforpassagethroughthelowerSnake


River.Adultpassagesurvivalestimatesbasedonpassiveintegratedtransponder(PIT)tagdetections


atmultipledamsalsoindicaterelativelylowdirectpassagemortalityupstreamtoLowerGranite


Dam(NMFS2008).


However,comparisonsoftheestimatednumberofadultsockeyesalmonatLowerGraniteDam


versusreturningtotheSawtoothBasinindicaterelativelyhighlossratesthroughthisreachinsome


years.Keeferetal.(2008b)conductedanadultradiotaggingstudyofpassagesurvivalsupstream


fromLowerGraniteDamin2000andconcludedthathighin-rivermortalitiesforSnakeRiveradults


couldbeexplainedby“…acombinationofhighmigrationcorridorwatertemperaturesandpoor


initialfishconditionorparasiteloads.”Keeferetal.(2008b)examinedcurrentruntimingpatternsof


SnakeRiversockeyeversusrecordsfromtheearly1960s,concludingthattheapparentshifttoan


earlierruntiminginmorerecentyearsmayreflectincreasedmortalitiesforlatermigratingadults.


HARVEST


OceanfisheriesdonotsignificantlyimpactSnakeRiversockeye.WithinthemainstemColumbia


River,treatytribalnetfisheriesandnon-tribalfisheriesdirectedatChinooksalmondoincidentally


takesmallnumbersofsockeye.MostofthesockeyeharvestedarefromtheUpperColumbiaRiver


(CanadaandLakeWenatchee),butverysmallnumbersofSnakeRiversockeyearetakenincidental


tosummerfisheriesdirectedatChinooksalmon.Inthe1980sfisheryimpactratesincreasedbriefly


duetodirectedsockeyefisheriesonlargerunsofUpperColumbiaRiverstocks(Figure35)
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Figure35--ExploitationratesonSnakeRiversockeyesalmon.DatafromtheColumbiaRiverJointStaffReport


(2015).





SPATIALSTRUCTUREANDDIVERSITY


ThereisevidencethatthehistoricalSnakeRiverSockeyeESUsupportedarangeoflifehistory


patterns,withspawningpopulationspresentinseveralofthesmalllakesintheSawtoothBasin


(NMFS2015a).HistoricalproductionfromRedfishLakewaslikelyassociatedwithalakeshoal


spawninglifehistorypatternalthoughtheremayhavealsobeensomelevelofspawninginFishHook


Creek(NMFS2015a).HistoricalaccountsindicatethatAlturasLakeCreeksupportedanearlytimed


riverineandmayhavealsocontainedlakeshoalspawners(NMFS2015a).


Atpresent,anadromousreturnsaredominatedbyproductionfromthecaptivespawningcomponent.


Theongoingreintroductionprogramisstillinthephaseofbuildingsufficientreturnstoallowfor


largescaleretintroductionintoRedfishLake,theintialtargetforrestoringnaturalproduction(NMFS


2015a).InitialreleasesofadultreturnsdirectlyintoRedfishLakehavebeenobservedspawningin


multiplelocationsalongthelakeshoreaswellasinFishhookCreek(NMFS2015).Thereissome


evidenceofverylowlevelsofearlytimedreturnsinsomerecentyearsfromoutmigratingnaturally


producedAlturasLakesmolts.Atthisstageoftherecoveryefforts,theESUremainsratedatHigh


Riskforbothspatialstructureanddiversity.


BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


LongtermrecoveryobjectivesforthisESUareframedintermsofnaturalproduction.Atthispointin


time,naturalproductionofanadromousSnakeRiverSockeyeremainslimitedtoextremelylowlevels


inRedfishLake,oneoffiveSawtoothValleylakesbelievedtohavehistoricallysupportedproduction.


Asaresult,theoverallbiologicalstatusrelativetorecoverygoalsishighrisk.Substantialprogress
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hasbeenmadewiththeSnakeRiversockeyesalmoncaptivebroodstockbasedhatcheryprogram.


Inrecentyearssufficientnumbersofeggs,juveniles,andreturninghatcheryadultshavebeen


availablefromthecaptivebroodbasedprogramtoallowforinitiationofeffortstoevaluate


alternativesupplementationstrategiesinsupportofre-establishingnaturalproductionof


anadromoussockeye.


Limnologicalstudiesanddirectexperimentalreleasesarebeingconductedtoelucidateproduction


potentialinthreeoftheStanleybasinlakesthatarecandidatesforsockeyerestoration.The


availabilityofincreasednumbersofadultsandjuvenilesinrecentyearsissupportingdirect


evaluationoflakehabitatrearingpotential,juveniledownstreampassagesurvivals,andadult


upstreamsurvivals.Althoughthecaptivebroodprogramhasbeensuccessfulinproviding


substantialnumbersofhatcheryproducedsockeyesalmonforuseinsupplementationefforts,


substantialincreasesinsurvivalratesacrosslifehistorystagesmustoccurinordertore-establish


sustainablenaturalproduction(e.g.,Hebdonetal.2004,Keeferetal.2008).Theincreased


abundanceofhatcheryrearedSnakeRiversockeyereducestheriskofimmediateloss,butlevelsof


naturallyproducedsockeyereturnsremainextremelylow.


UPDATEDBIOLOGICALRISKSUMMARY


Intermsofnaturalproduction,theSnakeRiverSockeyeESUremainsatextremelyhighriskalthough


therehasbeensubstantialprogressonthefirstphaseoftheproposedrecoveryapproach–


developingahatcherybasedprogramtoamplifyandconservethestocktofacilitatereintroductions.


AtthisstageoftherecoveryprogramthereisnobasisforchangingtheESUratingsassignedinprior


reviews,butthetrendinstatusappearstobepositive.





 


AR054825









98








SNAKERIVERBASINSTEELHEADDPS





BRIEFDESCRIPTIONOFESU


TheSnakeRiversteelheadDPSincludesallnaturallyspawnedanadromousO.mykiss(steelhead)


populationsbelownaturalandmanmadeimpassablebarriersinstreamsintheSnakeRiverBasinof


southeastWashington,northeastOregon,andIdahoaswellassixartificialproductionprograms:the


TucannonRiver,DworshakNFH,LoloCreek,NorthForkClearwaterRiver,EastForkSalmonRiver,


andtheLittleSheepCreek/ImnahaRiverHatcherysteelheadhatcheryprograms(Figure36;Federal


Registernotice71FR834).SnakeRiversteelheadareclassifiedassummerrunbasedontheiradult


runtimingpatterns.MuchofthefreshwaterhabitatusedbySnakeRiversteelheadforspawningand


rearingiswarmeranddrierthanthatassociatedwithothersteelheadDPSs.SnakeRiversteelhead


spawnandrearasjuvenilesacrossawiderangeoffreshwatertemperature/precipitationregimes.


FisheriesmanagersclassifyColumbiaRiversummerrunsteelheadintotwoaggregategroups,A-run


andB-run,basedonoceanageatreturn,adultsizeatreturnandmigrationtiming.A-runsteelhead


arepredominatelyspendoneyearatseaandareassumedtobeassociatedwithlowtomid-elevation


streamsthroughouttheInteriorColumbiabasin.B-runsteelheadarelarger,withmostindividuals


returningafter2yearsintheocean.





Figure36--SnakeRiversteelheadDPSspawningandrearingareas,illustratingpopulationsandmajorpopulation


groups.
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NOAAFisherieshasdefinedDPSsofsteelheadtoincludeonlytheanadromousmembersofthis


species(70FR67130).OurapproachtoassessingthecurrentstatusofasteelheadDPSisbased


evaluatinginformationtheabundance,productivity,spatialstructureanddiversityofthe


anadromouscomponentofthisspecies(Goodetal.2005).Manysteelheadpopulationsalongthe


WestCoastoftheU.S.co-occurwithconspecificpopulationsofresidentrainbowtrout.Werecognize


thattheremaybesituationswherereproductivecontributionsfromresidentrainbowtroutmay


mitigateshort-termextinctionriskforsomesteelheadDPSs(Goodetal.2005).Weassumethatany


benefitstoananadromouspopulationresultingfromthepresenceofaconspecificresidentformwill


bereflectedindirectmeasuresofthecurrentstatusoftheanadromousform.





SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


The2005BRTreporthighlightedmoderaterisksacrossallfourprimaryfactors(productivity,


naturaloriginabundance,spatialstructureanddiversity)forthisDPS.Amajority(70%)oftherisk


assessmentpointsassignedbytheBRTwereallocatedtothe“likelytobecomeendangered”


category.ThecontinuedrelativelydepressedstatusofB-runpopulationswasspecificallycitedasa


particularconcern.TheBRTidentifiedthatthegenerallackofdirectdataonspawningescapements


intheindividualpopulationtributariesasakeyuncertainty,renderingquantitativeassessmentof


viabilityfortheDPSdifficult.TheBRTalsoidentifiedthehighproportionhatcheryfishinthe


aggregaterunoverLowerGraniteDamcombinedwiththelackoftributaryspecificinformationon


relativespawninglevelsasasecondmajoruncertaintyandconcern.TheBRTcitedtheupturnin


returnlevelsin2000and2001asevidencethattheDPS“…isstillcapableofrespondingtofavorable


environmentalconditions.”Howeverthereportalsoacknowledgedthatabundancelevelsremain


wellbelowinterimtargetsforspawningaggregationsacrosstheDPS.


2010


Fordetal.(2011)concludedthatthelevelofnaturalproductioninthetwopopulationswithfulldata


seriesandtheAsotinCreekindexreacheswasencouraging,butthestatusofmostpopulationsinthis


DPSremainedhighlyuncertain.Population-levelnaturaloriginabundanceandproductivityinferred


fromaggregatedataandjuvenileindicesindicatedthatmanypopulationswerelikelybelowthe


minimumcombinationsdefinedbytheICTRTviabilitycriteria.Agreatdealofuncertaintyremained


regardingtherelativeproportionofhatcheryfishinnaturalspawningareasnearmajorhatchery


releasesites.TherewaslittleevidenceforsubstantialchangeinESUviabilityrelativetothe2005


BRTreview.Overall,therefore,thenewinformationconsideredin2010didnotindicateachangein


thebiologicalriskcategorysincethetimeofthepriorBRTstatusreviewin2005.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Inthepast,adultabundancedataseriesfortheSnakeRiverSteelheadDPSwerelimitedtoasetof


aggregateestimates(total,A-runandB-runcountedatLowerGraniteDam),estimatesfortwo


GrandeRondepopulations(JosephCreekandUpperGrandeRondeRiver),andindexareaorweir
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countsforsubsectionsofseveralotherpopulations.Obtainingestimatesofannualabundanceand


informationontherelativedistributionofhatcheryspawnersforadditionalpopulationswithinthe


DPShasbeenahighpriority.Twoprojectsbasedonrepresentativesamplingofadultreturnsat


LowerGraniteDamhaveresultedinestimatesofthenumbersofnaturalreturnsforadditional


populationsorgroupsofpopulationsforspawningyears2009-14(QCI2013;Copelandetal.2015a).


Oneofthoseapproaches,amixedstockanalysisgeneticssamplingproject,isgeneratingestimatesof


naturaloriginadultsoriginatingfromninedifferentstockgroups.Asecondprojectgenerates


estimatesoftheescapementatthepopulationorwatershedlevelforseveralofthepopulationsinthe


DPS.


Inaddition,ODFWhascontinuedtorefinesamplingmethodsforthereddcountbasedpopulation


estimatesonJosephCreekandtheUpperGrandeRonde.Aweirbasedmark/recaptureprojecton


JosephCreekhasprovidedmoredirectestimatesofthenumberofadultsteelheademigratinginto


JosephCreek.


GeneticDiversity


IDFGhascompiledanupdatedassessmentofgeneticrelationshipsamong66samplestakenfrom


withinpopulationsacross(Ackermanetal.inprep).TheresultsgenerallysupporttheMPGstructure


derivedbytheICTRTandidentifiedrelativelyclearpopulationlevelstructurewithintheSalmon


RiverandClearwatergroups(Figure37).DifferentiationamongsamplesfromtheGrandeRonde


andLowerSnakeMPGsarelessdistinct,indicatingthepossibilityofrelativelyhighratesofexchange


amongthosegroupsaswellaswithproductionfromadjacentdrainages.Atthistimeitisnot


possibletodeterminewhetherthosepatternsreflectongoing,pastorperiodicexchangesor


influencesofhatcheryfishoriginatingfromoutofbasinstocks.
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Figure37--FromAckermanetal.(inprep)Geneticrelationshipsofsteelheadcollectedfromlocationsacrossthe


SnakeRiverbasin.ThetreeisbasedonNei’sgeneticdistanceandnumbersalongbranchesshownumberof


bootstrapsoutof1,000replicatesthatsupportthegrouping.Onlysupportgreaterthan70%isshown.





ABUNDANCEANDPRODUCTIVITY


EvaluationsweredoneusingbothasetofmetricscorrespondingtothoseusedinpriorBiological


ReviewTeam(BRT)reviewsaswellasasetcorrespondingtothespecificviabilitycriteriabasedon


ICTRTrecommendationsforthisESU.TheBRTlevelmetricswereconsistenlydoneacrossallESUs


andDPSstofacilitatecomparisonsacrossdomains.AssessmentsusingtheICTRTmetricsare


describedintheRecoveryevaluationsectionbelow.Derivedestimatesforthetwocomplete


populationseriesavailableforthisassessmentarearchivedandavailablethroughtheNWFSC


SalmonPopulationSummarydatabase(http://www.nwfsc.noaa.gov/trt/mapsdata.cfm).


Themostrecentfiveyeargeometricmeanabundanceestimatesforthetwolongtermdataseriesof


directpopulationestimates(JosephCreekandUpperGrandeRondeMainstem)werebothincreased
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overthepriorreviewestimates(Table27).Eachofthepopulationsincreasedanaverageof2%per


yearoverthepast15years(Table28).Hatcheryoriginspawnerestimatesforbothpopulations


continuedtobelow.Bothpopulationsareapproachingthepeakabundanceestimatesobservedin


themid-1980s(Figure38).





Figure38–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.








Figure39–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).Spawningyearsonxaxis.





Table27--5-year geometric mean of raw natural spawner counts.This is the raw total spawner count times


the fraction natural estimate, if available.In parentheses,5-yeargeometricmeanofrawtotalspawner


countsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnooronly


oneestimateofnaturalspawnersavailable. Thegeometricmeanwascomputedastheproductofcounts


raisedtothepower1overthenumberofcountsavailable(2to5). Aminimumof2valueswereusedto
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computethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshownonthe


farright.


Table28--15-yeartrendsinlognaturalspawnerabundancecomputedfromalinearregressionappliedto


the smoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





CountsoftheaggregaterunsofnaturaloriginsteelheadatLowerGraniteDam(LGR)werealso


increasedrelativetothepriorreview(Figure40).The2011-2014geometricmeancountofnatural


originArunsteelheadatLGRwereovertwicethecorrespondingestimateforthepriorreview,and


theupdatedBrungeometricmeanwasover50%higherthanforthepriorreview.Thehatchery


originsteelheadrunstoLowerGraniteDamwerelowerrelativetothepriorreview.Asaresultthe


geometricmeanestimatesoftheAandBcomponentsofthetotalrun(includesbothhatcheryand


naturaloriginfish)weredownfromthepriorreview(down7%and15%,respectively).


TheyeartoyearpatternsinaggregateSnakeBasinandUpperColumbiaRiverrunsofwildsummer


steelheadshowsimilarpatternssince1985(Figure40).Bothrunsdeclinedfrompeakreturnsinthe


mid-1980s,remainingatrelativelylowlevelsthroughthelate1990’s.Bothrunsincreased


substantiallyintheearly2000’sbeforedroppingandincreasingtopeakreturnsin2010.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Joseph Cr. SuR Grande Ronde R. 1728 (1728) 1394 (1394) 2533 (2533) 1926 (1926) 1747 (1786) -9 (-7)


Grande Ronde R. Up. Mainstem SuR Grande Ronde R. 1031 (1307) 1441 (1805) 1164 (1284) 1377 (1384) 2585 (2627) 88 (90)


Population MPG 1990-2005 1999-2014

Joseph Cr. SuR Grande Ronde R. 0.02 (0, 0.04) 0.02 (-0.01, 0.04)


Grande Ronde R. Up. Mainstem SuR Grande Ronde R. 0.02 (0, 0.04) 0.02 (0, 0.04)
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Figure40-EstimatedreturnsofnaturaloriginsteelheadatLowerGraniteDambyspawningyear.BrokenoutbyA


andBruncategoriesbasedonBrunsizecriteria(>78cm).


Smolttoadultreturnsurvivalestimates(SARs)fortheaggregatenaturalSnakeRiverSteelheadrun


areavailableforoutmigrationyears1964through2011(Figure41).YeartoyearvariationsinSAR


representamajorinfluenceontheannualreturnsofSnakeRivernaturaloriginsteelheadalthough


thepatterniscomplicatedbythefactthatmultiplebroods(predominatelyages3-6)contributeto


eachparticularreturnyearescapement.Therelativelyhighadultreturnsinthemid-1980saswell


astheearlyandlate2000’scorrespondtohigheraverageSARsforthecorrespondingbroodyears.


RepresentativeSARseriesfortheaggregateSnakeRiverSteelheadnaturaloriginrunshowsimilar


generalpatternstoindicesforotherInteriorColumbiaRiverBasinsteelheadDPSsandChinookESUs


inrecentyears,indicatingthattheymaybesubjecttosomeofthesameinfluencesduringthesmolt


toadultphase(Figure41).Theindividualseriesshowrelativepeaksinroughlythesametime


periodsalthoughtherearesomedifferencesinthetimingandrelativemagnitudeofyeartoyear


variations.
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Figure41-SnakeRivernaturaloriginsteelheadaggregatesmolttoadultreturnrates(greenpointsandheavyline).


AggregateSARsforotherInteriorColumbiabasinESUsandDPSsprovidedforcomparison.SnakeRiveraggregate


spring/summerChinook(solidblue),TuccannonspringChinook(dottedblue),UpperColumbiaspringChinook(blue


dashedline),UpperColumbiasteelhead(greendashedline)and,Mid-Columbiasteelhead(redline).EachSARseries


isrescaledbydividingannualvaluesbythecorrespondingseriesmeantofaclilitaterelativecomparison.Linesare


threeyearmovingaverages.


Asnotedabove,resultsfromthegeneticstockcompositionmonitoringatLowerGraniteDam


beginningwiththe2008-2009cycleyearandthesystematicPITtagprogramareprovidingfiner


scalegeographicestimatesofsteelheadreturnsbyregionoforigin.Thegeneticstockidentification


basedapproachiscurrentlyabletobreakouttheaggregatenaturalreturnsatLowerGraniteDam


into10stockreportinggroups(Figure42).Fiveofthosegroupingslikelyhavenegligibleorverylow


hatcherycontributions(Table29).Fourofthosegroupingsalsohaveahighassignmentprobability


basedonbaselinesensitivityanalyses(Ackermanetal.2014).Inaddition,thefirstadultreturns
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thatfullyreflectedtheSnakeRiverSteelheadparentalbasedtagging(PBT)programforhatcheryfish


allowedforgeneratingexplicitestimatesofadultreturnsbymajorhatcheryprogramsbeginning


withthe1-saltreturnsin2011and2-saltreturnsin2012.Inthegeneticassignmentstudy,


informationoneachindividualpresumptivenaturaloriginfishrandomlysampledatLowerGranite


wasusedtoevaluatetheproportionsofreturnsassignedtoeachstockgroupthatwereaboveand


belowtheBrunsizecriteriacutoff(78cm)(Ackermanetal.2014).





Figure42-SnakeRiversteelheadstockgroupabundanceatLowergraniteDambasedonGeneticStock


Identification.Solidlines:stockgroupswithhighgeneticdifferentiation,lowpotentialhatcheryspawner


contributions.Dashedlines:stockgroupswitheitherlowrelativeGSIdifferentiationorhighpotentialforhatchery


contributions.FromAckermanetal.(2014).
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Table29--Summaryofinformationonpotentialcontributionsofhatcheryreturnstospawningescapementsin


SnakeRiverSteelheadDPSpopulationsorganizedbyMajorPopulationGroupandGeneticstockgroups.Hatchery


programreleaseswithineachpopulationareidentified.DirectEstimatescolumnidentifiesavailabledirectestimates


ofhatcheryspawnercontributionsinnaturalareaswithinpopulations.2007ICTRTreviewcolumnincludesrating


andrationalenotesregardingwithinpopulationreleases(a-withinpopulationreleases;b-noreleasesbutevidence


ofstrays;c-noreleases;d-noreleasesanddistrancefrommainstem;e-reductionplusdistance;f-limitedarea


releases;g:inferencefromlimitedweirsampling;h-proximitytomajorreleases).Preliminaryrunreconstruction


hatcheryproportionsareresultsfromthreerecentyear(2010/11,2011/12and2012/13)studies(Copelandetal.


2013,2014aand2014b).Tabulatedintoproportionintervals.Stippledpopulationareasassumedtohavenegligible


hatcheryreturns.





 


MajorPopulation 

Group 

Stock 

Group TRTPopulation 

Hatchery 

Program DirectEstimates 

2007ICTRT 

Review 

<.25 .25-.50 .50-.75 >.75


LowerSnakeMPG LOSNK TucannonR. LFH,Tucannonendemic High 
a

3


AsotinCr. none Low(WDFWUpperAsotin Mod 
b


1 1 1


GrandeRondeMPG GROND JosephCr. none Low(NPTJosephCr.MRC) Low
c


UpperGR none Low
e


LowerGR Cottonwood Moderate 
f

1 1


WallowaR. Wal lowa Low
f 

1


ImnahaRiverMPG IMNAHA ImnahaR. BigSheepCreek >10%
g 

2


ClearwaterMPG LOCLW LowerClearwaterR. Dwarshak/Kooskia** 

NorthFork/Kooskia


hatcheryweirsPotlatch


Cr.samping Moderate
f


LoloCr. Dworshak High
a 

1 1 1


SouthFk. Dworshak High
a 

1 1


LochsaR. none Low(IDFGFishCr.weir) Low
c


SelwayR. none Low
c


SalmonRiverMPG SOFK SeceshR. none VeryLow

d


SouthFk. none Low

c

LOSALM LittleSalmonR. Multiple Low(IDFGRapidR.weir) High

a

1 2


MFKSAL UpperMiddleFk. none VeryLow

d

LowerMiddleFK. none Low

c

ChamberlainCr. none Low

c

UPSAL NorthFk. High
h


PantherCr. pasteggboxplants Low(IDFGsurveys) Moderate

a

PahsimeroiR. High
a


2 1


LemhiR. High
a


1 2


EastFk.SalmonR. EastFk High
a


3


UpperSalmonR. multiple High
a


1 2


HellsCanyontribs HELLSC HellsCanyontribs Oxbow
 2

PreliminaryRun


Reconstruction


HatcheryProportions
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HARVEST


Summer-runsteelheadfromtheupperbasinaredividedinto2runsbymanagers:TheA-run,and


theB-run.Theserunsarebelievedhavedifferencesintiming,butmanagersseparatethemonthe


basisofsizealoneinestimatingthesizeoftheruns.TheA-runisbelievedtooccurthroughoutthe


MiddleColumbia,UpperColumbia,andSnakeRiverBasins,whiletheB-runisbelievedtooccur


naturallyonlyintheSnakeRiverDPS,contributinginvaryingproportions,intheClearwaterRiver,


MiddleForkSalmonRiver,andSouthForkSalmonRiver.


Steelheadwerehistoricallytakenintribalandnon-tribalgillnetfisheries,andinrecreational


fisheriesinthemainstemColumbiaRiverandintributaries.Inthe1970s,retentionofsteelheadin


non-tribalcommercialfisherieswasprohibited,andinthemid1980s,tributaryrecreationalfisheries


inWashingtonadoptedmark-selectiveregulations.Steelheadarestillharvestedintribalfisheries,in


mainstemrecreationalfisheries,andthereisincidentalmortalityassociatedwithmark-selective


recreationrecreationalfisheries.Themajorityofimpactsonthesummerrunoccurintribalgillnet


anddipnetfisheriestargetingChinooksalmon.Becauseoftheirlargersize,theB-rumfisharemore


vulnerabletothegillnetgear.Consequently,thiscomponentofthesummerrunexperienceshigher


fishingmortalitythantheA-runcomponent(Figure49).Inrecentyears,totalexploitationrateson


theA-runhavebeenstableataround5%,whileexploitationratesontheB-runhavegenerallybeen


intherangeof15%to20%.Sportfisheriestargetinghatcheryrunsteelheadwithincidental


impactsonwildreturnsalsooccurinthemainstemColumbiaRiverandsectionsoftheSnake,


ClearwaterandSalmonRivers.


SPATIALSTRUCTUREANDDIVERSITY


TheICTRTviabilitycriteriaadoptedinthedraftSnakeRiverManagementUnitRecoveryplans


includeexplicitcriteriaandmetricsforbothspatialstructureanddiversity.Withoneexception,


spatialstructureratingsforalloftheSnakeBasinsteelheadpopulationswereloworverylowrisk


giventheevidencefordistributionofnaturalproductionwithinpopulations.Theexceptionwas


PantherCreek,whichwasgivenahighriskratingforspatialstructurebasedonthelackofspawning


intheuppersections.Nonewinformationwasprovidedthatwouldchangethoseratings.
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Updatedinformationisavailablefortwoimportantfactorsthatcontributetoratingdiversityrisk


undertheICTRTapproach:hatcheryspawnerfractionsandthelifehistorydiversity.Updatestothe


estimatedhatcheryfractionsforthetwoongoinglongtermpopulationspecificabundanceseriesare


summarizedinFigure43andTable30.Hatcherycontributionsremainrelativelylow.Thefirstyear


resultsofamajorefforttobetterelucidatecontributionsofindividualhatcheryprogramsarenow


available.Atpresent,directestimatesofhatcheryreturnsbasedonPBTanalysisareavailableforthe


runassessedatLowerGraniteDam(Ackermanetal.2015).IDFGisleadingthecoordinated


developmentofasimplerunreconstructionmodelthatusesreachspecificharvestandweirremoval


estimatestogenerateestimatesofhatcheryfishescapingtospawninnaturalareasforreleases


withintributaryhabitatsassociatedwitheachpopulation(Copelandetal.2013;Copelandetal.


2014a;Copelandetal.2014b;Copelandetal.2015a).Preliminaryestimatesareavailableforthree


recentcycleyears(Table29).Giventhepreliminarynatureoftheseresults,therelativeproportions


aresummarizedasannualestimateswithinfourgenerallevelsfrom0to1.0.


InformationfromtheGSIassessmentsamplingprovideanopportunitytoevaluatetherelative


contributionofBrunreturnswithineachstockgroup.NopopulationsfellexclusivelyintotheBrun


sizecategory,althoughtherewerecleardifferencesamongpopulationgroupsintherelative


contributionsofthelargerBrunlifehistorytype.FishassignedtotheUPCLWR,SFSALandSFCLWR


hadthehighestproportionofBrunlengths(medianestimatesoverthefiveavailablestudyyear


rangingfrom49to58%).TheMiddleForkdrainagepopulationaggregate(MFSAL)hadan


intermediatelevelofcontributionsoffishexceedingtheBrunlengththreshold,averaging20%.The


remainingpopulationshadlow(<10%)orverylow(1-2%)contributionsfromtheBrunsize


category.


ICTRTcriteriaforevaluatingspatialstructurewithinpopulationsarebasedonobservingevidenceof


spawningusageacrossdefinedspawningareaswithinpopulations,withandemphasisonhistorically


relativelylargecontiguousreaches(majorspawningareas).Evaluatingtheoccupancyofsteelhead


majorspawningareasintheSnakeRiverbasinisproblematicgiventhefactthatsystematicredd


surveysarenotroutinelyconductedtotoadverseenvironmentalconditionsaffectingaccurate


counts.IDFGhasrecentlyupdatedestimatesofoccupancyformanysteelheadpopulationsusing


juvenilesurveydata(Copelandetal.2015b).Juvenilesurveysin23majorspawningareas


distributedacrosspopulationsintheClearwaterandSalmonRiverMPGsmetsufficiencycriteriafor


occupancyevaluation–all23metminimumICTRTrequirementsforfulloccupancy.Theremaining


22majorspawningareasthatqualifiedtoprovideestimatesinsomeyearsalsoshowedconsistent


juvenilesteelheadpresenceconsistentwithspawninguse.Basedonthisinformation,spatial


structureratingsforSnakeRiversteelheadpopulationsweremaintainedatthelevelsassignedinthe


originalICTRTassessment.
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Figure43–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.


Table30--5-yearmeanoffractionwild(sumofallestimatesdividedbythenumberofestimates). Blanksmean


no estimate available in that 5-year range.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


TheInteriorColumbiaBasinTechnicalRecoveryTeam(ICTRT)identified24extantpopulations


withinthisDPS,organizedinto5majorpopulationgroups(ICTRT2003).TheICTRTalsoidentifieda


numberofpotentialhistoricalpopulationsassociatedwithtributaryhabitatabovetheHellsCanyon


DamcomplexonthemainstemSnakeRiver,abarriertoanadromousmigration.Thefivemajor


populationgroups(MPGs)withextantpopulationsare:theLowerSnakeRiverMPG(2populations);


theGrandeRondeMPG(4populations);theImnahaRiverpopulation/MPG;theClearwaterRiver


MPG(5extantpopulations,1extirpated);andtheSalmonRiverMPG(12populations).Inaddition,


theICTRTconcludedthatsmalltributariesenteringthemainstemSnakeRiverbelowHellsCanyon


Dammayhavehistoricallybeenpartofalargerpopulationwithacoreareacurrentlycutofffrom


anadromousaccess.ThatpopulationwouldhavebeenpartofoneofthehistoricalupstreamMPGs.


NMFSrecoveryplanningfortheSnakeRiverdrainageisorganizedaroundasubsetofmanagement


unitplanscorrespondingtoStateboundaries.Atributaryrecoveryplanforoneofthemajor


managementunits(MUs),theLowerSnakeRivertributarieswithinWashingtonstateboundaries,


wasdevelopedundertheauspicesoftheLowerSnakeRiverRecoveryBoardandwasacceptedby


NOAAFisheriesin2005.TheLSRBPlanprovidesrecoverycriteria,targetsandtributaryhabitat


actionplansforthetwopopulationsofSpring/SummerChinookintheLowerSnakeMPGalongwith
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theTouchetRiver(Mid-ColumbiaSteelheadDPS)andtheWashingtonsectionsoftheGrandeRonde


River.DraftMUplanshavebeendevelopedfortheOregonandIdahodrainages,eachcoveringthe


respectiveMPGscontainedwithinthosestates.ViabilitycriteriarecommendedbytheICTRTwere


adoptedformulatingrecoveryobjectiveswithineachofthemanagementunitplanningefforts.


TheICTRTrecoverycriteriaarehierarchicalinnature,withESU/DPSlevelcriteriabeingbasedon


thestatusofnaturaloriginsteelheadassessedatthepopulationlevel.Adetaileddescriptionofthe


ICTRTviabilitycriteriaandtheirderivation(ICTRT2007)canbefoundat


www.nwfsc.noaa.gov/trt/col/trt_viability.cfm.UndertheICTRTapproach,populationlevel


assessmentsarebasedonasetofmetricsdesignedtoevaluateriskacrossthefourviablesalmonid


populationelements–abundance,productivity,spatialstructureanddiversity(McElanyetal.2000).


TheICTRTapproachcallsforcomparingestimatesofcurrentnaturaloriginabundance(measuredas


a10yeargeometricmeanofnaturaloriginspawners)andproductivity(estimateofreturnper


spawneratlowtomoderateparentspawningabundance)againstpredefinedviabilitycurves.In


addition,theICTRTdevelopedasetofspecificcriteria(metricsandexampleriskthresholds)for


assessingthespatialstructureanddiversityrisksbasedoncurrentinformationrepresentingeach


specificpopulation.TheICTRTviabilitycriteriaaregenerallyexpressedrelativetoaparticularrisk


threshold-lowriskisdefinedaslessthana5%riskofextinctionovera100yearperiodandvery


lowriskaslessthana1%probabilityoverthesametimeperiod.
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Table31-SummaryofavailablenaturaloriginabundanceandproductivityestimatesforSnakeRiverSteelheadDPS


populations.Limitedtopopulationswithdirectestimates(JosephCreekandUpperGrandeRonde)orGSIstock


groupswithlowmisclassificationratesandlowestimatedorinferredhatcheryproportions.ICTRTminimum


abndancethresholdssummedforstockgroupaggregates.Methods:ReddExp–expansionfromindexareaand


supplementalreddcountsusingfishperreddestimates;MRC–markrecapturestudy;GSI:runreconstructionbased


ongeneticstockidentificationestimatesfromthenaturaloriginrunatLowerGraniteDamaccountingforestimated


harvestandweirremovalsaboveLowerGraniteDam(e.g.Copelandetal.2015).








SnakeRiverSteelheadDPS:NOAADraftRecoveryPlanScenario


TheICTRTrecommendsthateachextantMPGshouldincludeviablepopulationstotalingatleasthalf


ofthepopulationshistoricallypresent,withallmajorlifehistorygroupsrepresented(ICTRT2007).


Inaddition,theviablepopulationswithinanMPGshouldincludeproportionalrepresentationof


largeandverylargepopulationshistoricallypresent.WithinanyparticularMPG,theremaybe


severalspecificcombinationsofpopulationsthatcouldsatisfytheICTRTcriteria.TheOregonand


IdahoManagementUnitsectionsofthedraftSnakeRiverRecoveryPlaneachincorporatespecific


populationrestorationandprotectionscenariosattheMPGlevelthatareconsistentwithICTRT


recommendations.


BasedonthenewGSIinformationforstockgroupswithinthisDPSdescribedabove,themajorlife


historypatterndesignationsdeterminedbytheICTRTshouldbeupdated(Table32).Withone


exception,allofthepopulationsassignedbytheICTRTasAruntyperemainthesame.TheformerB


runpopulationdesignationsarerevisedtoreflecttherelativeproportionsoflarge(<78cm)adultsin


theindividualstockgroupsinthegeneticassessmentsofnaturaloriginreturns(e.g.Ackermanetal.


Major


Population


Group


StockGroup/


Population


ICTRTMinimum 

Abundance 

Thresholds 

10Year(2005-2014) 

NaturalOrigin 

Abundance(se) 

20Year(1999-2008)


BroodyearIntrinsic


Productivity(se)


Estimation


Method


GrandeRonde JosephCreek(pop) 500 1,839(.09) 1.87(.20) ReddExp/MRC


UpperGrandeRonde


(pop)

1,500 1,649(.21) 3.15(.40) ReddExp


Clearwater LowerClearwater(pop) 1,500 2,099(0.15) 2.36(.16) GSI


UpperClearwater(stkgrp) 2,000


LochsaR. 1,000


SelwayR. 1,000


SouthFork(stkgrp) 1,500


SeceshR. 500 

SouthForkMainstemR. 1,000


MiddleFork(stkgrp) 2,500


UpperMiddleForkRiver 1,000


LowerMiddleForkRiver 1,000


ChamberlainCreek 500


UpperAsotinCr.(subpop)


AsotinCreek 500


2,213(0.16) 2.38(.104) GSI


LowerSalmon
 617(0.16) NA weirest.


1,650(0.17) 2.33(0.18) GSI


Salmon
 1,028(0.17) 1.80(.148) GSI
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2014,2015).TheLowerClearwaterpopulationfallsintoasinglepopulationstockgroupinthe


geneticanalyses,althoughithasarelativelyhighpotentialmisclassificationrate.Theestimated


proportionBsizeclassadultstothisgroupishighenoughthatitprovisionallyclassifiedasLowBin


updatingtheICTRTlifehistorypatternassignments.


Table32-UpdatedmajorlifehistorycategorydesignationsforSnakeRiverSteelheadDPSpopulationsbasedon


initialresultsfromgeneticstockidentificationstudies.PopulationsdesignatedasAhavenoornegligibleBsize


categoryreturnsinstockgroupsamples.Remaingpopulationscategoriesreflectrelativecontributionoffish


exceedingBsizethreshold.(High>40%,Moderate15to40%,Low<15%).





LowerSnakeRiverMPG:Bothpopulations(TucannonRiverandAsotinCreek)inthisMPGare


targetedforviablestatus,withatleastonemeetingthecriteriaforhighlyviable.


Major Population 

Group Population 

2007 ICTRT 

Major Life 

History Pattern Change? 

2015 Assessment


Updated Major Life


History Pattern


Lower Snake River 

Tucannon


River A


Asotin River A


Grand Ronde River Joseph Cr. A


Upper Grand Ronde A


Lower Grand Ronde A


Wallowa River A


Imnaha River Imnaha A


Clearwater River LowerMainstem A Provisional LowB


SouthFork B yes HiB


Selway B yes HiB


Lochsa B yes HiB


LoLoCr A/B yes HiB


Salmon River SouthFork B yes HiB


Secesh B yes HiB


LowerMiddleFk B yes ModerateB


UpperMiddleFk B yes ModerateB


NorthFk A


PantherCr A


Pahsimeroi A


Lemhi A


UpperSal A


UpperSal(Eastfk) A


ChamberlainCr. A 
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PopulationlevelabundancedatasetsarenotavailableforeitherofthetwopopulationsinthisMPG.


AdataseriesforalargesubareawithintheAsotinCreekpopulationisavailable(Table31).The


ICTRTclassifiedAsotinCreekasaBasicpopulationwithaminimumabundancethresholdof500


spawners.Therecent10yeargeometricmeannaturaloriginspawnersfortheUpperAsotinCreek


sub-areaaloneexceedsthethreshold(500)forthepopulation.BasedonrecentyearPITtag


detectionsandtheLowerGranitegeneticstockcompositionmonitoring,AsotinCreekisreceiving


substantialinputsofadultreturnsfromtheTucannonRiverandpotentiallyotherareas(bothnatural


originandhatchery)inthelowerSnakeRiverregion.Whiletheaggregateanalysesindicatethattotal


escapementintotheAsotinpopulationmayincludesubstantialnumbersofhatcheryoriginfish,


hatcheryfisharecurrentlybeingremovedatseveralweirsandtraps(J.Bumgarner,WDFWpers.


comm.).Theactualproportionalcontributionofhatcheryspawnerstototalspawningisnotknown.


PopulationlevelspawnerescapementestimatesarenotavailablefortheTucannonRiverpopulation,


butindicationsarethatnumbersofspawningsteelheadinthesystemarelow(e.g.Bumgarner&


Dedloff2013).Onecontributingfactorisanapparenthighovershootrateofreturningadultspast


theirnatalstream.AportionoftheoutmigratingnaturalsmoltproductionfromtheTucannonRiver


hasbeenPITtaggedinrecentyears(Bumgarner&Dedloff2013).AnalysisofreturningPITtagged


adults(2005-2012returnyears)indicatesovershootratespasttheTucannonRiverandoverLower


GraniteDam(Bumgarner&Dedloff2013).Anaverageof12.1%oftherunoverIceHarborarenot


detectedsubsequently(lossorspawninanunknownlocation).Anaverageof30.7%ofthereturn


overIceHarborentertheTucannonRiverdirectly.Onaverage,59.3%ofthereturningPITtagged


adultsovershootpasttheTucannonRiverandoverLowerGraniteDam.Ofthoseovershootss,21.2%


dropdownafteroverwinteringandaresubsequentlydetectedintheTucannonRiver,resultingina


totalof43.3%intotheTucannonRiverbybothpathways.Theremaining44.6%apparentlyremain


aboveLowerGraniteDamwithanunknownbutlikelysignificantportionspawninginAsotinCreek.


PITtaggedreturnsfromhatcheryreleasesofendemicandLyonsFerrystockintotheTucannonRiver


showsimilarstrayingproportions.


TheICTRTratedbothpopulationsatmoderateriskfortheintegratedspatialstructureanddiversity


criteria.Themoderateriskratingwasdrivenbytwoofthediversityfactors–phenotypicpatterns


andhatcheryinfluence(spawnercomposition).Theriskratingforphenotypictraitsreflected


uncertaintyastowhethertraitsofthecurrentpopulationsareconsistentwiththehistoricalpatterns


orwithunalteredreferencepopulationsinasimilarhabitat,geologic,andhydrologicsetting.No


additionalorupdatedinformationisavailableforthisreview.HatcheryspawnersintheTucannon


RiverstillincludeoutofbasinLyonsFerryadultsaswellasreturnsfromanendemicbroodstock


program.RecentPITtagstudyresultsindicatethatwildspawnersismoreuniformthroughoutthe


TucannonRiver,returnsfromendemicbroodstockreleasesareprimarilydetectedintheupper½to


¼ofthesystemandoutofbasindetectionsarecenteredinthelower½to¼oftheriver(Milleretal.


2015).ItisknownthatoutofbasinhatcherystocksdomigrateintotheAsotin,althoughtheaverage


levelofcontributiontonaturalspawninghasnotbeenquantified(Copelandetal.2015).Asaresult,


theriskratingforspawnercompositionremainsatmoderateforbothpopulations.


Theoverallpopulationviabilityratingsforbothpopulationsreflectacombinationofknown


conditionanduncertaintiesaboutkeyfactors,primarilyaveragenaturaloriginabundanceand


productivityandhatcheryinfluences.BothpopulationsarecurrentlyratedatModerateriskoverall,


withthepossibilitythattheTucannonRivercouldbeathighriskforabundanceandproductivity.
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Moredirectestimatesofnaturaloriginabundanceandhatcherycontributionratesforaseriesof


yearswouldberequiredtochangeratingsinfutureassessments.


GrandeRondeMPG:Improvementsinnaturalproductionareplannedforallfourpopulationsinthis


MPG.Giventheircurrentstatus,itisexpectedthatJosephCreekandtheUpperGrandeRondeRiver


populationsarethemostlikelytosatisfytheMPGlevelrequirementforonehighlyviableandone


viablepopulation.Althoughtheaverageabundancelevelshavedroppedfromthepriorreview


period,thepairedgeometricmeannaturaloriginspawnerabundanceandproductivityestimatesfor


bothpopulationsexceedthe1%viabilitycurvesfortheirrespectivesizecategories(BasicandLarge


respectively).Oneoftheaggregatenaturaloriginstockgroupsidentifiedbasedongeneticsampling


atLowerGraniteDamincludesallfourGrandeRondepopulations(e.g.,Copelandetal.2015).While,


therelativelyhighmisclassificationratesassociatedwiththisgroupprecludeddevelopingreliable


directestimatesofannualescapementsforthisgroupforuseinthisreview,theresultsindicatethat


theestimatedreturnstoJosephCreekandtheUpperGrandeRondewouldaccountforthemajorityof


theaggregateGrandeRonderun.TheICTRTassignedtheWallowaandLowerGrandeRonde


populationsamoderateA/PriskratingreflectingthegenerallevelofreturnsofArunsteelhead,


subareaweirandreddcounts.Morespecificdataonannualreturnswouldbeneededtoassign


updatedspecificabundanceandproductivityratingstothesetwopopulations.


AllfourpopulationsinthisMPGwereassignedLowriskratingsforcombinedspatialstructureand


diversityinpreviousreviews(Fordetal.2011).PreliminaryanalysesbasedontheLowerGranite


Damgeneticstockidentificationproject,combinedwithinitialbroodreturnsfromtheparentalbased


taggingprogram,suggestthathatcheryfishmaybecontributingtospawningintheLowerGrande


RondeandtheWallowapopulationatsignificantlevels(Copelandetal.2015).Moreinformationon


therelativedistributionandlevelsofcontributionwouldbeuseful.Atthistime,theriskratingsfor


hatcherycontributionstothosetwoprogramsareincreasedtomoderate.


TheGrandeRondeSteelheadMPGistentativelyratedasachievingviablestatus.Onepopulation


(JosephCreek)isHighlyViable,theUpperGrandeRondepopulationmeetsthecriteriaforViable,and


theremainingtwopopulationsareprovisionallyratedasMaintained.Effortsareunderwaythat


mightleadtopopulationspecificabundanceandproductivityseriesforthosetwopopulationsandto


amoreexplicitunderstandingoftherelativedistributionofhatcheryspawners.


ImnahaRiverMPG:TheImnahaRiverpopulationwillneedtomeethighlyviablestatusforthisone


populationMPGtoberatedasviableunderthebasicICTRTcriteria.


TheImnahaRiverSteelheadpopulationwasratedwasratedasmaintainedinthepriorreview,based


onmoderateratingsforabundanceandproductivity(averageArunsurrogate)andspatial


structure/diversity.TheImnahaRiverconstitutesoneofthestockgroupsidentifiedintheLower


Granitegeneticstockidentificationprogram,althoughitisoneofthestockgroupswithrelatively


highmisclassificationpotential(Table28).Forthatreasonwehavenotexplicitlyadoptedan


extrapolatedtimeseriesforthispopulation.However,thegeneralresultsfromthegeneticstock


identificationprojecttodateandthetwoavailableannualPITtagbasedestimatesofsteelhead


returnsintotheImnahaRiver(2011and2012spawningyears)suggestthatnaturalproductionmay


beexceedingtheICTRTminimumthresholdof1,000forthispopulation.InformationfromthePBT


hatcherystudyindicatesthatthenumberofhatcheryreturnsfromImnahaRiverreleasesthat


remainavailabletospawnafterharvestandweirremovalsmaybesubstantial.Whileitislikelythat
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thosereturnsareconcentratedinonesectionofthepopulation(BigSheepCreek),therelative


distributionofhatcheryandnaturalspawnersisuncertain.Estimatesofhatcheryproportionsinthe


upperendofthemainstemImnahaarerelativelylow(Harbecketal.2015),butthereisuncertainty


aboutproportionsinthelowermainstemImnahaRiver.


Basedontheinformationcurrentlyavailable,theImnahasteelheadpopulationisnotmeetingthe


HighlyViableratingforasinglepopulationMPGcalledforinthedraftSnakeRiverRecoveryPlan.


AchievingaHighlyViableratingwouldrequireachievingaVeryLowriskratingforabundanceand


productivityandaLowoverallriskratingforspatialstructureanddiversity.Itispossiblethat


additionalyearsinformationfromthePITtagarrayprojectand/orrefinementstothegeneticstock


identificationprogramwillresultinimprovedestimatesinfuturereviews.Additionalinformation


ontherelativedistributionofhatcheryspawnerscouldchangethecurrentdiversityriskrating.


ClearwaterRiverMPG:ThisMPGincludesfiveextantandoneextirpated(NorthForkClearwater


River)populations.ThedraftrecoveryscenarioforthisMPGcallsforrecoveryoftheLower


ClearwaterRiver(largesize),alongwiththeLochsaRiverandtheSelwayRiver.


ThepreviousstatusreviewsratedtheLowerClearwaterRiverpopulationatmoderateriskandboth


theLochsaandSelwayRiverpopulationsathighriskforabundanceandproductivity,basedonthe


averagesfromtheaggregateAandBrunestimatesofLowerGraniteDamreturns.Resultsfromthe


geneticstockcompositionprojectsupportbreakingoutnaturaloriginreturnstotheLochsaand


SelwayRiverpopulationsasaspecificstockgroupwithrelativelylowmisclassificationerror.


Extrapolatingfromthefouryearsofdirectestimates,theestimated10yeargeometricmeanof1,650


forthestockgroupfallsshortofthecombinedminimumthresholdsforthetwopopulations(2,000=


2X1,000).Theestimatedgeometricmeanproductivityforthestockaggregateis2.33.Assuming


thataggregateestimatesgenerallyrepresentthecurrentstatusofeachcomponentpopulation,each


populationwouldrateatmoderateA/Prisk.Thegeneticstockcompositionanalysisdoessupport


partitioningoutLowerClearwaterreturnsfromtheaggregatenaturalreturnatLowerGraniteDam,


butthissinglepopulationstockgrouphasahigherpotentialrateofmisclassificationthantheUpper


ClearwaterRivergroup.BasedonthecurrentGSImixtureanalysisextrapolation,thecombinationof


recentgeometricmeanabundanceandproductivityforLowerClearwaterpopulationexceedsthe


ICTRT1%viabilitycurve(minimumabundancethresholdof1,500).


TheremainingtwopopulationsintheClearwaterMPG(LoloCreekandtheSouthForkClearwater)


constituteanotherstockreportinggroupinthegeneticstockcompositionanalysis.Thisgrouping


hasrelativelyhighmisclassificationrates(Table29).PITtagarrayshaverecentlybeeninstalledin


LoloCreekandtheupperSouthForkandoneyearofestimatesfromtheLowerGranitenaturalorigin


PITtagprojectareavailable(2012).Inthatyear,anestimated680naturaloriginsteelheadescaped


intoLoloCreek,1201intotheupperSouthForkClearwaterRiver(QCI2013).Therearerelatively


largeandconsistenthatcheryreleasesintothearea,especiallywithintheSouthForkClearwater.The


PBTresultsfortheinitialyearofadulthatcheryreturns(2012)indicatesubstantialnumbersof


hatcheryfishareavailabletospawnafteraccountingforknownremovals.Itisnotpossibleatthis


timetogenerateproductivityestimatesforthisgroupingsinceestimatesofthetotalnumberof


spawnersincludinghatcheryfisharenotavailable.Forthisreview,theprovisionalhighriskA/P


ratingsappliedinpriorreviewswillbecarriedforward.Additionalyearsinformationfromthe
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geneticsstockprogramcombinedwithrefinementsintheanalysisshouldallowforupdatingthe


provisionalratingsinfuturereviews.


TheLocha,SelwayandLowerClearwaterRiverpopulationswereassignedLowcombinedspatial


structure/diversityratingsinpriorreviews,whileSouthForkandLoloCreekpopulationswererated


moderaterisk.Themoderateratingsweredrivenlargelybyhighriskforspawnercomposition.No


additionalinformationisavailablethatwouldaltertheratings.Morespecificdataonpotential


hatcherycontributionstospawninginLoloCreekandSouthForkisconsistentwiththehighrisk


ratingsassignedtothisparticularfactorinthepriorreviews.


Basedontheupdatedriskassessments,theClearwaterMPGdoesnotmeettheICTRTcriteriafora


viableMPG.Althoughthemoreexplicitinformationonnaturaloriginspawnerabundanceindicates


thattheLowerClearwaterRiver,LochsaRiverandSelwayRiverpopulationsareimprovedinoverall


statusrelativetopriorreviews,theSouthForkandLoloCreekpopulationsdonotachieve


maintainedstatusdueinparttouncertaintiesregardingproductivityandhatcheryspawner


composition.


SalmonRiverMPG:ThisrelativelylargeMPGincludes12extantpopulations.ThedraftIdahoMU


RecoveryPlanidentifiessixpopulationstoprioritizeforviablestatusacrossthisMPG.Therecovery


scenarioisconsistentwiththeICTRTrecommendationsandincludesthetwoMiddleFork


populations(highestBproportionswithintheMPG),theSouthForkRiver,ChamberlainCreek,


PantherCreekandtheNorthForkSalmonRiverpopulations.TheproposedscenarioforthisMPG


includesconsiderationforhistoricalpopulationsize,inclusionofpopulationsexhibitingarangeofA


andBruntimingproportions,andachievingadistributionofviablepopulationsacrossthe


geographicalextentoftheMPG.


Estimatesofnaturaloriginabundancewithrelativelylowmisclassificationpotentialsareavailable


fortwopopulationsubgroupswithinthisMPG,theMiddleForkstockgroup(3populations)andthe


SouthForkstockgroup(2populations).TheremainingsevenpopulationsintheMPGfallintotwo


additionalstockgroupswithrelativelyhighmisclassificationpotentialand,insomecases,are


associatedwithsubstantialhatcheryreleases.


InpriorreviewsthethreeMiddleForkSalmonRiverandthetwoSouthForkSalmonRiver


populationswereeachassignedhighriskratingsforabundance/productivitybasedontheaggregate


abundancetimeseriesforBrunsteelheadpassingLowerGraniteDam.Basedonthegeneticstock


compositionstudy,the10yeargeometricmeanescapementaboveLowerGraniteforthetwo


populationMiddleForkstockgroup(2,213)isbelowthecombinedminimumthresholds(2,500=2X


1,000+500).Theestimatedintrinsicproductivityforthestockgroupoverthemostrecent20year


serieswas2.38.Assumingthosestockgroupestimatesapplytoeachcomponentpopulation,the


resultingcombinationswouldfallbelowthepopulationspecificminimumabundancethresholds


associatedwiththe5%riskcurvesbutabovethe25%viabilitycurve,correspondingtoamoderate


riskrating.The10yeargeometricmeannaturaloriginescapementestimatefortheSouthFork


Salmonstockgroupis1,028,belowthesumoftheminimumabundancethresholdsforthetwo


componentpopulations(500+1,000).Theestimatedintrinsicproductivity(relativetotheaggregate


thresholds)is1.88.UnderthesameassumptionsasfortheMiddleForkgrouping,theupdated


abundanceandproductivityratingsforthetwoSouthForkpopulationswouldbemoderate.
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TheLittleSalmonRiverpopulationisidentifiedasadistinctsinglepopulationgroupwithinthe


currentGSImixtureanalyses,butsensitivityanalysisindicatesithasarelativelyhigh


misclassificationrate(Ackermanetal.2014).Therecent10yeargeometricmeannaturalorigin


returnsatLowerGranitedamallocatedtothisstockgroupintheGSIassessmentis991(T.Copeland,


IDFG,pers.comm.),whichwouldexceedtheminimumthresholdof500forthisBasicsized


population.Inaddition,thepotentialforhatcheryspawnercontributionsintonaturalareasishigh,


thereforeitisnotpossibletocalculateproductivityforthispopulationbasedonadultrecruittototal


spawnerestimates.


TheremainingpopulationswithintheSalmonRiverMPGfallwithinasingleaggregatestockgroupin


theGSIanalysis(NorthForkSalmonRiver,PahsimeroiRiver,LemhiRiver,EastForkSalmonRiver


andUpperSalmonRiver).Thisstockgrouphasrelativelyhighpotentialformisclassificationinthe


GSImixtureanalysis(Ackermanetal.2014).Inaddition,thereareongoinghatcheryreleasesinto


habitatsassociatedwithmostofthepopulationsinthisgrouping.Preliminaryrunreconstructions


basedonPBTestimatesofhatcheryreturnsatLowerGraniteDamadjustedforsubsequentfishery


andhatcheryweirremovalsindicatethatsubstantialnumbersofhatcheryoriginadultsescapeand


areavailabletospawninnaturalareas.Thedistributionofthesepotentialspawnersrelativeto


naturaloriginadultsisnotwellunderstood.


EstimatesofnaturaloriginsteelheadescapingintotheLemhiRiverpopulationareavailableforthree


years(2010-12)basedonPITtagrecoveries(QCI2013).Thoseestimatesrangefrom428to680,all


wellbelowtheICTRTminimumthresholdof1,000spawnersforthisIntermediatesizepopulation.


NaturaloriginabundanceestimatesarealsoavailableforthetributarysegmentofthePahsimeroi


Riverpopulation.Onlynaturaloriginfisharepassedabovethatweir,andthemostrecent10year


geometricmeancount(2005-2014)was90.Largenumbersofhatcherysteelhead(adipose-clipped


smolts)arereleasedbelowthePahsimeroiRiverweirandinthemainstemsectionoftheUpper


SalmonbetweenthePahsimeroiRiverandtheLemhiRiverforharvestaugmentationunderongoing


mitigationprograms.Notallreturningadultsareinterceptedinfisheriesorcapturedathatchery


weirs,asaresulttherearenotanycurrentestimatesofeitherthenumberorproportionofhatchery-

originsteelheadthatspawnnaturallyinthemainstemandsmalltributaryhabitatsthatarealsopart


ofthePahsimeroiRiversteelheadpopulation.
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Figure44.SnakeRiverDPSsteelheadpopulationabundance/productivitygaps(boldcolors).Populationswith


insufficientdatatogenerategapsshadedingray.Gapsaredefinedasrelativeimprovementinproductivityor


limitingcapacityrequiredforapopulationtoexceeditscorresponding5%riskviabilitycurve(ICTRT2007).Gap


estimatesforpopulationsintheUpperColumbiaDPSandMid-ColumbiaRiverDPSprovidedforcomparison(shaded


colors).
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Table33–SummaryofstatusrelativetotheICTRTviabilitycriteria.Ratingswith?arebasedonlimitedorprovisionaldataseries(seetext).


Population


Abundance/ProductivityMetrics

SpatialStructureand


DiversityMetrics

Overall


Viability


Rating
ICTRT

Minimum

Threshold

Natural 
Spawning 

Abundance

ICTRT

Productivity

Integrated A/P

Risk

Natural

Processes Risk


Diversity
Risk


Integrated
SS/D Risk


Tucannon River 1,000 NA NA High?? Low Moderate Moderate HIGHRISK??


Asotin Creek 500  NA Moderate? Low Moderate Moderate

MAINTAINED?


(HIGHRISK??)

        


Lower Grande Ronde


River
1,000 NA NA  Low Moderate Moderate MAINTAINED?


JosephCreek 
 

500 

 

1,839 




1.86

VeryLow VeryLow Low Low HIGHLYVIABLE


UpperGrande 

Ronde 




1500 
 

1,649(.21) 

 

3.15(.40)

Viable


(Moderate)

VeryLow Moderate Moderate
 VIABLE

Wallowa River 1,000 NA NA High?? VeryLow Low Low
 Moderate?


      
 


Imnaha River 1,000 NA NA Moderate? VeryLow Moderate Moderate
 Moderate?


      
 


Lower Main. Clearwater


R.
1,500 

 

2,099(.15) 




2.36(.16)

Moderate? VeryLow Low Low
 MAINTAINED?


South Fork Clearwater


R.
1,000 NA NA High Low Moderate Moderate
 MAINTAINED/H


IGHRISK?

Lolo Creek 500 NA NA High Low Moderate Moderate


Selway R. 1,000  

1,650(0.17) 

 

2.33(0.18) 

Moderate? VeryLow Low Low
 


MAINTAINED?
Lochsa R. 1,000 Moderate? VeryLow Low Low


 NA NA    
 

Little Salmon R. 500 NA NA Moderate? Low Moderate Moderate
 MAINTAINED?


South Fork Salmon R. 1,000  

1,028(0.17) 

 

1.80(.148) 

Moderate? VeryLow Low Low
 MAINTAINED?

Secesh R. 500 Moderate? Low Low Low
 MAINTAINED?


Chamberlain Creek 500  

 

2,213(0.16) 

 




2.38(.104)


Moderate? Low Low Low
 MAINTAINED?


Lower Middle Fork


Salmon R.
1,000
 Moderate? VeryLow Low Low
 


MAINTAINED?

Upper Middle Fork


Salmon R.
1,000 Moderate? VeryLow Low Low





MAINTAINED?

Panther Creek 500 NA NA Moderate High Moderate High
 HIGHRISK?


North Fork Salmon R. 500 NA NA Moderate Low Moderate Moderate
 MAINTAINED?

Lemhi R. 1,000 NA NA Moderate Low Moderate Moderate
 MAINTAINED?
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Pahsimeroi R. 1,000 NA
 NA
 Moderate Moderate Moderate Moderate
 MAINTAINED?

East Fork Salmon R. 1,000 NA
 NA
 Moderate VeryLow Moderate Moderate
 MAINTAINED?

Up Main. Salmon R. 1,000 NA
 NA
 Moderate VeryLow Moderate Moderate
 MAINTAINED?
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UPDATEDBIOLOGICALRISKSUMMARY


FouroutofthefiveMPGsarenotmeetingthespecificobjectivesinthedraftRecoveryPlanbasedon


theupdatedstatusinformationavailableforthisreview,andthestatusofmanyindividual


populationsremainsuncertain(Table33).TheGrandeRondeMPGistentativelyratedasviable,but


morespecificdataonspawningabundanceandtherelativecontributionofhatcheryspawnersfor


theLowerGrandeRondeandWallowapopulationswouldimprovefutureassessments.The


additionalmonitoringprogramsinstitutedintheearly2000’stogainbetterinformationonnatural


originabundanceandrelatedfactorshavesignificantlyimprovedourabilitytoassessstatusata


moredetailedlevel.Thenewinformationhasresultedinanupdatedviewoftherelativeabundance


ofnaturaloriginspawnersandlifehistorydiversityacrossthepopulationsintheDPS.Themore


specificinformationonthedistributionofnaturalreturnsamongstockgroupsandpopulations


indicatesthatdifferencesinabundance/productivitystatusamongpopulationsmaybemorerelated


togeographyorelevationratherthanArunvs.Brun.Basedontheseresults,themajorlifehistory


categorydesignationsforpopulationsintheDPShavebeenupdated(Table33).Agreatdealof


uncertaintystillremainsregardingtherelativeproportionofhatcheryfishinnaturalspawningareas


nearmajorhatcheryreleasesiteswithinindividualpopulations.Overall,theinformationanalyzed


forthisstatusreviewdoesnotindicateachangeinbiologicalriskstatus.
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MIDDLECOLUMBIARIVERSTEELHEADDPS





BRIEFDESCRIPTIONOFESU


TheMiddleColumbiaRiversteelheaddistinctpopulationsegment(DPS)includesallnaturally


spawningpopulationsofsteelhead(Oncorhynchusmykiss)usingtributariesupstreamandexclusive


oftheWindRiver(Washington)andtheHoodRiver(Oregon),excludingtheUpperColumbiaRiver


tributaries(upstreamofPriestRapidsDam)andtheSnakeRiver(Figure45).TheMiddleColumbia


RiversteelheadDPSwaslistedasthreatenedbyNOAAFisheriesin1999,withthatlistingdesignation


beingaffirmedin2006and2012.





Figure45--MapoftheMiddleColumbiaRiversteelheadDPS’sspawningandrearingareas,illustratingpopulations


andmajorpopulationgroups.


NOAAFisherieshasdefinedDPSsofsteelheadtoincludeonlytheanadromousmembersofthis


species(70FR67130).OurapproachtoassessingthecurrentstatusofasteelheadDPSisbased


evaluatinginformationtheabundance,productivity,spatialstructureanddiversityofthe


anadromouscomponentofthisspecies(Goodetal.2005;70FR67130).Manysteelheadpopulations


alongtheWestCoastoftheU.S.co-occurwithconspecificpopulationsofresidentrainbowtrout.We


recognizethattheremaybesituationswherereproductivecontributionsfromresidentrainbow
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troutmaymitigateshort-termextinctionriskforsomesteelheadDPSs(Goodetal.2005;70FR


67130).Weassumethatanybenefitstoananadromouspopulationresultingfromthepresenceofa


conspecificresidentformwillbereflectedindirectmeasuresofthecurrentstatusoftheanadromous


form.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


ResultsofaBRTreviewofthestatusoftheMiddleColumbiaSteelheadDPSweresummarizedin


Goodetal.(2005).Aslightmajority(51%)ofthecumulativescoresacrosstheBRTwerefor


assigningthisDPStothe“threatenedbutnotendangered”category.Theremainingvotes(49%)


wereforthe“notlikelytobecomeendangered”designation.TheBRTnotedthatthisparticularDPS


wasdifficulttoevaluate.Reasonscitedincluded:thewiderangeinrelativeabundanceforindividual


populationsacrosstheDPS(e.g.,spawningabundanceintheJohnDayandDeschutesbasinshad


beenrelativelyhigh,whilereturnstomuchoftheYakimaRiverdrainagehadremainedrelatively


low);chronicallyhighlevelsofhatcherystraysintotheDeschutesRiver,andalackofconsistent


informationonannualspawningescapementsinsometributaries(e.g.KlickitatRiver).Inaddition,


residentO.mykissarebelievedtobeverycommonthroughoutthisDPS.TheBRTassumedthatthe


presenceofresidentO.mykissbelowanadromousbarriersmitigatedextinctionrisktotheDPSto


someextent,butaslightmajorityofBRTmembersconcludedthatsignificantthreatstothe


anadromouscomponentremained.


2010


Fordetal.(2011)concludedthattherehadbeenimprovementsintheviabilityratingsforsomeof


thecomponentpopulations,buttheMid-ColumbiaSteelheadDPSwasnotcurrentlymeetingthe


viabilitycriteriaintheMid-ColumbiaSteelheadRecoveryPlan.Inaddition,severalofthefactors


citedbythe2005BRT(Goodetal.2005)remainedasconcernsorkeyuncertainties.Naturalorigin


spawningestimateswerehighlyvariablerelativetominimumabundancethresholdsacrossthe


populationsintheDPS.UpdatedinformationindicatedthatstraylevelsintoatleasttheLowerJohn


DayRiverpopulationwerealsohigh.ReturnstotheYakimaRiverbasinandtotheUmatillaand


WallaWallaRivershadbeenhigheroverthemostrecentbroodcyclewhilenaturaloriginreturnsto


theJohnDayRiverhaddecreased.Outofbasinhatcherystrayproportions,althoughreduced,


remainedveryhighintheDeschutesRiverbasin.Overallthenewinformationconsideredin2010


didnotindicateachangeinthebiologicalriskcategorysincethetimeofthelastBRTstatusreviewin


2005.





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Updatedabundanceandhatcherycontributionestimateshavebeenprovidedbyregionalfisheries


managersforeachofthe15longtermdataseriesconsideredinpriorstatusreviews.Inaddition,the


twoyearsofmarkrecapturebasedescapementestimatesofwildandhatcheryoriginsteelhead


enteringtheKlickitatRiverfirstreportedinthe2011reviewhavebeenextendedtoinclude2008-14
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returnsandthefirstsamplesofsteelheadadultsintheRockCreek(Yakima;Figure45)population


havebeenreported(Harvey2014).


AbundanceestimatesfortheYakimaRiverpopulationscontinuetobebasedonsteelheadcountsat


ProsserDamonthemainstemYakimabelowallfourofthepopulationsinthisMPG.Population


specificabundanceestimatesforreturnyears1985-2009arebasedonarunreconstruction


allocationmethodthatincorporatesaveragedistributionsobservedinathreeyearradiotagging


study(Frederiksenetal.2014)intheearly1990salongwithRozaDamcountsandreddcountsin


SatusandToppenishCreek.Populationspecificestimatesofthe2012-2014broodyearescapements


weregeneratedfromathreeyearradio-taggingstudy.Inaddition,twoothermethodswereapplied


overthedurationofthatstudy,ageneticstockidentificationapproachandaPITtagbasedtracking


program.Regionalbiologistsarereviewingtheresultsofthoseefforts.Afullanalysisoftheresults


fromthethreeyearradiotrackingstudyisbeingcompleted,includingacomparativeassessment


acrossmethodsthatcouldleadtorecommendationsforalongtermmonitoringapproach


(Frederiksenetal.2014).PreliminaryresultssuggestthatthePITtagbasedapproach,which


involvesproportionaltaggingatProssercombinedwithstrategicallyplacedupstreamarrays,would


beaviablelongtermstrategy.


WDFWregionalbiologistshaveupdatedthemethodologyusedtogeneratesteelheadspawner


abundanceestimatesfortheTouchetRiver.Theupdatedestimatesarebasedonannualreddcounts


inthemainstemabovethetownofDaytonandincludeanadjustmenttoincludespawnersintwo


tributariesenteringbelowthatreach(CoppeiandWaitsCreeks).Agecompositionand


hatchery/naturalproportionsforspawninginthereachabovetheDaytonarebasedonsamplingata


mainstemweiratDayton.Hatcheryspawnerproportionsareadjustedtoaccountfordifferential


removalsofhatcheryfishattheweirandfortheendemicbroodstockprogram(naturalreturns).


ResidentContributionstoAnadromousProduction


Manysteelhead(O.mykiss)populationsalongtheWestCoastofco-occurwithconspecific


populationsofresidentrainbowtrout.PreviousNWFSCstatusreviews(e.g.Fordetal.2011)have


recognizedthattheremaybesituationswherereproductivecontributionsfromresidentrainbow


troutcouldmitigateshort-termextinctionriskforsomesteelheadDPSpopulations(Goodetal.2005;


70FR67130).Ingeneral,weassumethatanybenefitstoananadromouspopulationresultingfrom


thepresenceofaconspecificresidentformwillbereflectedindirectmeasuresofthecurrentstatus


oftheanadromousform.Potentialcontributionratesofco-occurringresidentproductionto


anadromousreturnsvaryconsiderablyamongpopulationsasafunctionofhabitatandsurvival


patterns(Satterthwaiteetal.2010).IntheMiddleColumbiaDPS,astudyintheDeschutesRiver


Basinfoundnoevidenceofasignificantcontributionfromtheveryabundantresidentformto


anadromousreturns(Zimmerman&Reeves2000).Arecentstudyofnaturaloriginsteelheadkelts


intheYakimaBasin,comparingchemicalpatternsinotolithswithwaterchemistrysampling,found


evidenceforvariablematernalresidentcontributionratestoandromousreturns,withahighdegree


ofvariationamongnatalareasandacrossyears(Courteretal.2013).TheSatusRiverhadthe


lowestsampledproportionsofmaternalresidentpatterns(<8%ofsamplesin2011and2012).The


highestproportionswereforfishthatassignedtotheLowerYakimabasin(38%and17%).


ToppenishCreekandNachesRiverwereintermediate.Theauthorsnotethattheabilityto
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discriminateamongnatalrearingareasinthestudycouldbeimprovedbyexpandingthenumberof


geochemicalmarkersintheregionalwatersamplingandotolithanalyses.


UpstreamPassageLosses


TheincreasinguseofPITtagsappliedtorepresentativesamplesfromsteelheadpopulations(both


naturalproductionandhatcheryreleases)hasidentifiedrelativelyhighlossratesofreturningadults


fromspecificpopulations,eitherasmortalitiesorasstraysintonon-natalbasins


(http://www.dfw.state.or.us/fish/crp/mid_columbia_river_plan_WASTB_workshop.asp).The


followingexamplesarefrompresentationsavailableattheworkshopwebsite.In2013,1325PIT


taggedfishproducedintheJohnDayRiverbasinweredetectedpassingaboveBonnevilleDamand


13%ofthosetaggedfishdirectlymigratedintotheJohnDayRiverbasedondetectionsatLowerJohn


Daymainstemarrays.Arelativelyhighproportion(71%)oftheadultsdetectedatBonnevilleDam


continuedupriverpasttheJohnDayandwerenextdetectedatMcNaryDam.Afteroverwintering,


616ofthosefishdroppedbackandenteredtheJohnDayRiver.Accountingforboththedirectand


delayedentries,approximately57%ofthereturnsdetectedatBonnevilleeventuallyenteredthe


natalbasin.HighratesofovershootingwerealsoindicatedforsomeotherMid-Columbiasteelhead


populations.AproportionofthereturningadultstaggedasjuvenilesintheYakimaRiverBasin


initiallymigratedupstreamintotheUpperColumbiaRiver,althougharelativelyhighproportiondid


eventuallyfallbacktobedetectedenteringtheYakimaRiver.


GeneticanalysesofjuvenileO.mykisssampledintheRockCreekdrainageindicatearelativelyhigh


similaritytoSnakeRiverDPS,suggestingrelativelyhighstrayratesfromthatregionintoRockCreek


(Matala2012).SamplingadultspawnersinRockCreek,includingconductingPBTbasedanalysisof


anyhatcheryfish,wouldclarifythecurrentstockstatus.Matala(2012)alsosuggeststhatanalysisof


archivalsamples(ifanyexist)wouldprovideinsightsintowhetherhistoricalgeneticpatternsforthis


andotherMid-ColumbiaDPSpopulationsalsoreflecthighexchangerateswithSnakeRiverDPS,or


whetherthecurrentpatternsarearelativelyrecentchange.


JohnDayRiverStudies


ODFWsamplingprogramsintheJohnDayRiverbasincontinuetoprovideinformationonadult


spawnerabundance,juvenileproductivityandgeneticstructure(Banksetal.2013;Banksetal.


2014b;Bareetal.2015).SpawnerabundanceestimatesgeneratedorextrapolatedfromEMAP


samplinginthebasinareincludedintheupdatedabundanceandproductivityassessments


describedabove.


Estimatesofoutmigrantsmoltproductionbasedonsmolttrappingareavailableforalimitednumber


ofyearsfortheMiddleForkandSouthForkpopulations.Thepatternsinproductionvs.parentredd


countsareconsistentwithdensitydependentrelationships,althoughmoredatapairsforeachseries


willbenecessarytoderivespecificfunctionalrelationships.


ProportionsofoutofbasinhatcherysteelheadinJohnDaynaturalspawningareashavedeclined


substantiallyinrecentyears(Figure51),withthedeclinesbeingnegativelycorrelatedwiththe


proportionofSnakeRiveroutmigrantsthatarebargetransported(Banksetal.2013;Banksetal.


2014b).Asinprioryears,hatcheryoriginspawnerswereconcentratedintheLowerJohnDay


populationtributaries.
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GeneticsamplingdatafromspecificreachesintheJohnDaybasinshowedsomedifferentiation,but


didnotdirectlycorrespondtothepopulationstructureinferredfromgeographicseparationand


dispersalrateassumptionshypothesizedbytheICTRT(2003).Inmostcasestherewastemporal


correlationamongsamplestakenfromthesamesitesoveryears,butdifferencesamongsiteswere


notsignificant.ExceptionstothisgeneralpatternincludedIndian,BelshawandReynoldsCreeks.


IndianCreekisareachaboveaseriesofcascadesandmaybedominatedbylocalresidenttrout


production.Thereisevidenceofcutthroat/steelheadhybridizationinBelshawandReynoldsCreeks


thatcouldbecontributingtotheirrelativegeneticdistinctiveness.


YakimaGenetics


ResultsfromtheanalysisofgeneticsamplestakeninsubareasacrosstheYakimaRiverdrainage


generallysupportthehierarchicalpopulationstructureidentifiedbytheICTRTwithonesignificant


exception(T.Seamons,pers.comm.).TheNachesICTRTpopulationdesignationwasnotfully


supportedbythegeneticdata.CollectionsfromtheNachesRiverupstreamofthe


confluencewiththeTietonRiverclusteredtogether,butcollectionsfromthelowerNaches


RivertributariesandtributariestothemainstemYakimaRiverdidnotgroupwithupper


Nachescollectionsanddidnotformagroupoftheirown.Instead,thesepopulations


appearedtobeamixofNachesandUpperYakimaancestry,whichmayreflecttheancestral


stateormaybearesultofmorerecentnaturalandanthropogenicinfluences.


FifteenMileCreekLifeHistorypatterns


FifteenMileCreekisoneoftwoextantnatural-originpopulationsatthewesternedgeoftheMid


ColumbiaSteelheadDPS.SteelheadrunsinthedownstreamneighboringDPS(LowerColumbia


River)aregenerallywinterrun.ODFWhadclassifiedtheFifteenMileCreekpopulationaswinterrun


priortorecentPITtagstudies.ReturningnaturaloriginsteelheadPITtaggedasjuvenilesinthe


mainstemFifteenMileCreekwatershedexhibitasummertimedreturnpattern,similartoother


populationsinthemiddleColumbiaRiverDPS(Poxonetal.2014).TheFifteenMileCreekpopulation


includessomesmallertributariesdownstreamoftheFifteenMileCreekdrainage.Itispossiblea


componentofnaturalproductionassociatedwiththosesmallstreamsiswinterrun.ODFWhas


observedthatgeneticanalysesmightresolvethepotentialexistenceofawinterruncomponent.


Smolttoadultreturnrates


Smolttoadultreturnsurvivalestimates(SARs)foranaverageofthreerepresentativeindices--


UmatillaRiver,WarmSpringstributary,andtheaggregatenaturalSnakeRiversteelheadrun--are


availableforoutmigrationyears1964through2011(Figure46).YeartoyearvariationsinSAR


representamajorinfluenceontheannualreturnsofnaturaloriginsteelheadalthoughthepatternis


complicatedbythefactthatmultiplebroods(predominatelyages3-6)contributetoeachparticular


returnyearescapement.Therelativelyhighadultreturnsinthemid-1980saswellastheearlyand


late2000’scorrespondtohigheraverageSARsforthecorrespondingbroodyears.


RepresentativeSARseriesforotherInteriorBasinESUsandDPSsshowsimilargeneralpatternsin


recentyears,indicatingthattheymaybesubjecttosomeofthesameinfluencesduringthesmoltto


adultphase(Figure46).BothChinookseriesshowpeaksinroughlythesametimeperiodsalthough


therearesomedifferencesinthetimingandmagnitudeofyeartoyearvariations.
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Figure46-Mid-ColumbiaRivernaturaloriginsteelheadaggregatesmolttoadultreturnrates(redpointsandheavy


line).AggregateSARsforotherInteriorColumbiabasinESUsandDPSsprovidedforcomparison.SnakeRiver


aggregatespring/summerChinooksalmon(solidblue),SnakeRiveraggregatenaturaloriginsteelhead(dashed


green),TuccannonspringChinooksalmon(dottedblue),UpperColumbiaspringChinooksalmon(bluedashedline),


UpperColumbiasteelhead(greendashedline).EachSARseriesisrescaledbydividingannualvaluesbythe


correspondingseriesmeantofaclilitaterelativecomparison.Linesarethreeyearmovingaverages.


ABUNDANCEANDPRODUCTIVITY


EvaluationsweredoneusingbothasetofmetricscorrespondingtothoseusedinpriorBiological


ReviewTeam(BRT)reviewsaswellasasetcorrespondingtothespecificviabilitycriteriabasedon


ICTRTrecommendationsforthisESU.TheBRTlevelmetricswereconsistenlydoneacrossallESUs
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andDPSstofacilitatecomparisonsacrossdomains.AssessmentsusingtheICTRTmetricsare


describedintheRecoveryevaluationsectionbelow.


Totalescapementandnatural-originescapementsincreasedrelativetothepriorfiveyearreviewfor


allfiveoftheJohnDaypopulations(Table34).Fouroutofthefivepopulationsinthisgrouphada


positive15yeartrendinnaturaloriginabundance(Table35)drivenlargelybypeakreturnsinthe


early2000’sandthemostrecentfiveyearperiod(Figure47).TheLowerMainstempopulationwas


theexception;therecentpeakinreturnswasrelativelylowcomparedtoprioryearsandits15year


trendwasslightlynegative(Table35).


Fiveyeargeometricmeannaturaloriginandtotalabundanceestimatesforeachofthefour


populationsintheYakimaRiverMPGalsoincreasedrelativetothepriorreview(Table34).Allfour


populationsinthisgrouphaveexhibitedrelativelysteadyincreasessincetheearly1990s,with


similarpeakreturnyearsasotherDPSpopulations(Figure47).


Totalspawningescapementshaveincreasedinthemostrecentbroodcycleforallthreepopulations


intheUmatilla-WallaWallaMPGaswell,althoughtheproportionalincreaseswereonbelowthose


formostpopulationsintheJohnDayandYakimaMPGs(Table 34).The15yeartrendinnatural


originabundancewaspositivefortheUmatillaRiverpopulationandslightlynegativefortheTouchet


River(Table 35,Figure 47).ThedataseriesfortheWallaWallaRiverpopulationisrelatively


short,withnoapparenttrendsincetheinitialestimatesinthemid-1990s.


AbundancedataseriesareavailableforthreeofthefiveextantpopulationsintheEastCascadesMPG


alongwith7yearsofestimatesforafourthpopulation(KlickitatRiver).Spawnerabundance


estimatesforthemostrecentfiveyearsincreasedrelativetothepriorreviewfortheUmatilla,Walla


WallaandTouchetRiverpopulations(Table 34).The15yeartrendinnaturaloriginspawnerswas


positivefortheWestSideDeschutespopulation,andnegativefortheFifteenMileandEastSide


Deschutesruns(Table 35).Basedonmark-recaptureanalysis,therecentfiveyear(2010-14)


geometricmeanpassageofsteelheadoverLyleFallsintheLowerKlickitatRiverhasbeen1,358


naturaloriginand2,726hatcheryfish(Zendtetal.2013).Thereisevidencethatunknownportions


ofbothcomponentsfallbackafterinitiallyascendingthroughLyleFalls.Thereissignificanttribal


andsportharvestassociatedwiththeKlickitatsteelheadrun,withthesportharvestbeingtargeted


onhatcheryfishVirtuallyalltribalharvestoccursbelowLyleFalls,andsportharvestiscurrently


recordedastobeloworaboveLyleFalls.SotheLyleFallsmarkrecapestimatedoesrepresent


escapementpasttheprimaryfisheryharvest–itdoesnotaccountfallback,hook/releasesport


fisherymortalityorotherpre-spawnmortalityoccurringabovethefalls(J.Zendt,pers.comm.).


PreliminaryestimatesofescapementsintoRockCreekwererecentlydeveloped,andahigh


proportionoftheobservedsteelheadinthatsystemwereoutofbasinstrays(Harvey2014).





Populationsinallfourofthemid-ColumbiasteelheadMPGsexhibitedsimilartemporalpatternsin


broodyearreturnsperspawner(Figure48).Returnratesforbroodyears1995−1999generally


exceededreplacement(1:1).Spawnertospawnerratiosforbroodyears2001−2003weregenerally


wellbelowreplacementformanypopulations.Broodyearreturnratesreflectthecombinedimpacts


ofyeartoyearpatternsinmarinelifehistorystages,upstreamanddownstreampassagesurvivalsas


wellasdensitydependenteffectsresultingfromcapacityorsurvivallimitationsontributary


spawningorjuvenilerearinghabitats.
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Figure47–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.
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Figure48–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).Spawningyearsonxaxis.
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Table34--5-year geometric mean of raw natural spawner counts.This is the raw total spawner count times the fraction wild estimate, if available.In


parentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnoor


onlyoneestimateofnaturalspawnersavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberofcounts


available(2to5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshownonthe


farright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Deschutes R. Eastside SuR Cascades E. Slope Tribs. 607 (761) 693 (1439) 3823 (4848) 1872 (2354) 1540 (1803) -18

Deschutes R. Westside SuR Cascades E. Slope Tribs. 248 (323) 226 (341) 742 (950) 477 (578) 935 (993) 96


Fifteenmile Cr. WR Cascades E. Slope Tribs. 405 (405) 396 (396) 941 (941) 264 (264) 471 (490) 78

John Day R. Low. Mainstem Tribs. SuR John Day R. 1235 (1248) 968 (1017) 3487 (4052) 1024 (1382) 1745 (2059) 70


John Day R. Up. Mainstem SuR John Day R. 1019 (1029) 350 (368) 695 (777) 471 (512) 1050 (1072) 123

MF John Day R. SuR John Day R. 1210 (1225) 545 (572) 1229 (1375) 634 (689) 4776 (4864) 653

NF John Day R. SuR John Day R. 785 (793) 1142 (1200) 2247 (2514) 1488 (1618) 3011 (3073) 102

SF John Day R. SuR John Day R. 398 (402) 135 (142) 493 (551) 586 (637) 1077 (1099) 84


Touchet R. SuR Umatilla/Walla Walla R. 392 (438) 342 (395) 354 (387) 337 (446) 489 (615) 45

Umatilla R. SuR Umatilla/Walla Walla R. 1068 (1344) 919 (1660) 2341 (3312) 1931 (2498) 3214 (3921) 66


Walla Walla R. SuR Umatilla/Walla Walla R. 995 (995) 516 (522) 957 (997) 717 (739) 1239 (1274) 73

Naches R. SuR Yakima R. Group 285 (313) 260 (293) 855 (868) 823 (846) 1775 (1829) 116

Satus Cr. SuR Yakima R. Group 343 (377) 266 (300) 640 (652) 807 (829) 1585 (1624) 96


Toppenish Cr. SuR Yakima R. Group 103 (113) 135 (153) 693 (705) 468 (481) 575 (588) 23

Yakima R. Up. Mainstem SuR Yakima R. Group 55 (56) 49 (50) 145 (149) 155 (157) 390 (410) 152 
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Table35--15-yeartrendsinlognaturalspawnerabundancecomputedfromalinearregressionappliedto


the smoothednaturalspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





HARVEST


Summer-runsteelheadfromtheupperbasinaredividedinto2runsbymanagers:TheA-run,and


theB-run.Theserunsarebelievedhavedifferencesintiming,butmanagersseparatethemonthe


basisofsizealoneinestimatingthesizeoftheruns.TheA-runisbelievedtooccurthroughoutthe


MiddleColumbia,UpperColumbia,andSnakeRiverBasins,whiletheB-runisbelievedtooccur


naturallyonlyintheSnakeRiverDPS,contributinginvaryingproportions,intheClearwaterRiver,


MiddleForkSalmonRiver,andSouthForkSalmonRiver.


Steelheadwerehistoricallytakenintribalandnon-tribalgillnetfisheries,andinrecreational


fisheriesinthemainstemColumbiaRiverandintributaries.Inthe1970s,retentionofsteelheadin


non-tribalcommercialfisherieswasprohibited,andinthemid1980s,tributaryrecreationalfisheries


inWashingtonadoptedmark-selectiveregulations.Steelheadarestillharvestedintribalfisheries,in


mainstemrecreationalfisheries,andthereisincidentalmortalityassociatedwithmark-selective


recreationrecreationalfisheries.Themajorityofimpactsonthesummerrunoccurintribalgillnet


anddipnetfisheriestargetingChinooksalmon.Sportfisheriestargetinghatcheryrunsteelhead


occurinthemainstemColumbiaRiverandinseveralMid-ColumbiaRivertributaries.Inrecentyears,


totalmainstemColumbiaRiverexploitationratesontheA-runhavebeenstableataround5%


(Figure49).


Population MPG 1990-2005 1999-2014

Deschutes R. Eastside SuR Cascades E. Slope Tribs. 0.12 (0.05, 0.18) -0.02 (-0.07, 0.02)

Deschutes R. Westside SuR Cascades E. Slope Tribs. 0.08 (0.03, 0.13) 0.03 (-0.01, 0.07)


Fifteenmile Cr. WR Cascades E. Slope Tribs. 0.05 (0.01, 0.1) -0.05 (-0.09,

John Day R. Low. Mainstem Tribs. SuR John Day R. 0.03 (-0.02, 0.09) -0.02 (-0.07, 0.03)


John Day R. Up. Mainstem SuR John Day R. -0.02 (-0.07, 0.03) 0.03 (-0.01, 0.08)

MF John Day R. SuR John Day R. 0 (-0.04, 0.05) 0.11 (0.05, 0.17)

NF John Day R. SuR John Day R. 0.07 (0.03, 0.11) 0.03 (-0.02, 0.07)

SF John Day R. SuR John Day R. 0.03 (-0.02, 0.08) 0.1 (0.06, 0.14)


Touchet R. SuR Umatilla/Walla Walla R. 0.02 (-0.01, 0.06) 0 (-0.04, 0.04)

Umatilla R. SuR Umatilla/Walla Walla R. 0.06 (0.02, 0.11) 0.04 (0, 0.08)


Walla Walla R. SuR Umatilla/Walla Walla R. 0 (-0.05, 0.04) 0.01 (-0.03, 0.05)

Naches R. SuR Yakima R. Group 0.1 (0.05, 0.15) 0.08 (0.04, 0.12)

Satus Cr. SuR Yakima R. Group 0.07 (0.03, 0.12) 0.07 (0.04, 0.11)


Toppenish Cr. SuR Yakima R. Group 0.15 (0.1, 0.19) 0.03 (-0.01, 0.07)

Yakima R. Up. Mainstem SuR Yakima R. Group 0.09 (0.04, 0.14) 0.1 (0.06, 0.14)
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Figure49--TotalharvestimpactsonnaturalsummersteelheadaboveBonnevilleDam.Datafor1985-1998from


NMFSbiologicalopinion(PeterDygert,NMFS,personalcommunication),andfor1999-2008fromTACrun


reconstruction(JointStaff,2014).


Fewwinter-runfishmigrateaboveBonnevilleDamwheretribalfisheriesoccur.Inaddition,winter-

runsteelheadareinthemainstemriveratatimewhenthereisgenerallylittleornofishingoccurring


there.TheKlickitatRiverSteelheadpopulationwithintheMid-ColumbiaSteelheadDPShasawinter


runcomponent,althoughanadromousproductionisdominatedbysummerruntiming.TheICTRT


classifiedFifteenMileCreek,anotherMid-ColumbiaDPSpopulationlocatedinthedownstream


extentoftheDPS,aswinterrunalthoughrecentinformationsummarizedinthisassessment


indicatesthatitscoreproductionareaexhibitssummerruntiming.Recreationalfisheriesin


Washingtontributarieshavebeenmarkselectivesincethemid-1980s.Becauseveryfewofthefish


ascendaboveBonnevilleDam,therewaslittlefocusonthisrunpriortolisting.Totalnon-tribal


fisheryimpactratesforthenaturalcomponentareonlyavailablebackto2001(Figure50).Inthat


timeperiod,estimatedimpactrateshavebeenintherangeof1.5%to3%exceptfor2002.


AR054862






135











Figure50--Totalexploitationratesinnon-treatyfisheriesonnaturalwintersteelheadfromtheColumbiaBasin.


WintersteelheadincludetheLowerColumbiaRiverESU,UpperWillametteRiverESU,andportionsoftheMiddle


ColumbiaRiverandWashingtonCoastalESUs.DataformTACrunreconstruction(TAC,2015).





SPATIALSTRUCTUREANDDIVERSITY


Updatedinformationonspawnerandjuvenilerearingdistributiondoesnotsupportachangein


spatialstructurestatusforMid-ColumbiaSteelheadDPSpopulations.Statusindicatorsforwithin


populationdiversityhavechangedforsomepopulations,althoughinmostcasesthechangeshave


notbeensufficienttoshiftcompositeriskratingsforaparticularpopulation.


IntheCascadesEasternSlopeMPG,FifteenMileCreekremainsratedatlowriskforspatialstructure


anddiversity.Spawningdistributionsmimicinferredhistoricalpatterns,lifehistorydiversityand


phenotypiccharacteristicsarebelievedtobeintactandadultsamplingindicateslowcontributions


fromstrayingoutofbasinhatcherystocks.Additionalinformationobtainedfromspawner


distributionandgeneticsamplingintheKlickitatRiversupportthelowriskratingforspatial


structureandsuggestthatthecurrentmoderateratingforwithinpopulationdiversitymayimprove


asadditionalyearsdataaccumulate.Thecurrentdiversityriskratingofmoderatewaslargelybased


onuncertaintyabouteffectsoftheongoinghatcheryprograminthebasin.Initialresultsindicate


thattheseparationintimeandspacebetweenhatcheryoriginandwildspawnershasbeeneffective


inminimizingintrogression.IndicesforbothspatialstructureanddiversityriskfortheWestside


Deschutespopulationremainatmoderaterisk.Thespatialstructureratingisduetothelossof


naturalproductionfromabovePelton/RoundButte.TheEastsideDeschutespopulationisratedat


lowriskforspatialstructure.Bothpopulationsareratedatmoderateriskfordiversitybasedon


reductionsinlifehistorydiversityasaresultofhabitatdegredationandpotentialgeneticimpacts


resultingfromchronicandwidespreadhatcherystrayingfromoutofbasinstocks.Themostrecent


fiveyearaverageproportionwildforspawnersinbothpopulationsishigherthaninthepriorreview


(Table34).Specificinformationonspawnerdistributionandcompositionfortheotherextant
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populationinthisMPG,RockCreek,hasbecomeavailablesincethepriorreview.Spawninginthis


historicallysmallpopulationappearstobedominatedbyoutofbasinstrays.


Themostrecentresultsfromspawnersurveysandjuvenilesamplingareconsistentwiththe


moderateriskratingassignedtoUmatilla/WallaWallaMPGpopulationsinpriorreviews,reflecting


thecontractedrangeandtheexistenceofgapsamongspawningareaswithineachpopulation.


Diversityriskremainsatmoderate,withnonewinformationindicatingincreasedlifehistoryor


phenotypicdiversity.Priorreviewshavealsoidentifiedconcernsregardingtheproportionsofoutof


basinhatcheryfishcontributingtospawninginallthreepopulations,withthehighestproportions


beingobservedintheUmatillaandTouchetRivers.Thedownwardtrendinhatcheryorigin


spawnersintheUmatillaRiverhascontinued.IntheTouchetRiversystem,totalhatchery


proportionshavedecreasedslightlyfromthepriorreview,andtherehasbeenasubstantialshift


towardsreturnsfromthetestendemicstockprogram(Bumgarner&Dedloff2015).Fiveyear


averageoutofbasinhatcherycontributionrateshavedeclinedtojustbelow2%comparedto13%


forthe1995-1999returnyears.


ThespatialstructureratingsforallfivepopulationsintheJohnDayRiverMPGremainsratedatlow


orverylowriskbasedonrecentupdatedspawnerdistributions.Habitatconditionsbelievedtolimit


lifehistoryandphenotypicdiversityremainrelativelyunchanged.Hatcheryproportionsestimated


forJohnDayRiverpopulationshavedeclinedconsiderablyinrecentyears(Figure51).In2012,the


estimatedhatcheryspawnercontributionrateintotheaggregatefivepopulationJohnDayRiver


naturalproductionareaswas2%,thelowestsincetheproportionalsamplingschemeandPITtag


detectionarrayswereinitiated(Banksetal.2014).


ThreeofthefourpopulationsintheYakimaMPGremainatlowriskforstructurebasedonresults


fromtherecentradiotagandpittagstudiesdescribedabove.Distributionacrossspawningareas


withinthefourthpopulation,theUpperYakimaRiver,continuestobesubstantiallyreducedfrom


inferredhistoricallevelsandisratedatmoderate.AswiththepopulationsintheUmatilla/Walla


WallaMPG,risksduetothelossoflifehistoryandphenotypicdiversityinferredfromhabitat


degradation(includingpassageimpactswithintheYakimaBasin)remainatpriorlevels.Thereare


nowithinbasinhatcherysteelheadreleasesintheYakimaandoutsidesourcestraysremainatlow


levels.
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Figure51–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.
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Table36--5-yearmeanoffractionnaturalspawners(sumofallestimatesdividedbythenumberofestimates).


Blanksmean no estimate available in that 5-year range.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


Recoverystrategiesoutlinedintheplananditsmanagementunitcomponentsaretargetedon


achieving,ataminimum,theICTRTbiologicalviabilitycriteriarequirethattheDPSshould“...have


allfourmajorpopulationgroupsatviable(lowrisk)statuswithrepresentationofallthemajorlife


historystrategiespresenthistorically,andwiththeabundance,productivityspatialstructure,and


diversityattributesrequiredforlong-termpersistence.”Theplanrecognizesthat,atthemajor


populationgrouplevel,theremaybeseveralspecificcombinationsofpopulationsthatcouldsatisfy


theICTRTcriteria.Eachofthemanagementunitplansidentifiesparticularcombinationsthatarethe


mostlikelytoresultinachievingviablemajorpopulationgroupstatus.Therecoveryplanrecognizes


thatthemanagementunitplansincorporatearangeofobjectivesthatgobeyondtheminimum


biologicalstatusrequiredfordelisting.


TheICTRTrecoverycriteriaarehierarchicalinnature,withESU/DPSlevelcriteriabeingbasedon


thestatusofnatural-originsteelheadassessedatthepopulationlevel.Adetaileddescriptionofthe


ICTRTviabilitycriteriaandtheirderivation(ICTRT2007)canbefoundat


www.nwfsc.noaa.gov/trt/col/trt_viability.cfm.


UndertheICTRTapproach,populationlevelassessmentsarebasedonasetofmetricsdesignedto


evaluateriskacrossthefourviablesalmonidpopulationelements:A/P,spatialstructure,and


diversity(McElhanyetal.2000).TheICTRTapproachcallsforcomparingestimatesofcurrent


natural-originabundance(measuredasa10-yeargeometricmeanofnatural-originspawners)and


productivity(estimateofreturnperspawneratlowtomoderateparentspawningabundance)


againstpredefinedviabilitycurves.Inaddition,theICTRTdevelopedasetofspecificcriteria


(metricsandexampleriskthresholds)forassessingthespatialstructureanddiversityrisksbasedon


currentinformationrepresentingeachspecificpopulation.TheICTRTviabilitycriteriaaregenerally


expressedrelativetoparticularriskthreshold—5%riskofextinctionovera100-yearperiod.


TheMid-ColumbiaRecoveryPlanidentifiesasetofmostlikelyscenariostomeettheICTRT


recommendationsforlowriskpopulationsattheMPGlevel.Inaddition,themanagementunitplans


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


Deschutes R. Eastside SuR 0.81 0.51 0.79 0.81 0.86


Deschutes R. Westside SuR 0.77 0.67 0.78 0.83 0.94


Fifteenmile Cr. WR 1.00 1.00 1.00 1.00 0.96


John Day R. Low. Mainstem Tribs. SuR 0.99 0.95 0.86 0.74 0.85


John Day R. Up. Mainstem SuR 0.99 0.95 0.89 0.92 0.98


MF John Day R. SuR 0.99 0.95 0.89 0.92 0.98


NF John Day R. SuR 0.99 0.95 0.89 0.92 0.98


SF John Day R. SuR 0.99 0.95 0.89 0.92 0.98


Touchet R. SuR 0.90 0.87 0.92 0.76 0.80


Umatilla R. SuR 0.80 0.56 0.71 0.77 0.82


Walla Walla R. SuR 1.00 0.99 0.96 0.97 0.97


Naches R. SuR 0.91 0.89 0.99 0.97 0.97


Satus Cr. SuR 0.91 0.89 0.98 0.97 0.98


Toppenish Cr. SuR 0.91 0.89 0.98 0.97 0.98


Yakima R. Up. Mainstem SuR 0.98 0.99 0.97 0.99 0.95 
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generallycallforachievingmoderateriskratings(maintainedstatus)acrosstheremainingextant


populationsineachMPG.


JohnDayRiverMPG:ThelowermainstemJohnDayRiver,NorthForkJohnDayRiverandeitherthe


MiddleForkJohnDayRiveroruppermainstemJohnDayRiverpopulationsshouldachieveatleast


viablestatus.Themanagementunitplanalsocallsforatleastonepopulationtobehighlyviable,


consistentwithICTRTrecommendations.


YakimaRiverMPG:Toachieveviablestatus,twopopulationsshouldberatedasviable,includingat


leastoneofthetwoclassifiedaslarge—theNachesRiverandtheupperYakimaRiver.The


remainingtwopopulationsshould,ataminimummeetthemaintainedcriteria.Themanagement


unitplanalsocallsforatleastonepopulationtobehighlyviable,consistentwithICTRT


recommendations.


Umatilla/Walla-WallaMPG:Twopopulationsshouldmeetviabilitycriteria.Themanagementunit


planalsocallsforatleastonepopulationtobehighlyviable,consistentwithICTRT


recommendations.TheUmatillaRiveristheonlylargepopulation,andthereforeneedstobeviable.


InadditioneithertheWallaWallaRiverorTouchetRiveralsoneedstobeviable.


CascadesEasternSlopeMPG:TheKlickitat,FifteenMile,andboththeDeschutesEastsideand


Westsidepopulationsshouldreachatleastviablestatus.tomeetMPGlevelviabilityobjectives.The


managementunitplansalsocallforatleastonepopulationtobehighlyviable,consistentwithICTRT


recommendations.TheRockCreekpopulationshouldreachmaintainedstatus(25%orlessrisk


level).MPGviabilitycouldbefurtherbolsteredifreintroductionofsteelheadintotheCrookedRiver


succeedsandiftheWhiteSalmonpopulationsuccessfullyrecolonizesitshistoricalhabitatfollowing


theupcomingremovalofConditDam.TheICTRToriginallyclassifiedtheFifteenMileCreek


populationaswinterrun.BasedontherecentinformationprovidedbyODFWdescribedabove,that


designationshouldbeprovisionallychangedtosummerrun.


OverallviabilityratingsforthepopulationsintheMid-ColumbiaSteelheadDPSremainedgenerally


unchangedfromthepriorfiveyearreview(Table37).Onepopulation,FifteenMileCreek,shifted


downwardfromViabletoMaintainedstatusasaresultofadecreaseinnaturaloriginabundanceto


belowitsICTRTminimumabundancethreshold.TheToppenishRiver(YakimaMPG)droppedin


bothestimatedabundanceandproductivitybutthecombinationremainedabovethe5%viability


curveandthereforeitsoverallratingremainedasViable.Themajorityofthepopulationsshowed


increasesinestimatesofproductivity.
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Table37–SummaryMiddleColumbiaSteelheadDPSstatusrelativetheICTRTviabilitycriteria,groupedbyMPG.


Population


Abundance/ProductivityMetrics

SpatialStructureand


DiversityMetrics

Overall


Viability


Rating
ICTRT

Minimum

Threshold

Natural 
Spawning 

Abundance

ICTRT

Productivity

Integrated A/P

Risk

Natural

Processes Risk


Diversity
Risk


Integrated
SS/D Risk


EasternCascadesMPG


Fifteen Mile Creek 500 356(.16) 1.84(.19) Moderate VeryLow Low Low Maintained


Deschutes (Westside)
1,500 

(1,000)

634(.13) 1.16(.15) High Low Moderate Moderate HighRisk


Deschutes (Eastside) 1,000 1,749(.05) 2.52(.24) Low Low Moderate Moderate Viable


Klickitat River 1,000   Moderate?? Low Moderate Moderate Maintained(?)


Rock Creek 500    Moderate Moderate Moderate HighRisk?


Crooked River (ext) 2,000       Extirpated


White Salmon R.(ext) 500       Extirpated.


YakimaRiverMPG


SatusCreek

1,000 

(500)

1127(.17) 1.93(.12) Low Low Moderate Moderate
 Viable


ToppenishCreek
 500 516(.14) 2.52(.19) Low Low Moderate Moderate
 Viable

NachesRiver
 1,500 1,244(.16) 1.83(.10) Moderate Low Moderate Moderate
 Moderate


UpperYakimaRiver
 1,500 246(.18) 1.87(.10) Moderate Moderate High High
 HighRisk


JohnDayRiverMPG


Lower John Day Tribs 2,250 1,270(.22) 2.67(.19) Moderate VeryLow Moderate Moderate
 Maintained


Middle Fork John Day 1,000 1,736(.41) 3.66(.26) Low Low Moderate Moderate
 Viable


North Fork John Day 1,000 1,896(.19) 2.48(.23) VeryLow VeryLow Low Low
 HighlyViable


South Fork John Day 500 697(.27) 2.01(.21) Low VeryLow Moderate Moderate
 Viable


Upper John Day 1,000 641(.21) 1.32(.18) Moderate VeryLow Moderate Moderate
 Maintained


Umatilla/WallaWallaMPG


Umatilla River 1,500 2,379(.11) 1.20(.32) Moderate Moderate Moderate Moderate
 Maintained


Walla Walla River 1,000 877(.13) 1.65(.11) Moderate Moderate Moderate Moderate
 Maintained


Touchet River 1,000 382(.12) 1.25(.11) High Low Moderate Moderate
 HighRisk





UPDATEDBIOLOGICALRISKSUMMARY


Therehavebeenimprovementsintheviabilityratingsforsomeofthecomponentpopulations,but


theMid-ColumbiaRiverSteelheadDPSisnotcurrentlymeetingtheviabilitycriteriadescribedinthe


Mid-ColumbiaSteelheadRecoveryPlan.Inaddition,severalofthefactorscitedbythe2005BRT


remainasconcernsorkeyuncertainties.Naturaloriginreturnstothemajorityofpopulationsintwo


ofthefourMPGsinthisDPSincreasedmodestlyrelativetothelevelsreportedinthepreviousfive


yearreview.Abundanceestimatesfor2of3populationswithsufficientdataintheremainingtwo


MPGs(EastsideCascadesandUmatilla/Walla-Walla)weremarginallylower.Natural-origin


spawningestimatesarehighlyvariablerelativetominimumabundancethresholdsacrossthe


populationsintheDPS.ThreeofthefourMPGsinthisDPSincludeatleastonepopulationratedat


lowriskforabundanceandproductivity(Table37).Thesurvivalgapsfortheremainingpopulations


aregenerallysmallerthanthosefortheotherInteriorColumbiaBasinlistedDPSs(Figure52).


UpdatedinformationindicatesthatstraylevelsintotheJohnDayRiverpopulationshavedeceasedin


recentyears.Outofbasinhatcherystrayproportions,althoughreduced,remainhighinspawning
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reacheswithintheDeschutesRiverbasinpopulations.Ingeneral,themajorityofpopulationlevel


viabilityratingsremainedunchangedfrompriorreviewsforeachMPGwithintheDPS.








Figure52-Mid-ColumbiaSteelheadpopulationabundance/productivitygaps.).Populationswithinsufficientdatato


generategapsshadedingray.Gapsaredefinedasrelativeimprovementinproductivityorlimitingcapacityrequired


forapopulationtoexceeditscorresponding5%riskviabilitycurve(ICTRT,2007).Gapestimatesforpopulationsin


theUpperColumbiaDPSandSnakeRiverDPSprovidedforcomparison(shadedcolors).
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LOWERCOLUMBIARIVERDOMAINSTATUSSUMMARIES


LOWERCOLUMBIARIVERCHINOOKSALMONESU


BRIEFDESCRIPTIONOFESU


TheESUincludesallnaturally-producedpopulationsofChinooksalmonfromtheColumbiaRiverand


itstributariesfromitsmouthatthePacificOceanupstreamtoatransitionalpointbetween


WashingtonandOregoneastoftheHoodRiverandtheWhiteSalmonRiver,andincludesthe


WillametteRivertoWillametteFalls,Oregon(Figure53),withtheexceptionofspring-runChinook


salmonintheClackamasRiver.TheESUspansthreedistinctecologicalregions:Coastal,Cascade,


andGorge.Distinctlife-histories(runandspawntiming)withinecologicalregionsinthisESUwere


identifiedasmajorpopulationgroups(MPGs).Intotal,32historicaldemographically-independent


populationswereidentifiedinthisESU,9spring-run,21fall-run,and2late-fallrun,organizedin6


MPGs(basedonruntimingandecologicalregion).





Figure53--MapoftheLowerColumbiaRiverChinooksalmonESU’sspawningandrearingareas,illustrating


populationsandmajorpopulationgroups.Severalwatershedscontainorhistoricallycontainedbothfallandspring


runs;onlythefall-runpopulationsareillustratedhere.Forsomepopulationsaccesstopartoralloftheirhistorical


spawninghabitatisonlypossiblethroughtrapandhauloperations(asindicatedbytexturedareaswithinbasins).


AR054870






143








SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


In the 2005 update, a majority of the BRT votes for the Lower Columbia River Chinook salmon ESU fell in


the “likely to become endangered” category, with minorities falling in the “in danger of extinction” and


“not likely to become endangered” categories (Good et al. 2005). The BRT was still concerned about all of


the risk factors identified in the original 1998 review. The WLC-TRT estimated that 8 to 10 historical


populations in this ESU had been extirpated, most of them spring-run populations. Near loss of that life


history type remained an important BRT concern. Although some natural production appeared to occur in


20 or so populations, only one exceeded an average 1,000 spawners annually. High hatchery production


continued to pose genetic and ecological risks to natural populations and to mask their performance. Most


populations in this ESU had not seen as pronounced increases in the years leading up to the status review


had as occurred in many other geographic areas.

2010


Fordetal.(2011)notedthatthreestatusevaluationsofLCRChinookstatus,allbasedonWLC-TRT


criteria,hadbeenconductedsincethelastBRTstatusupdatein2005.Allthreeevaluations


concludedthattheESUwasatveryhighriskofextinction.Ofthe32historicalpopulationsintheESU,


28wereconsideredextirpatedoratveryhighrisk.Basedontherecoveryplananalyses,allofthe


tulepopulationswereconsideredveryhighriskexceptonethatwasconsideredathighrisk.The


modelingconductedinassociationwithtuleharvestmanagementsuggestedthatthreeofthe


populations(Coweeman,LewisandWashougal)wereatasomewhatlowerrisk.However,even


thesemoreoptimisticevaluationssuggestthattheremaining18populationswereatsubstantialrisk


becauseofverylownaturaloriginspawnerabundance(<100/population),highhatcheryfraction,


habitatdegradationandharvestimpacts.


Fordetal.(2011)notedthatspringChinookpopulationsremainedcut-offfromaccesstoessential


spawninghabitatbyhydroelectricdams.ProjectstoallowaccesshadbeeninitiatedintheCowlitz


andLewissystemsbutin2010thesewerenotclosetoproducingself-sustainingpopulations.Dams


wereremovedontheSandyRiverandHoodRiver;however,itwasunclearatthetimethereview


whatthebenefitsoftheseactionswouldbe.TheSandyRiverspringChinooksalmonpopulation,was


consideredatmoderateriskandwastheonlyspringChinookpopulationnotconsideredextirpated


ornearlyso.TheHoodRiverpopulationcontainedanout-of-ESUhatcherystock.Thetwolate-fall


populations,LewisandSandy,weretheonlypopulationsconsideredatloworverylowrisk.They


containedrelativelyfewhatcheryfishandasof2010hadmaintainedhighspawnerabundances


(especiallyLewis)sincethelastBRTevaluationin2005.Overall,thenewinformationconsideredin


2010didnotindicateachangeinthebiologicalriskcategorysincethetimeofthelastBRTstatus


reviewin2005.


InthepreviousStatusReviewupdate,theESUBoundariesReviewGroupundertookarevaluationof


theboundarybetweenallLowerColumbiaandmid-ColumbiaESUsandDPSs(seeFordetal.2012).


TheconclusionsemphasizedthetransitionalnatureoftheboundarybetweentheLowerColumbia


RiverESUandtheMid-ColumbiaRiverESU. AfterconsideringnewDNAdata,thereviewconcludesd:


“GiventhetransitionalnatureoftheKlickitatRiverChinooksalmonpopulation,itmightbe


reasonabletoassignthatpopulationtotheLowerColumbiaRiver(LCR)ChinookSalmonESU.” Inthe


absenceofanofficialchangeintheboundary,however,theLowerColumbiaRiverChinooksalmon
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ESUisbeingevaluatedherewithoutconsideringtheKlickitatRiver.Noboundarychangeswere


discussedfortheLCRChinooksalmonESUasapartofthisreview.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Forthecurrentevaluation,datawereavailableformanypopulationsthrough2013or2014,with


someofthedatasetsgoingbackasfaras1968.Therehavebeenanumberofrecenteffortsto


standardizesurveymethods.GuidanceprovidedbyCrawfordandRumsey(2011)emphasizedthe


needforacommonsetofpopulationparametersthatcouldbeusedtoevaluateVSPcriteriaacrossall


populations.In2010WDFWexpandedtheireffortstosurveyChinookandcohosalmonintheLower


ColumbiaRiver,specificallyfocusingondataappropriateforevaluatingVSPcriteria(Rawdingetal.


2014).Thesedatainclude:abundance,proportionhatchery-originspawners,ageandsex.Similar


effortshavebeenundertakenbyODFWtomoreuniformlyundertakespawnersurveysacrossthe


OregonCoastandLowerColumbiaRiverthroughtheirOregonAdultSalmonidInventory&Sampling


(OASIS)project.Presently,thereissomelevelofmonitoringforallChinooksalmonpopulations


exceptthosethatarefunctionallyextinct(Rawding&Rodgers2013).Methodologiesinclude


expansionsofindexreachreddcounts,tributaryweircounts,mark/recapturesurveys,andhatchery


trap,damtrap,anddamladdercounts.Hatchery-originfisharenearlyalladiposeclippedwitha


portionalsobeingcodedwiretagged.Fullimplementationofmassmarkingfall-runChinooksalmon


providesbetterinformationonNORabundance(insteadofthepreviousmethodofCWTexpansion),


allowsformarkselectivefisheries,facilitatesbroodstockprotocolsinhatcheries,andNORspawner


selectionatweirsandotherfacilities.FormanyoftheDIPsmonitoredthroughtheseprojectsthe


completedataareavailableforonlyafewyearsandthereisconsiderableuncertaintyinanalyzing


datatimeseriesacrossdifferentsurveymethodologies,especiallythosedataseriesforyearspriorto


2010.


ABUNDANCEANDPRODUCTIVITY


SPRING-RUNCASCADEMPG


Ofthesevenspring-runDIPsinthisMPGthereareabundanceestimatesfortheUpper


Cowlitz/Cispus(2DIPscombined),Kalama,andSandypopulations.Ofthese,onlytheSandyRiver


spring-runpopulationappearstobeacurrentlyself-sustainingpopulation.TheSandyRiverisalso


theonlyspring-runpopulationthatexhibitedasubstantialincreaseinabsoluteabundance(Table


38).Incontrast,theotherspring-runpopulationsinthisMPGhaveverylowabundancesofnatural-

originspawners.FortheUpperCowlitz/Cispus,andLewisRiverpopulationshatchery


supplementationcurrentlyprovidestheoverwhelmingcontributiontoescapementandsomeformof


directhandling/transportationisnecessarytoprovideaccesstohistoricalspawninggrounds.For


theUpperCowlitzandLewisrivers,currentdownstreamjuvenilepassageefficienciesarenot


sufficientforthepopulationstosustainthemselves.TheKalamaRiverspring-runhatcheryprogram


isrunasasegregatedprogramandreturningHORadultsareexcludedfromupriverspawning


habitat.WDFWdoesnotrecognizethecontinuedexistenceoftheToutleRiverspring-runDIP,and


adultspawnersurveysarenotundertaken(WDFetal.1993).RecentabundancesfortheKalama


Riverspring-runDIPhavebeencriticallylow,withstronglynegativelong-andshort-termtrends


(Table38).ThedeclineintheKalamaRiverspring-runDIPissomewhatsurprisinginthatreturning
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adultsareplacedabovetheKalamaHatcheryandhaveaccesstohistoricalspawninghabitat


(althoughhistoricallythisrunwasneverlikelyverylarge).ThedataseriesfortheNorthForkLewis


Riverreflectsfishnaturally-spawningbelowMerwinDam.Thishabitatwasnothistoricallyusedby


spring-runChinooksalmon,islikelynotsuitableforspring-runChinooksalmon,andisalsoheavily


usedbyspawninglate-fallrunfish;therefore,abundancesandtrendsinthisdataserieswerenot


thoughttobeinformative.Reintroductioneffortshavenotyetbeguntoreestablishspring-run


ChinooksalmonintheTiltonRiverDIP.Insummary,onlyoneDIPhasevenalowtomoderate


abundancelevel,threehaveverylowabundances,andtheremainingthreehavefewifanynaturally-

spawningindividuals,althoughthepopulationsmaypersistashatcherystocksinsomecases.


SPRING-RUNGORGEMPG


Bothofthetwospring-runhistoricalDIPsinthisMPGareextirpatedornearlyso.IntheBigWhite


SalmonRiver,theremovalofConditDamin2011reestablishedaccesstohistoricalspring-run


Chinooksalmonspawninggrounds.Althoughsomespring-runfishhavespawnedinthebasin


subsequenttothedamremoval,theoriginofthosefishisnotknown.Nativespring-runChinook


salmonintheHoodRiverdeclinedtocriticallylowlevelsinthelate1980sandmayhavebeen


completelysupplantedbyintroducedDeschutesRiverspring-runChinooksalmon,anout-of-ESU


hatcherypopulation.Therehavebeenrecentreturnsofunmarkedspring-runChinooksalmontothe


HoodRiver,someofwhichgeneticallyappeartorepresentLowerColumbiaRiverpopulations.The


netcontributionofthesefishisunknown,butifsuccessfultheyholdsomepromiseforrecoveringa


populationrelevanttotheLowerColumbiaRiverESU.


COASTALFALL-RUNMPG


Ingeneral,theDIPsinthisMPGaredominatedbyhatchery-originspawnersfromoneofthemany


largeproductionhatcheriesinthearea(Table40).Theabundanceofnaturally-producedadults


appearstoberelativelystablealthoughataverylowlevel,withtheconfoundingeffectsofthe


progenyofnaturally-spawninghatcheryfishincreasingtheuncertaintyinanyconclusionsregarding


productivity.TheClatskanieRiversurveysarestronglyinfluencedbylargenumbersofhatchery-

originfishbeingattractedtoPlymptonCreek7,whereasthemainstemClatskanieRiverhasafew


natural-originspawners,butalmostnohatchery-fish.Insurveysconductinboth2012and2013,no


ChinooksalmonwereobservedinScappooseCreek.


FALL-RUNCASCADEMPG


ThemajorityofthepopulationsinthisDIPhaveexhibitedstableorslightlypositivenaturalorigin


abundancetrends.Naturaloriginspawnersnumberinthehighhundredstolowthousandsoffish,


withthemajorityofthefishonthespawninggroundsbeingnaturalorigin,exceptfortheToutle,


Kalama,andWashougalriverswherehatcheryprogramsstronglyinfluencethecompositionof


naturally-spawningfish.Interestingly,theproportionofhatchery-originspawnersinlowerCowlitz


Riverwasrelativelylow,19.0%,especiallygiventhelargehatcheryprogrampresent(Gleizesetal.




7ThereisnohatcheryonPlymptonCreek,butthissmallcreekconsistentlyattractsreturning


hatchery-originadults
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2014).Annualvariabilityintheproportionofhatchery-originspawnersisveryhighinthe


ClackamasRiver8,althoughonlyafewyearsofdataareavailable.Recentimprovementsinnatural


adultreturnstotheTiltonRiver(partoftheUpperCowlitzRiverFallRunDIP)suggestthatthetrap


andhaulprogramatMayfieldDamhasbeenrelativelysuccessful(Serl&Morrill2010).Overall,this


MPGexhibitsstablepopulationtrends,butatlowabundancelevels,andwhilethelevelofhatchery


contributiontonaturallyspawningadultsisrelativelybetterthaninotherMPGsinthisESU,most


populationsarestillfarabovethehatcherycontributiontargetof10%identifiedintheNMFSLower


ColumbiaRiverrecoveryplan(DornbushandSihler2013).


FALL-RUNGORGEMPG


ManyofthepopulationsinthisMPGhavelimitedspawninghabitatavailable,eitherbecauseof


inundationorthelossofaccess9.Additionally,theprevalenceofreturninghatchery-originfishto


spawninggroundspresentsaconsiderablethreattodiversity,especiallythereturnofnon-native


upriverbrightfall-runChinooksalmon.Natural-originreturnsformostpopulationsareinthe


hundredsoffish.TheremovalofConditDamin2011hasrestoredaccesstospawninghabitatfor


bothfall-runandspring-runChinooksalmon;ChinooksalmonestimatesontheOregonsideofthe


GorgeMPGareonlyavailablefortheHoodRiver,escapementtotheothersmallertributariesis


thoughttobeverylowandhatcherycontributionhigh.


LATE-FALLRUNMPG


ThetwopopulationsinthisMPGarelikelythemostviableDIPsinthisESUandbothpopulationsare


sustainedwithoutanyhatcherysupplementation.TheLewisRiverlate-fallDIPhasthelargest


naturalabundanceintheESUandhasastrongshort-termpositivetrend(Table38)andastablelong


termtrend(Table39),suggestingapopulationnearcapacity.AlthoughtheMerwinDamlimitsthe


amountofavailablespawninghabitat,italsocontrolsflowsandminimizeshydrologicalextremes.


Additionally,thethermalregimehasbeenalteredsuchthatautumnwatertemperaturesarewarmer


thannormalandspringandsummertemperaturesarelikelytobecoolerthannormal.Changesin


temperatureregimecanalterincubationandemergencetiming.TheSandyRiverlate-fallrunhasnot


beendirectlymonitoredinanumberofyears;themostrecentestimatewas373spawnersin2010


(Takata2011).Theirsomewhatdistinctadultreturntimingandspawningminimizetheir


interceptionincoastalandin-riverfisheries.




8Thereisnofall-runChinooksalmonhatcheryprogramontheClackamasRiver.

9Historically,spawninghabitatwaslimitedbythesteepgradientalongtheColumbiaRiver


throughouttheMPG,anthropogeniceffectshavefurtherconstrainedtheavailablehabitat.
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Figure54–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.
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Figure55–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).Spawningyearsonxaxis.
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Table38--5-year geometric mean of raw natural-origin spawner(NOS) counts.This is the raw total spawner count times the fraction NOS estimate, if available.


Inparentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnoor


onlyoneestimateofNOSavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberofcountsavailable(2to


5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshownonthefarright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Toutle R. FR Cascade (194) (788) (4689) (1826) 374 (1397) (-23)


Up. Cowlitz R. SpR Cascade (206) (214) 427 (2343) 97 (2602) 279 (3893) 188 (50)

Washougal R. FR Cascade 1669 (2932) 854 (3227) 1866 (4396) 1002 (2355) 1106 (3813) 10 (62)


Lewis R. FR Cascade 250 (250) 215 (215) 529 (666) (424) 732 (788) (86)

Sandy R. SpR Cascade 755 (2530) 644 (2322) 1068 (1817) 1388 (1953) 1731 (3201) 25 (64)

Kalama R. FR Cascade 1654 (2714) 1266 (4192) 356 (6911) 230 (6156) 802 (9304) 249 (51)


Coweeman R. FR Cascade 877 (877) 796 (796) 721 (805) 380 (526) 624 (770) 64 (46)

Sandy R. FR Cascade 2732 (3594) 2614 (3440) 1778 (2340) 3518 (1562)


Kalama R. SpR Cascade (121) (127) (337) (295) (96) (-67)

Low. Cowlitz R. FR Cascade 461 (2529) 580 (1827) 2676 (5818) (2367) 2802 (3760) (59)


Lewis R. Late fall LFR Cascade 8353 (8353) 6647 (6647) 11694 (11694) 5758 (5758) 9856 (9856) 71 (71)

Up. Cowlitz R. FR Cascade (42) (724) (2485) (8982) (261)


Grays/Chinook R. FR Coastal 48 (53) 47 (81) 178 (214) 116 (188) 100 (457) -14 (143)

Mill/Abernathy/Germany Cr. FR Coastal 680 (1153) 290 (602) 381 (2292) 293 (658) 90 (893) -69 (36)


Elochoman R. FR Coastal 261 (530) 196 (661) 511 (2771) 191 (778) 107 (676) -44 (-13)

White Salmon R. FR Gorge 125 (127) 127 (151) 636 (2129) (939) 780 (980) (4)


White Salmon R. SpR Gorge 203 (205) 132 (158) 694 (2324) (1048) 13 (138) (-87)

Up. Gorge Tribs. FR Gorge (24) (76) (289) (280)


Hood R. FR Gorge (13) (17) (35) (37) 
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Table39--15-yeartrendsinlognatural-originspawner(NOS)abundancecomputedfromalinear


regressionappliedtothesmoothedNOSlogabundanceestimate.Onlypopulationswithatleast4wild


spawnerestimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5


yearsofthe15-year period.





HARVEST


LowerColumbiaRiverChinooksalmonincludethreedistinctlife-historycomponents:spring-run


Chinook,tulefallChinook,andlatefallChinook.Thesedifferentcomponentsaresubjecttodifferent


in-riverfisheriesbecauseofdifferencesinriverentrytiming,butsharerelativelysimilarocean


distributions.Lifehistorytypessharesimilarpatterns,butdifferentabsoluteexploitationrates.All


sawadropinexploitationratesintheearly1990swithamodestincreasesincethen(Figure56).


Oceanfisheryimpactrateshavebeenrelativelystableinthepastfewyears,withtheexceptionofthe


brightfallcomponentoftheESU.


Population MPG 1990-2005 1999-2014

Toutle R. FR Cascade


Up. Cowlitz R. SpR Cascade 0.08 (0, 0.15)

Washougal R. FR Cascade 0.05 (0, 0.09) -0.02 (-0.07, 0.03)


Lewis R. FR Cascade 0.1 (0.05, 0.15) 0.05 (-0.01, 0.11)

Sandy R. SpR Cascade 0.12 (0.06, 0.17) 0.05 (-0.01, 0.12)

Kalama R. FR Cascade -0.1 (-0.15, -0.06) 0.01 (-0.05, 0.07)


Coweeman R. FR Cascade 0.01 (-0.04, 0.06) 0 (-0.06, 0.06)

Sandy R. FR Cascade 0 (-0.05, 0.05)


Low. Cowlitz R. FR Cascade 0.14 (0.06, 0.22) 0.05 (-0.04, 0.14)

Lewis R. Late fall LFR Cascade 0.04 (-0.01, 0.09) 0 (-0.06, 0.06)

Grays/Chinook R. FR Coastal 0.09 (0.02, 0.17) 0 (-0.07, 0.07)


Mill/Abernathy/Germany Cr. FR Coastal 0 (-0.05, 0.05) -0.12 (-0.18, -0.05)

Elochoman R. FR Coastal 0.1 (0.02, 0.17) -0.14 (-0.23, -0.04)


White Salmon R. FR Gorge 0.13 (0.08, 0.18) 0.08 (0.02, 0.14)

White Salmon R. SpR Gorge 0.1 (0.04, 0.15) 
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Figure56--TotalexploitationratesonthethreecomponentsoftheLowerColumbiaRiverChinookESU.Datafortule


fallChinookfromexploitationrateanalysisofaggregatetulestockmadeupoftagcodesfromtheBigCreek,Cowlitz,


Kalama,andWashougalhatcheries.DataforbrightfallChinookfromtheCTCexploitationrateanalysis(CTCinprep).


DataforspringChinookfromCTCmodelcalibration1503(CTCinprep)forWillametteRiverspringChinookfor


oceanimpactsandTACrunreconstructiondataforin-riverimpactsusinganaggragateofofCowlitz,Kalama,Lewis,


andSandyRiverspring-runChinooksalmon(RobinEhlke,WDFW,personalcommunication).


SPATIALSTRUCTUREANDDIVERSITY


HATCHERIES


ArecentreviewbytheHSRG(HSRG2009)identified19hatcheryprograms,manylong-standing,


withsomehatcherieshavingbeeninoperationforover100years.Onaveragefall-runChinook


salmonprogramshavereleased50millionfishannually,withspring-runandupriverbright(URB)


programsreleasingatotalof15millionfishannually(Figure57).Asaresultofthishighlevelof


hatcheryproductionandlowlevelsofnaturalproduction,manyofthepopulationscontainover50%


hatcheryfishamongtheirnaturallyspawningassemblages(Figure59,Table40).


Inaddition,thereleaseofanumberofout-of-ESUstockscontinuestobeaconcern(WillametteRiver


andInteriorColumbiaRiverstocksofspring-runChinooksalmonprogramsandtheupriverbright


(URB)andSelectAreaBright(SAB)programs).Annualproductionout-of-ESUstockshasbeen


approximately12.5millionfish(2008-2014).URBreleasesweretransitionedfromBonneville


HatcherytotheLittleWhiteSalmonNFHbeginningin2010inorderreduceinteractionswithnative


tulefall-runChinooksalmonspawningbelowBonnevilleDam.AstudybySmithandEngle(Smith&


Engle2011)foundthat4.3to15.0%ofjuvenilesinthe(Big)WhiteSalmonRiverwereLCRfall-runx


URBhybrids,yetnoreturninghybridadultsweredetected.Thiswouldsuggestthattherisksoflong-

termgeneticintrogressionmaybelow,butthattheshorttermeffectonproductivitymaybe


significant.
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Figure57-AnnualreleasesofjuvenileChinooksalmon,byruntype,intheLowerColumbiaRiverESUfrom2008to


2014(2014datamaynotbecomplete).ThisdatadoesnotincludereleasesintotheSAFEzone.DatafromRMIS


(http://www.rmpc.org/accessed6January2015).


Furthermore,theHSRG(2009)identifiedtheuseofout-of-basinstocksinSelectAreaFishery


Evaluation(SAFE)areasasaconcern,especiallyinlightofthehighlevelofstrayingontonearby


spawninggrounds.Approximately750,000out-of-ESURogueRiverBright(RRB10)fall-runChinook


salmonarecurrentlybeingreleasedintoYoungsBay,creatingapotentialforinteractionwith


natural-originfall-runjuvenilesandadults(Figure58).Inthepast,naturallyproducedjuvenile


RogueRiverChinooksalmonandRRBxLCRfall-runChinooksalmonjuvenilehybridshavebeen


detectedinnearbytributariesontheWashingtonStatesideoftheLowerColumbiaRiver(Marshall


1997).Naturalizedandhatchery-originRogueRiverBright(akaSAB)fall-runChinooksalmonhave


alsobeenrecoveredduringspawningsurveysintheGraysRiver(Rawdingetal.2014),although


manyfirstgenerationhatchery-originfishwereremovedattheweirontheGraysRiver.Releasesof


out-of-ESUUpperWillametteRiverspring-runChinooksalmonintoOregontributariesnearthe


mouthoftheColumbiaRivermaynotposealong-termgeneticrisk,duetotheabsenceofspring-run


spawninghabitat;butmayposearisktonatural-originjuvenilesduetocompetitionandpredation.


Thecontinuedlargescalereleaseofbothnativeandnon-nativeChinooksalmonhatcherystocksinto


theYoungsBayandBigCreekDIPswilllikelyconstraintherecoveryofthesepopulations,whichare


currentlyidentifiedasonly“secondarypopulations”intherecoveryplan.







10ThishatcherystockisalsoidentifiedbyODFWas052SelectAreaBrights(SAB).
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Figure58-Releasesofout-of-ESUhatcherystocksintotheYoungsBayandBigCreekDIPsfrom1995–2014.Select-

areabrights(SAB)arefall-runChinooksalmonfromtheRogueRiver,upriverbrights(URB)originatedfromlate-fall


runsintheUpperColumbiaRiver,andUpperWillametteRiverspring-runChinooksalmon(UWR)aretheprogenyof


fishreturningtotheUpperWillametteRiver.





SPATIALSTRUCTURE


Therehavebeenanumberoflarge-scaleeffortstoimproveaccessibility,oneoftheprimarymetrics


forspatialstructure,inthisESU.PassageeffortsontheCowlitzRiveratCowlitzFallsbeganin1996


forChinooksalmonandothersalmonids.Therehavebeenanumberofstructuralandoperational


changesinthecollectionprotocolforout-migratingjuveniles(Serletal.2010),withcollection


efficienciesaveraging28.8%forChinooksalmonduring2006-2009.Atthecurrentfishcollection


efficiency(FCE)levelsforoutmigratingjuveniles,naturally-spawningChinooksalmoncannot


establishsustainablepopulations(Serletal.2014);however,furtherstudiesandmodificationsatthe


CowlitzFallsfacilityarecontinuinginordertoimprovepassageefficiency.Juvenilecollectionat


MayfieldDamappearstobemorerelativelymoresuccessfulwithincreasingnumbersoffall-run


Chinooksalmonreturninginthelastfewyears.Spring-runreintroductionsarenotplannedforthe


TiltonRiver.MorerecentlyontheHoodRiver,PowerdaleDamwasremovedin2010andwhilethis


dampreviouslyprovidedfishpassage,removalofthedamisthoughttoeliminatepassagedelaysand


injuries.ConditDam,ontheWhiteSalmonRiver,wasremovedin2011andthisprovidedaccessto


previouslyinaccessiblehabitat.Fishpassageoperationsforspring-runChinooksalmon(trapand


haul)werebegunontheLewisRiverin2012,reestablishingaccesstohistorically-occupiedhabitat


aboveSwiftDam(RKm77.1),butfewadultshavebeenavailableforpassageandjuvenilepassage


efficiencieshavebeenpoor.Inaddition,therehavebeenanumberofrecoveryactionsthroughout


theESUtoremoveorimproveculvertsandothersmall-scalepassagebarriers.Manyoftheseactions


haveoccurredtoorecentlytobefullyevaluated;however,somedataarenowavailableformany
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actionsthatoccurredpriorto2010,butwerenotabletobeassessedinthepreviousstatusreview.


TheseincludetheremovalofMarmotDamin2007andtheLittleSandyRiverdiversiondamin2008.


Foranumberofprojectswherepassagehasbeenrestoredthroughdamremoval,structural


modification,oroperationalmodificationitremainstobedemonstratedthatbothadultandjuvenile


passagesurvivalissufficienttoprovidesomelevelofself-sufficiencytoupstreampopulation


components.Ifrecruit:spawnerratiosarewellbelowone,itisunlikelythatthereisanybenefitto


populationspecialstructureandpassageoperationsmayactuallyrepresentanetlossinproductivity


andabundance11.





Thereareotherecologicalbenefitstotransportingadultsaboveimpassabledamseveniftheprocess


isnotsustainable,althoughthesemaynotdirectlyimprovethepopulation’sVSPscore.
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Figure59–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishofnatural


origin.Pointsshowtheannualrawestimates.
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Table40--5-yearmeanoffractionnatural-originspawners(sumofallestimatesdividedbythenumberof


estimates). Blanksmean no estimate available in that 5-year range.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


Ofthe32DIPsinthisESU,onlythe2late-fallrunpopulations(LewisRiverandSandyRiver)couldbe


consideredviableornearlyso;withafewexceptionstheremainderofthepopulationsfellfarshort


oftheirrecoverygoalsinabundance.Atotalof7of32populationsareatorneartheirrecovery


viabilitygoals(Figure60Figure61),althoughundertherecoveryplanscenarioonlytwoofthese


populationshadscoresabove3.0.Theremainingpopulationsgenerallyrequireahigherlevelof


viabilityandmostrequiresubstantialimprovementstoreachtheirviabilitygoals.Thosepopulations


thatdidmeettheirrecoverygoalsdidsobecausethegoalsweresetatlow,statusquo,levels.In


addition,theestimatedproportionofhatchery-originspawnerswaswellinexcessofthelimitssetin


therecoveryplanformanyoftheprimarypopulations(Dornbush2013).AlloftheCoastaland


GorgeMPGfall-runpopulationslikelyfellwithinthehightovery-highriskcategories.Similarly,with


theexceptionoftheSandyRiverspring-runDIP,allofthespring-runDIPsintheCascadeandGorge


MPGsareathightoveryhighriskcategories,withanumberofpopulationsfunctionallyextinct,


whileothersmayonlypersistthroughhatcherysupplementation.TheCascadefall-runMPGcontains


populationsatmoderatetohighrisk,whiletheCascadelate-fallMPGmaybenearviability(thereis


someuncertaintyintheabundanceestimatesfortheSandy-Riverlate-fallDIP).


Fewpopulationsmetthehatcherycontributioncriteriaforprimaryorcontributingpopulations


establishedbytheHSRG(2009)inthe2010-2014period,althoughsomepopulationsdidimprovein


theproportionofnaturaloriginspawners.AmongtheseweretheCoweemanRiverfallrun,Lewis


Riverlate-fallrun,andLewisRiverfall-runs.Nocriteriawereestablishedforstabilizingpopulations.


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


Toutle R. FR 0.30

Up. Cowlitz R. SpR 0.09 0.05 0.08


Washougal R. FR 0.58 0.32 0.45 0.53 0.34

Lewis R. FR 1.00 1.00 0.86 1.00 0.93


Sandy R. SpR 0.30 0.28 0.65 0.74 0.62

Kalama R. FR 0.63 0.45 0.10 0.05 0.09


Coweeman R. FR 1.00 1.00 0.90 0.75 0.82

Sandy R. FR 0.76 0.76 0.76 0.76


Kalama R. SpR 0.40

Low. Cowlitz R. FR 0.21 0.39 0.58 0.17 0.75


Lewis R. Late fall LFR 1.00 1.00 1.00 1.00 1.00

Up. Cowlitz R. FR


Grays/Chinook R. FR 0.92 0.61 0.84 0.68 0.26

Mill/Abernathy/Germany Cr. FR 0.61 0.51 0.32 0.53 0.11


Elochoman R. FR 0.65 0.35 0.52 0.47 0.19

White Salmon R. FR 0.99 0.85 0.32 0.18 0.80


White Salmon R. SpR 0.99 0.85 0.32 0.18 0.11

Up. Gorge Tribs. FR 0.32


Hood R. FR 
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Figure60-VSPstatusoffall-runandlate-fallrundemographicallyindependentpopulationsintheLowerColumbia


RiverChinooksalmonESU,barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-Dornbushand


Sihler2013);greencirclesindicatetherecoverygoals.Arrowsindicatethegeneraldirection,butnotthemagnitude,


ofanyVSPpopulationscorebasedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusions


ofthesectionauthor;aformalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.Viable


SalmonPopulationscoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatial


structureanddiversity(McElhanyetal.2006).AVSPscoreof3.0representsapopulationwitha5%riskofextinction


withina100yearperiod.
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Figure61-VSPstatusofspring-rundemographicallyindependentpopulationsintheLowerColumbiaRiverChinook


salmonESU,barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-DornbushandSihler2013);green


circlesindicatetherecoverygoals.Arrowsindicatethedirection,butnotthemagnitude,oftheVSPscorechange


basedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusionsofthesectionauthor;a


formalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.ViableSalmonPopulation


scoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatialstructureanddiversity


(McElhanyetal.2006).AVSPscoreof3.0representsapopulationwitha5%riskofextinctionwithina100year


period.
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UPDATEDBIOLOGICALRISKSUMMARY


Overall,therewaslittlechangesincethelaststatusreview(Fordetal.2011)inthebiologicalstatus


ofChinooksalmonpopulationsintheLowerColumbiaRiverESU,althoughtherearesomepositive


trends.Increasesinabundancewerenotedinabout70%ofthefall-runpopulationsanddecreasesin


hatcherycontributionwerenotedforseveralpopulations.RelativetobaselineVSPlevelsidentified


intheRecoveryPlan(Dornbush2013)therehasbeenanoverallimprovementinthestatusofa


numberoffall-runpopulations(Figure60,Figure61),althoughmostarestillfarfromtherecovery


plangoals.


Theseimprovedfall-runVSPscoresreflectbothchangesinbiologicalstatusandimproved


monitoring.Spring-runChinookpopulationsinthisESUaregenerallyunchanged;mostofthe


populationsareatahighorveryriskduetolowabundancesandthehighproportionofhatchery-

originfishspawningnaturally.Incontrast,thespring-runChinooksalmonDIPintheSandyRiver


hasanaverageofoverathousandnatural-originspawnersandisatmoderaterisk.Additionally,the


removalofMarmotDamintheSandyRivereliminatedmigrationaldelaysandholdinginjuriesthat


wereoccurringatthefishladder.Further,theremovalofthediversiondamontheLittleSandyRiver


restoredaccessandflowtohistoricalsalmonhabitat.Manyofthespring-runpopulationsrelyupon


passageprogramsathighheaddamsanddownstreamjuvenilecollectionefficienciesarestilltoolow


tomaintainself-sustainingnaturalruns.Whilelimitednumbersofnaturally-producedspringrun


fishreturntotheCowlitzandCispusrivers,nospring-runfisharetransportedintotheTiltonRiver


Basinanditisnotclearifthereareanyspring-runChinooksalmonremainingintheToutleRiver


Basin.TheremovalofConditDamontheWhiteSalmonRiverprovidesanopportunityforthe


reestablishmentofaspring-runpopulationwithvolitionalaccesstohistoricalspawninggrounds


(abundanceestimatespriorto2012reflectedfishspawningbelowConditDamduringthespringrun


temporalspawningwindow).Spring-runChinooksalmonintheHoodRiverarelargelyofDeschutes


Riverspring-runorigin(MiddleColumbiaRiverSpringRunESU)andareprovidenobenefittothe


statusoftheESU;however,someLowerColumbiaRiverspring-runChinooksalmonhavebeen


detectedintheHoodRiverandtheircontribution(whensufficientlyquantified)mayneedtobe


consideredduringfutureevaluations.


ThemajorityofthepopulationsinthisESUremainathighrisk,withlownatural-originabundance


levels.Hatcherycontributionsremainhighforanumberofpopulations,anditislikelythatmany


returningunmarkedadultsaretheprogenyofhatchery-originparents,especiallywherelarge


hatcheryprogramsoperate.Whileoverallhatcheryproductionhasbeenreducedslightly,hatchery-

producedfishstillrepresentamajorityoffishreturningtotheESU.Thecontinuedreleaseofout-of-

ESUstocks,includingURB,RogueRiver(SAB)fallrun,UpperWillametteRiverspringrun,Carson


Hatcheryspringrun,andDeschutesRiverspringrun,remainsaconcern.Relativelyhighharvest


ratesareapotentialconcern,especiallyformostspring-runandlowabundancefall-runpopulations


(NMFS2012).Althoughtherehavebeenanumberofnotableeffortstorestoremigratoryaccessto


areasupstreamofdams,untileffortstoimprovejuvenilepassagesystemsbearfruition,itisunlikely


thattherewillbesignificantimprovementsinthestatusofmanyspring-runpopulations.


Alternatively,damremovals(i.e.ConditDam,MarmotDam,andPowerdaleDam)notonly
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improve/provideaccess,buttheallowtherestorationofhydrologicalprocessesthatmayimprove


downstreamhabitatconditions.Continuedlanddevelopmentandhabitatdegradationin


combinationwiththepotentialeffectsofclimatechangemaypresentacontinuingstrongnegative


influenceintotheforeseeablefuture.Inaddition,coastaloceanconditionswouldsuggestthatrecent


outmigrantyearclasseswillexperiencebelowaverageoceansurvivalwithacorrespondingdropin


spawnerabundanceinthenearterm,dependingonthedurationandintensityoftheexisting


situation(seeRecenttrendsinmarineandterrestrialenvironmentssection,below).
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LOWERCOLUMBIARIVERCOHOSALMONESU


BRIEFDESCRIPTIONOFESU


LowerColumbiaRivercohosalmonwereidentifiedasanESU12andlistedasthreatenedin2005.


ThisESUincludesallnaturallyspawnedpopulations13ofcohosalmonintheColumbiaRiverandits


tributariesinWashingtonandOregon,fromthemouthoftheColumbiaRiveruptoandincludingthe


BigWhiteSalmonandHoodRivers,andincludestheWillametteRivertoWillametteFalls,Oregon,as


wellasmultipleartificialpropagationprograms(Figure62).Myersetal(Myersetal.2006)


identifiedthreeMPGs(Coastal,Cascade,andGorge),containingatotalof24DIPsintheLower


ColumbiaRivercohosalmonESU.





Figure62--MapoftheLowerColumbiaRivercohosalmonESU’sspawningandrearingareas,illustratingpopulations


andmajorpopulationgroups.




12ThecurrentESUwasredelineatedin2005toincorporateWashingtontributariesintheCoastal


MPG.

13TwomajornativelifehistorytypesarerecognizedamongLowerColumbiaRivercohosalmon


populations:TypeNorlatereturning,andTypeSorearlyreturning.Thelifehistorytypesdiffer


accordingtoruntiming,spawntiming,oceanmigrationpatternsandspawninghabitatpreference


(seeMyersetal.2006).
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SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


NMFSreviewedthestatusoftheLowerColumbiaRivercohosalmonESUin1996,againin2001and


in2005.Inthe2001review,theBRTwasconcernedthatthevastmajority(over90%)ofhistorical


populationsintheLowerColumbiaRivercohosalmonESUappearedtobeeitherextirpatedornearly


so.Thetwopopulationswithanysignificantproduction(SandyandClackamasrivers)wereat


appreciableriskbecauseoflowabundance,decliningtrends,andfailuretorespondafteradramatic


reductioninharvest.ThelargenumberofhatcherycohosalmonintheESUwasalsoconsideredan


importantriskfactor.Themajorityofthe2001BRTvoteswerefor“atriskofextinction”witha


substantialminority“likelytobecomeendangered.”Asaresultofthe2001BRTreview,theESUwas


identifiedasa“candidatespecies”,butnotlistedundertheESAasthreatenedorendanged.An


updatedstatusevaluationwasconductedin2005,alsowithamajorityofBRTvotesfor“atriskof


extinction”andasubstantialminorityfor“likelytobecomeendangered.”ThisBRTevalutation


resultedina“threatened”determinationin2005.


2010


Fordetal.(2011)notedthatthreestatusevaluationsofLCRcohostatus,allbasedonWLC-TRT


criteria,hadbeenconductedsincethepriorBRTstatusupdatein2005.Allthreeevaluations


concludedthattheESUwascurrentlyatveryhighriskofextinction.Ofthe24historicalpopulations


intheESU,21wereconsideredatveryhighrisk.Theremainingthree(Sandy,Clackamasand


Scappoose)wereconsideredtobeathightomoderaterisk.AlloftheWashingtonsidepopulations


wereconsideredatveryhighrisk,althoughuncertaintywashighbecauseofalackofadultspawner


surveys.Aswasnotedinthe2005BRTevaluation,smolttrapsindicatedsomenaturalproductionin


Washingtonpopulations,thoughgiventhehighfractionofhatcheryoriginspawnerssuspectedto


occurinthesepopulationsitwasnotclearthatanywereself-sustaining.Overall,thenew


informationthatwasconsideredin2010didnotindicateachangeinthebiologicalriskcategory


sincethetimeofthelastBRTstatusreviewin2005.


In2010,theESUBoundariesReviewGroup(seeESUBoundariessectioninFordetal.2011)


undertookarevaluationoftheboundarybetweenalllowerColumbiaandmid-ColumbiaESUsand


DPSs.Thereview’sconclusionsemphasizedthetransitionalnatureoftheboundarybetweenthe


lowerColumbiaESUsandthemid-ColumbiaESUs. TheoriginalLowerColumbiacohosalmonESU


boundarywasassignedbasedlargelyonextrapolationfrominformationabouttheboundariesfor


Chinookandsteelhead. TheESUBoundariesReviewGroupconcluded,“Itisthereforereasonableto


assigntheKlickitatpopulationtothelowerColumbiacohoESU. Thiswouldestablishacommon


boundaryforChinooksalmon,cohosalmon,chumsalmon,andsteelheadattheCeliloFalls(Dalles


Dam).” Todate,thisrecommendationhasnotbeenofficiallyimplemented;therefore,thecurrent


statusreviewwillutilizepreexistingESUboundaries.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Sincethelaststatusreviewtherehavebeenanumberofeffortstostandardizemonitoringefforts.


GuidanceprovidedbyCrawfordandRumsey(2011)emphasizedtheneedforacommonsetof


populationparametersthatcouldbeusedtoevaluateVSPcriteriaacrossallpopulations.In2010
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WDFWexpandedtheireffortstosurveyChinookandcohosalmonintheLowerColumbiaRiver,


specificallyfocusingondataappropriateforevaluatingVSPcriteria(Rawdingetal.2014).


MonitoringeffortscoverallofthecohosalmonpopulationsintheLowerColumbiaRiver,withthe


exceptionoftheextirpated(butnowaccessible)WhiteSalmonRiverandwithalowpriorityon


YoungsBayandUpperGorgepopulations(RawdingandRodgers2013).Thesedataincluded:


abundance,proportionhatchery-originspawners,ageandsex.Similareffortshavebeenundertaken


byODFWtomoreuniformlyundertakespawnersurveysacrosstheOregonCoastandLower


ColumbiaRiverthroughtheirOregonAdultSalmonidInventory&Sampling(OASIS)project.


Methodologiesincludeexpansionsofindexreachreddcounts,tributaryweircounts,mark/recapture


surveys,andhatcherytrap,damtrap,anddamladdercounts.


ManyoftheWDFWcohopopulationdatasetsreflectonlythreeorfouryearsofsampling,exceptfor


someintensivelymonitoredwatersheds(IMW)orwherepassagestructureshaveallowedforadult


counts.WiththeexceptionofsomesmallertributariesintheGorgeMPG,surveysnowincludemost


oftheDIPsinthisESU.


ABUNDANCEANDPRODUCTIVITY


COASTRANGECASCADEMPG


Long-termabundancesweregenerallystable(Table42),withshorttermvariabilitymoststrongly


influencedbyoceanconditions.OfthepopulationsintheMPG,ScappooseCreekissomewhat


distinctiveinexhibitingapositiveabundancetrendandcontainingfewhatchery-originfish.


Similarly,theClatskanieRivercohosalmonpopulationmaintainsmoderatenumbersofnaturally-

producedspawners,withproportionatelyfewhatchery-originspawners14.Inaddition,theinitiation


ofspawnersurveysinWashingtontributariesindicatedthepresenceofmoderatenumbersofcoho


salmon,withtotalabundancesinthehundredstolowthousandsoffish,asubstantialproportionof


whichwerenaturallyproduced(Figure63).ThesenewdataseriesforWashingtontributariesare


tooshorttocalculatemeaningfulpopulationtrends.OregontributariesinthisMPGhaveabundances


inthehundredsoffishwiththemajorityofthefishbeingnaturallyproduced.Previously(McElhany


etal.2006),thesepopulationswerethoughttohavebeendominatedbyhatchery-originadultsand


baselineVSPscoresreflectedthisinferredveryhighriskstatus(Figure69).


WESTERNCASCADEMPG


ThecohosalmonpopulationsintheSandyandClackamasRiverweretheonlytwopopulations


identifiedintheoriginal1996StatusReviewthatappearedtobeself-sustainingnaturalpopulations.


Abundancetrendsforthesepopulationsalsorepresentthelongestcompletesetofobservationsfor


anyLowerColumbiaRivercohosalmonpopulations.WiththeremovalofMarmotDamin2008,


inventorymethodsfortheSandyRivercohosalmonpopulationshaveundergonesomesignificant




14Unofficialspawnerestimatesfor2014-15intheClatskanieRiverandScappooseCreekwere3547


(3126natural)and1477(1477natural),respectively(http://oregonstate.edu/dept/ODFW


/spawn/reports.htm).
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changes.RecentreturnsofunmarkedfishtotheClackamasRiver15haveshownamarked


improvementinrunsize(Table41),andtheunofficialcohocountfor2014-2015,10,670spawners


wouldbethehighestrecorded.Natural-originreturnstotheSandyRiverhaveremainedfairlystable


sincetheinitialstatusreviewinthemid-1990s,althoughthereappearstobeacontinuedhatchery


presence.HatcheryfisharecollectedattheCedarCreekweirfortheSandyRiverHatchery,withonly


natural-origin(unmarked)cohosalmonpassedabove.Estimatesforthe2014-15returnyear


indicateadramaticimprovementinescapement,similartotheClackamasRiver,with5,942natural-

originspawners.16


CohosalmontrappedattheCowlitzhatcherybarrierdamaretransportedtotheUpperCowlitzand


CispusRiversandTiltonRiverandhavebeenenumeratedsincethemid-1990s.Therewere


substantialreturnsofnaturalorigincohosalmontotheTiltonandUpperCowlitz/Cispusriversin


201417,andcollectionefficienciesatMayfieldandCowlitzFallsareadequatetosustainthe


populations(>50%).Inaddition,alargenumberofhatchery-originfishfromtheintegratedhatchery


programweretransportedupstream.


TwoorthreeyearsofabundancedataareavailableforWashingtonDIPsinthisMPG,including


estimatesofnaturalandhatchery-origincontribution.Totalabundancesareinthehundredstolow


thousandsoffishwithlittleconsistenttrendacrossDIPs(Figure63).Inmanyinstancesthe


proportionandabsolutenumberofnatural-originspawnersisquitehigh.Forexample,surveysin


theLowerCowlitzRiverindicatedthatthecontributionofhatchery-originfishtotributaryspawners


is<10%(Gleizesetal.2014).Long-termtrendsfortheWashingtontributariesareonlyavailablefor


thetrapandhaulprogramsontheUpperCowlitz(CowlitzandCispusandTiltonrivers);however,


fortheshortertermabundanceseries(2to3years)itwasnotpossibletodetermineameaningful


trend.


ThisMPGcontainsmostoftheESU’slargeriverbasinsandthemajorityoftheESU’sabundance.


Wherenaturaloriginabundanceswereavailablethetrendswerestableformostpopulations.


COLUMBIAGORGEMPG


NaturaloriginabundancesinthisMPGarelow,withhatchery-originfishcontributingalarge


proportionofthetotalnumberofspawners,mostnotablyintheHoodRiver.Withtheexceptionof


theHoodandBigWhiteSalmonRivers,muchofthespawninghabitatisinsmallindependent


tributariestotheColumbiaRiverandinmanycasestheaccessibilityisrelativelypoor.Presently,


lackoffundingpreventsmonitoringofcohosalmonrecolonizationintheWhiteSalmonbasin.There


wasnocleartrendintheabundancedataacrosspopulations.







15ClackamasRiverNORcountsincludecountsmadeattheNorthForkDam,spawnersurveysinthe


mainstemClackamasRiverbelowthedam,andfishcountedatthehatcheryweironEagleCreek


(belowNorthForkDam).

16http://oregonstate.edu/dept/ODFW/spawn/pdf%20files/coho/AnnualEstESU2004-2014.pdf

17JuvenilefishemigratingfromtheTiltonRiveraredifferentiallymarkedsothatreturningadultscan


bedistinguishedfromthoseoriginatingfromtheCispus/Cowlitzrivers.
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Figure63.Averagecohosalmontotalspawnerabundance(lightblue)andnaturalspawner


abundance(darkblue)(2009-2013)forWashingtontributaries.Forsometributariesdataisonly


availablefor2010-2012.NotethatthecolumnforUpperCowlitzandCispusrivershasbeen


truncated,andthenaturalspawnerabundanceis10,546.


OTHERPOPULATIONS


NotincludedinthisreviewarecohosalmonthatmigrateaboveWillametteFalls;18,062natural-

origincohosalmonwerecountedatthefallsin2014-201518.Cohohavenotbeenplantedinthe


UpperWillametteBasinsince1996,anditisbelievedthatthesefisharetheprogenyofLower


ColumbiaRiverorigincohosalmonspawningintributariestotheUpperWillametteRiver,primarily


theTulatinRiver.WehavealsonotincludedcohosalmonmigratingupstreamoftheDallesDam,


thesearealmostentirelytheprogenyoffishintroducedintoMid-andUpper-ColumbiaandSnake


RivertributariesfromLCRhatcherypopulations.In2014,157,646cohosalmon(adultsandjacks)


werecountedattheDallesDam19,theseincludebothhatchery-originreleasesintheInterior


ColumbiaRiverBasinandtheprogenyofnaturally-spawningfish.Inbothcasesthesefishare




18Websiteaccessedon9January2015from


http://www.dfw.state.or.us/fish/fish_counts/willamette/2015/2015_Monthly_sheet.pdf.

19Countsarethrough31October2014,websiteaccessedon9January2015from


http://www.nwp.usace.army.mil/Missions/Environment/Fish/Counts.aspx
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spawningoutsideofthehistoricalboundariesoftheLowerColumbiaRiverESU.Historically,coho


salmonpopulationsexistedabovetheDallesDam,butwereextirpatedduringthelastcentury.








Figure64–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.Additonaldatawasavailableforother


Washingtonpopulations,butthetimeseriesweretooshorttoestimatetrends.
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Figure65–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–3).
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Table41--5-yeargeometricmeanofrawnatural-originspawner(NOS)counts.ThisistherawtotalspawnercounttimesthefractionNOSestimate,ifavailable.Inparentheses,


5-yeargeometricmeanofrawtotalspawnercountsisshown.AvalueonlyinparenthesesmeansthatatotalspawnercountwasavailablebutnooronlyoneestimateofNOS


available.Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberofcountsavailable(2to5).Aminimumof2valueswereusedto


computethegeometricmean.Percentchangebetweenthemostrecenttwo5-yearperiodsisshownonthefarright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Tilton R. Cascade (3453) (13370) (3598) (6668) (85)

Sandy R. Cascade 552 (552) 228 (228) 883 (1068) 1029 (1082) 1250 (1373) 21 (27)


Up. Cowlitz R. Cascade (6199) (37862) (20189) (10101) (-50)

Clatskanie R. Coastal 286 (372) 664 (801) 903 (1074) 36 (34)

Scappoose Cr. Coastal 503 (536) 463 (468) 589 (589) 27 (26)


Big Cr. Coastal 169 (641) 339 (476) 263 (411) -22 (-14)

Youngs Bay Coastal 191 (1357) 48 (178) 112 (271) 133 (52)


OR Up. Gorge Tribs./Hood R. Gorge 205 (317) 297 (1082) 45 (241)

Low. Gorge Tribs. Gorge 239 (678) 232 (358) -3 (-47)


WA Up. Gorge Tribs./White Salmon R. Gorge (98) (79) (-19)

Clackamas R. Willamette-Cascade 1811 (2787) 499 (768) 2929 (4539) 2942 (5168) 2116 (2755) -28 (-47) 
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Table42--15-yeartrendsinlognatural-originspawner(NOS)abundancecomputedfromalinear


regressionappliedtothesmoothedNOSlogabundanceestimate.Onlypopulationswithatleast4NOS


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





HARVEST


LowerColumbiaRivercohosalmonarepartoftheOregonProductionIndex,andareharvestedin


oceanfisheriesprimarilyoffthecoastsofOregonandWashington,withsomeharvestthat


historicallyoccurredoffoftheWestCoastVancouverIsland(WCVI).Canadiancohosalmonfisheries


wereseverelyrestrictedinthe1990stoprotectupperFraserRivercoho,andhaveremainedsoever


since.OceanfisheriesoffCaliforniawereclosedtocohoretentionin1993andhaveremainedclosed


eversince.OceanfisheriesforcohooffofOregonandWashingtonweredramaticallyreducedin


1993inresponsedepressedstatusofOregonCoastnaturalcohoandsubsequentlisting,andmoved


tomark-selectivefishingbeginningin1999.LowerColumbiaRivercohobenefittedfromthemore


restrictivemanagementofoceanfisheries.Overallexploitationratesregularlyexceeded80%inthe


1980s,buthaveremainedbelow30%since1993(Figure66).Inaddition,freshwaterfisheries


impactsonnaturally-producedcohosalmonhavebeenmarkedlyreducedthroughthe


implementationofmark-selectivefisheries.ThemostrecentimpactrateforLowerColumbiaRiver


cohosalmonwas17.1%in2014(TAC2015).


Population MPG 1990-2005 1999-2014

Sandy R. Cascade 0.04 (-0.02, 0.1) 0 (-0.03, 0.03)


Clatskanie R. Coastal 0.05 (0.02, 0.09)

Scappoose Cr. Coastal 0.01 (-0.02, 0.04)


Big Cr. Coastal 0.06 (0.03, 0.1)

Youngs Bay Coastal 0.03 (0.01, 0.06)


OR Up. Gorge Tribs./Hood R. Gorge

Low. Gorge Tribs. Gorge


Clackamas R. Willamette-Cascade 0.06 (-0.01, 0.12) 0.03 (-0.01, 0.06) 
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Figure66--TotalexploitationrateonlowerColumbiaRivernaturalcohosalmon.Datapriorto2005fromTAC


(2014);2005-2014fromSTT2015.


SPATIALSTRUCTUREANDDIVERSITY


HATCHERIES


Hatcheryreleaseshaveremainedrelativelysteadyat10–17millionsincethe2005BRTreport


(Figure67).TheHSRG(2009)reportedthatoverallhatcheryproductionremainsrelativelyhigh


(15.7millioncohoreleasedintributaryprogramsand2.1millionreleasedinSAFEareas).Mostof


thepopulationsintheESUcontainasubstantialnumberofhatchery-originspawners.Recentefforts


toshiftproductionintolocalizedareas(e.g.,YoungsBayandBigCreek)inordertoreducethe


influenceofhatcheryfishinothernearbypopulations(e.g.,ScappooseandClatskanie)are


consideredasintransitionatthistime.Reductionswerealsonotedinthenumberofhatchery-origin


juvenilecohosalmonreleasedintotheSandyRiver.Massmarkingofhatchery-releasedfish,in


conjunctionwithexpandedcohospawningsurveys,hasprovidedmoreaccurateestimatesof


hatcherystraying.


Integratedhatcheryprogramsweredevelopedinanumberofbasinstolimitthelossofgenetic


diversity.TheintegratedprogramintheCowlitzRiverwasrecentlyinitiatedusingpredominantly


natural-originbroodstock.Largescalereleasesofhatchery-origincohosalmonadultsintotheUpper


Cowlitz,Cispus,andTiltonriversislikelypartlyresponsibleforthehighnumbersofreturningNORs.


AnintegratedprogramforTypeNcohoasbeenongoingintheLewisRiverforoveradecade.Still,


themajorityofhatcheryproductionisfromsegregatedprogramsandfewpopulationsmettheHSRG


(2009)criteriaforprimaryorcontributingpopulations.


TheHSRG(2009)recommendedanumberofinfrastructurechangestohatcheriestoimprovethe


homingandcollectionofreturninghatcheryfish.OveralltheHSRG(2009)reportconcludesthat


changesinhatcheryprogramsaloneareunlikelytoresultinpopulationsachievingtheirrecovery
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goalswithoutadditionalchangesinharvest(moreselectivefisheriestoremovehatchery-originfish)


andimprovementsinhabitat.








Figure67.AnnualreleasesofcohosalmonjuvenilesintotheLCRESUfrom2008to2014(2014levelsmaybe


incomplete).Individualtributaryreleasespresentedareforthoseprogramsthatexhibitedsubstantialchangesfrom


2008to2014.DatafromRMPC(http://www.rmpc.org/accessedJanuary6,2015).





Table43--5-yearmeanoffractionnatural-originspawners(sumofallestimatesdividedbythenumberof


estimates). Blanksmean no estimate available in that 5-year range.
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Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

Tilton R.

Sandy R. 1.00 1.00 0.87 0.95 0.91


Up. Cowlitz R.

Clatskanie R. 0.82 0.85 0.85

Scappoose Cr. 0.94 0.99 1.00


Big Cr. 0.33 0.61 0.65

Youngs Bay 0.14 0.37 0.42


OR Up. Gorge Tribs./Hood R. 0.40 0.67 0.31

Low. Gorge Tribs. 0.84 0.40 0.69


WA Up. Gorge Tribs./White Salmon R.

Clackamas R. 0.65 0.65 0.67 0.62 0.81
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Figure68–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.


SPATIALSTRUCTURE


Therehavebeenanumberoflarge-scaleeffortstoimproveaccessibility,oneoftheprimarymetrics


forspatialstructure,inthisESU.OntheHoodRiver,PowerdaleDamwasremovedin2010andwhile


thisdampreviouslyprovidedfishpassageremovalofthedamisthoughttoeliminatepassagedelays


andinjuries.ConditDam,ontheWhiteSalmonRiver,wasremovedin2011andthisprovidedaccess


topreviouslyinaccessiblehabitat.Currentmonitoringeffortsdonotincludecohosalmonsurveys,so


theextentofrecolonizationisunknown.Fishpassageoperations(trapandhaul)werebegunonthe


LewisRiverin2012,reestablishingaccesstohistorically-occupiedhabitataboveSwiftDam(RKm


77.1),juvenilepassageefficienciesarestillrelativelypoor.Inaddition,effortstoprovide


downstreamjuvenilepassageattheCowlitzDamcomplexcollectionsitesbeganinthe1990s,and


sincethattimetherehasbeenanumberofmodificationsinthefacilitiesandagradualincreaseinthe


numbersofnaturally-producedcohosalmonadults.CohosalmonreturnstotheCispus/Upper


Cowlitzbasinfrom2002-2007exhibitedanoverallrecruitperspawnerratioof0.80(SerlandMorrill


2010).Presently,thetrapandhaulprogramfortheUpperCowlitz,Cispus,andTiltonRiver


populationsaretheonlymeansbywhichcohosalmoncanaccessspawninghabitatforthese


populations.AtrapandhaulprogramalsocurrentlymaintainsaccesstotheNorthToutleRiver


abovethesedimentretentionstructure(SRS),withacohosalmonandsteelheadbeingpassedabove
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thedam(Liedtkeetal.2013).ThisSRStransportationprogramrelocatescohosalmonintotheNorth


ForkToutleDIP20;however,therearelimitedreleasesitesandonlyaportionoftheupperwatershed


isaccessible.Onamoregeneralbasis,therehavebeenanumberofrecoveryactionsthroughoutthe


ESUtoremoveorimproveculvertsandothersmall-scalepassagebarriers.Manyoftheseactions


haveoccurredtoorecentlytobefullyevaluated;however,somedataisnowavailableformany


actionsthatoccurredpriorto2010,butwerenotabletobeassessedinthepreviousstatusreview.


TheseincludetheremovalofMarmotDamin2007andtheLittleSandyRiverdiversiondamin2008.


Additionally,accesstohabitatabovetheSandyRiverHatcheryweironCedarCreek(SandyRiver


Basin)wasrestoredin2010.


Foranumberofprojectswherepassagehasbeenrestoredthroughdamstructuralmodificationor


operationalmodificationitremainstobedemonstratedthatbothadultandjuvenilepassagesurvival


issufficienttoprovidesomelevelofself-sufficiencytoupstreampopulationcomponents.If


recruit:spawnerratiosarewellbelowone,itisunlikelythatthereisanybenefittopopulationspecial


structureandpassageoperationsmayactuallyrepresentanetlossinproductivityandabundance.


BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


TheestimatedchangesinVSPstatusforcohosalmonpopulationsinFigure69reflectboth


improvementsinabundance,diversity,andspatialstructureandimprovementsinmonitoring.As


discussedearlier,previousstatusreviewslackedadequatequantitativedataonabundanceand


hatcherycontributionforanumberofpopulations.Duringpreviousstatusreviews,anecdotal


informationprovidedsuggestedthathatchery-originfishdominatedmanyofthepopulationsand


thatnaturalproductivitywasverylow.Recentsurveysprovideamoreaccurateunderstandingof


thestatusofthesepopulations;however,withonlytwoorthreeyearsofdataitisnotpossibleto


determinewhethertherehasbeenatrueimprovementinstatus,butcertainlythecontributionof


naturally-producedfishismuchhigherthanpreviouslythought.


Atotalof6of23populationsareatorneartheirrecoveryviabilitygoals(Figure69),althoughunder


therecoveryplanscenariononeofthesepopulationshadrecoverygoalsabove2.0(moderaterisk).


Theremainingpopulationsgenerallyrequireahigherlevelofviabilityandmostrequiresubstantial


improvementstoreachtheirviabilitygoals.IntheCoastalMPG,theScappooseCreekDIPistheonly


populationatmoderaterisk,withtheClatskanieRiverDIPatmoderatetohighriskandtheothers


remainathighrisk.Similarly,intheCascadeMPG,theClackamasRiverDIP,andtheUpperCowlitz


andCispusDIPs21maybeinthemoderatetolowriskcategories,withtheremainderoftheDIPs


beingatmoderatetohighrisk.AllofthepopulationsintheGorgeMPGarelikelyintheveryhighrisk


category.


Formostpopulationstheproportionofhatcheryoriginfishnaturallyspawningexceedscriteriaset


forprimaryandcontributingpopulations.Withrecentdamremovalsandtheinitiationoftrapand


haulprogramstherearefewmajorspatialstructurelimitations;however,smallermigrational


barriers,suchasculvertslimitspatialstructure.




20NorthForkToutleRivercohosalmoncurrentlyhavevolitionalaccessonlytotheGreenRiver,a


tributarytotheNorthForkToutle.

21TheUpperCowlitzRiverandCispusRiverDIPsarecurrentlytreatedasingledemographicunitby


WDFW.
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Improvedmonitoringhassubstantiatedthepresenceofnatural-origincohosalmoninanumberof


populationspreviouslythoughttobedominatedbyhatcheryproduction;however,overall


abundanceisstillrelativelylow.Furthermore,noneoftheMPGsmeetthecriteriaforviability.The


LowerColumbiaRivercohosalmonESUmostlikelyremainsatthemoderateriskcategory.





Figure69.VSPstatusofdemographicallyindependentpopulationsintheLowerColumbiaRivercohosalmonESU,


barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-DornbushandSihler2013),greencircles


indicatetherecoverygoals.Arrowsindicatethegeneraldirection,butnotthemagnitude,ofanyVSPpopulationscore


basedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusionsofthesectionauthor;a


formalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.ViableSalmonPopulation


scoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatialstructureanddiversity


(McElhanyetal.2006).AVSPscoreof3.0isrepresentsapopulationwitha5%riskofextinctionwithina100year


period.





UPDATEDBIOLOGICALRISKSUMMARY


ThestatusofanumberofcohopopulationshavechangedsincethereviewsbyMcElhanyetal


(McElhanyetal.2006),Fordetal.(2012)andDornbush(2013).Changesinabundanceand


productivity,diversityandspatialstructureweregenerallypositive;however,thisappearstobe


mostlyduetotheimprovedlevelofmonitoring(andthereforeunderstandingofstatus)in


Washingtontributariesratherthanatruechangeinstatusovertime.Intheabsenceofspecific


abundanceanddiversitydata,earlierstatusreviewshadconcludedthathatcheryoriginfish


dominatedmanyofthecohopopulationsintheLowerColumbiaRiverESUandthattherewaslittle
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naturalproductivity.Recentrecoveryeffortsmayhavecontributedtotheobservednatural


production,butintheabsenceoflongertermdatasetsitisnotpossibletoparseouttheseeffects.


Populationswithlongertermdatasetsexhibitstableorslightlypositiveabundancetrends.Some


trapandhaulprogramsappeartobeoperatingatornearreplacement,althoughotherprogramsstill


arefarfromthatthresholdandrequiresupplementationwithadditionalhatchery-originspawners.


InitiationoforimprovementinthedownstreamjuvenilefacilitiesatCowlitzFalls,Merwin,andNorth


ForkDamarelikelytofurtherimprovethestatusoftheassociatedupstreampopulations.While


theseandotherrecoveryeffortshavelikelyimprovedthestatusofanumberofcohosalmonDIPs,


abundancesarestillatlowlevelsandthemajorityoftheDIPsremainatmoderateorhighrisk.For


theLowerColumbiaRiverregionlanddevelopmentandincreasinghumanpopulationpressureswill


likelycontinuetodegradehabitat,especiallyinlowlandareas.AlthoughpopulationsinthisESUhave


generallyimproved,especiallyinthe2013/14and2014/15returnyears(Figure69),recentpoor


oceanconditionssuggestthatpopulationdeclinesmightoccurintheupcomingreturnyears(see


Environmentaltrendssectionbelow).Regardless,thisESUisstillconsideredtobeatmoderaterisk.
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LOWERCOLUMBIARIVERSTEELHEADDPS





BRIEFDESCRIPTIONOFDPS


TheDPSincludesallnaturallyspawnedanadromousO.mykiss(steelhead)populationsbelownatural


andmanmadeimpassablebarriersinstreamsandtributariestotheColumbiaRiverbetweenthe


CowlitzandWindRivers,Washington(inclusive),andtheWillametteandHoodRivers,Oregon


(inclusive),aswellasmultipleartificialpropagationprograms.Myersetal.(2006)identified23


DIPs,including6summer-runsteelheadpopulationsand17winter-runpopulations(Figure70).





Figure70–MapofpopulationsintheLowerColumbiaRiversteelheadDPS.





SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


In2005,alargemajority(over73%)oftheBRTvotesforthisESUfellinthe“likelytobecome


endangered”category,withsmallminoritiesfallinginthe“indangerofextinction”and“notlikelyto


becomeendangered”categories(Goodetal.2005).TheBRTfoundmoderaterisksinalltheVSP


categories.AllofthemajorriskfactorsidentifiedbypreviousBRTsstillremained.Mostpopulations
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wereatrelativelylowabundance,andthosewithadequatedataformodelingwereestimatedtohave


arelativelyhighextinctionprobability.Somepopulations,particularlysummerrun,hadhigher


returnsinthemostrecentyearsincludedinthe2005report(years2001and2002).TheWLC-TRT


(Myersetal.2006)estimatedthatatleastfourhistoricalpopulationswereextirpated.Thehatchery


contributiontonaturalspawningremainedhighinmanypopulations.


2010


Fordetal.(2011)summarizedthreestatusevaluationsofLCRsteelheadstatus,allbasedonWLC-

TRTcriteria,whichhadbeenconductedsincethelastBRTstatusupdatein2005.Allthree


evaluationsconcludedthattheESUwascurrentlyathighriskofextinction.Ofthe26historical


populationsintheESU,17wereconsideredathighorveryhighrisk.PopulationsintheupperLewis,


CowlitzandWhiteSalmonwatershedsremainedcut-offfromaccesstoessentialspawninghabitatby


hydroelectricdams.ProjectstoreestablishaccesshadbeeninitiatedintheCowlitzandLewis


systemsbutthesewerenotyetproducedself-sustainingpopulations.Thepopulationsgenerally


remainedatrelativelylowabundanceswithlowproductivity.Overall,theinformationconsidered


didnotindicateachangeinthebiologicalriskcategorysincethetimeofthe2005BRTstatusreview.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


FormostofthepopulationsinthisDPSabundanceestimatesforwinter-runsteelheadwere


calculatedbyexpandingreddcountsfromindexandcensussurveysandforsummer-runsteelheada


mark-resightsurveyofadultduringprespawnholdingisemployed(RawdingandRodgers2013).In


manycases,riverconditionslimitaccessandvisibilityduringwintersteelheadspawningcreating


someuncertaintyintheexpansiontototalspawnerabundance.Sincethelaststatusreviewthere


hasbenanefforttostandardizesurveymethodsandvalidatereddtoadultexpansions.Where


tributariescontaineddams,abundanceandhatcheryproportionswereestimatedbydirectadult


counts,oracombinationofreddsurveysanddamcounts.Weirswereoperatedinsometributaries


tocountadultsandremoveorexcludehatchery-originadults.Wheredamshavebeenremoved,(as


intheSandyRiver)spawnersurveyshavebeenexpandedontributaries.


ABUNDANCEANDPRODUCTIVITY


WINTER-RUNWESTERNCASCADEMPG


ThisMPGincludesnativewinter-runsteelheadin14DIPsfromtheCowlitzRivertotheWashougal


River,inclusive(Figure70).Abundanceshaveremainedfairlystableand,ingeneral,arecorrelated


withcyclicalchangesinoceancondition(Figure71).Formostpopulations,totalabundancesand


natural-originabundances(whereavailable)haveremainedlow,averaginginthehundredsoffish


(Table44).NotableexceptionstothisweretheClackamas22andSandyRiverwinter-runsteelhead




22FortheClackamasRiverwintersteelheadpopulation,theNorthForkDamcountprovidedthe


longestavailabledatasetforstatisticalanalysis.Thisdatasetdoesnotincludewintersteelhead


spawningbelowthedam(forwhichwehaveashortertimeseriesbasedonreddcountexpansions).


For2013and2014,totalspawnersbelowthedamwere1831(85%NOR)and2171(99%NOR),


respectively(Jacobsenetal.2014).
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populations,thatareexhibitingrecentrisesinNORabundanceandmaintaininglowlevelsof


hatchery-originsteelheadonthespawninggrounds(Jacobsenetal.2014).AbundancesintheTilton


andUpperCowlitz/Cispusriversarehighlyvariable,inpartbecauseofongoingchangesincollection


efficiencyofjuveniledownstreampassagestructuresaswellastheuseofnatural-originadultsas


broodstockindevelopinganintegratedhatcherystock.


SUMMER-RUNCASCADEMPG


Therearefoursummer-runsteelheadDIPsintheMPG:KalamaRiver,NorthForkLewisRiver,East


ForkLewisRiver,andWashougalRiver(Figure70).UntilrecentlymigratoryaccesstotheNorth


ForkLewisRiversummer-runDIPwasblockedbyaseriesofimpassabledams,althoughsummer-

runarenotcurrentlybeingconsideredaspartofthereintroductionprogram.Thereissome


uncertaintyregardingthestatusofthispopulation,specificallyifresidualizedO.mykisscontaina


geneticlegacyofthehistoricalpopulationandiftheyarecapableofreinitiatingananadromouslife-

history.LongandshorttermtrendsfortheKalama,EastForkLewisandWashougalDIPsare


positive,absoluteabundanceshavebeeninthehundredsoffish.Themostrecentsurveys(2014)


indicateadropinabundanceforallthreeDIPs.Whetherthisisaportentofchangingoceanic


conditionsisnotclear,butisofsomeconcernregardlessofitscause.


WINTER-RUNGORGEMPG


ThisMPGcontainthreeDIPs,LowerGorge,UpperGorge,andHoodRiver.InboththeLowerand


UpperGorgepopulationssurveysforwintersteelheadareverylimited.Abundancelevelshavebeen


low,butrelativelystable,intheHoodRiver.Inrecentyears,spawnersfromtheintegratedhatchery


programhaveconstitutedthemajorityofthenaturallyspawningfish.


SUMMER-RUNGORGEMPG


TheWindRiverandHoodRiverarethetwoDIPsinthisMPG.HoodRiversummer-runsteelhead


havenotbeenmonitoredsincethelaststatusreview;effortsarecurrentlyunderwaytoprovide


accurateestimatesoffishascendingtheWestForkoftheHoodRiver.AdultabundanceintheWind


Riverremainsstable,butatalowlevel(hundredsoffish;Table44).Inaddition,therearecatchand


releasefisheryfornaturalsummerrunsteelheadintheWindandHoodRivers,butencounterand


incidentalmortalityestimatesarenotavailable,butimpactsarelikelytoberelativelylow.Giventhe


presenceofonlytwosummer-runDIPsinthisMPG,theoverallstatusoftheMPGisuncertain.
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Figure71–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.
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Figure72–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).
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Table44--5-year geometric mean of raw natural-origin spawner(NOS) counts.This is the raw total spawner count times the fraction NOS estimate, if available.


Inparentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnoor


onlyoneestimateofNOSavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberofcountsavailable(2to


5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshownonthefarright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Washougal R. SuR Cascade (220) (131) (282) (612) (712) (16)

EF Lewis R. SuR Cascade (170) (402) (539) (849) (58)

Kalama R. SuR Cascade (1060) (454) (382) (338) (518) (53)


Coweeman R. WR Cascade (436) (218) (458) (470) (443) (-6)

SF Toutle R. WR Cascade (928) (344) (725) (521) (432) (-17)

EF Lewis R. WR Cascade (85) (214) (525) (453) (356) (-21)


NF Toutle R. WR Cascade (221) (293) (495) (616) (504) (-18)

Kalama R. WR Cascade (931) (654) (1443) (1219) (866) (-29)


Washougal R. WR Cascade (132) (182) (479) (504) (328) (-35)

Sandy R. WR Cascade 1411 (2148) 1058 (1173) 833 (834) 698 (699) 997 (1103) 43 (58)


Up. Cowlitz R. WR Cascade (82) (1242) (1273) (532) (-58)

Tilton R. WR Cascade (975) (343) (262) (-24)

Wind R. SuR Gorge (563) (454) (569) (625) (707) (13)


Up. Gorge Tribs. WR Gorge (33) (16) (21) (31)

Hood R. WR Gorge 457 (561) 206 (341) 751 (1256) 282 (509) 421 (940) 49 (85)

Hood R. SuR Gorge 386 (1878) 127 (622) 255 (358) 151 (303)


Clackamas R. WR Willamette-Cascade 1597 (2189) 486 (733) 1946 (2514) 862 (1100) (1615) (47) 
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Table45--15-yeartrendsinlognatural-origin spawner(NOS) abundancecomputedfromalinear


regressionappliedtothesmoothedNOSlogabundanceestimate.Onlypopulationswithatleast4NOS


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





HARVEST


Thereisnodirectharvestofnaturally-producedsteelheadintheLowerColumbiaRiverDPS,other


thantheZone6treatyfisheryaboveBonnevilleDam.Steelheadarealsointerceptedinmainstem


andtributaryfisheriestargetingnon-listedhatcheryandnaturally-producedsalmon,andhatchery


steelhead.Mark-selectivecommercialtanglenetfisheriesinthemainstemColumbiaRiveroccur


duringthewinter-springtimeframeandprimarilyaffectwildwintersteelhead.Impactratesonall


wintersteelheadareestimatedtobelessthan2%(U.S.vOregonbiologicalassessment).Release


mortalityratesareestimatedtobelessthan15%duringthisfishery(TACorUSvORBA).Duringthe


2014seasonanestimated350unmarkedwintersteelheadwereencounteredwitha20%mortality


rate,70fish(ODFW&WDFW2015).Recreationalfisheriestargetingmarkedhatchery-origin


steelheadencounternatural-originfishatarelativelyhighrate,buthookingmortalityratesare


generallylowerthanreleasemortalityratesinthecommercialfisheries.Estimatedmainstemfishery


mortalityfornaturallyproducedwinter-runsteelheadhasaveraged2.2%(2009-2013)fornon-

Indiancommercialandrecreationalfisheries(ODFWandWDFW2015).TheimpactrateforLower


ColumbiaRiverwintersteelheadinmainstemfisheriesin2014was0.6%(TAC2015).


SeethechapteronMiddleColumbiaRiverSteelheadforadiscussionoftrendsinharvestratesfor


ColumbiaBasinsteelhead.





HATCHERIES


TotalsteelheadhatcheryreleasesintheLowerColumbiaRiverSteelheadDPShavedecreasedsince


thelaststatusreview,decliningfromantotal(summerandwinterrun)releaseofapproximately3.5


millionto3million(Figure73)from2008to2014.Somepopulationscontinuetohaverelatively


highfractionsofhatchery-originspawners,whereasothers(e.g.,Wind)haverelativelyfewhatchery-

originspawners(Table46,Figure74).Oneofthemajorchangesinhatcheryoperationswasthe


eliminationoftheout-of-DPSsteelheadbroodstockprogramsintheCowlitzRiverBasin.Theearly-

winterChambersCreekprogramwasreplacedbyanintegratedlate-wintersteelheadprogram,and


Skamaniasummer-runreleaseswereterminatedintheNFToutleRiver.OutofDPSreleasesof


Skamaniasummer-runandChambersCreekearly-winter-runsteelheadhavealsobeenterminatedin


theEFLewisRiver.Integratedbroodstockshavebeendevelopedforanumberofpopulations


(CowlitzRiver,KalamaRiver,NFLewisRiverandSandyRiver)andpopulationsintheWind,East


Population MPG 1990-2005 1999-2014

Sandy R. WR Cascade -0.05 (-0.08, -0.02) 0.02 (0, 0.05)

Hood R. WR Gorge 0.02 (-0.03, 0.07) -0.04 (-0.07, 0)

Hood R. SuR Gorge -0.05 (-0.1, 0)


Clackamas R. WR Willamette-Cascade 0.02 (-0.05, 0.09) 
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ForkLewis,andGreenrivershavebeendesignatedgene-bankswithnofurtherhatcheryreleases;


however,outofDPSstockscontinuetobereleased,primarilyearly-winterChambersCreek


steelheadandsummer-runSkamaniasteelheadintoanumberofbasins,includingtheKalamaRiver,


LewisRiver,SalmonCreek,andClackamasRiver.Wherehatcheriesmaintainmultiplestocksof


steelheadtherecontinuestobesomeriskofhybridizationbetweendifferentruntimesornativeand


out-of-DPSstocks.


Whereadultsarehandledincensus(completecapture)upstreampassageprograms(e.g.,Clackamas


River,CowlitzRiver,KalamaRiverwinterrun,andLewisRiver)hatchery-originfishareoften


removedfromtheriverorrecycledforadditionalharvestopportunities.Someportionofhatchery-

originfisharealsoremovedinlocationswithpartialcaptureadulttraps(WindRiver,KalamaRiver


summerrun,WashougalRiver.),inthesomeKalamaRiverhatchery-originsummer-runsteelhead


areabletoascendtheFallsandavoidbeingcapturedinthefishladder.











Figure73-AnnualreleasesofjuvenilesteelheadintotheLowerColumbiaRive,byruntiming,from2008to2014.


LCRindicatesreleasesintotheLowerColumbiaRiverDPSandCoastrepresentsreleasesintoColumbiaRiver


tributariesdownstreamoftheLCRDPS,coastalstratum.DatafromRMIS(http://www.rmpc.org/accessedJanuary6,


2015).


SPATIALSTRUCTURE


Therehavebeenanumberoflarge-scaleeffortstoimproveaccessibility(oneoftheprimarymetrics


forspatialstructure)inthisESU.EffortstoprovideaccesstotheUpperCowlitzBasin(Upper


Cowlitz,Cispus,andTiltonRivers)beganin1996withtheinitiationofjuvenilecollectionatCowlitz


FallsDam.Therehavebeenanumberofstructuralandoperationalchangesatthedamtoimprove


collectionefficiency;however,spawner:adultratioshaveachievedreplacementinonlyafewyears
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sincetheinitiationoftheprogram(Serletal2010,Serletal.2014)23.MorerecentlyontheHood


River,PowerdaleDamwasremovedin2010andwhilethisdampreviouslyprovidedforfishpassage,


removalofthedamisthoughttoeliminatepassagedelaysandinjuries.Trapandhauloperations


werebegunontheLewisRiverin2012forwinter-runsteelehead,reestablishingaccessto


historically-occupiedhabitataboveSwiftDam(RKm77.1).In2014,1033adultwintersteelhead


(integratedprogramfish)weretransportedtotheupperLewisRiver;however,juvenilecollection


efficiencyisstillbelowtargetlevels.Finally,therehasbeenatrapandhauloperationatthe


sedimentretentionstructure(SRS)ontheNorthForkToutleRiversince1989.Theescapementof


wintersteelheadtotheNorthForkToutleRiverrepresentsaboutone-halfoftherecent(2010-

2014)24natural-originabundanceinthisDIP.TransportationabovetheSRSislimitedtotwosmall


tributariesandonlyasmallproportionoftheupperbasinisutilized.Inaddition,therehavebeena


numberofrecoveryactionsthroughouttheESUtoremoveorimproveculvertsandothersmall-scale


passagebarriers.Manyoftheseactions(includingtheremovalofConditDamontheWhiteSalmon


River)haveoccurredtoorecentlytobefullyevaluated;however,dataisnowavailableformany


actionsthatoccurredpriorto2010,butwerenotabletobeassessedinthepreviousstatusreview.


TheseincludetheremovalofMarmotDamin2007andtheLittleSandyRiverdiversiondamin2008,


andHemlockDamonTroutCreek(windRiver)in2009.Additionally,beginningin2010,unmarked


steelheadhavebeenpassedabovethehatcheryweironCedarCreek,atributarytotheSandyRiver.


Foranumberofprojectswherepassagehasbeenrestoredthroughdamremoval,structural


modification,oroperationalmodificationitremainstobedemonstratedthatbothadultandjuvenile


passagesurvivalissufficienttoprovidesomelevelofself-sufficiencytoupstreampopulation


components.Ifrecruit:spawnerratiosarewellbelowone,itisunlikelythatthereisanybenefitto


populationspatialstructureandpassageoperationsmayrepresentanetlossinproductivityand


abundance.










23Thejuvenilefishpassageprogramistargetingfourspecies:Chinooksalmon,cohosalmon,


cutthroattrout,andwintersteelhead.Optimizationoffishcollectionefficiencies(FCEs),especially


forsubyearlingChinooksalmon,oftenresultsindeclinesinotherspecies.

24SASI(https://fortress.wa.gov/dfw/score/score/species/population_details.jsp?stockId=6714),


accessedJuly14,2015.TheGreenRiver,atributarytotheNorthForkToutleRiver,accountsforthe


majorityofaccessiblespawninghabitat.
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Figure74–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.
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Table46--5-yearmeanoffractionnatural-originspawners(sumofallestimatesdividedbythenumberof


estimates). Blanksmean no estimate available in that 5-year range.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


Overall,thestatusofDIPsrelativetotheirrecoverygoalsislittlechangedsincethelastreview.A


numberofchangesnotedinFigure75andFigure76,reflect“corrections”inthebaselineVSPscores


assignedintherecoveryplanduetoimprovementsinmonitoringandupdatesintheexisting


databases.Forexample,theNorthForkToutleRiverDIPhasmaintainedannaturalorigin


abundanceofafewhundredwintersteelheadforthelast10years,andthiswouldsuggestahigher


VSPscorethanthe0.5estimatedintheRecoveryPlan(DornbushandSihler2013).Additionally,


naturaloriginabundanceintheTiltonRiverhasincreasedoverthelastfiveyearsandthehatchery


contributionhasbeenreducedtonearzero.Atotalof5of22populationsareatorneartheir


recoveryviabilitygoals,althoughundertherecoveryplanscenarioonlytwoofthesepopulationshad


scoresabove2.0.Theremainingpopulationsgenerallyrequireahigherlevelofviabilityandmost


requiresubstantialimprovementstoreachtheirviabilitygoals.Forthesummer-runsteelheadDIPs,


“improvement”intheHoodRiversummer-runsteelheadwasrelatedtocorrectingtheprevious


assumptionthatlackofdataindicatedanabsenceoffishratherthanalackofmonitoring.Summer-

runsteelheadarepresentintheHoodRiver,althoughmonitoringwassuspendedafterPowerdale


Damremoved.


Whiletherehavebeenimprovementsindiversitythroughhatcheryreform,spatialstructureisstilla


concernforsomepopulationsthatrelyonadulttrapandhaulprogramsandjuveniledownstream


passagestructuresforsustainability(althoughjuvenilepassageefficiencyhasgenerallybeenhigher


forsteelheadandcohosalmonthanChinooksalmon).


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


Coweeman R. WR


EF Lewis R. SuR


EF Lewis R. WR


Kalama R. SuR


Kalama R. WR


NF Toutle R. WR


Sandy R. WR 0.74 0.90 1.00 1.00 0.91


SF Toutle R. WR


Tilton R. WR


Up. Cowlitz R. WR


Washougal R. SuR


Washougal R. WR


Hood R. SuR 0.21 0.31 0.75 0.50


Hood R. WR 0.83 0.63 0.61 0.56 0.45


Up. Gorge Tribs. WR


Wind R. SuR


Clackamas R. WR 0.74 0.67 0.78 0.69 
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Figure75.VSPstatusofwinterrundemographicallyindependentpopulationsintheLowerColumbiaRiversteelhead


DPs,barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-DornbushandSihler2013),greencircles


indicatetherecoverygoalsArrowsindicatethegeneraldirection,butnotthemagnitude,ofanyVSPpopulationscore


basedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusionsofthesectionauthor;a


formalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.ViableSalmonPopulation


scoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatialstructureanddiversity


(McElhanyetal.2006).AVSPscoreof3.0isrepresentsapopulationwitha5%riskofextinctionwithina100year


period.
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Figure76.VSPstatusofsummerrundemographicallyindependentpopulationsintheLowerColumbiaRiver


steelheadDPS,barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-DornbushandSihler2013),


greencirclesindicatetherecoverygoals.Arrowsindicatethegeneraldirection,butnotthemagnitude,ofanyVSP


populationscorebasedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusionsofthe


sectionauthor;aformalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.Viable


SalmonPopulationscoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatial


structureanddiversity(McElhanyetal.2006).AVSPscoreof3.0isrepresentsapopulationwitha5%riskof


extinctionwithina100yearperiod.





UPDATEDBIOLOGICALRISKSUMMARY


Themajorityofwinter-runsteelheadDIPsinthisDPScontinuetopersistatlowabundances.


Hatcheryinteractionsremainaconcerninselectbasins,buttheoverallsituationissomewhat


improvedcomparedtopriorreviews.Summer-runsteelheadDIPsweresimilarlystable,butatlow


abundancelevels.ThedeclineintheWindRiversummer-runDIPisasourceofconcern,giventhat


thispopulationhasbeenconsideredoneofthehealthiestofthesummer-runs;however,themost


recentabundanceestimatessuggestthatthedeclinewasasingleyearaberration.Passageprograms


intheCowlitzandLewisbasinshavethepotentialtoprovideconsiderableimprovementsin


abundanceandspatialstructure,buthavenotproducedself-sustainingpopulationstodate.Recent


lowwinter-runreturnstotheUpperCowlitzRivermaybeanomalous,relatedmoretothe


developmentofanintegratedhatcherybroodstockandtemporarymodificationsattheCowlitzFalls


DamtobenefitChinooksalmonthantoadeclineinviability.EffortstoprovidepassageaboveNorth


ForkLewisRiverdamsoffertheopportunityforsubstantialimprovementsinthewinterrun


steelheadpopulationandtheonlyopportunitytoreestablishsummer-runsteelhead.Habitat


degradationcontinuestobeaconcernformostpopulations.Evenwithmodestimprovementsinthe
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statusofseveralwinter-runDIPs,noneofthepopulationsappeartobeatfullyviablestatus,and


similarlynoneoftheMPGsmeetthecriteriaforviability.TheDPSthereforecontinuestobeat


moderaterisk.
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COLUMBIARIVERCHUMSALMONESU





BRIEFDESCRIPTIONOFESU


TheESUincludesallnaturallyspawnedpopulationsofchumsalmonintheColumbiaRiverandits


tributariesinWashingtonandOregon,aswellasfourartificialpropagationprograms(Figure77).





Figure77--MapoftheLowerColumbiaRiverchumsalmonESU’sspawningandrearingareas,illustrating


populationsandmajorpopulationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


Inthe2005statusreview(Goodetal.2005),nearlyallvotesfortheColumbiaRiverchumsalmon


ESUfellinthe“likelytobecomeendangered”(63%)or“indangerofextinction”(34%)categories.


TheBRThadsubstantialconcernsabouteveryVSPelement.MostorallriskfactorstheBRT


previouslyidentifiedremainedimportantconcerns.TheWLC-TRTestimatedthatcloseto90%of


thisESU’shistoricalpopulationswereextinctornearlyso,resultinginlossofmuchdiversityand


connectivitybetweenpopulations.The2005BRTwasconcernedthatpopulationsthatremained


AR054918






191








weresmall,andoverallabundancefortheESUwaslow.TheESUhadshownlowproductivityfor


manydecades.TheBRTwasencouragedthatunofficialreportsfor2002suggestedalargeincreasein


abundanceinsome(perhapsmany)locations,butwasunclearonthecauseoftheincreaseand


whetheritwouldbesustainingformultipleyears.


2010


Fordetal.(2011)concludedthatthevastmajority(14outof17)chumpopulationsremain


extirpatedornearlyso.TheGraysRiverandLowerGorgepopulationsshowedasharpincreasein


2002,butthendeclinedbacktorelativelylowabundancelevelsintherangeofvariationobserved


overthepriorseveraldecades.ChinookandcohopopulationsintheLowerColumbiaandWillamette


showedsimilarincreasesintheearly2000’sfollowedbydeclines,suggestingtheincreaseinchum


wasrelatedtooceanconditions.Overall,thenewinformationconsideredin2010didnotindicatea


changeinthebiologicalriskcategorysincethetimeofthelastBRTstatusreviewin2005.





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Mosttributariesaresurveyedbyfoot,althoughchumsalmonobservationsmaybeincidentalto


surveysfocusingonChinookorcohosalmon.Standardizedmark-recapturesurveyshavebeen


undertakenandpopulationestimatesareavailablefortheGraysRiver,HamiltonCreek,andthe


mainstemColumbiaRiver.Inmanyothertributaries,potentialchumsalmonhabitatismonitoredfor


thepresenceofspawnerseitherthroughdirectedsurveysorindirectlywithmultispeciessurveys


providingsomecoverageformostotherpopulations(ChinookRiver,ElochomanRiver,Skamokawa


Creek,Mill,Abernathy,andGermanyCreeksandtheLewisRiver).Chumsalmonarealso


enumeratedathatcherytraps,tributaryweirs,anddamfishpassagefacilities.WDFWandODFWhas


expandedthelocationandnumberofsalmonspawningsurveys,providingsomecoverageformost


populations.


ABUNDANCEANDPRODUCTIVITY


COASTALRANGEMPG


GRAYSRIVER


SurveysforchumsalmonareregularlyconductedintheGraysRiver. Spawnerabundanceshave


exhibitedacyclicalpattern,withpeaklevelsover10,000fishin2002.Abundancesdeclinedtoafew


thousandfishin2006-2008,andthenpeaked2010-2012(Figure78).Themajorityofthereturning


chumsalmonhavebeennaturallyproduced,93.4%onaverage(2001-14)(Figure81).TheGrays


RiverhasmaintaineditspositionasastrongholdintheMPGandtheESU,withbothpositiveshort


andlongtermtrends.


OTHERCOASTALRANGEDIPS


AR054919






192








PopulationsinthisMPGotherthantheGraysRiverDIPexistatverylowabundancesandsomemay


befunctionallyextinct.Adultchumareintermittentlyobservedinverylownumbers(<10)inmost


tributariesotherthantheGraysRiverorBigCreek.ReturnsofadultchumsalmontotheBigCreek


weirnormallynumberinthetensoffish.Inthepastthesefishwereexcludedfrommigratingabove


theweir,butmorerecentlyunmarkedfishhavebeenpassedabovetheweir.Supplementationand


reintroductioneffortsusingsurplushatcherybroodstockareunderwayinanumberoftributariesin


thisMPGandoutmigratingfryhavebeenobserved.


CASCADERANGEMPG


WASHOUGALRIVERCHUMSALMON


The2005BRTreportnotedthediscoveryoftwochumspawningaggragatesinthemainstem


ColumbiaRiverjustupstreamoftheI-205bridgeinareasinfluencedbygroundwaterseeps.This


spawningaggregationisdemographicallypartoftheWashougalRiverDIPandgeneticallysimilarto


otherpopulationsintheGorgeMPG(Myersetal.2006).Populationabundancehasfluctuated


considerably,likelyfollowingchangesinoceanconditions,withstrongerreturnsin2002-2004and


2010-2012(Figure78).Aswithmanyoftheotherpopulations,WashougalRiverchumsalmon


experiencehighlyvariablereturnrates,approximatelya5-foldrangeinthelast15years.The


abundancetrendhasbeenstableandpotentiallyslightlypositive.


OTHERCASCADERANGECHUMSALMONDIPS


Therearereportsofchumsalmoninanumberoftributaries,althoughsystematicsurveysforchum


arenotundertaken.InNovember2013,twoadultchumsalmonwereobservedattheNorthFork


DamintheClackamasRiver.25Chumsalmonhavealsobeencollectedatanumberofhatcheriesand


weirsthroughoutthisMPG,butonlyinverylimitednumbers(<10).Whiletheabsolutenumbersof


fishpresentinmanypopulationsarecriticallylow,theymayrepresentimportantreservesofgenetic


diversity.Finally,therehavebeenrecurringobservationsofearlyreturning“summer”chumsalmon


intheCowlitzRiver,primarilyattheCowlitzSalmonHatcherytrap.


GORGEMPG


LOWERGORGECHUMSALMON


ThispopulationincludeschumsalmonreturningtoHamilton,Hardy,andDuncanCreeks,aswellas


thosereturningtospawnintheIvesIslandareaofthemainstemColumbiaRiverbelowBonneville


Dam.OthermainstemColumbiaRiverspawningaggregationsincludeMultnomahandHorsetail


CreeksontheOregonshorelineandintheSt.CloudareaalongtheWashingtonshoreline.Recent


abundancesare,onaverage,somewhatimprovedsincethelaststatusreview;however,ocean


conditionsarelikelyresponsibleforthisincrease(Figure78).Theoveralltrendsince2000is




25DataprovidedbyGarthWyatt,FishBiologist,PGE,9December2013.
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negative,withtherecentpeakinabundance(2010-2011)beingconsiderablylowerthanthe


previouspeakin2002(Table47).


UPPERGORGECHUMSALMON


Inmostyears,asmallnumberofchumsalmonmigratepastBonnevilleDamtotheupperGorge


populationarea;recently(2010-14),Chumsalmonadultcountshaveaveraged105.6±47.7(SD)


(Datafromhttp://www.nwp.usace.army.mil/Missions/Environment/Fish/Counts.aspxaccessed4


March2015).SpawningaboveBonnevilleisthoughttobeverylimitedduetothelossofhistorical


spawningareasnowundertheBonnevillePool;however,forthefirsttimechumfrywereobservedat


theBonnevilleDamjuvenilemonitoringfacilityin2010.





Figure78–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.LowerGorgeTributariesincludemainstem


ColumbiaRiverspawningaggragates(ie.IvesIsland,HorsetailFalls,etc.).UpperGorgeTributariesisbasedonthe


BonnevilleDamcount,althoughmanyChumsalmoncountedupstreamareknowtohavefallenbackandspawned


belowBonnevilleDam.
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Figure79–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).
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Table47--5-year geometric mean of natural-origin spawner(NOS) counts.This is the raw total spawner count times the fraction NOS estimate, if available.In


parentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnoor


onlyoneestimateofNOSavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberofcountsavailable(2to


5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshownonthefarright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Washougal R. Cascade (53) (117) (1532) (1079) (1854) (72)


Grays/Chinook R. Coastal 116 (132) 297 (332) 4570 (4995) 3742 (3998) 7269 (7667) 94 (92)

Low. Gorge Tribs. Gorge 121 (128) 202 (209) 1985 (2021) 1015 (1034) 1292 (1296) 27 (25)

Up. Gorge Tribs. Gorge (8) (12) (118) (62) (76) (23)
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Table48--15-yeartrendsinlogNOSspawnerabundancecomputedfromalinearregressionappliedto


the smoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1990to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





HARVEST


ColumbiaRiverchumsalmonwerehistoricallyabundantandsubjecttosubstantialharvestuntilthe


1950s(Johnsonetal.1997).InrecentyearstherehasbeennodirectedharvestofColumbiaRiver


chumsalmon.DataontheincidentalharvestofchumsalmoninlowerColumbiaRivergillnet


fisheriesexist,butescapementdataareinadequatetocalculateexploitationrates.Incidental


commerciallandingshavebeenapproximately100fishperyearsince1993(except275fishin


2010),andallrecreationalfisherieshavebeenclosedsince1995.Theincidentalharvestrateon


ColumbiaRiverchumsalmonwasestimatedtobe1.9%in2013(ODFWandWDFW2015)and0.8%


in2014(TAC2015).Overall,theexploitationratehasbeenestimatedatbelow1%forthelastfive


years.


SPATIALSTRUCTUREANDDIVERSITY


HATCHERIES


TherearecurrentlyfourhatcheryprogramsintheLowerColumbiaRiverreleasingjuvenilechum


salmon:GraysRiverHatchery,BigCreekHatchery,LewisRiverHatchery,andWashougalHatchery.


TheLewisRiverHatcheryreleasesfishintotheEastForkLewisRiverandtheWashougalHatchery


releasesfishintoDuncanCreek.Thetotalannualproductionfromthesehatcherieshasnotexceeded


500,000fish,withthemajoritybeingreleasedasunmarkedfish26duringtheirfirstspring(Figure


80).TransfersofGraysRivereggstotheBigCreekHatcheryarescheduledtobephasedoutas


productionoftheBigCreekHatcherystockisexpanded(Homel2014).Unmarkedfishareallowedto


spawnnaturallyabovetheBigCreekweir,andexcesshatcheryfisharereleasedintonearbybasinsto


helpreestablishnaturally-spawningpopulations.WiththeexceptionoftheGraysRiverstockoffish


raisedatBigCreekHatchery,allofthehatcheryprogramsinthisESUuseintegratedstocks


developedtosupplementnaturalproduction.




26Fisharenotexternallymarked,butallhatcheryfishhaveotoliththermalmarks.Limitednumber


havecoded-wire-tags(CWT)orparentage-basedtags(PBT).


Population MPG 1990-2005 1999-2014

Grays/Chinook R. Coastal 0.1 (0.02, 0.18)

Low. Gorge Tribs. Gorge 
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Figure80.Releasesofjuvenilechumsalmon(O.keta)fromhatcheriesintheLowerColumbiaRiver.DuncanCreek


fishoriginatefromtheWashougalHatchery.DatafromRMIS(http://www.rmpc.org/accessedJanuary6,2015)and


TomHillson,WDFW,12December2015.








Figure81–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.
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Table49--5-yearmeanoffractionnatural-origin spawner(NOS) (sumofallestimatesdividedbythenumberof


estimates). Blanksmean no estimate available in that 5-year range.





SPATIALSTRUCTURE


Therehavebeenanumberoflarge-scaleeffortstoimproveaccessibility,oneoftheprimarymetrics


forspatialstructure,inthisESU.OntheHoodRiver,PowerdaleDamwasremovedin2010andwhile


thisdampreviouslyprovidedforfishpassage,removalofthedamisthoughttoeliminatepassage


delaysandinjuries.ConditDam,ontheWhiteSalmonRiver,wasremovedin2012andthisprovided


accesstopreviouslyinaccessiblehabitat.BothofthesedamswereaboveBonnevilleDam,andat


presenttherearefewfishavailable(122adultsin2014)tocolonizetheseaccessiblehabitats.Fish


passageoperationswerebegunontheLewisRiverin2012reestablishingaccesstohistorically-

occupiedhabitataboveSwiftDam(RKm77.1).Chumsalmonarecurrentlynotincludedinthetrap


andhaulprogram.ItismorelikelythatsmallerscalerecoveryactionsthroughouttheESUtoremove


orimproveculverts,opendikes,orrestorestreamconnectivitywillprovidemoretangiblebenefitsto


chumsalmonpopulationsinthenearfuture.Forchumsalmon,lateralaccessinthelowerreachesof


riversmaybemoreimportantthanprovidingmoreaccesstoupperwatersheds.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


Overall,thestatusofmostchumsalmonpopulationsisunchangedfromthebaselineVSPscores


estimatedintherecoveryplan(Figure82).Atotalof3of17populationsareatorneartheir


recoveryviabilitygoals,althoughundertherecoveryplanscenariothesepopulationshaveverylow


recoverygoalsof0.Theremainingpopulationsgenerallyrequireahigherlevelofviabilityandmost


requiresubstantialimprovementstoreachtheirviabilitygoals.ThestatustheBigCreekDIPislikely


betterthanwasinitiallydescribedintherecoveryplan,andtheinitiationofasupplementation


programwilllikelyimprovetheVSPstatusofthispopulation.TheWashougalRiverDIPhas


exhibitedapositiveabundancetrendoverthelasttenyears.TheGraysRiverDIPhasimprovedin


statusandmaybeatornearviablestatus(lowrisk).Lastly,populationabundancedeclinesinthe


LowerGorgeDIPsince2010suggestthattheprevious3.0VSPscoremaybetoohigh,althoughthis


populationstillremainsoneofthehealthiestintheESU.Evenwiththeimprovementsobserved


duringthelastfiveyears,themajorityofDIPsinthisESUremainatahighorveryhighriskcategory


andconsiderableprogressremainstobemadetoachievetherecoverygoals.


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

Washougal R.


Grays/Chinook R. 0.92 0.93 0.95

Low. Gorge Tribs. 1.00 0.98 1.00

Up. Gorge Tribs. 
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Figure82.VSPstatusofdemographicallyindependentpopulationsintheLowerColumbiaRiverchumsalmonESU,


barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-DornbushandSihler2013),greencircles


indicatetherecoverygoals.Arrowsindicatethegeneraldirection,butnotthemagnitude,ofanyVSPpopulation


scorebasedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusionsofthesectionauthor;


aformalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.ViableSalmonPopulation


scoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatialstructureanddiversity


(McElhanyetal.2006).AVSPscoreof3.0isrepresentsapopulationwitha5%riskofextinctionwithina100year


period.








UPDATEDBIOLOGICALRISKSUMMARY


ThemajorityofthepopulationsinthisESUareathightoveryhighrisk,withverylowabundances.


ThesepopulationsareatriskofextirpationduetodemographicstochasticityandAlleeeffects.One


population,GraysRiver,isatlowrisk,withspawnerabundancesinthethousandsanddemonstrating


arecentpositivetrend.TheWashougalRiverandLowerGorgepopulationsmaintainmoderate


numbersofspawnersandappeartoberelativelystable.Thelifehistoryofchumsalmonissuchthat


oceanconditionshaveastronginfluenceonthesurvivalofemigratingjuveniles.Thepotential


prospectofpooroceanconditionsforthenearfuturemayputfurtherpressureonthesechum


salmonpopulations.


Freshwaterhabitatconditionsmaybenegativelyinfluencingspawningandearlyrearingsuccessin


somebasins,andcontributingtotheoveralllowproductivityoftheESU.Landdevelopment,
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especiallyinthelowgradientreachesthatchumsalmonprefer,willcontinuetobeathreattomost


chumpopulationsduetoprojectedincreasesinthepopulationofthegreaterVancouver-Portland


areaandtheLowerColumbiaRiveroverall(Metro2014).TheviabilityofthisESUisrelatively


unchangedsincethelastreviewandthemodestimprovementsinsomepopulationsdonotwarranta


changeinriskcategory,especiallygiventheuncertaintyregardingclimaticeffectsinthenearfuture.


ThisESUthereforeremainsatmoderatetohighrisk.
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UPPERWILLAMETTECHINOOKSALMONESU





BRIEFDESCRIPTIONOFESU


TheESUincludesallnaturallyspawningpopulationsofspring-runChinooksalmonintheClackamas


RiverandintheWillametteRiver,anditstributaries,aboveWillametteFalls,Oregon,aswellas


severalartificialpropagationprograms(Figure83).





Figure83-MapoftheUpperWillametteRiverChinooksalmonESU’sspawningandrearingareas,illustrating


populationsandmajorpopulationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


NMFSreviewedthestatusoftheUpperWillametteRiverChinooksalmonESUinitiallyin1998


(Myers1998)andupdateditthatsameyear(NMFS1998).Inthe1998update,theBRTnoted


severalconcernsforthisESU.The1998BRTwasconcernedaboutthefewremainingpopulationsof


spring-runChinooksalmonintheUpperWillametteRiverESU,andthehighproportionofhatchery


fishintheremainingruns.The1998BRTnotedwithconcernthattheOregonDepartmentofFish
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andWildlife(ODFW)wasabletoidentifyonlyoneremainingnaturallyreproducingpopulationin


thisESU,thespring-runChinooksalmonintheMcKenzieRiver.The1998BRTwasconcernedabout


severedeclinesinshort-termabundancethatoccurredthroughouttheESU,andthattheMcKenzie


Riverpopulationhaddeclinedprecipitously,indicatingthatitmaynotbeself-sustaining.The1998


BRTalsonotedthatthepotentialforinteractionsbetweennativespring-runandintroducedfall-run


Chinooksalmonhadincreasedrelativetohistoricaltimesduetofall-runChinooksalmonhatchery


programsandtheladderingofWillametteFalls.The1998BRTpartiallyattributedthedeclinesin


spring-runChinooksalmonintheUpperWillametteRiverESUtotheextensivehabitatblockages


causedbydamconstruction.Amajorityofthe1998BRTconcludedthattheUpperWillametteRiver


ChinooksalmonESUwaslikelytobecomeendangeredintheforeseeablefuture.Aminorityof1998


BRTmembersfeltthatChinooksalmoninthisESUwerenotpresentlyindangerofextinction,nor


weretheylikelytobecomesointheforeseeablefuture.


The2005BRTconsideredupdatedabundanceinformation,habitataccessibilityanalysesandthe


resultsofpreliminaryWLC-TRTanalyses.TheseanalysessupportedpreviousBRTconclusionsthat


themajorityofpopulationsintheESUwerelikelyextirpatedornearlysoandthatexcessivenumbers


ofhatcheryfishandlossofaccesstohistoricalhabitatwereimportantriskfactors.TheMcKenzie


Riverpopulationwastheonlypopulationidentifiedaspotentiallyself-sustainingandincreasesin


abundancewerenotedforthispopulationinthemostrecentreturnsavailableatthetime(2000and


2001).However,theBRTwasconcernedaboutthelong-termpotentialforthispopulation.The


majority(70%)ofthe2005BRTvotesfellinthe“likelytobecomeendangered”category,witha


minorityinthe“indangerofextinction”andthe“notlikelytobecomeendangeredcategories”.


2010


Fordetal.(2011)notedthattworelatedstatusevaluationsofUWChinookhadbeenconductedsince


thepriorBRTstatusupdatein2005.BothevaluationswerebasedontheWLC-TRTviabilitycriteria


andbothconcludedthattheESUwasatveryhighriskofextinction.Ofthesevenhistorical


populationsintheESU,fivewereconsideredatveryhighrisk.Theremainingtwo(Clackamasand


McKenzie)wereconsideredtobeatmoderatetolowrisk.NewdatacollectedsincethelastBRT


reportverifiedthehighfractionofhatcheryoriginfishinallofthepopulationsintheESU,witheven


theClackamasandMcKenziehavinghatcheryfractionsaboveWLC-TRTviabilitythresholds.The


newdatareviewedin2010alsohighlightedthesubstantialrisksassociatedwithpre-spawning


mortality.Althoughrecoveryplansweretargetingkeylimitingfactorsforfutureactions,in2010


therehadbeennosignificanton-the-ground-actionssincethelastBRTreporttoresolvethelackof


accesstohistoricalhabitatabovedamsnorhadtherebeensubstantialactionsremovinghatchery


fishfromthespawninggrounds.Overall,thenewinformationconsideredin2010didnotindicatea


changeinthebiologicalriskcategorysincethetimeofthelastBRTstatusreviewin2005.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Comprehensivespawnersurveys(reddsandcarcasses)havebeenconductedintheNorthSantiam,


SouthSantiam,McKenzie,andMiddleForkWillametteRiversbyODFW.Directadultcountsarealso


madeatWillametteFalls,BennettDamandMintoFishFacility(NorthSantiam),FosterFishFacility


(SouthSantiam),LeaburgandCougardamsandtheMcKenzieHatchery(McKenzieRiver),FallCreek


DamandDexterFishFacility(MiddleForkWillametteRiver).Intermittentspawnersurveyshave


beenconductedintheMolallaandCalapooiaRivers.Carcassesareassessedfororigin
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(hatchery/natural)basedonexternalmarksandotolithsmarks,andfemalesareassessedforthe


proportionofunspawnedeggs.


GeneticpedigreestudiesofadultsreturningtotributarydamsintheUpperWillamettehavebeen


ongoingatDetroitDam(NorthSantiamRiver),FosterDam(SouthSantiamRiver),andCougarDam


(McKenzieRiver)(Banksetal.2014a).Thesestudiesprovideinformationontheproductivityof


adultstransportedaboveimpassabledams,andarecriticalinevaluatingthesuccessofjuvenilefish


passagesystems.


ABUNDANCEANDPRODUCTIVITY


WILLAMETTEFALLS


ChinooksalmoncountsatWillametteFallshavebeenundertakensince1946,when53,000Chinook


salmonwerecounted;however,notuntil2002withthereturnofnearly100%markedhatchery-

rearedfishwasitpossibletoinventorynaturally-producedfishwithanyaccuracy.Fishreturningin


2002benefittedfromverygoodoceanconditionsandthecalculatedtrendsincethen(nearly-10%


annually)isinfluencedbythatpeak;inanyevent,thelastfiveyears(2010-2014)havealsoseena


downwardtrendinnaturaloriginadultreturns,withanoverallgeometricmeanof9,269fish(Figure


84,Table50).Inrecentyearscountsofspring-runChinooksalmonatWillametteFallshavebeen


influencedbypinnipedpredationatthebaseofthefalls.Forthe2014runyear,anestimated453


(±73)unmarkedChinooksalmonwereconsumedprimarilybyCaliforniasealionsandless


frequentlybyStellarsealionsandPacificharborseals(Wrightetal.2014)


CLACKAMASRIVERCHINOOKSALMON


Returningspring-runChinooksalmonareenumeratedatNorthForkDamandoutmigratingjuveniles


arecollectedandcountedatRiverMillDam.AswithotherdataseriesintheWillametteBasin,


accurateabundanceestimatesfornatural-originadultswerenotpossibleuntil2002,withthereturn


ofmass-markedhatchery-originjuveniles.Therecent5-yeartrendisrelativelystablealthoughthe


abundanceisdepressed(Figure84).PortlandGeneralElectric(PGE),theoperatorsofthedam


complex,haverecentlyinstallednewjuvenilebypasssystemsatRiverMillandNorthForkdams,


whichmaydramaticallyimprovethecollectionefficiencyandsurvivalofoutmigratingjuveniles,


especiallyChinooksalmonsubyearlings.Whilethe2014returnofChinooksalmon,983fish,wasthe


lowestsincethelastreview,thereissomeexpectationthatthebenefitsofimprovedjuvenilepassage


willbedetectedinthenextfewyears.


MOLALLARIVERCHINOOKSALMON


Chinooksalmonsurveyshavebeencarriedoutintermittentlyinrecentyears.Surveysundertakenin


2011and2012foundafewadultspring-runChinooksalmon,themajorityofwhichweremarked


hatchery-originfish.Additionally,juvenileChinooksalmonwereonlyobservedintheNorthFork


andmainstemMolallaRiverandinverylimitednumbers(Bio-SurveysLLC2012).Forthe2012


returnyear,Jepsonetal.(2013)estimatedthattheescapementofmarkedhatchery-originand


unmarked(presumptiveNOR)fishtotheMolallaRiverwas456fish(95%confidenceinterval171-

1,315fish)and112(43-285),respectively,byexpandingthereturnofradio-taggedfish.In2013,the
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estimatedescapementformarkedandunmarkedfishwas92(21-502)and100(14-537),


respectively(Jepsonetal.2014).In2014,noneofthe76unclippedChinooksalmonradiotaggedat


WillametteFallsreturnedtotheMolallaRiver,whileonly2ofthe224,clippedradiotaggedfishwere


detected(Jepsonetal.2015).Anexpansionoftheradio-tagdetectionswouldsuggeststotal


escapementtotheMolallaRiveratonly211fishin2014.Similarly,a2014surveyofthePudding


RiverfoundlownumbersofjuvenileChinooksalmoninAbiquaCreek(Bio-SurveysLLC2014).


NORTHSANTIAMRIVERCHINOOKSALMON


AdultNORreturnstotheNorthSantiamRiver,asmeasuredatBennettDamandthroughreddand


carcasssurveys,haveexhibitedanincreaseinabundanceincontrasttomanyoftheother


populationsintheESUandthecombinedcountatWillametteFalls(Figure84).Thismayberelated


toimprovedfishpassageatBennettDam,resultinginadecreaseinsubsequentpre-spawning


mortality,oritmayberelatedtotemperature-controloperationsatDetroitDamthathaveresulted


inamore“normal”incubationtemperatureregimeforChinooksalmon.EstimatesofNORsat


BennettDamfrom2001-2005rangedfrom217to721,geometricmeanof514.Furthermore,of


thosefishthatpassedBennettDamfrom2001-2005some63.2%wereestimatedtohavediedprior


tospawning.Thecurrent5-yeargeometricmeanofspring-runChinooksalmonascendingBennett


Damis1372(2010-2014),andtheobservedprespawningmortalityduringthisperiodwasonly


30.5%(Table50)27.Spawnerabundance,basedonreddcount,isnoticeablylessthantheBennett


Damcounts,412(2010-2014)28,butexhibitsasimilarrecentpositivetrend.Geneticanalysisof


returningadultssuggeststhatthereissomecontributiontoescapementbytheprogenyofhatchery-

originspawnerstransportedaboveDetroitDam.Presently,natural-originfishthatreachthefish


handlingfacilitiesatMintoaretransportedabovethefishbarriertospawnintheNorthSantiam


reachbetweenMintoandBigCliffDam.Whilethis“sanctuary”reachissolelypopulatedwith


unmarkedadultChinooksalmon,temperatureanddissolvedgasconditionsmaycontributeto


elevatedprespawningmortalitylevels.


SOUTHSANTIAMRIVERCHINOOKSALMON


Spring-runChinooksalmonadultsreturningtotheSouthSantiamRiveraremonitoredviaredd


countsandcarcassrecoveriesinthemainstemSouthSantiam.Carcassrecoveriesareusedto


estimatetheproportionofNORandHORspawners.Inaddition,directcountsofreturningadultsare


madeattheFosterfishcollectionfacilityatFosterDam,whereonlyNORsarepassedabovethedam.


FosterDamcountsmaybebiasedbyconditionsattheadulttrapbelowFosterDam,becausenotall


fishproducedupstreamofthedamareattractedtothetrap.Additionally,someoftheNORSthat


enterthetrapmaybetheoffspringofspawnersfromreachesbelowthedam.


FortheavailableFosterDamtimeseries(2007-2014)theabundanceofNORspawnershasexhibited


apositivetrend,althoughnotsignificantly(dueinparttothelimitednumberofyears)andocean


conditionsduringtheinitialyearsofthetrendmayhavebiasedthetrend;however,giventheoverall


negativeNORabundancetrendatWillametteFallstheSouthSantiamshouldbeviewedinamore




27TabledatareflectsBennettDamcountsto2013.

28DifferencesbetweentheBennettDamcountsandredd-basedspawnerestimatessuggestthat


prespawningmortalitycountsandreddcountsandexpansionscontainconsiderableuncertainty.
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positivelight.PrespawningmortalitybelowandaboveFosterDamaverages26.3%±5.4%and


33.3%±11.3%,respectively.AboveFosterPSMlevelsmaybeaffectedbypastadulttrapandhaul


handlingprotocols.Geometricmeanabundancefornatural-originadultsintheSouthSantiamRiver


from2010-2014was575.Inaddition,itappearsthatthereisaverysmallnumberofChinook


salmoninGreenPeterReservoirthatexhibitanadfluviallifehistory(Romer&Monzyk2014).There


fisharemostlikelythedescendantsofhatchery-originfishreleasedinthereservoiroverthecourse


ofseveralyears.SomejuvenilesmaybeabletomigratedownstreamtoFosterReservoir,although


thecontributiontothepopulationislikelynegligible.Whilethepresenceofthesefishconfirmsthe


continuedsuitabilityoftheMiddleSantiamRiveraboveGreenPeterforspawningandrearing,


adaptationtotheadfluviallifehistorymayimpactthefitnessoftheanadromousportionofthe


population.


ItappearsthatjuvenilepassagethroughFosterDamissufficientlyhightosustainanaturally-

spawningaggregationabovetheDam,althoughtotalabundanceisstillquitelow.Geneticanalysis


indicatesthatthereplacementratesforthe2007and2008broodyearswere0.96and1.16,


respectively(O’Malleyetal.2014).Effortsarecurrentlyunderwaytoimprovebothadultcollection


andjuveniledownstreampassageatFosterDam.TheUSACEcompleteanewadultcollectionfacility


atFosterDamtoreducehandling-relatedinjuriesandprovideadequateholdingfacilitiesforadults


beforereleaseabovethedam.OperationalandstructuralmodificationstoFosterDamtoimprove


juveniledownstreampassagearebeingstudiedpresently,althoughitisunclearwhatformthese


improvementswilltakeorwhentheywillbeaccomplished.


CALAPOOIARIVERCHINOOKSALMON


Therehasbeenlimitedmonitoringofspring-runChinooksalmonintheCalapooiaRiverbasin,inpart


duetothelownumbersofadultsreturningtothebasin.Supplementationeffortshavebeen


terminated,large-scalereleaseswerelastmadein1997,althoughsmallnumbersoffry(<50mm)


werereleasedthrough2008.Noneofthefishthatwereradio-taggedatWillametteFallsin2012-

2014weredetectedenteringtheCalapooia(Jepsonetal2013,2014,2015).AfewadultChinook


salmonwereobservedinsnorkelsurveysin2012,butitisuncleariftheysuccessfullyspawned.


Basedonthelimitedinformationavailable,itwouldappeartheCalapooiaRiverChinooksalmon


populationisatacriticallylowlevel,ifnotfunctionallyextirpated.


MCKENZIERIVERCHINOOKSALMON


Thestatusofspring-runChinooksalmonintheMcKenzieRiverismonitoredthroughbothdam


countsatLeaburgandCougardams,andthroughextensivespawnersurveys(reddandcarcass


counts)throughoutthebasin.Geneticpedigreeanalysisoftransportedadultsprovidesfurther


informationontheproductivityofstreamreachesaboveCougarDam.Numerouslong-term


abundanceandlife-historydatasetsexistforthispopulation.Priortotheinitiationofmass-marking


forhatcheryreleases,hatcherycontributiontospawningabundancewasestimatedthroughscale


analysis,soitispossibletoestimateNORabundancepriortothe2002returnyear.


Overall,McKenzieRiverspring-runChinooksalmonnaturaloriginabundancehasdeclinedtolevels


notseensincethetimeoflisting.Thisdeclinehasoccurreddespitetherestorationofaccessto


spawninghabitatintheSouthForkMcKenzieRiveraboveCougarDamthroughatrapandhaul
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program.Geneticpedigreebasedestimatesofcohortreplacementrateforthe2007and2008


broodyearsfromhatcheryadultsreleasedabovethedamwerebothbelowreplacement,0.41and


0.31,respectively(Banksetal.2014a).Juveniletaggingstudiessuggestthattotalsurvivalthrough


CougarReservoirandDamprojecthasbeenpoor(Beemanetal.2013).Whiletheefforttorestore


accesstospawninghabitataboveCougarDamhasresultedinthenaturalproductionofjuvenilesand


returningadults,atthecurrentlevelsforjuveniledownstreampassageandadultreturnthere


appearstobelittlenetimprovementinproductivity.


Overall,reddcountsfortheentireMcKenzieRiverhavedeclinedoverthelastfiveyears,suggestinga


moresystematiclimitingfactor.Bothshort-termandlong-termtrendsfortheentirepopulationare


negative(Table50andTable51).


MIDDLEFORKWILLAMETTERIVERANDFALLCREEKCHINOOKSALMON


ChinooksalmonintheMiddleForkWillametteRiveraremonitoredthroughreddandcarcass


surveysthroughoutmuchofthebasin.Inaddition,fishareenumeratedatboththeDexterTrapand


attheFallCreektrapbelowFallCreekDam.Presently,unmarkedfisharetransportedaboveFall


CreekDam.From2006-2014,thepHOSforfishtransportedaboveFallCreekDamhasaveraged


4.6%(±1.5%),whilepredominatelymarkedhatcheryfisharetransportedaboveDexterDamtothe


NorthForkMiddleForkWillametteRiverandHillsCreek(aboveHillsCreekDam).Fishtransported


aboveDexterDamarepartofanexperimentalprogramtoassessthepotentialforasustainedtrap


andhaulprocessaroundthedams29.Althoughthetransportedhatchery-originadultssuccessfully


reproduce,intheabsenceofadequatedownstreamjuvenilefishpassagefacilitiesitisunlikelythat


thisprogramcurrentlyprovidesanysubstantialdirectbenefittopopulationabundanceor


productivity.Alternatively,theprogenyoffishpassedaboveFallCreekDamhaveamuchhigher


likelihoodofsuccessfuldownstreampassageviathecompletedrawdownofFallCreekReservoir.


BasedonreturnstoFallCreekDam,adult-to-adultreturnrates30haveaveraged0.97from2010-

2014).WiththeexceptionofspawningreachesaboveFallCreekDam,theremainderofthecurrently


accessibleportionoftheMiddleWillametteBasin,belowDexterDamandFallCreekDam,issubject


toconditionsthatresultinaveryhighprespawningmortalityandverypoorincubationandjuvenile


survival.NORspawnersaboveFallCreekaveraged138±40fishfrom2002-2014,withaslightly


positivelong-termtrend.Estimatesofprespawningmortalitycanbequitehighinsomeyearsforthe


fishtransportedaboveFallCreekDam31.Ofthehatchery-originadultstransportedaboveDexter


Dam,prespawningmortalitieshavebeenhighforfishtransportedtoHillsCreekaboveHillsCreek


Dam(49.3%2012-14)comparedtotheNorthForkMiddleForkWillametteRiver(39.0%,2012-

2014).LongertransportationtimestoHillsCreekarethoughttobepartiallyresponsibleforthese


differences(Naughtonetal.2014).




29Asasecondarybenefit,theprogenyoftransportedfishprovideforageforBullTrout.

30AdulttoadultratescalculatedasNORadultsreturningtoFallCreekDamdividedbytheaverage


numberofadults(NORandHOR)passedaboveFallCreekDamfourandfiveyearspreviously.

31Prespawningmortalityisestimatedfromrecoveredcarcassesandmaybebiaseddependingonthe


numberandtimingofsurveys,thenumberofcarcassesrecovered,andtheseasonalriverconditions.
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Figure84.Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)WillametteFallscounts


andpopulationspawningabundance.Pointsshowtheannualrawspawningabundanceestimates.ClackamasRiver


datareflectscountsatNorthForkDam.NorthSantiamRiverdatareflectcountsatUpperandLowerBennettDam.
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Figure85.TrendsinWillametteFallscountsandpopulationproductivity,estimatedasthelogofthesmoothed


naturalspawningabundanceinyeart-smoothednaturalspawningabundanceinyear(t–4).
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Table50--5-year geometric mean of raw natural-origin spawner(NOS) counts.This is the raw total spawner count times the fraction NOS estimate, if available.


Inparentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnoor


onlyoneestimateofNOSavailable. NorthSantiamRiverdatareflectcountsatUpperandLowerBennettDamto2013.Thegeometricmeanwascomputedasthe


productofcountsraisedtothepower1overthenumberofcountsavailable(2to5). Aminimumof2valueswereusedtocomputethegeometricmean. Percent


changebetweenthemostrecenttwo 5-yearperiodsisshownonthefarright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Willamette Falls SpR Willamette (39891) (26608) 20900 (66906) 7567 (25547) 9269 (38630) 22 (51)


Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Clackamas R. SpR Willamette 1307 (3961) 472 (1430) 2063 (4460) 1381 (2308)

McKenzie R. SpR Willamette 2134 (3583) 1118 (1539) 3241 (5100) 1793 (2457) 1446 (2254) -19 (-8)


N. Santiam R. SpR Willamette 408 (12064) 290 (4136) 852 (5963) 194 (44)

S. Santiam R. SpR Willamette 1108 (1108) 450 (883) 575 (1686) 28 (91)
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Table51--15-yeartrendsinlognatural-origin spawner(NOS)abundancecomputedfromalinear


regressionappliedtothesmoothedNOSlogabundanceestimate.Onlypopulationswithatleast4NOS


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.








HARVEST


UpperWillametteriverspringChinookaretakeninoceanfisheriesprimarilyinCanadaandAlaska.


TheyarealsotakeninlowermainstemColumbiaRivercommercialgillnetfisheries,andin


recreationalfisheriesinthemainstemColumbiaRiverandtheWillametteRiver.Thesefisheriesare


directedathatcheryproduction,buthistoricallycouldnotdiscriminatebetweennaturaland


hatcheryfish.Inthelate1990sODFWbeganmass-markingthehatcheryproduction,and


recreationalfisherieswithintheWillametteRiverswitchedovertoretentionofonlyhatcheryfish,


withmandatoryreleaseofunmarkedfish.Overallexploitationratesreflectthischangeinfisheries


droppingfromthe50%-60%rangeinthe1980sandearly1990stoaround30%since2000(Figure


86),withdifferenceobservedinbothocean(Figure87)andfreshwaterfisheries(Figure88).


Hookingmortalitiesaregenerallyestimatedat10%,althoughrivertemperatureslikelyinfluencethis


rate.Illegaltakeofunmarkedfishisthoughttobelow(Figure86).


Population MPG 1990-2005 1999-2014

Willamette Falls WR Willamette -0.04 (-0.06, -0.01)


Population MPG 1990-2005 1999-2014

McKenzie R. SpR Willamette 0.03 (-0.02, 0.09) -0.05 (-0.09, -0.01)


S. Santiam R. SpR Willamette -0.04 (-0.07, 0)

N. Santiam R. SpR Willamette 0.08 (0.03, 0.14)

Clackamas R. SpR Willamette 0.05 (-0.02, 0.13)
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Figure86.TotalexploitationratesonWillametteRiverSpringChinook.DatafromCTCmodelcalibration1503for


oceanimpacts,fromTAC(2010)forinriverimpactsfrom1980-1997,ChrisKern,ODFW,personalcommunicationfor


1998-2009,andJeffWisler,ODFWpersonalcommunicationfor2010-2014.





Figure87.OceanharvestratesforUpperWillametteRiverspring-runChinooksalmonbasedoncoded-wiretag


recoveries(PSCCTC2014).Giventhenon-selectivenatureofoceanfisheries,harvestratesforhatcheryand


presumednaturally-producedfishisassumedtobecomparable.
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Figure88.Freshwaterharvestratesformarked(hatchery)andunmarked(naturally-produced)UpperWillamette


Riverspring-runChinooksalmon(ODFW2014,PSCCTC2014).Harvestratesforbothmarkedandunmarkedfish


priortotheinitiationofselectivefisheriesin2001arethoughttobesimilar.Harvestratesforunmarkedfishfrom


2001-2012arebasedoncatchandreleasemortalitiesusingencounterrates.








SPATIALSTRUCTUREANDDIVERSITY


Hatcheryproductionhasremainedrelativelystablesincetheinitialstatusreview(Myersetal.1998).


Ingeneral,productionlevelsarebasedonmitigationagreementsrelatedtotheconstructionofdams


intheWillametteRiverBasin(Figure89).Therehavebeenanumberofoperationalchangesat


hatcheries.Massmarkingofhatchery-originChinooksalmonbeganin1997,withallreturningadults


beingmarkedby2002.Off-stationreleaseswithinsomebasinshavebeencurtailedinaneffortto


limitnaturalspawningbyhatchery-originfish.ReleasesofjuvenileChinooksalmonintotheCoast


Fork,aWestsidetributarythatdoesnotsupportaChinooksalmonpopulation,havebeenmadeinan


efforttomaintainaharvestablehatcheryreturn,butreducehatcheryxnaturaladultinteractionon


thenaturalspawninggroundsinEastsidetributaries.Someofthesereturningadultshavereturned


totheirhatcheryoforiginratherthantheCoastForkreleasesite.Areviewofhatcheryoperationsby


theHatcheryScienceReviewGroup(HSRG)in2009identifiedanumberofmodificationstoimprove


thestatusofChinooksalmon.Foremostwasanincreaseintheproportionofnaturally-producedfish


intothehatcherybroodstock;however,inmanybasinstheabundanceofnaturally-produced


Chinooksalmonwascriticallylowprecludingtheiruseasbroodstock(HSRG2009).Furtherthe


HSRG(2009)concluded:


OptionsforimprovingtheintegratedhatcheryprogramsinthisESUarelimiteddue


tothelownumberofnatural-originfishinthesubbasin.Thisisgenerallytheresult


oflimitedaccesstoqualityhabitatcutoffbyfloodcontrolandhydropower


development.Optionsforimprovinghatcheryprogramsorachievingconservation


goalsarelimiteduntilthisissueisaddressed.Contributiontoconservationwas
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improvedforonepopulationbyimprovingbroodstockcollectionandreducingthe


sizeofitsintegratedharvestprogram.(pg46)


RecentimprovementsattheCougar(2010),Minto(2012)andFoster(2014)fishcollectionfacilities


offerthepotentialforcollectingmorehatcheryoriginadultsandremovingthemfromthenatural-

spawningcomponentofthepopulations.Increasedcollectionefficiencyhasbeenobservedatthe


CougarandMintofacilities,whiletherecentlycompletedFosterfacilityappearstorequirefurther


modifications32.Ultimately,thesefacilitiesshouldbeabletoreducethepHOSinboththeNorthand


SouthSantiampopulations.PlansarebeingdevelopedforimprovementsinthefacilitiesatFall


CreekandDexterDam.





Figure89.Hatcheryreleasesofjuvenilespring-runChinooksalmonintobasinsoftheUpperWillametteChinook


salmonESUfrom2010to2014.DatafromRegionalMarkProcessingCenter(RMPC.org)accessed14December2014.







32C.Sharpe,ODFW.PresentationtoWillametteScienceReview,12February2015,Portland,Oregon.
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Figure90--Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.DatafortheSouthSantiamRiverspringrunonlyreflectsfishpassed


aboveFosterDamfor2000to2005.








Table52--5-yearmeanoffractionnatural-origin spawner(NOS) (sumofallestimatesdividedbythenumber


ofestimates). Blanksmean no estimate available in that 5-year range.DataforSouthSantaimonlydescribes


fishpassedaboveFosterDam.








BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


AbundancelevelsforfiveofthesevenDIPsinthisESUremainwellbelowtheirrecoverygoals.Of


these,theCalapooiaRivermaybefunctionallyextinctandtheMolallaRiverremainscriticallylow


(althoughperhapsonlymarginallybetterthanthe0VSPscoreestimatedintheRecoveryPlan).
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Willamette Falls SpR 0.24 0.30 0.24


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


McKenzie R. SpR 0.61 0.73 0.64 0.73 0.65


S. Santiam R. SpR 1.00 0.63 0.37
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Clackamas R. SpR 0.33 0.33 0.48 0.60 0.99
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AbundancesintheNorthandSouthSantiamrivershaverisensincethelastreview,butstillrange


onlyinthehighhundredsoffish.ImprovementinthestatusoftheMiddleForkWillametteRiver


relatessolelytothereturnofnaturaladultstoFallCreek;however,thecapacityoftheFallCreek


basinaloneisinsufficienttoachievetherecoverygoalsfortheMiddleForkWillametteRiverDIP.


TheFallCreekprogramalsoprovidesvaluableinformationrelevanttotheuseofreservoirdraw


downsasamethodofjuveniledownstreampassage.Theproportionofnaturaloriginspawners


improvedintheNorthandSouthSantiambasins,butwasstillwellbelowidentifiedrecoverygoals.


Thepresenceofjuvenile(subyearling)ChinooksalmonintheMolallaRiversuggeststhatthereis


somelimitednaturalproduction.


TheClackamasandMcKenzieRivershavepreviouslybeenviewedasnaturalpopulationstrongholds,


buthavebothexperienceddeclinesinabundance33.Overall,populationsappeartobeateither


moderateorhighrisk,therehasbeenlikelylittlenetchangeintheVSPscorefortheESUsincethe


lastreview,sotheESUremainsatmoderaterisk.





Figure91.VSPstatusofdemographicallyindependentpopulationsintheUpperWillametteRiverChinooksalmon


ESU,barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-DornbushandSihler2013),greencircles


indicatetherecoverygoals.Arrowsindicatethegeneraldirection,butnotthemagnitude,ofanyVSPpopulation


scorebasedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusionsofthesectionauthor;a


formalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.ViableSalmonPopulation


scoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatialstructureanddiversity


(McElhanyetal.2006).AVSPscoreof3.0isrepresentsapopulationwitha5%riskofextinctionwithina100year


period.







33Spring-runChinooksalmoncountsontheClackamasRiveraretakenatNorthForkDam,where


presentlyonlyunmarkedfisharepassedabove.Asmallpercentageoftheseunmarkedfishareof


hatcheryorigin.WhilethereissomespawningbelowtheDam,itisnotclearifanyprogenyfromthe


downstreamreddscontributetoescapement.
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UPDATEDBIOLOGICALRISKSUMMARY


InevaluatingthestatusofUpperWillametteRiverspring-runChinooksalmontherearenumberof


generalconsiderationsthataffectsomeorallofthepopulations.Inadditiontotheprespawning


mortalitiesmonitoredinthespecificpopulationbasins,thereisashortfallinabundancebetween


WillametteFallsandEastsidetributarycensuspoints34duetoprespawningmortalityorspawningin


theunsurveyedlowerreachesofeastorwest-sidetributaries(Jepsonetal.2013;Jepsonetal.2014)


wherespawningandincubationconditionsarelesswell-suitedtospring-runChinooksalmon.Radio


taggingresultsfrom2014suggestthatfewfishstrayedintowest-sidetributaries(nodetections)and


relativelyfewerfishwereunaccountedforbetweenWillametteFallsandthetributaries,12.9%of


clippedfishand5.3%ofunclippedfish(Jepsonetal.2015).Accesstohistoricalspawningand


rearingareasisrestrictedbylargedamsinthefourhistoricallymostproductivetributaries,andin


theabsenceofeffectivepassageprogramswillcontinuetobeconfinedtomorelowlandreaches


wherelanddevelopment,watertemperatures,andwaterqualitymaybelimiting.Prespawning


mortalitylevelsaregenerallyhighinthelowertributaryreacheswherewatertemperaturesandfish


densities35aregenerallythehighest.Areasimmediatelydownstreamofhighheaddamsmayalsobe


subjecttohighlevelsoftotaldissolvedgas(TDG).WhiletherelationshipbetweenTDGlevelsand


mortalityisrelatedtoacomplexinteractionoffishspecies,age,depth,andhistoryofexposure


(Beeman&Maule2006),therelativerisksarequitehighinsomereaches.Forexample,natural


originChinooksalmonandsteelheadarepassedabovethebarrierdamattheMintofishfacilityinto


ashortreachimmediatelybelowtheDetroit/BigCliffDamcomplex.Atcertaintimesoftheyear,


waterspilledoverDetroitandBigCliffdamshasthepotentialtoproducehighlevelsofTDG,which


couldaffectasignificantportionoftheincubatingembryos,in-streamjuveniles,andadultsinthe


basin,althoughtheeffectofthisimpacthasnotbeenquantified.


TheapparentdeclineinthestatusoftheMcKenzieRiverDIPinthelast10yearsisasourceof


concerngiventhatthispopulationwaspreviouslyseenasastrongholdofnaturalproductioninthe


ESU.IncontrasttomostoftheotherpopulationsinthisESU,McKenzieRiverChinooksalmonhave


accesstomuchoftheirhistoricalspawninghabitat,althoughaccesstohistoricallyhighquality


habitataboveCougarDam(SouthForkMcKenzieRiver)isstilllimitedbypoordownstreamjuvenile


passage.Additionally,theinstallationofatemperaturecontrolstructureinCougarDamin2008was


thoughttobenefitdownstreamspawningandrearingsuccess.Similarly,natural-originreturnsto


theClackamasRiverhaveremainedflat,despiteadultshavingaccesstomuchoftheirhistorical


spawninghabitat.AlthoughreturningadultshaveaccesstomostoftheCalapooiaandMolallabasin,


habitatconditionsaresuchthattheproductivityofthesesystemsisverylow.Natural-origin


spawnersintheMiddleForkWillametteRiverconsistedsolelyofadultsreturningtoFallCreek.


WhilethesefishcontributetotheDIPandESU,atbestthecontributionwillbeminor.Finally,


improvementswerenotedintheNorthandSouthSantiamDIPs.Theincreaseinabundanceinboth


DIPswasincontrasttotheotherDIPsandthecountsatWillametteFalls.Whilespring-runChinook


salmonintheSouthSantiamDIPhaveaccesstosomeoftheirhistoricalspawninghabitat,natural




34Censuspointsinclude:dams,traps,indexreaches,orradio-trackingantennaestations.

35Reachesdownstreamoffishhatcheriescontainrelativelylargenumbersofhatcheryfish,which


mayalsobemoresusceptibletoprespawningmortality.
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originspawnersintheNorthSantiamarestillconfinedtobelowDetroitDam36andsubjectto


relativelyhighprespawningmortalityrates.


AlthoughtherehaslikelybeenanoveralldecreaseintheVSPstatusoftheESUsincethelastreview


(Figure91),themagnitudeofthischangeinnotsufficienttosuggestachangeinriskcategory.Given


currentclimaticconditionsandtheprospectoflong-termclimaticchange,theinabilityofmany


populationstoaccesshistoricalheadwaterspawningandrearingareasmayputthisESUatgreater


riskinthenearfuture.


 




36Somehatchery-originspawnersarecurrentlytransportedaboveDetroitDam;however


downstreamjuvenilesurvivalthroughexistingpassageoutletsisextremelylowandlikelywouldnot


achievereplacement.
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UPPERWILLAMETTESTEELHEADDPS


BRIEFDESCRIPTIONOFESU


TheDPSincludesallnaturallyspawnedanadromousO.mykiss(steelhead)populationsbelownatural


andmanmadeimpassablebarriersintheWillametteRiver,Oregon,anditstributariesupstreamfrom


WillametteFallstotheCalapooiaRiver(Figure92).TheDPS/ESUBoundariesReviewGroup(see


DPS/ESUBoundariessectionabove)considerednewgeneticinformationrelatingtotherelationship


betweentheClackamasRiverwintersteelheadandsteelheadnativetotheLowerColumbiaand


UpperWillametteRiverDPSs.TheReviewGroupconcludedthattherewassufficientinformation


availableforconsideringreassigningtheClackamasRiverwintersteelheadpopulationtotheUpper


WillametteRiversteelheadDPS.Inaddition,latewintersteelheadhavebeenobservedinthe


WillametteRiver,upstreamofitsconfluencewiththeCalapooiaRiver,totheMcKenzieRiverandFall


Creek.Itisunclearwherethesefishoriginatedfromandwhethertheyconstitutesustainable


populationsoutsideofthepresumedhistoricalboundaries.Furtherreviewisnecessarybeforethere


canbeanyconsiderationofredefiningtheDPS;therefore,thepresentstatusevaluationisbeing


conductedbasedonexistingDPSboundaries(Figure92).








Figure92--MapoftheWillametteRiverwintersteelheadDPS’sspawningandrearingareas,illustratingpopulations


andmajorpopulationgroups.
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SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


NMFSinitiallyreviewedthestatusoftheUpperWillametteRiversteelheadESUin1996(Busbyetal.


1996),withanupdatein1999(NMFS1999).Inthe1999review,theBRTnotedseveralconcernsfor


thisESU,includingrelativelylowabundanceandsteepdeclinessince1988.ThepreviousBRTwas


alsoconcernedaboutthepotentialnegativeinteractionbetweennon-nativesummer-runsteelhead


andnativewinter-runsteelhead.ThepreviousBRTconsideredthelossofaccesstohistorical


spawninggroundsbecauseofdamstobeamajorriskfactor.The1999BRTreachedaunanimous


decisionthattheUpperWillametteRiversteelheadESUwasatriskofbecomingendangeredinthe


foreseeablefuture.


Inthe2005statusupdate(Goodetal.2005),amajority(over71%)oftheBRTvotesforthisESUfell


inthe“likelytobecomeendangered”category,withsmallminoritiesfallinginthe“indangerof


extinction”and“notlikelytobecomeendangered”categories.TheBRTdidnotidentifyanyextreme


risksforthisESUbutfoundmoderaterisksinalltheVSPcategories.Onapositivenote,the2005


BRTnotedthatafteradecadeinwhichoverallabundance(WillametteFallscount)hoveredaround


thelowestlevelsonrecord,adultreturnsfor2001and2002wereupsignificantly,onparwithlevels


seeninthe1980s.Still,thetotalabundancewasconsideredsmallforanentireESU,resultingina


numberofpopulationsthatwereeachatrelativelylowabundance.


2010


Fordetal.(2011)notedthatsincethe2005BRTstatusupdate,UpperWillamettesteelheadinitially


increasedinabundancebutsubsequentlydeclinedtolevelsobservedinthemid-1990swhentheDPS


wasfirstlisted.TheDPSappearedtobeatlowerriskthantheUpperWillametteChinookESU,but


continuedtodemonstratetheoveralllowabundancepatternthatwasofconcernduringprior


reviews.Theeliminationofwinterrunhatcheryreleaseinthebasinreducedsomerisks,butnon-

nativesummersteelheadhatcheryreleaseswerestillaconcern.Humanpopulationexpansion


withintheWillametteBasinconstitutedasignificantriskfactorforthesepopulations.Overall,the


newinformationconsideredin2010didnotindicateachangeinthebiologicalriskcategorysince


thetimeofthelastBRTstatusreviewin2005.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


ABUNDANCEANDPRODUCTIVITY


EstimatesofsteelheadabundanceforthisDPSwerebasedonreddcountsintheNorthandSouth


Santiambasins.AdultcountswerealsoavailablefromobservationsatWillametteFalls,BennettDam


andtheMintoFishFacility(NorthSantiamRiver),andFosterDam(SouthSantiamRiver).In


addition,resultsfromtrackingstudiesofradio-taggedwintersteelheadwereexpandedtoestimate


spawnerabundancesinspecificDIPs.SteelheadarrivingatWillametteFallshavealsobeensampled


forgeneticanalysistodeterminetherelativeproportionsofnative(latewintersteelhead)andout-

of-DPS(earlywinter,summer,orsummer/winterhybridsteelhead)genotypesrepresentedinthe


run.
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WILLAMETTEFALLS


WintersteelheadcountsatWillametteFallsprovideacompletecountoffishreturningtotheDPS.In


thelast10years,returnstoWillametteFallshaveaveraged5,828±98(SE)wintersteelhead,ofthose


anaverageof3,832±109returnedafterFebruary15th37.Ofthesefish,ifoneapportionsthelate-

winterfishtothefoureastsidetributariesthathistoricallysupportedlate-wintersteelheadbasedon


theresultsoftheradio-taggingworkfrom2012-2014(Jepsonetal.2013,2014,2015),the10-year


averageforreturningadultswouldbeanaverage3,409usingallwinter-runcountsand2,351using


theFebruary15thdemarcation.AnalysisoftheradiotaggingdatasuggeststhattheFebruary15th


demarcationatWillametteFallsbeforeorafterFebruary15thdoesnotpredictwhetherwinter


steelheadaredestinedforeast-sideorwest-sidetributaries.Basedonthethreeyearsofradio-tag


data,anaverageof59.3±3.1%(SE)ofthewinter-runsteelheadascendingWillametteFallsenterthe


foursteelheadDIPbasins.


Trendanalysisusingthelast10yearsofreturndataindicates2.9%annualincreaseusingthepost-

February15thdataandaslight0.6%annualincreaseusingthetotalwintercount.Long-term


abundance(1971topresent)isnegativeforbothpost-February15th(-3.2%)andtotalwinter-run


counts(-3.5%),althoughthehatchery-originwintersteelheadareincludedinthecountsfrom1971


throughthe1990s.InrecentyearscountsofwintersteelheadatWillametteFallshavebeen


influencedbypinnipedpredationatthebaseofthefalls.Forthe2014runyear,anestimated906


(±130)earlyandlatewintersteelheadwereconsumedprimarilybyCaliforniasealionsandless


frequentlybyStellarsealionsandPacificharborseals(Wrightetal.2014).For2014,thisrepresent


11-18%ofthetotalwintersteelheadrunenteringtheWillametteRiver(Wrightetal.2014).


Additionally,theinabilitytodiscriminatebetweenearly-andlate-wintersteelheadbeyondan


expansionoftheradiotagworklimitstheprecisionofanyestimates.Ingeneral,overallabundance


fortheUpperWillametteRiverwintersteelheadDPSremainslowwithrecenttrendsbeingstable.





MOLALLARIVER


Populationabundanceestimatesbasedonspawner(redd)surveysareonlyavailablefortheMolalla


andassociatedtributaries(PuddingRiver,AbiquaCreek)through2006.Theseestimatesreliedona


proportionalapportionmentofwinter-runsteelheadcountsatWillametteFallsbasedonindexredd


countsinthefourwinter-runsteelheadpopulations.Recentestimates,basedontheproportional


migrationofwinter-runsteelheadtaggedatWillametteFalls(Jepsonetal.2013,Jepsonetal.2014),


indicatethatasignificantlysmallerportionofthesteelheadarrivingatWillametteFallsaredestined


fortheMolallaRiver.Basedonradio-tagdetectionsandthetotalwinter-runsteelheadcountatthe


Falls,theestimatedescapement(95%CI)totheMolallafor2012-2014was976(660-1,406),903


(651-1,223),and757(540-1,042),respectively.Asindicatedbythebroadconfidenceintervals,these


estimatesgiveaonlygeneralindicatorofsteelheadabundance.Previousescapementestimates


(1980to2006)hadageometricmeanof1237rangingfrom97to4658,longtermtrendshowan


annual3.7%decline,althoughthisdeclineislikelyanoverestimateduetotheinclusionofhatchery




37February15thmarkedtheestimateddemarcationbetweenreturningnon-nativeearly-winter


steelheadandnativelate-wintersteelhead.
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fishintheearlyyears.Estimateddeclines(Figure94)intheMolallaRiverarebasedcorrelations


withobservedtrendsintheNorthandSouthSantiamRivers.GiventhattheMolallaRiverhasno


majormigrationalbariers,limitingfactorsintheMolallaRiveraremorelikelyrelatedtohabitat


degradation.Abundanceislikelyrelativelystable,butatadepressedlevel.


NORTHSANTIAMRIVERANDBENNETTDAM


Late-wintersteelheadspawnthroughouttheNorthSantiamBasinexceptforreachesabovetheBig


Cliff/DetroitDamcomplex.Currently,thebestmeasureofsteelheadabundanceisthecountof


returningwinter-runadultstoUpperandLowerBennettDam.Recentpassageimprovementsatthe


damsandanupgradedvideocountingsystemhavecontributedtoahigherlevelofcertaintyinadult


estimates.WhiletherearesteelheadspawningbelowBennett38,itislikelythatthesedamcounts


approximatethepopulationrunsize.TheBennettDamcountsmayalsoapproximatespawner


counts,giventhatpost-damprespawningmortalityisthoughttobelowforwintersteelhead.


Unfortunately,steelheadwerenotcountedatBennettDamfrom2006to2010,duetobudget


constraints.Themostrecentaveragecountforunmarked(presumednative)wintersteelhead


(2010-1014)isonly1195±194.Longertermtrends1999-2014arenegative,-5±3%.Radio-tagging


studies(Jepsonetal2013,2014,2015)providedadditionalestimatesofabundancethatweresimilar


totheBennettDamcounts(Figure93),withanaverageabundanceof1154.


SOUTHSANTIAMRIVERANDFOSTERDAM


Surveydata(indexreddcounts)isavailableforanumberoftributariestotheSouthSantiamRiver;


inaddition,livecountsareavailableforwintersteelheadtransportedaboveFosterDam.Temporal


differencesintheindexreachessurveyedandtheconditionsunderwhichsurveyswereundertaken


makethestandardizationofdataamongtributariesverydifficult.FortheFosterDamtimeseries,


themostrecent5-yearaverage(2010-2014)hasbeen304±34,withanegativetrendinthe


abundanceoverthoseyears(recognizingthatthe2010returnreflectedgoodoceanconditions).


Longertimeseriesarelessmeaningful,inthatabundanceestimatesbefore2009weredeveloped


usingdifferentmethodologies.Expandingtheradio-tagtrackingdata(Jepson2013,2014,2015)for


2012-2014yieldsSouthSantiamabundancesof1,226(875-1,693),1,134(853-1,474),and1,312


(1,010-1,758),respectively.InadditiontosteelheadspawninginthemainstemSouthSantiamRiver,


annualspawningsurveysoftributariesbelowFosterDam(Thomas,Crabtree,andWileycreeks)


indicatetheconsistentpresenceoflownumbersofspawningsteelhead.




38PersonalCommunication:C.Sharpe,ODFW,Sept.2,2015.
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Figure93.ComparisonofNorthSantiamwintersteelheadabundanceusingradio-tagmark-recaptureexpansion


(Jepsonetal.2013,2014,2015)andBennettDamcounts.

CALAPOOIARIVER


ThereisanearlycompleteandconsistenttimeseriesforindexreachreddcountsintheCalapooia


Riverdatingbackto1985.Whilethereisnotanexpansionavailablefromindexreachtopopulation


spawnerabundance,thetrendinredds/mileisgenerallynegative,althoughthisisdueinparttothe


timeseriesbeginningwithatthetimeofgoodoceanconditions.Theredds/miletrendgenerally


reflectsgoodoceanconditionsinthelate1980sandearly2000s,inadditiontoaperiodofpoor


oceanconditionsinthemid-1990s.Abundanceisthoughttoberatherlow,populationestimates


(95%CI)basedonradiotaggedwintersteelhead(Jepsonetal2013,2014,2015)for2012,2013,and


2014are127(43-366),204(99-408),and126(54-289)respectively.Thesenumberswouldsuggest


thatabundanceshavebeenfairlystable,albeitatadepressedlevel.
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Figure94–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.Abundanceestimatesincludebothearly


(non-native)andlate-winter(native)steelhead.AbundanceestimatesforWillametteFallslikelyincludesamuch


largerproportionofnon-nativefishthanfortheEastSidetributaryestimates.
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Figure95–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).
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Table53--5-year geometric mean of raw naturalorigin spawner counts.This is the raw total spawner count times the fraction naturalorigin estimate, if


available.In parentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable


butnooronlyoneestimateofnaturaloriginspawnersavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthe


numberofcountsavailable(2to5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo5-year


periodsisshownonthefarright.








Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Willamette Falls WR Willamette (5619) 5039 (3961) 10135 (10135) 4926 (4926) 6164 (6164) 25 (25)


Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

S. Santiam R. WR Willamette 1940 (1940) 1277 (1277) 2440 (2440) 1044 (1044) 306 (306) -71 (-71)

N. Santiam R. WR Willamette 2494 (2928) 1285 (1611) 2178 (2234) 1195 (1195)


Molalla R. WR Willamette 1182 (1462) 726 (798) 1924 (1924) 1357 (1357)

Calapooia R. WR Willamette 149 (149) 219 (219) 406 (406) 214 (214)
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Table54--15-yeartrendsinlognaturaloriginspawnerabundancecomputedfromalinearregression


appliedtothe smoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4natural


originspawnerestimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsand


last5yearsofthe15-year period.








HARVEST


ThereisnodirectedfisheryforwintersteelheadintheUpperWillametteRiver.Duetodifferencesin


returntimingbetweennativewinter-runsteelhead,introducedhatcherysummer-runsteelhead,and


hatcheryspring-runChinooksalmontheencounterratesforwinter-runfishintherecreational


fisheryarethoughttobelow.Sportfisherymortalityrateswereestimatedat0-3%(Beamsderferet


al.2011).ThereisadditionalincidentalmortalityinthecommercialnetfisheriesforChinooksalmon


andsteelheadinthelowerColumbiaRiver.TribalfisheriesoccuraboveBonnevilleDamanddonot


impactUpperWillametteRiversteelhead.


SeethechapteronMiddleColumbiaRiverSteelheadforadiscussionoftrendsinharvestratesfor


ColumbiaBasinsteelhead.


SPATIALSTRUCTUREANDDIVERSITY


Winter-runsteelheadhatcheryprogramswereterminatedinthelate1990s.Currently,theonly


steelheadprogramsintheUpperWillametteRiverreleaseSkamaniaHatchery-originsummer-run


steelhead.Annualtotalreleaseshavebeenrelativelystableataround600,000from(2009-2014),


althoughthedistributionhaschangedsomewithfewerfishbeingreleasedintheNorthSantiamand


correspondingincreasesintheSouthSantiamandMiddleForkWillametterivers(Figure96).


Therehasbeensomeconcernregardingtheeffectofintroducedsummer-runsteelheadonnative


late-wintersteelhead.Thereissomeoverlapinthespawntimingforsummer-andlate-winter


steelhead,andgeneticanalysishasidentifiedapproximately10%ofthejuvenilesteelheadas


summerxwinter-runhybridsatWillametteFallsandintheSantiamBasin(Johnsonetal.2013).


Early-wintersteelhead,derivedfromearlier(nowdiscontinued)releasesofnon-nativeBigCreek


Hatcherysteelheadhaveestablishedthemselvesintributariesdrainingthewestsideofthe


WillametteValley.BasedontheresultsofJohnsonetal.(2013),approximately10.5%ofthe


juvenilessampledatWillametteFallswereearly-xlate-wintersteelheadhybrids,withsimilar


proportionsdetectedintheNorthandSouthSantiam,11.1%and14.8%,respectively.Whilenot


directlydeterminingthepresenceofhybrids,VanDoorniketal.(2015)concludedthatlate-winter


(easterntributary)steelheadhadlargelymaintainedtheirgeneticdistinctivenessovertime.Evenin


Population MPG 1990-2005 1999-2014

Willamette Falls WR Willamette -0.04 (-0.06, -0.01)


Population MPG 1990-2005 1999-2014

S. Santiam R. WR Willamette 0.01 (-0.02, 0.04) -0.16 (-0.2, -0.12)

N. Santiam R. WR Willamette 0 (-0.03, 0.04) -0.05 (-0.08, -0.02)


Molalla R. WR Willamette 0.04 (0.01, 0.07)

Calapooia R. WR Willamette 0.05 (0.02, 0.09)
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theabsenceoflong-termintrogression,therearestillconcernsthathybridizationwilldecreasethe


overallproductivityofthenativepopulation.


Figure96 - Annual releases of hatchery-origin (Skamania stock) summer-run steelhead into Willamette River tributaries by


subbasin.  All of these releases are considered to be out-of-DPS origin.  Data from RMIS (http://www.rmpc.org/ accessed


January 6, 2015).


Thepresenceofhatchery-rearedandferalhatchery-originfishmayalsoaffectthegrowthand


survivalofjuvenilelate-wintersteelhead.IntheNorthandSouthSantiamrivers,juvenilesare


largelyconfinedbelowmuchoftheirhistoricalspawningandrearinghabitat.Releasesoflarge


numbersofhatchery-originsummersteelheadmaytemporarilyexceedrearingcapacitiesand


displacewinter-runjuvenilesteelhead.
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Figure97–Fractionnaturaloriginspanwers.
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Table55--5-yearmeanoffractionwild(sumofallestimatesdividedbythenumberofestimates). Blanksmean


no estimate available in that 5-year range.











BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


PopulationsinthisDPShaveexperiencedlong-termdeclinesinspawnerabundance.Theunderlying


cause(s)ofthesedeclinesisnotwellunderstood.Returningwintersteelheaddonotexperiencethe


samedeleteriouswatertemperaturesasthespring-runChinooksalmon.Althoughtherecent


magnitudeofthesedeclinesisrelativelymoderate,continueddeclineswouldbeacauseforconcern.


ImprovementstoBennettDamfishpassageandoperationaltemperaturecontrolatDetroitDammay


beprovidingsomestabilityinabundanceintheNorthSantiamRiverDIP.Itisunclearifsufficient


highqualityhabitatisavailablebelowDetroitDamtosupportthepopulationreachingitsVSP


recoverygoal,orifsomeformofaccesstotheupperwatershedisnecessarytosustaina“recovered”


population.Similarly,theSouthSantiamBasinmaynotbeabletoachieveitsrecoverygoalstatus


withoutaccesstohistoricalspawningandrearinghabitataboveGreenPeterDam(QuartzvilleCreek


andMiddleSantiamRiver)and/orimprovedjuveniledownstreampassageatFosterDam.


Whilethediversitygoalsarepartiallyachievedthroughtheclosureofwinter-runsteelheadhatchery


programsintheUpperWillametteRiver,thereissomeconcernthatthesummer-runsteelhead


releasesintheSouthSantiamRivermaybeinfluencingtheviabilityofnativesteelheadintheNorth


andSouthSantiamrivers.Overall,noneofthepopulationsintheDPSaremeetingtheirrecovery


goals(Figure98).


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


Willamette Falls WR 1.00 1.00 1.00 1.00


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


S. Santiam R. WR 1.00 1.00 1.00 1.00 1.00


N. Santiam R. WR 0.85 0.80 0.98 1.00 1.00


Molalla R. WR 0.81 0.91 1.00 1.00


Calapooia R. WR 1.00 1.00 1.00 1.00 
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Figure98-VSPstatusofdemographicallyindependentpopulationsintheUpperWillametteRiverChinooksalmon


ESU,barsindicatetheinitialVSPstatus(asidentifiedintheRecoveryPlan-DornbushandSihler2013),greencircles


indicatetherecoverygoals.Arrowsindicatethegeneraldirection,butnotthemagnitude,ofanyVSPpopulation


scorebasedonnewdatareviewedinthisstatusreviewupdate.Arrowsreflecttheconclusionsofthesectionauthor;a


formalreviewofVSPscoreswouldrequiretheconvieningofaBiologicalReviewTeam.ViableSalmonPopulation


scoresrepresentacombinedassessmentofpopulationabundanceandproductivity,spatialstructureanddiversity


(McElhanyetal.2006).AVSPscoreof3.0isrepresentsapopulationwitha5%riskofextinctionwithina100year


period.


UPDATEDBIOLOGICALRISKSUMMARY


Overall,thedeclinesinabundancenotedduringthepreviousreview(Fordetal.2012)continued


throughtheperiod2010-2015(Figure94).Thereisconsiderableuncertaintyinmanyofthe


abundanceestimates,exceptforperhapsthetributarydamcounts.Radio-taggingstudiessuggest


thataconsiderableproportionofwintersteelheadascendingWillametteFallsdonotentertheDIPs


thatconstitutethisDPS;thesefishmaybenon-nativeearlywintersteelheadthatappeartohave


colonizethewesterntributaries,misidentifiedsummersteelhead,orlate-wintersteelheadthathave


colonizedtributariesnothistoricallypartoftheDPS.Moredefinitivegeneticmonitoringofsteelhead


ascendingWillametteFallsintandemwithradiotaggingworkneedstobeundertakentoestimate


thetotalabundanceoftheDPS.


Thereleaseofnon-nativesummer-runsteelheadcontinuestobeaconcern.Geneticanalysis


suggeststhatthereissomelevelintrogressionamongnativelate-wintersteelheadandsummer-run


steelhead(VanDoorniketal.2015).Accessibilitytohistoricalspawninghabitatisstilllimited,


especiallyintheNorthSantiamRiver.MuchoftheaccessiblehabitatintheMolalla,Calapooia,and


lowerreachesofNorthandSouthSantiamriversisdegradedandundercontinueddevelopment


pressure.Althoughhabitatrestorationeffortsareunderway,thetimescaleforrestoringfunctional


habitatisconsiderable.
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OREGONANDWASHINGTONCOASTDOMAINSTATUSSUMMARIES


PUGETSOUNDCHINOOKSALMONESU


BRIEFDESCRIPTIONOFESU


TheESUincludesallnaturallyspawningpopulationsofChinooksalmonfromriversandstreams


flowingintoPugetSoundincludingtheStraitofJuanDeFucafromtheElwhaRiver,eastward,


includingriversandstreamsflowingintoHoodCanal,SouthSound,NorthSoundandtheStraitof


GeorgiainWashington,aswellasnumerousartificialpropagationprograms(Figure99).ThePuget


SoundChinooksalmonESUiscomposedof31historicallyquasi-independentpopulations,22of


whichareextant(Ruckelshausetal.2006).Thepopulationsaredistributedin5geographicregions,


ormajorpopulationgroups(MPG’s),identifiedbytheTRT(PSTRT2002)basedonsimilaritiesin


hydrographic,biogeographic,andgeologiccharacteristicsofthePugetSoundbasin.





Figure99--MapofthePugetSoundChinooksalmonESU’sspawningandrearingareas,illustratingpopulationsand


majorpopulationgroups.
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SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


Inthe2005review(Goodetal.2005),theBRTconcludedthat,overall,thestatusofnaturalspawning


populationsofPugetSoundChinooksalmonwasimprovedrelativetothetimeofthepreviousstatus


reviewconductedwithdatathrough1997(Myersetal.1998).Also,theoveralltrendsinnatural


spawningescapementsforPugetSoundChinooksalmonpopulationsestimatedin2005remained


similartothatpresentedinthepreviousstatusreview(datathrough1997),withsomepopulations


doingmarginallybetterandothersworse.


2010


Fordetal.(2011)concludedthatallPugetSoundChinookpopulationswerewellbelowtheTRT


minimumplanningrangeforrecoveryescapementlevels.Mostpopulationswerealsoconsistently


belowthespawner-recruitlevelsneededforrecovery.TheexceptionsweretheSkagitsystem


populations,whichtendedtohavehigherstatus.TheWhidbeyBasinMPGwasalsoatrelativelylow


risk.TheotherfourMPGswereconsideredtobeathighriskofextinctionduetolowabundanceand


productivityvalues.Theirlownumbersalsocontributedtopoorspatialdistributionofspawners


throughouttheESU.Overall,thenewinformationonabundance,productivity,spatialstructureand


diversityconsideredinthe2010reviewdidnotindicateachangeinthebiologicalriskcategorysince


thetimeofthelastBRTstatusreviewin2005.





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


ThisstatusreportincorporatesChinooksalmonpopulationdatathrough2013,withdataforsome


populationsalsoavailablethrough2014.SpawningabundancedatawereobtainedfromWDFWand


thePugetSoundtribesasaresultofarequestfordataintheFederalRegister.Updatesfor


abundance,age,andhatcherycontributiondatavariedfrompopulationtopopulation,andwere


obtainedfromtheannualpostseasonharvestreportsprovidedbyWashingtonDepartmentofFish


andWildlifeandthePugetSoundTreatyIndianTribes,andfromtheWDFWSaSIdatabase


(http://wdfw.wa.gov/conservation/fisheries/sasi/).Additionalhatcherydatawerequeriedfrom


WDFWstatewidehatcherydatabase,bothqueriedonlineinannualhatcheryescapementreports


(http://wdfw.wa.gov/hatcheries/escapement/)anddataprovidedbystaff.Itisimportanttonote


thatdatacollectionmethodologiesinbothhatcheriesandnaturalspawninglocationshavechanged


somewhatoverthecourseofthetimeseriesanalyzed,whichcreatessomeuncertaintyandpotential


biasinthecalculationsoftrends.


Thisstatusreviewfocusesondatastartingin1980,althoughsomepopulationshavedatagoingback


muchfurther.Inadditiontoincludingadditionalrecentyearsofspawningdatacomparedtothe


2010statusreview,thereportalsoincorporatesupdatesandcorrectionsmadeinpastescapement,


age,andhatcherycontributiondataformanyofthepopulations.Thesecorrectionsweremadeby


individualtribaland/orstateco-managers,andwereobtainedfromperiodicmanagementreport


updates(WDFetal.1993;PSIT&WDFW2013).Thesedataupdatesandmethodsareconsistent


withboththePSTRT’susefordeterminingpopulationviability,andforpriorNOAAstatusreviews.It


isimportanttonotethatopinionsvaryamongco-managersregardingdataquality,forexample,


regardingestimatesofhatcherycontributionstospawninggroundsinyearspriortomassmarking.
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Wehavemetwithco-managersregardingthedevelopmentofasingledataset,butthisdatasetisnot


yetfullyvalidatednoragreeduponbyallco-managers.Weencouragetheco-managerstocontinue


thiseffortandwehopetohelpresolvethevariousneedsfordatamanagementandreporting.


Attherootofdatadiscrepanciesareconcernsregardingdataquality,i.e.,accuracyandprecisionof


escapementestimates,ofestimatedhatcherystrayrates,andlikelymeasurementerrorassociated


withescapementmethodsandchangesinmethodologymadeovertime.Anassessmentofdata


associatedwithviabilityparameters(abundance,productivity,distributionanddiversity)was


conductedin2011todeterminedataquality,includingestimatesandprotocols(PSEMP2012).This


assessmentprovidedaninventoryofallVSPmonitoring,includinghatcheryeffectiveness


monitoring,dataqualityandcertainty,anddatagaps.Thisassessmentrepresentsagoodstarting


pointforco-managerstoconsiderbuildingESU-wideimprovementsandconsistencyformonitoring


PugetSoundChinookpopulations.Inaddition,theSentinelStocksProgram,implementedaspartof


the2009PacificSalmonTreatyAgreement(andfundedfromtheU.S.LetterofAgreement)hasmore


rigorouslystudiedescapementassessmentsinseveralPugetSoundwatersheds(StillaguamishRiver


2007-2015,GreenRiver2000-2002and2010-2012,SnohomishRiver2011-2015,andNooksack


River2009-2015).ResultsfromtheSentinelStockProgramcouldbeusedinfutureeffortsto


improveescapementestimationprotocolsinthePugetSoundChinooksalmonESU(CTC2015).


Resultsfromthesestudieshavebeenrecentlysummarizedandafinalreportwillbeavailablein


2016(TomCooney,pers.comm.).


ABUNDANCEANDPRODUCTIVITY


Abundanceofthe22extantnaturalspawningpopulationsofChinooksalmoninthePugetSoundESU


hasvariedconsiderablybetweenpopulations.Trendsinabundanceforindividualpopulationsare


showninFigure100.Thepopulations,groupedbyMPGandruntiming(earlyrun(ER),laterun(LR)


orsummerrun(SuR)),include:StraitofJuandeFucaMPG(ElwhaandDungeness),HoodCanalMPG


(SkokomishandMid-HoodCanal),Central/SouthPugetSoundMPG(Sammamish,Cedar,Green,


White,PuyallupandNisqually),WhidbeyBasinMPG(LowerSkagit,UpperSkagit,Cascade,Lower


Sauk,UpperSauk,Suiattle,NorthForkStillaguamish,SouthForkStillaguamish,Skykomish,and


Snoqualmie),andStraitofGeorgiaMPG(NorthForkNooksackandSouthForkNooksack)(NMFS


2006).TheearlyruntimingpopulationsareNorthandSouthForksNooksack,Cascade,UpperSauk,


Suiattle,inthenorthernPugetSoundMPGsandWhiteRiverpopulationinCentral/SouthPuget


Sound.Dungenessistheonlysummerrun,andallotherpopulationsarelateruns.


TotalabundanceintheESUovertheentiretimeseriesshowsthatindividualpopulationshavevaried


inincreasingordecreasingabundance,withsomebeingdominatedbyhatcheryreturns.Generally,


manypopulationsexperiencedanincreaseinabundancefromduringtheyears2000-2008andthen


declininginthelast5years(Figure100).AbundanceacrossthePugetSoundESUhasgenerally


decreasedsincethelaststatusreview,withonly6of22populations(Cascade,Cedar,Mid-Hood


Canal,Nisqually,SuiattleandUpperSauk)showapositive%changeinthe5-yeargeometricmean


natural-originspawnerabundancessincethepriorstatusreview(Table56).However,all6ofthese


populationshaverelativelylownaturalspawningabundancesof<1000fish,sotheseincreases


representsmallchangesintotalabundance.Givenlackofhighconfidenceinsurveytechniques,


particularlywithsmallpopulations,thereremainssubstantialuncertaintyindetectingtrendsin


smallpopulations.
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Fifteen-yeartrendsinlogwildspawnerabundancewerecomputedovertwotimeperiods(1990-

2005and1999-2014)foreachPugetSoundChinookpopulation(Table57).Trendswerenegativein


thelatterperiodfor17ofthe22populationsbutonly2ofthe22populations(ElwhaandPuyallup)


intheearlierperiod.ThusthereisageneraldeclineinwildspawnerabundanceacrossallMPGsin


therecentfifteenyears.NorthForkNooksack(StraitofGeorgiaMPG),CascadeandUpperSauk


(WhidbyBasinMPG),Cedar(Central/SouthMPG)andDungeness(StraitofJuandeFucaMPG),are


theonlypopulationswithpositivetrends.TheCedarandtheUpperSaukpopulationsaretheonly2


populationsthatshowincreasingtrendsbetweentheearlierandlater15-yeartimeperiods(Table


57).TheaveragetrendacrosstheESUforthe1990-200515-yeartimeperiodwas0.05.Theaverage


trendsfortheRegions/MPGsareStraitofGeorgia(0.05),WhidbyBasin(0.04),Central/SouthPuget


Sound(0.06),HoodCanal(0.02),andStraitofJuandeFuca(0.06).TheaveragetrendacrosstheESU


forthelater15-yeartimeperiod(1999-2014)was-0.02.TheaveragetrendsfortheRegions/MPGs


areStraitofGeorgia(-0.01),WhidbyBasin(-0.02),Central/SouthPugetSound(-0.03),HoodCanal(-

0.07),andStraitofJuandeFuca(0.01).Whilethepreviousstatusreviewin2010(Fordetal.2011)


concludedtherewasnoobvioustrendforthetotalESUescapementsandtrendsforindividual


populationswerevariable,additionofthedatato2014nowdoesshowwidespreadnegativetrends


innatural-originChinooksalmonspawnerpopulationabundances.


ChinooksalmonproductivityinthePugetSoundESUacrossthetimeperiod(1980-2015)hasbeen


variable.Figure101showstrendsinproductivityasestimatedbythelogofthesmoothednatural-

originspawningabundanceinyeartminusthesmoothednaturalspawningabundanceinyear(t-4).


Databelowzeroindicatethatnaturalspawnersfailedtoreplacethemselves,althoughinmanycases


totalspawningabundancewasmaintainedthroughhatcherysupplementation(compareredand


blacklinesinFigure100).AcrossthePugetSoundESU,8of22PugetSoundpopulationsshow


naturalproductivitybelowreplacementinallyearssincethemid-1980’s.Theseincludethe


SkykomishinWhidbyBasinMPG,theSkokomishintheHoodCanalMPG,NorthandSouthForks


NooksackintheStraitofGeorgiaMPG,DungenessandElwhaintheStraitofJuandeFucaMPG,and


GreenandPuyallupintheCentral/SouthPugetSoundMPG.ProductivityintheWhidbyBasinMPG


populationswasabovezeroduringmuchofthe1990’s,withtheexceptionoftheSkykomishand


NorthForkStillaguamishpopulations.WhiteRiverpopulationintheCentral/SouthPugetSound


MPGwasabovereplacementfromthemid1980’stoearly2000’s,buthasdroppedinproductivity


consistentlysincethelate1980’s.Inrecentyears,only8populationshavebeenabovezero.These


areCascade,LowerSauk,LowerSkagit,Suiattle,UpperSauk,UpperSkagitintheWhidbyBasinMPG,


andMid-HoodCanalandCedarRiverintheHoodCanalandCentral/SouthPugetSoundMPG’s,


respectively.Thisisconsistentwith,andcontinuesthedeclinereportedinthe2010StatusReview


(Fordetal.2011).
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Figure100–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)PugetSoundChinook


salmonESUindividualpopulationsspawningabundance.Pointsshowtheannualrawspawningabundance


estimates.
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Figure101–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).
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Table56--5-year geometric mean of raw wild spawner counts.This is the raw total spawner count times the fraction wild estimate, if available.In parentheses,


5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnooronlyone


estimateofwildspawnersavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberofcountsavailable(2to


5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshownonthefarright.
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Table57--15-yeartrendsinlogwildspawnerabundancecomputedfromalinearregressionappliedto


the smoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.Lowerandupperboundsofthe95%confidenceintervalsoftheestimatesarein


parentheses.LR=laterun,ER=earlyrun,SuR=summerrun.





HARVEST


PugetSoundChinookareharvestedinoceansalmonfisheries,inPugetSoundfisheries,andin


terminalfisheriesintherivers.Theymigratetothenorth,sonearlyalloftheoceanfisheryimpacts


occurinCanadaandAlaskawheretheyaresubjecttothePacificSalmonTreaty.Fisherieswithin


PugetSoundaremanagedbythestateandtribalco-managersunderaresourcemanagementplan.


FisheryimpactratesvarywidelyamongregionswithinPugetSoundprimarilybecauseofdifferent


terminalareamanagement.HoodCanalandSouthSoundstockssupportrelativelyintenseterminal


areafisheriesdirectedathatcheryfishproducedlargelytosupporttribalandrecreationalfisheries.


StocksfrommostregionswithinPugetSoundshowasimilarpatternofdecliningexploitationrates


inthe1990sandincreasingexploitationratessincethen(Figure102).Thisisprimarilyaresultof


CanadianinterceptionsofPugetSoundChinookofftheWestCoastofVancouverIsland(WCVI).


Duringthe1990sCanadasharplyreducedfisheriesoffWCVIinresponsetodepressedstocks.Since


then,WCVIstockstatushasimprovedsomewhatandCanadianmanagershavechangedthetemporal


patternoffishingtoavoidWCVIstocks.ThishasresultedinincreasedimpactsonPugetSound


stocks.ThenotableexceptiontothispatternistheNorthPugetSoundregion.Thesestocksmigrate


throughtheStraitofGeorgia.CanadianstocksintheStraitofGeorgiahavenotrecoveredandmost


fisheriesinCanadianinsidewatersforChinookandcohosalmonhavebeenshutdown.Themost
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recentPacificSalmonTreatyChinookagreementtookeffectin2009thatincludes30%reductionsin


ChinookcatchceilingsoffWCVI,and15%reductionsinsoutheastAlaska.





Figure102--TotalexploitationratesonnaturalPugetSoundChinooksalmonbymajorpopulationgroup.Datafrom


FisheryRegulationAnalysisModelvalidationrunspreparedforthe2014StateofSalmoninWatershedsbiennial


reportoftheGovernor’sSalmonRecoveryOfficetotheWashingtonStateLegislature(AngelikaHagen-Breaux,WDFW


personalcommunication).


SPATIALSTRUCTUREANDDIVERSITY


Measuresofspatialstructureanddiversitycangivesomeindicationoftheresilienceofapopulation


tosustainitself.Spatialstructurecanbemeasuredinvariousways,buthereweassessthe


proportionofnatural-originspawners(wildfish)vs.hatchery-originspawnersonthespawning


grounds.


Wecanseeadecliningtrendintheproportionofnatural-originspawnersacrosstheESUduringthe


entiretimeperiod1990-2014.Figure103showsthesmoothedtrendsintheestimatedfractionof


thenaturalspawningpopulationsthatconsistofnatural–originspawners.Thepopulationswiththe


highestfractionsofnatural-originspawnersacrosstheentire1980to2014timeperiodarethe6


Skagitpopulations,andalsoSouthForkStillaguamishpopulationintheWhidbyBasinMPG.Allother


populationsvaryconsiderablyacrossthewholetimeperiod,and12(NorthForkStillaguamish,


Snoqualmie,MidHoodCanal,Skokomish,NorthForkNooksack,SouthForkNooksack,Elwha,


Nisqually,Puyallup,SammamishandWhite)showdecliningtrendsinthefractionwildestimates.


Skykomish,Dungeness,Cedararetheonlypopulationswhichshowmorerecenttrendsofincreasing


fractionnatural-originspawnerabundances.


EvidenceofthedeclineinfractionwildspawnerabundanceisalsoshowninTable58.Itisimportant


tonotethatqualityofhatcherycontributiondataintheearliertimeperiods,priortomassmarking


programs,maybepoor,sothelong-termtrendsmaylackaccuracyintheearlieryears.Inthe


WhidbeyBasinMPG,thefractionnaturaloriginabundancehasbeenconsistentlyhighinthesix


Skagitpopulations,anddespiteongoinghatcheryprogramsintheStillaguamishandSnohomish


rivers,theaverage5-yearmeanfractionwildestimatesforthatMPGremainsconsistentacrossall
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timeperiods.TheStraitofGeorgiaMPG(NorthandSouthForksNooksack)hashadincreasing


hatcheryinfluence,particularlyintherecent5-yeartimeperiod.TheSouthForkNooksack


populationhadanextremelysmallwildfishreturnin2013,andthispopulationisathighriskof


extinction.TheCentral/SouthPugetSoundMPGhadvariedfractionwildestimatesintheCedarand


Green,andincreasesinrecentyearsinCedar,Nisqually,andPuyalluppopulations,butdecreasing5-

yearmeanfractionwildestimatesintherecent(2010-2014)timeperiodintheSammamishand


Whitepopulations(Figure103,Table58).IntheHoodCanalandStraitofJuandeFucaMPGs,all4


populationshaddeclining5-yearmeanfractionwildestimatesoffishreturnstothespawning


grounds.Thus,consideringpopulationsbyMPG,theWhidbeyBasinMPGistheonlyMPGwith


consistentlyhighfractionnatural-originspawnerabundance,in6of10populations.AllotherMPG’s


haveeithervariableordecliningspawningpopulationsthathavehighproportionsofhatchery-origin


spawners.
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Figure103–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishofnatural


origin.Pointsshowtheannualrawestimates.
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Table58--5-yearmeanoffractionnaturaloriginspawners(sumofallestimatesdividedbythenumberof


estimates). Blanksmean no estimate available in that 5-year range.








BIOLOGICALSTATUSRELATIVETORECOVERYGOALS





ThePugetSoundTRTprovidedviabilitycriteriaforeachpopulationbasedonhistoricalinformation


andmodelswithwhichtheydevelopedplanningrangesforspawnerabundanceandproductivity


(PSTRT2002).Theyalsospecifiedspatialstructureanddiversitycriteriacharacteristicoflowrisk


populations.Theplanningrangesarebasedonestimatesofsalmonabundancethatcanbe


supportedbyproperlyfunctioninghabitatatbothlowproductivityandhighproductivity.Theyalso


recommendedESU-levelcriteriaincluding:theviabilitystatusofallpopulationsintheESUis


improvedfromcurrentconditions,that2to4Chinookpopulationsineachofthe5MPG’swithinthe


ESUachieveviability,atleast1populationisviablefromeachmajorgeneticandlifehistorygroup


historicallypresentwithineachofthe5MPGs,andthatthepopulationsthatdonotmeettheviability


criteriaforall4VSPparametersaresustainedinordertoprovideecologicalfunctionsandpreserve


optionsforESUrecovery.Additionalcriteriadescribedhabitatconditionsthatareneededtosupport


viablesalmonidpopulations.














UPDATEDBIOLOGICALRISKSUMMARY
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AllPugetSoundChinooksalmonpopulationsarestillwellbelowtheTRTplanningrangesfor


recoveryescapementlevels.Mostpopulationsarealsoconsistentlybelowthespawner-recruitlevels


identifiedbytheTRTasconsistentwithrecovery.AcrosstheESU,mostpopulationshavedeclinedin


abundancesincethelaststatusreviewin2011,andindeed,thisdeclinehasbeenpersistentoverthe


past7to10years.Productivityremainslowinmostpopulations.Hatchery-originspawnersare


presentinhighfractionsinmostpopulationsoutsidetheSkagitwatershed,andinmanywatersheds


thefractionofspawnerabundancesthatarenatural-originhavedeclinedovertime.Habitat


monitoringandadaptivemanagementplanningeffortstodevelopmonitoringplanswasundertaken


inallindividualwatershedsofPugetSoundin2014.Watersheddocumentscanbefoundonthe


PugetSoundPartnershipwebsite(http://www.psp.wa.gov/SR_threeyearworkplan.php).These


reportsandpriorannualthree-yearworkplansdocumentthemanyhabitatactionsthatwereinitially


identifiedinthePugetSoundChinooksalmonrecoveryplan.Theexpectedbenefitswilltakeyearsor


decadestoproducesignificantimprovementinnaturalpopulationviabilityparameters.


DevelopmentofamonitoringandadaptivemanagementprogramwasrequiredbyNMFSinthe2007


SupplementtotheSharedStrategyRecoveryPlan,butthisprogramis,asyet,notfullyfunctionalfor


providingassessmentofwatershedhabitatrestoration/recoveryprograms,norofproperly


integratingtheessentiallydiscretehabitat,harvestandhatcheryprograms.Overall,newinformation


onabundance,productivity,spatialstructureanddiversitysincethe2010reviewdoesnotindicatea


changeinthebiologicalriskcategorysincethetimeofthelastBRTstatusreview.
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PUGETSOUNDSTEELHEADDPS





BRIEFDESCRIPTIONOFDPS


ThisreportcoverstheDistinctPopulationSegment(DPS)ofPugetSoundsteelhead(Oncorhynchus


mykiss).ThesefisharetheanadromousformofO.mykissthatoccurinrivers,belownaturalbarriers


tomigration,innorthwesternWashingtonStatethatdraintoPugetSound,HoodCanal,andtheStrait


ofJuandeFucabetweentheU.S./CanadaborderandtheElwhaRiver,inclusive(Figure104).The


PugetSoundSteelheadTechnicalRecoveryTeam(TRT)consideredgeneticandlife-history


informationfromsteelheadontheOlympicPeninsulaandWashingtoncoastandconcludedthat


therewasnocompellingevidencetoaltertheDPSboundarydescribedabove.





Figure104--MapofthePugetSoundSteelheadDPS’sspawningandrearingareas,identifying32demographically


independentpopulations(DIPs)within3majorpopulationgroups(MPGs).The3steelheadMPGsareNorthern


Cascades,Central&SouthPugetSound,andHoodCanal&StraitofJuandeFuca.
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SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


TheinitialreviewofthisDPS—thencalledthePugetSoundSteelheadEvolutionarilySignificantUnit


(ESU)—byaBiologicalReviewTeam(BRT)wascompletedin1996aspartofacoastwidestatus


reviewconductedinresponsetotwolistingpetitionsreceivedbyNOAAthatidentifiedother


potentiallyimperiledsteelheadpopulationsin1993and1994(Busbyetal.1996).Subsequenttothat


BRTreview,NOAAissuedadeterminationthatlistingofPugetSoundsteelheadwasnotwarranted


(61 FR 41451).InresponsetoapetitiontolistPugetSoundsteelheadreceivedinSeptember2004,a


newlyconvenedBRTcompleteditsreportsummarizingthestatusofthePugetSoundSteelheadDPS


inJune2007(Hardetal.2007).TheBRTconsideredthemajorriskfactorsfacingPugetSound


steelheadtobewidespreaddeclinesinabundanceandproductivityformostnaturalpopulationsin


theDPS(includingthoseinSkagitandSnohomishrivers,previouslyconsideredstrongholdsfor


steelheadinPugetSound);thelowabundanceofallsummer-runpopulations;andcontinued


releasesofout-of-DPShatcheryfishfromSkamaniaRiver-derivedsummer-runandhighly


domesticatedChambersCreek-derivedwinter-runstocks.MostofthepopulationsintheDPSare


small,andrecentdeclinesinabundanceofnaturalfishhavepersisteddespitewidespreadreductions


inharvestofnaturalsteelheadintheDPSsincethemid-1990s.Afterconsideringtheseandother


factorssuchasreducedcomplexityofspatialstructure,evidenceforminorcontributionofresident


O.mykisstoanadromousabundanceandproductivity,andpersistentlylowmarinesurvivalof


steelheadfromPugetSound,theBRTconcludedthatsteelheadintheDPSwerelikelytobecomeat


riskofextinctionthroughoutallorasignificantportionoftheirrangeintheforeseeablefuture,but


werenotcurrentlyindangerofextinction.SubsequenttotheBRT’sreview,NMFSissueditsfinal


determinationtolistthePugetSoundSteelheadDPSasathreatenedspeciesundertheESAon11


May2007(72FR26722);theeffectivedateofthelistingwas11June2007.


2010


The2010reviewofthelistedPugetSoundSteelheadDPSconcludedthatitsstatushadnotchanged


substantiallysincethe2007listing(Fordetal.2011).MostpopulationswithintheDPSwereshowing


continueddownwardtrendsinestimatedabundance,afewsharplyso,andevidenceforlow


productivitywasevidentthroughouttheDPS.Forallbutafewpopulations,populationgrowthrates


weredecliningontheorderof3to10%annually,andextinctionriskformostpopulationsoverthe


foreseeablefuturewasestimatedtobemoderatetohigh,especiallyforthoseintheCentral&South


PugetSoundandHoodCanal&StraitofJuandeFucamajorpopulationgroups(MPGs).Themajor


riskfactorsfacingPugetSoundsteelheadhadalsonotchangedsubstantivelysincelisting.Following


the2010statusreview,NMFSproposedcriticalhabitatforPugetSoundsteelheadon14January


2013(78FR2726);theagencyupdateditsdeterminationofthelistingstatusoftheDPSon14April


2014(79FR20802).


In2013,thePugetSoundSteelheadTRTfinalizeditsanalysesofPugetSoundsteelheaddata


availablethrough2011toidentify32demographicallyindependentpopulations(DIPs)and3MPGs


withintheDPS(Myersetal.2015)anddevelopviabilitycriteriafortheDPS(Hardetal.2015).Inits


viabilityreport,theTRTconcludedthatthethreatenedPugetSoundSteelheadDPSisnotcurrently


viable.TheTRTfoundthatlowpopulationviabilityiswidespreadthroughouttheDPS,acrossall


threeMPGs,andincludesbothsummer-runandwinter-runpopulations.Steelheadpopulations


throughouttheDPSshowedevidenceofdiminishedabundance,productivity,diversity,andspatial
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structurewhencomparedwithavailablehistoricalevidenceforthestatesofeachofthesesalmonid


population(VSP)parameters.





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Thisreportconsidersdataavailablethrough2014(whereavailable)toreviewthecurrentstatusof


PugetSoundsteelhead.Thesedatawereprovidedbystateandtribalcomanagers,whichincluded


theWashingtonDepartmentofFishandWildlife,includingitsSalmonandSteelheadStockInventory


andSalmonscapedatabases,anditsdistrictareabiologists;Washingtontribalbiologists;and


NorthwestIndianFisheriesCommissionbiologists.Thereportfocusesonassessingviabilityofa


subset(n=22)ofthe32populationsintheDPSidentifiedbytheTRTforwhichupdated


demographicdataareavailable.Theviabilityassessmentincorporatesbasicanalysesofabundance


andtrend,followedbyasetofpopulationviabilityanalyses(PVAs)forseveraloftheDIPsandMPGs


withintheDPS.ItalsoconsiderstheTRT’sanalysesofsteelheadabundance,productivity,diversity


andspatialstructureinPugetSoundandbrieflycomparesthemtotheanalysesofstatusdeveloped


inthecurrentreport.





ABUNDANCEANDPRODUCTIVITY


AbundanceofadultsteelheadreturningtonearlyallPugetSoundrivershasfallensubstantiallysince


estimatesbeganformanypopulationsinthelate1970sandearly1980s.Trendsinabundancefor22


ofthe32DIPsintheDPSaredepictedinFigure105.Theplotsdepicttrendsfor8ofthe16winter-

run(WR)andsummer-run(SuR)DIPsintheNorthernCascadesMPG(NooksackRiverWR,Samish


RiverandBellinghamBayTributariesWR,SkagitRiverWR,PilchuckRiverWR,Snohomish


River/SkykomishRiverWR,SnoqualmieRiverWR,StillaguamishRiverWR,andToltRiverSuR),6of


the8winter-runDIPsintheCentral&SouthPugetSoundMPG(CedarRiverWR,GreenRiverWR,


NisquallyRiverWR,NorthLakeWashingtonandLakeSammamishWR,PuyallupRiver/CarbonRiver


WR,andWhiteRiverWR),and8ofthe8winter-runDIPsintheHoodCanal&StraitofJuandeFuca


MPG(DungenessRiverWR,EastHoodCanalTributariesWR,ElwhaRiverWR,SequimandDiscovery


BayTributariesWR,SkokomishRiverWR,SouthHoodCanalTributariesWR,StraitofJuandeFuca


TributariesWR,andWestHoodCanalTributariesWR).Dataareavailableforonlyonesummer-run


DIP,theToltRiverintheNorthernCascadesMPG.


Mostoftheanalysesthatfollowusemetricsdescribedinthe“Methods:CommonMetrics”sectionof


thisreport(p.8).TheplotsinFigure105showsmoothedtrendsforbothnaturalandtotal(natural+


hatchery)escapementsoverthetimeseries.Totalabundanceofsteelheadinthesepopulationshas


shownagenerallydecliningtrendovermuchoftheDPS.Since1980,onlyhalfofthe22populations


showevidenceofaneutralorincreasingtrend,andmostoftheseareintheHoodCanal&Straitof


JuandeFucaMPG.Severaloftheneutraltrendsareinfluencedbylowestimatedabundanceinthe


early1980s;nearlyhalfofthe8populationsshowingneutraltrendssince1980showdeclining


trendsbetweenthelate1980s-early1990sandabout2009,whenincreasingtrendsareoften


apparent.Thepatternsarenearlyidenticalfortrendsinnatural-originabundance(Figure105).
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Figure105--Smoothedtrendsinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundanceofPugetSoundsteelhead.Pointsshowtheannualrawspawningabundanceestimates.Greybandsdepict


the95%confidenceintervalsaroundtheestimates.WR,winterrun;SuR,summerrun.
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Ingeneral,broadpatternsofsteelheadabundanceacrossthePugetSoundDPSaresimilartothose


summarizedinthelaststatusreviewthatconsidereddatathrough2009(Fordetal.2011).Smoothed


trendsinabundanceindicatemodestincreasessince2009for13ofthe22DIPs(SamishRiverand


BellinghamBayTributariesWR,PilchuckRiverWR,WhiteRiverWR,SkokomishRiverWR,Straitof


JuandeFucaTributariesWR,SkagitRiverWR,GreenRiverWR,WestHoodCanalTributariesWR,


andNooksackRiverWR,withEastHoodCanalTributariesWR,DungenessRiverWR,ElwhaRiver


WR,andToltRiverSuRalsoshowingearlysignsofanupwardtrend).However,severalofthese


upwardtrendsarenotstatisticallydifferentfromneutral,andmostpopulationsremainsmall.In


2005-2009,thegeometricmeanabundancewasfewerthan250adultsfor8of19populations


evaluated(Table59).OneofthesepopulationswasintheNorthernCascadesMPG,three(including


CedarRiverWR)wereintheCentral&SouthPugetSoundMPG,andfourwereintheHoodCanal&


StraitofJuandeFucaMPG.ElevenofthepopulationsacrosstheDPShadfewerthan500spawners


annually.Duringthisperiod,thepatternsfornaturalspawnerswerenearlyidentical.


Intheinterveningfiveyears,somesignificantchangesinabundance(totalandnatural)areevident


forafewpopulations.Inspectionofgeometricmeansoftotalspawnerabundancefrom2010to2014


indicatesthat9of20populationsevaluatedhadgeometricmeanabundancesfewerthan250adults


and12of20hadfewerthan500adults(Table59).ThelargestpopulationsareNooksackRiverWR,


SamishRiverandBellinghamBayTributariesWR,SkagitRiverWR,SnohomishRiver/Skykomish


RiverWR,andSnoqualmieRiverWRintheNorthernCascadesMPG;GreenRiverWRandWhite


RiverWRintheCentral&SouthPugetSoundMPG;andSkokomishRiverWRintheHoodCanal&


StraitofJuandeFucaMPG.Thesmallestpopulations(thosewithfewerthanabout100spawners


annually)areToltRiverSuRintheNorthernCascadesMPG;CedarRiverWRandNorthLake


WashingtonandLakeSammamishWRintheCentral&SouthPugetSoundMPG;andDungeness


RiverWR,EastHoodCanalTributariesWR,ElwhaRiverWR,SequimandDiscoveryBayTributaries


WR,andSouthHoodCanalTributariesWRintheHoodCanal&StraitofJuandeFucaMPG.Between


thetwomostrecentfive-yearperiods(2005-2009and2010-2014),thegeometricmeanofestimated


abundanceincreasedbyanaverageof5.4%.ForsevenpopulationsintheNorthernCascadesMPG,


theincreasewas3%;forfivepopulationsintheCentral&SouthPugetSoundMPG,theincreasewas


10%;andforsixpopulationsintheHoodCanal&StraitofJuandeFucaMPG,theincreasewas4.5%


(Table59).


Inspectionofthechangeingeometricmeansofrawnatural-originspawnerabundanceoverthesame


periodsshowsevidenceofadditionalincreasesbutthereisinformationforonlyafewpopulations.


ForeightpopulationsacrosstheDPS,thegeometricmeanofestimatednaturalabundancehas


increasedbyanaverageof21.6%.ForthreepopulationsintheNorthernCascadesMPG,theincrease


was35.0%;fortwopopulationsintheCentral&SouthPugetSoundMPG,theincreasewas77.0%;


andforthreepopulationsintheHoodCanal&StraitofJuandeFucaMPG,thedecreasewas21.6%


(Table59).AcrosstheDPS,thetrendsinabundancehaveshownapatternofinitialincrease,


followedbyadecade-longdecline,andmostrecentlyhaveshownevidenceofaslightincreasefor


somepopulations.Severalpopulationsshowcontinueddeclines.Overallthepopulationsevaluated,


theproportionalchangesinfive-yeargeometricmeanabundanceofsmoothedtotalspawnerswerea


mixofpositiveandnegativebetweenthefirsttwofive-yearperiods(1990-1994and1995-

1999)(Figure106).Betweenthefive-yearperiods1995-1999and2005-2009,mostpopulations


showedappreciabledeclinesinabundance,rangingbetween10andnearly100%(Figure106).


Betweenthemostrecenttwofive-yearperiods(2005-2009and2010-2014),severalpopulations


showedincreasesinabundancebetween10and100%,butabouthalfhaveremainedindecline


(Figure106).Naturalspawnersshowednearlyidenticalpatternsofchangeinabundancetothetotal
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Table59--5-year geometric mean of raw natural spawner countsforPugetSoundsteelhead.This is the raw total spawner count times the fraction natural


estimate, if available.Inparentheses,the5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawner


countwasavailable butnooronlyoneestimateofnaturalspawnerswasavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothe


power1overthenumberofcountsavailable(2to5). Aminimumof2valueswasusedtocomputethegeometricmean. Percentchangebetweenthemostrecent


two5-yearperiodsisshownonthefarright.MPG,majorpopulationgroup;WR,winterrun;SuR,summerrun.
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Figure106--Percentchanges(andlogpercentchanges)inthegeometricmeansofsmoothedspawnerabundance


acrossPugetSoundsteelheadpopulationsbetweenfourconsecutivefive-yearperiods(1990-1994to1995-1999,


1995-1999to2000-2004,2000-2004to2005-2009,and2005-2009to2010-2014).Reddotsindicatenegative


changes,andblackdotsindicatepositivechangesLeftpanel,totalspawners;rightpanel,naturalspawners.





spawnersovertheseperiods(Figure106).Figure107illustratestheunimodalfrequency


distributionofthesechangesingeometricmeanabundancefornaturalspawners;mostofthe


changesacrosspopulationsareintherangeof-20%to+40%betweenconsecutiveperiods.Long-

term(15-year)trendsinnaturalspawnersarepredominantlynegative(Figure108).


LinearregressionsofsmoothedlognaturalspawnerabundanceappliedtosteelheadDIPsovertwo


15-yeartimeseries(16DIPsin1990-2005and8DIPsin1999-2014)indicatethatdecliningslopesof


trendsinabundancearepervasiveinthefirstperiodandcommoninthelatterperiod(Table60).For


the1990-2005period,theaverageregressionslopeacrosstheDPSwas-0.04.Fortheseven


populationsintheNorthernCascadesMPG,theaverageslopewas-0.02;forthesixpopulationsinthe


Central&SouthPugetSoundMPG,theaverageslopewas-0.03;andforthethreepopulationsinthe


HoodCanal&StraitofJuandeFucaMPG,theaverageslopewas-0.02.Allbut6ofthe16declining


slopesweresignificantly(P<0.05)lessthanzero.Therewasonlyonesignificantly(p<0.05)


positivetrend(forSamishRiver/BellinghamBayWR).


Forthe1999-2014period,theaverageregressionslopeacrosstheDPSwas-0.03.Therewasalittle


lessvariabilityintheabundancetrendsinthelaterperiod,butforbothperiodsmanytrendswere


negative,andtherewerenosignificantly(p<0.05)positivetrends.Forthethreepopulationsinthe


NorthernCascadesMPG,theaverageslopewaslessthan-0.01;forthetwopopulations(WhiteRiver


WRandNisquallyRiverWR)illustratedintheCentral&SouthPugetSoundMPG,theaverageslope


wasbetween-0.03and-0.04;andforthethreepopulationsintheHoodCanal&StraitofJuandeFuca


MPG,theaverageslopewas-0.04.Threeofthesevendecliningtrendsweresignificantlylessthan


zero.Nopopulationshowedasignificantchangeinslopebetweenperiods(Table60)).Acomparison


withtheanalysesofabundancetrendsfromthepreviousstatusreview(Fordetal.2011)showsno


clearevidencethatabundanceisincreasing;decliningorneutraltrendsremaincommonacrossthe
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Figure107–Frequencydistributionofpercentchangesinfive-yeargeomeansofsmoothedlognaturalsteelhead


spawners.Redbarsindicatenegativechanges;blackbarsindicatepositivechanges.





DPS.Furthermore,ingeneral,steelheadabundanceacrosstheDPSremainswellbelowlevelsneeded


tosustainnaturalproductionintothefuture.


SteelheadproductivityinPugetSoundhasbeentemporallyvariableformostpopulationssincethe


mid-1980s.Figure109depictsthetrendsinproductivity,estimatedasthelogofsmoothednatural


spawningabundanceinyeartminusthesmoothednaturalspawningabundancefouryearsearlier,


for19steelheadDIPs.Naturalproductivitymeasuredthiswayismoreorlessequivalenttothe


intrinsicrateofnaturalincrease,r,andithasbeenwellbelowreplacementformostofthisperiodfor


atleasteightoftheseDIPs.Theseinclude,intheNorthernCascadesMPG:StillaguamishRiverWR


andSnoqualmieRiverWR(and,toalesserextent,SkagitRiverWRandGreenRiverWR);inthe


Central&SouthPugetSoundMPG:NorthLakeWashingtonandLakeSammamishWR,Puyallup


River/CarbonRiverWR,andNisquallyRiverWR;andintheHoodCanal&StraitofJuandeFuca


MPG:EastHoodCanalTributariesWR,DungenessRiverWR,andElwhaRiverWR.Fortheother


populations,productivityhasfluctuatedaroundreplacement,butmosthavebeenpredominantly


belowreplacementsinceabout2000.Thatsaid,somepopulationsareshowingsignsofproductivity


thathasbeenabovereplacementsinceabout2009;theseincludeToltRiverSuRandPilchuckRiver


WR(seealsoNooksackRiverWR)(NorthernCascadesMPG);NisquallyRiverWRandWhiteRiver
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Figure108--Plotof15-yeartrendinlogabundanceofnaturalsteelheadspawnersacrossPugetSoundsteelhead


populationsbetweentwoconsecutive15-yearperiods(1990-2005and1999-2014).Reddotsindicatenegative


trends;blackdotsindicatepositivetrends.





WR(Central&SouthPugetSoundMPG);andEastHoodCanalTributariesWR,SouthHoodCanal


TributariesWR,andStraitofJuandeFucaTributariesWR(HoodCanal&StraitofJuandeFucaMPG)


(Figure109).


Thus,therearesomesignsofmodestimprovementinsteelheadproductivitysincethe2011review,


atleastforsomepopulations,especiallyintheHoodCanal&StraitofJuandeFucaMPG.However,


thesemodestchangesmustbesustainedforalongerperiod(atleasttwogenerations)tolend


sufficientconfidencetoanyconclusionthatproductivityisimprovingoverlargerscalesacrossthe


DPS.Moreover,severalpopulationsarestillshowingdismalproductivity,especiallythoseinthe


Central&SouthPugetSoundMPG,andtwomajorDIPsintheHoodCanal&StraitofJuandeFuca


MPG—DungenessRiverWRandElwhaRiverWR—areexhibitingthissamepattern(Figure109).


Collectively,thereisnoclearevidencetosuggestthatincreasesinabundanceofspawnersand


improvementsinproductivityacrosstheDPSsincethelastreviewwasconductedaresufficientto


supportachangeinconclusionaboutdemographicrisktosteelheadviability.Therecentincreasesin


abundancethathavebeenobservedforafewpopulationshavebeenmodestandwithintherangeof


variabilityobservedinthepastseveralyears.Trendsinabundance,especiallyfornaturalspawners,


remainpredominantlynegativeorflatoverthetimeseriesexamined.Therecentupwardestimates
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Table60--15-yeartrendsinlognaturalspawnerabundanceforPugetSoundsteelhead,computed


fromalinearregressionappliedtothe smoothednaturalspawnerlogabundanceestimate.Only


populationswithatleast4naturalspawnerestimatesfrom1980to2014areshownandwithatleast2data


pointsinthefirst5yearsandthelast5yearsofthe15-year period.Lowerandupperboundsofthe95%


confidenceintervalsoftheestimatesareinparentheses.MPG,majorpopulationgroup;WR,winterrun;


SuR,summerrun.








ofproductivityarepromisingbutarelimitedtoarelativelyfewpopulationsandspanonlyonetoa


fewyearswhensmoothed.Thus,theimprovingpatternsareneitherwidespreadnorsustainableyet.





HARVEST


PugetSoundsteelheadareharvestedinterminaltribalgillnetfisheriesandinrecreationalfisheries.


Fisheriesaredirectedathatcherystocks,butsomeharvestofnaturaloriginsteelheadoccurs


incidentallytohatchery-directedfisheries.Winter-runhatcherysteelheadproductionisprimarilyof


ChambersCreek(DeschutesRiver)stock,whichforseveralgenerationshasbeenselectedforearlier


runtimingthannaturalstockstominimizefisheryinteractions.Hatcheryproductionofsummer-run


steelheadisprimarilyofSkamaniaRiver(lowerColumbiaRiverBasin)stock,whichhasbeen


selectedforearlierspawntimingthannaturalsummer-runsteelheadtominimizeinteractionsonthe


spawninggrounds.Inrecreationalfisheries,retentionofwildsteelheadisprohibited,soallharvest


impactsoccurastheresultofreleasemortalityandnon-compliance.Intribalnetfisheries,most


fisheryimpactsoccurinfisheriesdirectedatsalmonandhatcherysteelhead.Someadditional


impactsoccurinpre-terminalfisheries,butthesearenegligibleanddataareinsufficienttoattribute


themtoindividualpopulations.Consequently,harvestimpactsarereportedasterminalharvest


rates.


MostPugetSoundstreamshaveinsufficientcatchandescapementdatatocalculateexploitationrates


fornaturalsteelhead.PopulationswithsufficientdataincludethoseintheSkagit,Green,Nisqually,
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Figure109--TrendsinpopulationproductivityofPugetSoundsteelhead,estimatedasthelogofthesmoothed


naturalspawningabundanceinyeartminusthesmoothednaturalspawningabundanceinyear(t–4).WR,winter


run;SuR,summerrun.





Puyallup,andSnohomishrivers(Figure110).Harvestratesdifferwidelyamongthedifferentrivers,


butallhavedeclinedsincethe1970sand1980s.Harvestratesonnaturalsteelheadduringtheearlier


periodaveragedbetween10%and40%,withsomepopulationsinthecentralandsouthpartsof


PugetSound,suchastheGreenandNisquallyriverpopulations,experiencingharvestratesover


60%.Inrecentyears,terminalharvestrateshavecontinuedtodecline,averaginglessthan2%over


thelastfiveyears.Theseratesareexpectedtocontinuetodeclineforthenearfuture.
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Figure110--TerminalharvestratesonnaturalsteelheadfromPugetSoundrivers.DatafromthePugetSound


SteelheadHarvestManagementPlan,AppendixA(BobLeland,WashingtonDepartmentofFishandWildlife,personal


communication).





STOCHASTICPOPULATIONRISKANALYSES


InadditiontotheaboveevaluationsofsteelheadabundanceandproductivityinPugetSound,we


conductedtwoadditionalanalysesofthetimeseriesofdemographicdataavailableforsteelhead


populationsintheDPS.Toassesstheuncertaintyinfutureprojectionsofreachingspecificlow-

abundancethresholdsforPugetSoundsteelhead,weconductedstochasticsimulationsofquasi-

extinctionriskforseveraloftheabundancetimeseriesgiventhelatestestimatesofpopulation


growthrateandthePugetSoundSteelheadTRT’sestimatesofhabitatcarryingcapacity.Mostofthe


timeseriesextendedfromtheearly1980stoabout2013,butsomewerefromthelate1970sto


2014.Thosetimeserieswithfewerthan15abundanceestimates(e.g.,NooksackRiverWR)were


excluded.TheQETsappliedherewereestimatedbytheTRT(Hard et al. 2015)andarebasedonalow


averageof24spawnersmeasuredoverfourconsecutiveyearsforSnowCreeksteelhead,thenscaling


bytheratiooftheestimateofintrinsicpotentialforthewatershedsupportingthecandidateDIPto


thatofSnowCreek.TheSnowCreekwinter-runsteelheadpopulationwaschosenbytheTRTbecause


itisanaturalanadromouspopulationwithsustainednaturalproductioninarelativelystable


watershed,andprovidesaccurateestimatesofadultescapement,smoltproduction,andintrinsic


potentialtoserveasabasisforestimatingQETsthroughoutthePugetSoundSteelheadDPS.Table61


summarizestheoutputfromthesesimulations.Consistentwiththeotheranalysesofabundanceand


productivity,thesesimulationsprovideevidenceofwidespreaddecliningsteelheadproductivityin


PugetSound.Theaverageofthegeometricmeanoftheintrinsicrateofincrease,r,for


Table61--Summaryofstochasticsimulationsofquasi-extinctionriskforPugetSoundsteelheadpopulations.r,


geometricmeanoftheintrinsicrateofnaturalincrease(SD,standarddeviation);QET,estimatedquasi-extinction


thresholdabundance;yrstoQET,medianno.ofyearsthatsimulatedpopulationstaketoreachQET;%belowQET,


percentageof1000simulatedpopulationsthatdropbelowQETwithin100yearsundertwogrowthmodels(exp,
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exponentialgrowthmodel;d-d,density-dependentgrowthmodelwithKequaltothecapacityabundanceidentified


byHardetal.(2015).Atimeseriesof15yearsofabundancewastheminimumthresholdforthesesimulations(e.g.,


NooksackRiverWRwasthereforenotincluded,asn=7).SouthPugetSoundTributariesWRhadnoescapementdata;


therefore,thispopulationisnotincluded.


 
Population 

 
   r        SD(r) 

 
  QET 

yrs to reach 
     QET 

% below QET 
 exp         d-d

Cedar R. WR -0.172   0.883 35 17 95.2        97.0

Dungeness R. WR -0.072   0.392 30 29 88.6        99.1

East Hood Canal Tribs. WR -0.012   0.805 27 17 42.1        75.5

Elwha R. WR  0.086   1.070 41 7 16.3        22.5

Green R. WR -0.015   0.434 69 34 39.7        74.9

Nisqually R. WR -0.032   0.740 55 29 46.4        69.8

North Lake WA and Lake Sammamish WR 
 

-0.257   0.776 36 10 99.8        99.9

Pilchuck R. WR 0.026   0.453 34 35 12.0        87.6

Puyallup R./Carbon R. WR -0.071   0.457 58 39 77.0        95.4

Samish R. and Bellingham Bay Tribs. WR 
winter run 

 0.063   0.747 31 13 12.5        64.4

Sequim/Discovery Bays Tribs. WR -0.046   0.738 25 10 68.4        90.9

Skagit R. WR  0.002   0.364 157 51 14.1        67.4

Skokomish R. WR  0.008   0.617 50 29 29.2        45.4

Snohomish/Skykomish R. WR  -0.012   0.477 73 35 36.4        87.0

Snoqualmie R. WR -0.024   0.484 58 35 43.6        79.5

South Hood Canal Tribs. WR  -0.027   0.431 30 18 60.1        76.2

Strait of Juan de Fuca Tribs. WR -0.039   0.497 26        25 63.0      100.0

Stillaguamish R. WR -0.046   0.614  67 29 60.5        73.1

Tolt R. SuR -0.004   0.584 25 18 41.3      100.0

West Hood Canal Tribs. WR -0.026   0.587 32 9 58.0        74.1

White R. WR   0.024   0.467 64 16 20.1        32.0




21populationsacrosstheDPSis-0.031.Theevidencefordeclineismorepervasiveforthe


populationsintheSouthandCentralPugetSoundMPG,wheretheaverageestimateofrwas-0.074;r


forpopulationsintheNorthernCascadesMPGaveragedabout0.001,andthoseintheHoodCanal&


StraitofJuandeFucaMPGaveraged-0.019.Theseestimatesallhadwidevariability,however,and


estimatesforindividualpopulationsweregenerallynotdistinguishablefromzero.


Onethousandsimulationsofeachpopulationwereruntodeterminethelikelihoodthateach


simulatedpopulationwouldreachitsspecifiedquasi-extinctionthreshold(QET,asidentifiedinHard


etal.(2015)).AllthesimulatedpopulationsreachedtheircorrespondingQETlevelsofabundance


withinamedianof51years,givencurrentdemographictrendsandunderanassumptionof


stationarity.TheaverageofthemediannumberofyearstoreachQEToverall21populationswas


24.0years.ForpopulationsintheNorthernCascadesMPG,theaverageofthemediannumberof


yearstoQETwas30.8years;forthoseintheCentral&SouthPugetSoundMPG,theaveragewas24.8


years;andfortheHoodCanal&StraitofJuandeFucaMPG,theaveragewas16.4years.Allbutsix


populationsreachedQETwithinamedianof30years;theexceptionswereGreenRiverWR(median,


34years),PilchuckRiverWR(median,35years),Puyallup/CarbonRiverWR(median,39years),


SkagitRiverWR(median,51years),Snohomish/SkykomishRiverWR(median,35years),and


SnoqualmieRiverWR(median,35years).


Applyingtwodifferentpopulationgrowthmodelstothesimulationsindicatesthat,formostofthese


populations,themajorityofsimulatedtrajectoriesreachedQETwithin100years(theVSPcriterion
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for95%probabilityofpersistence).Onemodelwasasimpledensity-independentmodelof


exponentialpopulationgrowthfittedtothedata;theotherwasamodelthatincorporateddensity


dependencethroughasimpledampingfunctionthatwasappliedtothepopulationgrowthrateas


abundance(N)approachedestimatedcarryingcapacity,K,throughthefunction1-(Nt-1/K),wheretis


thecurrenttimestep(year).Bothmodelswereimplementedwiththe‘popbio’packageinR(RCore


Team2012).KwasgivenastheabundancecomputedfromintrinsicpotentialestimatesbythePuget


SoundSteelheadTRT(Hardetal.2015).


Theresultsofthesesimulationsindicatethatunderbothmodels,mostsimulatedpopulationswould


reachtheirspecifiedQETabundanceswithin100years,andgenerallywithin30years.Underthe


density-independentgrowthmodel,theproportionofsimulatedpopulationsthatreachedQET


variedfrom12.0%to99.8%;themeanproportionacrossthe21populationswas48.8%.Theaverage


proportionsofpopulationsreachingQETineachofthethreeMPGswere31.5%forpopulationsin


theNorthernCascadesMPG,58.2%forpopulationsintheCentral&SouthPugetSoundMPG,and


56.6%forpopulationsintheHoodCanal&StraitofJuandeFucaMPG.Undertheexponentialgrowth


model,thepopulationsacrosstheDPSwiththelowestproportionsreachingQETwereSamishRiver


andBellinghamBayTributariesWR,PilchuckRiverWR,andSkagitRiverWRintheNorthern


CascadesMPG,WhiteRiverWRintheCentral&SouthPugetSoundMPG,andElwhaRiverWRinthe


HoodCanal&StraitofJuandeFucaMPG;allhadproportionsreachingQETlowerthanabout20%.


PopulationswiththehighestproportionsreachingQETwereNorthLakeWashingtonandLake


SammamishWRandCedarRiverWRintheCentral&SouthPugetSoundMPGandDungenessRiver


WRintheHoodCanal&StraitofJuandeFucaMPG,allofwhichhadproportionsexceeding80%


(Table61).


Underthedensity-dependentmodel,theproportionsofeachofthepopulationsreachingQETwere


generallyhigher,andsometimesconsiderablyhigher.Theproportionsrangedfromalowof22.5%to


ahighof100%,andthemeanproportionforall21populationswas76.7%.Theaverageproportions


ofpopulationsreachingQETineachofthethreeMPGswere79.8%forpopulationsintheNorthern


CascadesMPG,73.5%forpopulationsintheCentral&SouthPugetSoundMPG,and76.9%for


populationsintheHoodCanal&StraitofJuandeFucaMPG.Underthedensity-dependentgrowth


model,thepopulationsacrosstheDPSwiththelowestproportionsreachingQETwereWhiteRiver


WRintheCentral&SouthPugetSoundMPGandElwhaRiverWRintheHoodCanal&StraitofJuan


deFucaMPG;thosewiththehighestproportionswereCedarRiverWRandNorthLakeWashington


andLakeSammamishWRintheCentral&SouthPugetSoundMPG,DungenessRiverWRintheHood


Canal&StraitofJuandeFucaMPG,andToltRiverSuRintheNorthernCascadesMPG(Table61).


Theseanalysessupporttheearlierpatternsofdemographictrendandindicatethatmanysteelhead


populationsthroughouttheDPShaveahighriskofdecliningtolevelsofabundanceatorbelowtheir


estimatedQETs.


Wherepossiblewealsoappliedauto-regressivestatespacemodels(‘MARSS’packageinR;(Holmes


etal.2014))totheabundancetimeseriesforPugetSoundsteelheadDIPs,topredictprobabilitiesof


populationabundancereachingparticularabundancethresholds(QETs)andtoquantifyforecast


uncertaintyforprojectedfuturechangeinabundanceoverarangeoftimeintervalsintothefuture,


againbasedonobservedtrendsandassumingstationarityofconditions.Pointestimatesof


probabilitythatpopulationabundancewoulddeclinetoaspecifiedQETlevelwithin100years


rangedfromnear0forSkagitRiverWR(NorthernCascadesMPG)tonear0.9-1.0forStillaguamish


RiverWRandSnoqualmieRiverWR(NorthernCascadesMPG);PuyallupRiver/CarbonRiverWR


(Central&SouthPugetSoundMPG);andSouthHoodCanalTributariesWRandStraitofJuandeFuca
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TributariesWR(HoodCanal&StraitofJuandeFucaMPG).CedarRiverWRandNorthLake


WashingtonandLakeSammamishWR(Central&SouthPugetSoundMPG)arealreadybelowtheir


QETabundances.However,whereestimablethe95%confidenceintervalsaroundtheseestimates


weregenerallywideoverthe100-yeartimehorizon.Exceptionstothispatternincluded


StillaguamishRiverWR,SnoqualmieRiverWR,Puyallup/CarbonRiverWR,andNisquallyRiverWR,


whereconfidenceintervalsarenarrowerandabundancesareexpectedtofalltoQETlevelsinthe


nearfuture(withinafewdecades).


Onewaytoillustratethesepatternssystematicallyisthroughestimatesofabundanceforecast


uncertainty.Figure111depictsgraphsoftheseestimatesfor19steelheadpopulationsinPuget


Sound.Theseuncertainty“envelopes”depictregionsofhighcertaintyanduncertaintysurrounding


thepopulationforecasts.Theblackandwhiteareasrepresentparameterspaceswhereratesof


populationdeclineoverspecifictimeperiodsareestimatedwith95%orhigherconfidence,withthe


whiteregionrepresentingratesofdeclinethatarenotlikelytobeexceeded(maximal)andtheblack


regionrepresentingminimalexpectedrates.Inthewhiteregion,theprobabilityofaspecified


populationdeclineis≤5%.Intheblackregion,theprobabilityofaspecifiedpopulationdeclineis≥


95%.Thegreyregionsdefinelesscertainareasofparameterspacebetweentheseextremes,withthe


darkgreyregionrepresentingtheregionofhighestuncertainty.


Severalpatternsareevidentintheseforecastuncertaintyenvelopes.First,thevariabilityin


abundancetimeseriesformostpopulationsyieldslargeareasofuncertaintyinforecastingfuture


abundance,especiallyoverVSPtimescales.Second,somepopulationsmayremainstableorhavethe


potentialtoincreaseinabundance—asindicatedbythelackofablackwedge—atleastovertheshort


term.However,itisimportanttonotethatwhilethisoutcomeisfeasible,itisgenerallynotlikely.


ExceptionswhichwecanbeconfidentwillnotincreaseinabundanceincludeSnoqualmieRiverWR


andStillaguamishRiverWRintheNorthernCascadesMPG;NisquallyRiverWRandPuyallup


River/CarbonRiverWRintheCentral&SouthPugetSoundMPG;andSouthHoodCanalTributaries


WRandStraitofJuandeFucaTributariesWRintheHoodCanal&StraitofJuandeFucaMPG.Both


theCedarRiverWRandNorthLakeWashingtonandLakeSammamishWR(Central&SouthPuget


SoundMPG;notshowninFigure111)alsofallintothiscategory,astheyarebothcurrentlyfarbelow


theirQETs.TherearenoescapementdataforSouthPugetSoundTributariesWR,butthetrendin


catchdata(notshown)alsosuggeststhatfutureabundanceisexpectedtoremainlowthere.


Third,highratesofdeclineareexpectedovertheshorttermforseveralofthepopulationsidentified


above.Evenforthosepopulationswithlargeuncertaintiesassociatedwithabundanceforecasts,


maximalratesofdeclineovertheshorttermareexpectedtobequitehigh.Totakeoneexample,the


PilchuckRiverWRshowsalargeareaofforecastuncertainty(Figure111),anditispossiblethatthis


populationcouldevenincreaseinabundance(seealsoFigure109andFigure105).Nevertheless,the


rateofdeclineinabundancethatwecanbeconfident(P>0.95)thispopulationwillnotexceedisstill


about99%inlessthan20years.Bycomparison,thePuyallupRiver/CarbonRiverWRpopulationis


expectedtodeclinebyabout90%in20yearsaswell(and99%in45years),butbecauseofthelower


variabilityinthedatawecanalsobeconfidentthatthispopulationwilldeclinebynearlythatrate


within25-30years.


Whencombinedwiththepreviousdemographicanalyses,inspectionofforecastuncertaintyacross


theDPSindicatesthat,formostpopulations,weremainhighlyuncertaininpredictingwhetherpast


trendswillcontinue.However,thepredominanceofdecliningtrendsandtheprospectthatsome
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Figure111--Graphsofforecastuncertaintyfor19PugetSoundsteelheadpopulationsshowingtheprojectedfuture


changesinabundanceasafunctionoftimeprojectioninyears.Eachpopulation’sestimateofquasi-extinction


threshold(QET)isgiven;muisthemeanannualchangeinabundanceands2.pistheprocesserrorvariance.The


ordinateaxisisthelogratiooftheinitialabundanceatthestartoftheforecasttotheexpectedabundanceattheend


oftheprojectedintervalinyears.Theblackandwhiteareasrepresentparameterspaceswhereratesofpopulation


declineoverspecifictimeperiodsareestimatedwith95%orhigherconfidence,withthewhiteareareflecting


maximalexpectedratesofdeclineandtheblackareareflectingminimalexpectedrates.Thegrayareasencompass


theuncertaintyenvelopeforestimatingextinctionrisk(P<0.95).Notallpopulationsareamenabletotheseanalyses


becauseoflackofabundancedata;additionalpopulationsnotconsideredhereincludeCedarRiverWRandNorth


LakeWAandLakeSammamishWR(wherecurrentanadromousabundanceforeachisalreadywellbelowQET)and


SouthPugetSoundTributariesWR(forwhichonlycatchdataareavailable).





declinescouldbeassteepas90%fromcurrentabundancelevelswithinadecadeortwoprovide


littleconfidenceinexpectingpopulationviabilitiestoimprovesubstantiallyintheshortterm.


Foranotherassessment,thePugetSoundSteelheadTRT(Hardetal.2015)usedaBayesianNetwork


frameworkitdevelopedforallfourVSPcriteriatodevelopassessmentsoftheinfluenceof


abundanceandproductivityonpopulationviabilityandthenbuilthierarchicalnetworkstoscaleup


theirevaluationofthesecriteriaattheMPGandDPSlevels.TheDIP-levelBayesianNetworkfora


representativepopulationofwinter-runsteelheadintheDPSisgiveninFigure112.Itisinformative


tocomparetheTRT’sassessmenttothemorecurrentdemographicinformationforPugetSound


steelheadavailablehere.ThePugetSoundSteelheadTRTrecentlycompleteditsevaluationofseveral


factorsthatinfluencetheabundanceandproductivityVSPcriteriaforsteelheadinthisDPS(Hardet


al.2015).Forpopulationabundance,thesefactorsincludedestimatedadultabundancerelativeto


adultcapacity,estimatedjuvenileabundancerelativetojuvenilecapacity,andtheprobabilitythe


populationwouldreachitsquasi-extinctionthresholdabundancewithin100years.Forproductivity,


thesefactorsincludedtheprobabilitythepopulation’smeangrowthratewas<1(ideallycalculated


fromapopulationviabilityanalysis),basedonanestimateofsmoltsperspawner(ameasureof


productivityinfreshwater)andanestimateofadultspersmolt(ameasureofmarinesurvival);and


theestimatedfrequencyofrepeatspawners.Thesefactorswerediscretizedintodistinctbinsbythe


BayesianNetworkmodel(whichmoreeasilypermittedintegrationofquantitativeandqualitative


information,includingexpertopinionfromTRTmembers).


ThroughitsanalysesofsteelheadviabilitywithBayesianNetworks,theTRTfoundthatviabilitywas


generallyhighestforpopulationsintheNorthernCascadesMPG.Whenconsideredtogether,most


DIPsintheDPSexhibitedrelativelylowprobabilitiesofviabilitywithrespecttoabundanceand


productivity(40–50%).Populationviabilitieswithrespecttoabundanceandproductivitywere


higherforafewNorthernCascadesDIPs(probabilitiesofviabilityapproaching55–60%).Viabilities


weregenerallylowerintheCentral&SouthPugetSoundandtheHoodCanalandtheStraitofJuande


FucaMPGs;theywerelowestintheCentral&SouthPugetSoundMPG,wheremostpopulationsare


atlowabundance.TheTRTfoundthatthePuyallupRiver/CarbonRiverWRDIPhadthehighest


viabilityinthisDPS,basedondataavailablethrough2011.AcrosstheDPS,thedeclineinDIP


viabilitywithdecliningabundanceandproductivitywasnonlinear,andviabilitywasmoresensitive


toproductivitythantoabundance(Hardetal.2015).


AsensitivityanalysisoftheBayesianNetworkmodelsfoundthatpopulationviabilitywasgenerally


lowestwhenabundanceandproductivitywerelimiting(probabilitiesofviability<~30%).This


analysisemployedametriccalledentropyreductiontoassessthis;entropyreductionisameasureof


thevariabilityinmodeloutputexplainedbyamodelcomponent.Ingeneral,mostcomponentsofthe
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Figure112--ABayesianNetworktocharacterizetheviabilityofarepresentativeDIPofwinter-runsteelheadinthe


PugetSoundDPS.ThiswasthecommonframeworkadoptedbythePugetSoundSteelheadTRT.Theinfluenceofthe


DIP’sabundanceonitsviabilityisrepresentedbythe“VSPrisk:DIPabundance”node(lowerleft)thatincorporates


influencesofadultabundance,juvenileabundance,andquasi-extinctionriskonDIPviability.Theinfluenceofthe


DIP’sproductivityonitsviabilityisrepresentedbythe“VSPrisk:DIPproductivity”node(upperleft)that


incorporatesinfluencesofpopulationgrowthrateandfrequencyofrepeatspawningonDIPviability;thenodefor


populationgrowthrateisitselfinfluencedbyfreshwatersurvival(smoltsperspawner)andmarinesurvival(adults


persmolt).TheinfluenceoftheDIP’sdiversityonitsviabilityisrepresentedbythe“VSPrisk:DIPdiversity”node


(upperright)thatincorporatesinfluencesofthedistributionofruntiming,influenceofhatcheryfishonnatural


diversity,theadultagedistribution,andtheproportionofmigrantsmoltsproducedbyresidentadults.Theinfluence


oftheDIP’sspatialstructureonitsviabilityisrepresentedbythe“VSPrisk:DIPspatialstructure”node(lowerright)


thatincorporatesinfluencesofthefractionofIPhabitatoccupiedbyrearingjuvenilesandthefractionofIPhabitat


occupiedbyspawningadults.ThisnetworkisasubnetworkthatthendeterminestheviabilityoftheDIP’s


correspondingMPG,asindicatedbythedashedarrowatbottom;similarsubnetworksfortheviabilityofeachDIPin


theMPGcombinetoinfluencetheMPG’soverallviability.TheMPGnetworksthencombinetoestimatetheoverall


viabilityoftheDPS.Adescriptionofthenodes,theunderlyingprobabilitiesofviabilityandasummaryofhowthese


werederivedforthissubnetworkaregiveninthePugetSoundSteelheadTRT’sviabilitycriteriadocument(Hardet


al.2015).





modelsexplainedlittlevariationindividually,reflectingthehighuncertaintyassociatedwithmost


individualeffectsonviabilityforspecificpopulations.Asoneexample,fortheSamishRiverand


BellinghamBayTributariesWRDIPintheNorthernCascadesMPG,thesensitivityofviabilityto


abundance(entropyreduction,6.7%),productivity(entropyreduction,5.2%),diversity(entropy


reduction,1.3%,primarilyaresultofhatcheryfishinfluence),andspatialstructure(entropy


reduction,1.6%)indicatedthatitsviabilityislimitedmorebyabundanceandproductivitythanby


diversityandspatialstructure.Fortheabundancecriterion,themostimportantcontributingfactor
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wasadultabundance(entropyreduction,2.1%),followedbyjuvenileabundance(entropyreduction,


0.1%)andbytheprobabilityofabundancedroppingbelowthespecifiedQETof31fish(entropy


reduction,<0.1%).Fortheproductivitycriterion,themostimportantcontributingfactorwas


populationgrowthrate(entropyreduction,2.0%),followedbyiteroparity(entropyreduction,0.3%).


Otherfactorscontributingtopopulationviabilityincludedmarinesurvivalrate(entropyreduction,


1.2%),spatialstructure(totalentropyreductionforspawningandrearingareaoccupied,0.5%),and


alteredspawntiming(entropyreduction,0.3%).Hatcheryinfluenceandalterationofagestructure


wereconsideredtohaveminorinfluencesonviability.TheMostProbableExplanation(MPE)forthe


viabilityofthisDIPwasthatitisnotviable,buttherewasconsiderableuncertaintyaroundthisMPE:


theprobabilitythatthisDIPcouldbeviablewasestimatedat69.2%(Hardetal.2015).


AcontrastingexampleisprovidedbytheNisquallyRiverWRDIPintheCentral&SouthPugetSound


MPG.Thesensitivityofitsviabilitytoabundance(entropyreduction,6.0%),productivity(entropy


reduction,6.9%),diversity(entropyreduction,1.3%),andspatialstructure(entropyreduction,


1.7%)indicatedthatviabilityofsteelheadintheNisquallyRiverislimitedmorebyproductivity.For


theabundancecriterion,themostimportantcontributingfactorwasadultabundance(entropy


reduction,1.2%),followedbytheprobabilityofreachingthespecifiedQET(entropyreduction,0.2%)


andthenbyjuvenileabundance(entropyreduction,<0.1%).Fortheproductivitycriterion,themost


importantcontributingfactorwaspopulationgrowthrate(entropyreduction,2.8%),followedby


repeatspawning(entropyreduction,1.4%).Otherfactorscontributingtoviabilityincludedmarine


survivalrate(entropyreduction,1.5%),spawntiming(entropyreduction,0.3%),andspatial


structurecriteria(totalentropyreductionforspawningandrearingareaoccupied,0.5%).Hatchery


influenceandalterationofagestructurehadminorinfluencesonviability.TheMPEfortheviability


ofthisDIPwasthatitisnotviable,andtherewaslittleuncertaintyaroundtheMPE,becausethe


probabilitythatitmightbeviablewasestimatedatonly11.9%.


Inthiscase,whiletheexplanatorypowerofindividualcomponentsofviabilitywasalsolow,the


collectivepowerofthecombinedcomponentstoexplainvariationinviabilitywashigherfor


NisquallyRiverWRsteelheadthanforSamishRiverandBellinghamBayTributariesWRsteelhead.


Theprimaryreasonforthiswasthelowervariabilityaroundthedecliningtrendinabundanceand


thegreaterprecisionofthelowproductivityestimatefortheformerpopulation.


AsimplifiedrepresentationoftheresultsoftheBayesianNetworkanalyses,usingan18-pointscale


forviabilityandillustratedina“stoplight”framework,showsthatabouthalf(8of16)oftheDIPsin


theNorthernCascadesMPGhadmoderatetohighviabilityscoresforabundance,andabouthalfhad


lowscores(Figure113).IntheCentral&SouthPugetSoundMPG,alleightDIPsscoredlowfor


abundance.Similarly,intheHoodCanal&StraitofJuandeFucaMPG,most(6of8)DIPsscoredlow


forabundance(DungenessRiverWRandStraitofJuandeFucaTributariesWRweretheexceptions).


Nearlyallofthe16DIPsintheNorthernCascadesMPGhadmoderateviabilityscoresfor


productivity(StillaguamishRiverWRwasthesoleexceptionwithalowscore).IntheCentral&South


PugetSoundMPG,6of8DIPsscoredlowforproductivity,withGreenRiverWRandWhiteRiverWR


receivingmoderatescores.IntheHoodCanal&StraitofJuandeFucaMPG,most(5of8)DIPsalso


scoredlowforproductivity,withtheexceptionsbeingEastHoodCanalTributariesWRand


SkokomishRiverWR(moderateviabilityscores)andWestHoodCanalTributariesWR(highviability


score).


TheTRT’sconclusionsarelargelyconcordantwiththeanalysespresentedinthisreportandbased


onupdateddata.Thereisnoclearevidencetosuggestthatpatternsofabundance,ortrendsin
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Figure113--Estimatesofcurrentviability(low=notviable,moderate=intermediate,high=viable)forthe32DIPs


ofPugetSoundsteelhead(S=summerrunandW=winterrun)usingtheVSPframeworkdevelopedbythePuget


SoundSteelheadTRT.Notethatmanycriteriaaresupportedbyinsufficientdataandinmost(butnotall)ofthose


casestheyweregivenanintermediatevaluewithrespecttoinfluenceonviability.SeeHardetal.(2015)fordetails.





abundanceorproductivity,forPugetSoundsteelheadhavechangedappreciablysincetheTRT’s


assessmentofthesefactorsamongpopulationsacrosstheDPS.
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SPATIALSTRUCTUREANDDIVERSITY


Abundanceandproductivityaredemographiccharacteristicsofapopulationthatdetermineits


abilitytopersistintothefuture.Spatialstructureanddiversity,theothertwoVSPparameters,are


characteristicsthatinfluenceapopulation’sabilitytosustainitsidentifyingcharacteristics—suchas


utilizationofhabitat,distributionofspawningaggregations,geneticandphenotypictraits,life-

historycharacteristicssuchasgrowthrate,frequencyandphenologyofreproduction(seasonalrun


andspawntiming),andagestructure.Demographicrisksduetolowabundanceandproductivityare


typicallyshorter-termconsiderationsforviability.Compromisedspatialstructureanddiversityare


oftenthoughttoposeriskstoviabilityoverthelonger-term,solongasshort-termdemographicrisks


donotthreatenviability.


SincethePugetSoundSteelheadTRTcompleteditsreviewusingdataavailablethrough2011,the


onlynewdataonspatialstructureanddiversitythathavebecomeavailablehavebeenestimatesof


thefractionofhatcheryfishonspawninggroundsinthemostrecentyears.Inthissectionwefirst


evaluatethisinformation.WethensummarizetheTRT’smoregeneralfindingsonspatialstructure


anddiversityforPugetSoundsteelhead.


ProductionandreleaseofhatcherysteelheadofbothruntypesinPugetSoundhasdeclinedinrecent


yearsformostareas,andestimatesofthefractionofhatcherysteelheadspawningnaturalarelowfor


manyrivers.Thepopulationswiththehighestestimatedproportionsofhatcheryspawnersare


winter-runpopulationsandincludeElwhaRiverWR,SnoqualmieRiverWR,andStillaguamishRiver


WR.However,theseestimatesfortheElwhaRiverWRceasedbythelate1990s.Forallpopulations


excepttheSnoqualmieRiverWR,theestimatedfractionsofnatural-originspawnershavebeen


higherthan0.7since2005(Table62).However,itisimportanttonotethattheestimateofthis


fractionisnotavailableforaconsiderablenumberofsteelheadpopulations—adozeninthelatest


period.For17DIPsacrosstheDPS,thefive-yearaverageforfractionofnatural-originsteelhead


spawnersexceeded0.75duringthe2005-2009period;duringthe2010-2014period,thisaverage


wasnear1.0forthe9populationsthatcouldprovideanestimate.Thesevaluesaresimilartothose


estimatedforearlierfive-yearperiodsbackto1990-1994(Table62).Thefractionoffirst-generation


hatcheryfishonsteelheadspawninggrounds,whichhasdeclinedinrecentyears,issimilartothe


averagesincethelaststatusreview.Thefrequencydistributionsofthefractionofnaturalfishamong


steelheadspawnersinPugetSoundindicatethatthisfractionisgenerally0.9orgreaterforbothtime


periods,butthesedistributionsalsoshowthatthisfractioncouldnotbeestimatedforseveral


populations,especiallyinthe2010-2014period.


TheTRTconcludedthatproductionofhatcheryfishofbothruntypes—winterrunandsummer


run—hasposedconsiderablerisktodiversityinnaturalsteelheadinthePugetSoundDPS.Because


oftheoriginandaspectsofthepropagationhistoryofthesefishinPugetSound,theTRTconsidered


continuedhatcheryproductionofsteelheadtheretorepresentamajorthreattothediversityVSP


componentfortheDPS.Winter-runfishproducedinhatcheriesacrosstheDPSarederivedfromthe


ChambersCreekstockinsouthernPugetSound,whichhasbeenselectedrepeatedlyforearlyspawn


timingfordecades,atraitknowntobeheritableinsalmonids(thenaturalpopulationisnowextinct);


summer-runhatcheryfisharederivedfromtheSkamaniaRiverstockinthelowerColumbiaRiver


Basin(i.e.,out-of-DPSorigin).Thatsaid,theWashingtonDepartmentofFishandWildlifehas


terminatedseveralearly-wintersteelheadhatcheryprograms(SkagitRiverandSoosCreek),reduced


smoltreleasenumberssubstantiallyfromseveralothers(e.g.,TokulCreekandWallaceHatchery/
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Figure114--Smoothedtrendsintheestimatedfractionofthespawningpopulationconsistingofsteelheadofnatural


origininPugetSound.Pointsshowtheannualrawestimates.WR,winterrun;SuR,summerrun.
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Table62--5-yearmeanoffractionnatural(sumofallestimatesdividedbythenumberofestimates)forPuget


Soundsteelhead. Blanksindicatethat no estimate i s  available for that 5-year range.WR,winterrun;SuR,


summerrun.








Reiterponds),ceasedoff-stationearly-wintersmoltreleasesaltogether,stoppedthepracticeof


"recycling"adultstrappedatthehatcheriesdownstreamtoenhancesportfisheries,andmaintained


trapsopenfortheentiredurationoftheearly-winterhatcheryadultperiodtoremovethefishand


reducestrayingrisks.UnpublishedestimatesfromtheWashingtonDepartmentofFishandWildlife


suggestthattheinfluenceofhatcheryinseveralpopulationsarenowlow.Asaconsequence,therisk


posedbyhatcherysteelheadprogramsintheDPShasdeclinedsincethe2011review.


Inabroadercontext,thePugetSoundSteelheadTRTrecentlycompleteditsevaluationoffactorsthat


influencethediversityandspatialstructureVSPcriteriaforsteelheadinthisDPS(Hardetal.2015).


Fordiversity,thesefactorsincludedhatcheryfishproduction,thepotentialcontributionofresident


fishtoanadromousfishproduction,andruntimingofadultsteelhead.Becauselittlequantitative


informationontheseelementsofdiversitywasavailableformoststeelheadpopulationsintheDPS,


theTRTusedtheBayesianNetworkframeworkitdevelopedforallfourVSPcriteriatodevelopsemi-

quantitativeorqualitativeassessmentsoftheinfluenceofthesefactorsonpopulationviabilityand


thenbuilthierarchicalnetworkstoscaleuptheirevaluationofdiversity(andtheother)criteriaat


theMPGandDPSlevels.TheTRTreliedprimarilyontwoconsiderations:1)thepotentialinfluenceof


hatchery-producedsteelhead,mostofwhichareeitherhighlydomesticated(ChambersCreekwinter


run)orout-of-basinsourcestocks(SkamaniaRiversummerrun),onwildfish;and2)evidenceforan


alterationinnaturalruntimingfromhistoricalpatterns.Morerecently,Warheit’s(Warheit2014)


reportsummarizingevidenceforintrogressionofhatcherysteelheadfromsegregatedprogramsinto


naturalsteelheadpopulationsinPugetSoundshowedawiderangeofsucheffects,withsomenatural


populationsnearlycompletelyhatchery-derived.
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Forspatialstructure,thefactorstheTRTconsideredforinfluenceonviabilityincludedfractionof


suitablerearingandspawninghabitatoccupiedbysteelheadintheDPS(asmeasuredbyintrinsic


potential,ameasureofhistoricalproductionorcapacitybasedontherelationshipbetweensuitable


habitatareaandestimatesofhistoricalsteelheaddensity).


Quantitativeinformationonspatialstructureandconnectivitywasnotavailableformoststeelhead


populationsintheDPSstheTRTuseditsBayesianNetworkframeworktoassesstheinfluenceof


thesefactorsonviabilityatthepopulation,MPG,andDPSscales.TheTRTexaminedhowsteelhead


DIPstendedtoberelatedaccordingtohabitatcharacteristics,estimatingaGowersimilarity


coefficientthatincorporatedmaximumelevation,currentspawnablearea,meanbankfullwidth,


meanstreamgradient,maximummeantemperature,andpresenceofpermanentsnowpackin


watershedsharboringtheDIPs,andthendeterminedinfluenceonviabilityforeachDIPby


estimatingoccupancyofjuvenileandadultsteelheadinreacheswithindistincthabitatclasses


encompassedwithinsteelheadintrinsicpotentialarea.


TheBayesianNetworkanalysesbythePugetSoundSteelheadTRTindicatedthatdiversityand


spatialstructurehavesmallerinfluencesonpopulationviabilitythandoabundanceandproductivity.


PopulationsthroughouttheDPSshowedstronginfluencesofbothabundanceandproductivityon


viability;viabilityappearedtobeespeciallysensitivetolowproductivity(Hardetal.2015).


Nevertheless,viabilitydiddependonsufficientdiversityandspatialstructure,andtheseVSP


elementssometimeshadsubstantialeffectsonviability.Thiswasparticularlytrueiftheinfluenceof


hatcheryfishinapopulationhadbeenhigh,iftherewasevidencethatruntiminghadbeenalteredor


compressed,orifadultorjuveniledistributionwaslimitedinsuitablehabitat.


TheTRTconcludedthatpopulationviabilitywithrespecttodiversityandspatialstructurewas


highestintheNorthernCascadesMPGandlowestintheCentral&SouthPugetSoundMPG(Figure


115).PopulationsintheNorthernCascadesMPGtendedtoshowmorevariabilityinviabilityand


diversitywasgenerallyhigher;populationsinboththeCentral&SouthPugetSoundandtheHood


Canal&StraitofJuandeFucaMPGs,whereviabilitieswerelower,wereinfluencedbydepressed


diversity(Hardetal.2015).Thosepopulationswithhigherviabilitiesdidnotshowaconsistently


stronginfluenceofdiversity.Viabilitytendedtoincreasewithbothdiversityandspatialstructurefor


populationsintheNorthernCascadesandHoodCanal&StraitofJuandeFucaMPG;thepatternwas


lessclearforpopulationsintheCentral&SouthPugetSoundMPG,buttherewaslessvariabilityin


spatialstructureofsteelheadpopulationsinthatMPG,anddiversitytheretendedtobeloweraswell.


PopulationsintheNorthernCascadesMPGtendedtoshowmorevariabilityinviabilityanddiversity


wasgenerallyhigher;populationsinboththeCentral&SouthPugetSoundandtheHoodCanal&


StraitofJuandeFucaMPGs,whereviabilitieswerelower,wereinfluencedbydepresseddiversity


(Hardetal.2015).Ingeneral,variationindiversity,spatialstructure,andviabilitywashighestinthe


NorthernCascadesMPG,wherethenumberofpopulationsandoccupancyofsuitablehabitatwas


highest(Figure115).Againusingan18-pointscaleforviability,asimplifiedframeworkshowedmost


DIPshavemoderateviabilityscoresfordiversity,butthislargelyreflectedthelackofreliable


quantitativeinformationformostofthefactorstheTRTconsideredforthisVSPcriterion(seeFigure


113).Threepopulationswereconsideredtohavedepresseddiversityduetosubstantialhatchery


influenceuntilrecently;thesewereSnohomishRiver/SkykomishRiverWR,SnoqualmieRiverWR,


andToltRiverSuR,locatedintheNorthernCascadesMPG.Othersweregivenamoderaterankingfor


diversityduetosmallannualbreedingpopulationsizes(andpresumablyloweffectivepopulation


sizes).
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Figure115--Scatterplotoftheprobabilitiesofviabilityforeachofthe32candidateDIPsofsteelheadinthePuget


SoundDPSasafunctionofVSPparameterestimatesofinfluenceofdiversityandspatialstructureonviability.


ProbabilitiesofviabilitywerecomputedfromtheDIP-levelBayesianNetworksdevelopedbythePugetSound


SteelheadTRT(Hardetal.2015).PopulationsfromthethreeMPGsarecodedinred(Central&SouthPugetSound),


green(HoodCanal&StraitofJuandeFuca),andblue(NorthernCascades).Diversityandspatialstructurescoresare


estimatedfromintermediatemetricscomputedbytheDIP-levelBayesianNetworks.Three-letterDIPcodes(WR=


winter-runandSuR=summer-runsteelhead)are:dra=DraytonHarborTributariesWR,nks=NooksackRiverWR,


sns=SouthForkNooksackRiverSuR,sam=SamishRiverandBellinghamBayTributariesWR,ska=SkagitRiverSuR


andWR,nka=NookachampsCreekWR,bkr=BakerRiverSuRandWR,sau=SaukRiverSuRandWR,stl=


StillaguamishRiverWR,der=DeerCreekSuR,cny=CanyonCreekSuR,snk=Snohomish/SkykomishRiversWR,pil=


PilchuckRiverWR,nfs=NorthForkSkykomishRiverSuR,snq=SnoqualmieRiverWR,tlt=ToltRiverSuR,lkw=


NorthLakeWashingtonandLakeSammamishWR,cdr=CedarRiverWR,grn=GreenRiverWR,puy=


Puyallup/CarbonRiversWR,wht=WhiteRiverWR,nsq=NisquallyRiverWR,ssd=SouthPugetSoundTributaries


WR,ekt=EastKitsapPeninsulaTributariesWR,ehc=EastHoodCanalTributariesWR,shc=SouthHoodCanal


TributariesWR,sko=SkokomishRiverWR,whc=WestHoodCanalTributariesWR,seq=Sequim/DiscoveryBays


TributariesWR,dng=DungenessRiverSuRandWR,sjf=StraitofJuandeFucaTributariesWR,andelw=Elwha


RiverWR.





TheviabilityofseveralpopulationsacrosstheDPSdependedontheinfluenceofspatialstructure.


ThiswasespeciallytrueforsomepopulationsintheNorthernCascadesMPGandintheHoodCanal&


StraitofJuandeFucaMPG.Infact,onlytheNookachampsRiverWRandToltRiverSuRDIPsinthe


NorthernCascadesMPGandtheDungenessRiverWRintheHoodCanal&StraitofJuandeFucaMPG


showedarelativelysmallinfluenceofspatialstructureonviability.Whenconsideredtogetherwith


productivity,spatialstructurehadamodestinfluenceonpopulationviability;forDIPswithahigh


influenceofspatialstructureonviability,theDIPswithlowestviabilitieswereinfluencedheavilyby


lowproductivity.ForthefewDIPsthatshowedamodestinfluenceofspatialstructureonviability,


viabilitytendedtobemoderate(Hardetal.2015).Usingthe18-pointscaleforviability,nearlyall
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DIPshadmoderateviabilityscoresforspatialstructure.TheTRTconsideredjusttwoDIPs—Tolt


RiverSuRandDungenessRiverWR—toscorehighlyforthiscriterionwithrespecttoviability


(Figure113).


AlthoughabundanceandproductivityarestillthemajorlimitationstoviabilityofPugetSound


steelheadpopulations,particularelementsofdiversityandspatialstructure,includingnatural


spawningbyhatcheryfishandlimiteduseofsuitablehabitat,arestillcontributingtothese


limitations,withfewprospectsforsubstantialimprovementinthenextfewyears.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


ThePugetSoundSteelheadRecoveryTeamwasestablishedbyNOAAFisheriesandconvenedin


March2014todevelopaRecoveryPlanforthePugetSoundSteelheadDPS.ThisRecoveryPlanhas


notyetbeendrafted,anddraftrecoverygoalsarenotyetavailablefortheDPSoritscomponentDIPs


(adraftoftheRecoveryPlanisexpectedfromtheRecoveryTeamin2016).TheRecoveryTeamis


workingfromthecharacterizationofindependentsteelheadpopulationsinthePugetSoundDPSand


theviabilitycriteriadevelopedforthembythePugetSoundSteelheadTRT(Myersetal.2015,Hard


etal.2015)toidentifytheserecoverygoals.Thatbeingsaid,theDPS’scurrentstatus,particularly


withrespecttoabundanceandproductivity,isconsideredtobewellbelowthetargetsneededto


achievedelistingandrecovery.





UPDATEDBIOLOGICALRISKSUMMARY


ConsiderationoftheaboveanalysesindicatesthatthebiologicalrisksfacedbythePugetSound


SteelheadDPShavenotsubstantivelychangedsincethelistingin2007,orsincethe2011status


review.Furthermore,thePugetSoundSteelheadTRTrecentlyconcludedthattheDPSwasatvery


lowviability,aswereallthreeofitsconstituentMPGs,andmanyofits32DIPs(Hardetal.2015).


Althoughthemostrecentdataavailableindicatesomeminorincreasesinspawnerabundanceor


improvingproductivityoverthelast2-3years,mostoftheseimprovementsaresmallandabundance


andproductivitythroughouttheDPSremainatlevelsofconcernfordemographicrisk.Recent


increasesinabundancethathavebeenobservedinafewpopulationshavebeenwithintherangeof


variabilityobservedinthepastseveralyears.Trendsinabundanceofnaturalspawnersremain


predominantlynegative.Particularaspectsofdiversityandspatialstructure,includinglimiteduseof


suitablehabitat,arestilllikelytobelimitingviabilityofmostPugetSoundsteelheadpopulations.


Reducedharvestanddecliningproductionofbothsummer-andwinter-runhatcheryfishintheDPS


havelimitedthoseriskstonaturalspawnersinrecentyears.


Inthenearterm,theoutlookforenvironmentalconditionsaffectingPugetSoundsteelheadisnot


optimistic.WhileharvestandhatcheryproductionofsteelheadinPugetSoundarecurrentlyatlow


levelsandarenotlikelytoincreasesubstantiallyintheforeseeablefuture,somerecent


environmentaltrendsnotfavorabletoPugetSoundsteelheadsurvivalandproductionareexpected


tocontinue.Theexceptionallywarmmarinewatersin2014and2015andwarmstream


temperaturesobservedduring2015wereunfavorableforhighmarineorfreshwatersurvival.The


overalleffectsoftheseenvironmentalconditionswillnotbeknownuntiladultsreturnbeginningthis
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fallandcontinuingforthenextfewyears.Nevertheless,apositivepatterninthePacificDecadal


Oscillation,whichhasbeeninplacesinceJanuary2014,isexpectedtocontinue,andcurrentElNiño


conditionswillprobablypersistthroughatleasttheendof2015(seechapteronRecenttrendsin


marineandterrestialenvironmentsandtheirlikelyinfluenceonPacificsalmoninthePacific


Northwest,below).Theseandotherenvironmentalindicatorspointtocontinuedconditionsof


warmingoceantemperatures,fragmentedordegradedfreshwaterspawningandrearinghabitat,


reducedsnowpack,alteredhydrographsproducingreducedsummerriverflowsandwarmerwater,


andlowmarinesurvivalforsalmonidsintheSalishSea.Theseconditionsarealmostcertainto


constrainanyreboundinVSPparametersforPugetSoundsteelheadinthenearterm.
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HOODCANALSUMMER-RUNCHUMSALMONESU





BRIEFDESCRIPTIONOFESU


TheESUincludesallnaturallyspawningpopulationsofsummer-runchumsalmoninHoodCanal


tributariesaswellaspopulationsinOlympicPeninsulariversbetweenHoodCanalandDungeness


Bay,Washington,aswellasseveralartificialpropagationprograms(Figure116).ThePugetSound


TechnicalRecoveryTeamidentifiedtwoindependentpopulationsfortheHoodCanalsummerchum,


onewhichincludesthespawningaggregationsfromriversandcreeksdrainingintotheStraitofJuan


deFuca,andonewhichincludesspawningaggregationswithinHoodCanalproper(Sandsetal.


2009).





Figure116--MapoftheHoodCanalsummer-runchumsalmonESU’sspawningandrearingareas,illustrating


populationsandmajorpopulationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS
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2005


Atthetimeofthe2005statusreview(Goodetal.2005),thePugetSoundTRThadnotyetfinalized


itspopulationdesignationsorviabilitycriteriaforthisESU.Moststockswereshowingpositive


growthratesandincreasednaturalspawningabundancecomparedtothetimeoflisting.These


increaseswerelikelyaresultofharvestreductions,supplementationprogramsinsomestreams,


habitatrestorationprojectsinfreshwaterandnearshorehabitats,andpossiblyimprovementsin


oceanconditions.


2010


Fordetal.(2011)notedthatthespawningabundanceofthisESUhadclearlyincreasedsincethe


timeoflisting,althoughtheabundanceforthe2010reviewwasdownfromtheprevious5-years.


Whilespawningabundanceshadremainedrelativelyhighcomparedtothelowlevelsintheearly


1990’s,productivityhaddecreasedsignificantly,beinglowerforbroodyears2002-2006thanany


previous5-yearaveragesince1971.Diversityhadincreasedfromthelowvaluesseeninthe1990s


duebothtothereintroductionofspawningaggregatesandthemoreuniformrelativeabundance


betweenpopulations;thiswasconsideredtobeagoodsignforviabilityintermsofspatialstructure


anddiversity.Spawningsurveydatashowedthatthespawningdistributionwithinmoststreamshas


beenextendedfurtherupstreamasabundancehadincreased.Overall,thenewinformation


consideredin2010,however,didnotindicateachangeinthebiologicalriskcategorysincethetime


ofthelastBRTstatusreviewin2005.


DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Escapementdata,totalrunsize,estimatednatural-originspawners(NOS)andsupplementation-

originspawners(SOS),agedistributionofthenatural-originescapement,andhatcherybroodstock


takearerecordedperspawningaggregationandcatchinformationareavailableforeachfishery


managementareafrom1974through2013.ThePointNoPointTreatyTribes(PNPTT)and


WashingtonDepartmentofFishandWildlife(WDFW)recentlycompletedafive-yearreviewofthe


SummerChumSalmonConservationInitiativefortheperiod2005through2013(PNPTTandWDFW


2014)whichdetailsalldatalistedabove,andalsoprovidessomecorrectionstopreviousestimates.


Estimatesofagecompositionforeachstreamornaturalspawningaggregationareavailableforthe


newerperiod2005-2013.Ageneticstockidentificationandassessmentprogramwascontinued


throughthe2005-2013timeperiod,andextensivecollectionofdata(DNA,scales,lengths,otoliths,


sex,abundance)wasconducted.Markrecoveriesofotolithsandadiposefinclippedreturningadults


wereconductedprimarilyonthespawninggroundsandallowedestimationoflevelofstrayingofthe


supplementation-originprogramfishtootherdrainages,andestimationoftotalreturnsofboth


naturaloriginandsupplementationoriginfish.Supplementationprogramswerebegunin1992,


priortowhichallsummerchumadultreturnstoHoodCanalandStraitofJuandeFucawerenatural-

originfish.Thefirsthatcherysupplementation-originadultsreturnedtospawnnaturallyin1995,


but2001wasthefirstyearinwhichlargereturnsofsummerchumsupplementation-originfish


contributedtototaladultreturns.Estimatesoftheproportionsofhatcheryfishonthespawning


groundsareavailablefrom1974through2013fortheHoodCanalandStraitofJuandeFuca


populations(PNPTTandWDFW2014).Hatcherycontributionvariesgreatlyamongthespawning


aggregationswithineachpopulation.ItisgenerallyhighestintheStraitofJuandeFucapopulation,


rangingfrom8.4to62.8%intheStraitofJuandeFucapopulation,and5.8to40.2%intheHood


Canalpopulation.Thehatcherycontributionalsogenerallydecreasedassupplementationprograms
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wereterminatedasplanned(PNPTTandWDFW2014).Toestimaterunsize,stateandtribalco-

managersapportioncatchdataouttospawningaggregatesbasedonthelocationofthefishcatchin


relationtothespawningtributaries(PNPTTandWDFW2014).





ABUNDANCEANDPRODUCTIVITY


Estimatesoftotal(NOS+SOS)andnatural(NOS)spawningabundancesareavailablefrom1974for


boththeHoodCanalpopulationandtheStraitofJuandeFucapopulation,andareshownfrom1980


through2013inthisreview(Figure117).Smoothedtrendsinestimatedtotalandnatural


populationspawningabundancesforbothHoodCanalandStraitofJuandeFucapopulationshave


generallyincreasedoverthe1980to2014timeperiod.Shorter-termtrendssinceabout2004,


coincidingwiththesupplementationprograms,haveseenincreasedabundancessustainedatalevel


higherthanduringtheperiodoflisting.


Averageescapements(geometricmeans)for5-yearintervalsbeginningin1990showestimatesof


trendsovertheintervalsforbothnatural-originspawners(NOS)andtotal(NOS+SOS)spawners


(Table63).TheHoodCanalpopulationhashada25%increaseinabundanceofnatural-origin


spawnersinthemostrecent5-yeartimeperiodoverthe2005-2009timeperiod.TheStraitofJuan


deFucahashada53%increaseinabundanceofnatural-originspawnersinthemostrecent5-year


timeperiod.SpawnerabundancesinbothHoodCanalandStraitofJuandeFucapopulationswere


lowestthroughoutthe1990’sbutincreasedintheearly2000’s.








Figure117–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.





Fifteen-yeartrendsinlognatural-originspawnerabundancewerecomputedovertwotimeperiods


(1990–2005and1999–2014)fromalinearregressionmodelappliedtothesmoothedwild


spawnerlogabundanceestimateoverannualreturnyears.Trendswerepositiveinthetwo
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populationsinbothtimeperiods,althoughtrendswerelowerinthemostrecent15-yearperiodthan


inthepriorperiod(Table64).


Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundance


inyeartminusthesmoothednaturalspawningabundanceinyear(t-4),haveincreasingoverthe


pastfiveyears,andhavebeenabovereplacementratesinthetwomostrecentyears.However


productivityrateshavebeenvariedaboveandbelowreplacementratesovertheentiretimeperiod


(Figure118).Thisistherealizedproductivityrate,andvaluesbelowzeroindicatethatproductivity


inagivenyearisestimatedtobebelowreplacementratesforreturningnatural-originspawners.


PNPTTandWDFW(2014)provideadetailedanalysisofproductivityfortheESU,eachpopulation,


andbyindividualspawningaggregation,andreportthat3ofthe11stocksexceededtheco-

manager’sinterimproductivitygoalofanaverageof1.6R/Sover8years.Theyalsoreportthat


natural-originrecruit/spawnerrateshavebeenhighlyvariableinrecentbroodyears,particularlyin


theStraitofJuandeFucapopulation.Onlyonespawningaggregation(Chimacum)meetstheco-

manager’sinterimrecoverygoalof1.2recruitsperspawnerin6ofmostrecent8years.


Theco-managers’statusreviewindicatesthatproductivityhasbeenrelativelylow,asmeasuredby


recruitsperspawner(R/S),inbroodyears2003-2006,perhapsreflectinghigherdensitiesdueto


increasedabundance.InonespawningaggregateatBigBeefCr.theyhaveconsistentlymeasured


lowproductivity(<1)acrossallyears.BigBeefCreekisaminorcontributortotheoverallHood


Canalpopulation,butthiscomponentisconsideredessentialforrecovery(NMFS2007).Other


individualHCstocksalsoshowvaryingdegreesofdensitydependence(PNPTTandWDFW2014).


TheStraitofJuandeFucapopulationisnotasclearlydensitydependent,exceptthatthereare


indicationsofsuchinSalmonandSnowcreeksinDiscoveryBay.











Figure118–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).








−
2

−
1

0
1

2

1 975 1 985 1 995 2005 201 5 

Strait of Juan de Fuca SuR 

−
2

−
1

0
1

2

1 975 1 985 1 995 2005 201 5


Hood Canal SuR


Salmon, chum (Hood Canal summer−run ESU)


lo
g
(t
o
ta

l 
s
p
a
w

n
e
r 
t+

3
) 
−
 l
o
g
(w

ild
 s

p
a
w
n
e
r 
t)

AR055003






276








Table63--5-year geometric mean of raw wild spawner counts.This is the raw total spawner count times the fraction wild estimate, if available.In parentheses,


5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnooronlyone


estimateofwildspawnersavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberofcountsavailable(2to


5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshownonthefarright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Strait of Juan de Fuca SuR Hood Canal 386 (386) 629 (822) 2190 (4178) 4020 (5353) 6169 (8339) 53 (56)


Hood Canal SuR Hood Canal 979 (979) 5169 (7223) 13145 (18928) 11307 (13605) 14152 (15553) 25 (14)
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Table64--15-yeartrendsinlogwildspawnerabundance
computedfromalinearregressionappliedto


the smoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





HARVEST


TherearenodirectedfisheriesonHoodCanalsummerchum.However,theyaretakenincidentally


infisheriesdirectedatotherspeciesintheStraitofJuandeFuca,inHoodCanal,andinCanada.


BecausethepopulationsfromtheEasternStraitofJuandeFuca(DungenessRiverthroughPort


TownsendBay)arenotsubjecttofisheriesinHoodCanaldirectedatChinookandcohosalmon,they


experienceloweroverallharvestratesingeneral.Historically,thetheEasternStraitofJuandeFuca


populationexperiencedharvestratesontheorderof10-30%withratesashighas50%inindividual


years.TheHoodCanalpopulationwassubjecttoharvestratesthatweretypicallyontheorderof


50%to70%withratesinindividualyearsapproaching90%(PNPTTandWDFW2014).


Inresponsetoseverelydepressedrunsofsummer-runchumsalmon,intheearly1990s,theStateof


WashingtonandtheWesternWashingtonTreatyTribestookmeasurestocurbtheincidentalharvest


ofsummerchumandharvestratesfelldramatically(Figure119).Theco-managershave


implementedaBaseConservationRegime(BCR)andcontinuedtoconstrainharvestimpactsasruns


haveapproachedorreturnedtohistoriclevels,leadingtoescapementsthathaveexceedhistoric


levels.UndertheBCR,harvestrateshavedeclinedtoabout2%to15%forHoodCanalsummerchum


andtolessthan2%fortheStraitofJuandeFucasummerchum.Harvestrateshavebeenbelowthe


BCRharvestratelimitsforallyearsintheStraitofJuandeFucafisheriesandforallyearsexcept


2004inHoodCanalfisheries.From2000through2013,theharvestratefortheESUhasaveraged


about8%(PNPTTandWDFW2014).








Population MPG 1990-2005 1999-2014

Strait of Juan de Fuca SuR Hood Canal 0.17 (0.11, 0.23) 0.15 (0.08, 0.21)


Hood Canal SuR Hood Canal 0.22 (0.17, 0.27) 0.07 (0.01, 0.13)
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Figure119--TotalexploitationrateonthecombinedHoodCanal/StraitofJuandeFucasummerchumsalmonESU.


DatafromWDFWrunreconstruction(1974-2011datafrom


http://wdfw.wa.gov/fishing/salmon/chum/pugetsound/data.html;2012and2013datafromAaronDufault,WDFW,


personalcommunication).


SPATIALSTRUCTUREANDDIVERSITY


SpatialstructureanddiversitymeasuresfortheHoodCanalsummerchumrecoveryprograminclude


thereintroductionandsustainingofnatural-originspawninginmultiplesmallstreamswhere


summerchumspawningaggregateshadbeenextirpated.Asupplementationprogramwasinitiated


in1992tomeetthisobjective.Thefirstsupplementation-originspawners(SOS)begantoreturnin


1995,however,itwasn’tuntil2001thatlargenumbersofSOSprogramfishwerewidelydistributed


ineachpopulation(PNPTTandWDFW2014).Spatialstructureanddiversityparametersare


measuredhereintermsoftheproportionofnatural-originspawners(NOS)vs.supplementation-

origin(SOS)spawnersonthespawninggrounds.Allreturningsummerchumspawnerswerewildin


bothpopulationsuntilfishfromthesupplementationprogrambegantoreturntospawnin1995


(Figure120).Supplementationprogramswereintendedtorunforamaximumdurationofthree


generations,or12years.ProgramsintheStraitofJuandeFucapopulation(Salmon,


Jimmycomelately,andChimacumcreeks),andintheHoodCanalpopulation(BigQuilcene,Hamma


Hamma,Lilliwaup,Union,TahuyaandBigBeef)werephasedinbetween1992and2003.As


programgoalsweremetallprograms(exceptLilliwaup)hadbeenterminatedby2014.Lilliwaupdid


notmeettheproductiontargets(e.g.,broodstockcollectionsandreleasenumbers)insomeearlier


yearsandonlyrecentlyarethereindicationsofrecoverysosupplementationisongoing(PNPTTand


WDFW2014).AsSOSfishreturnshavephasedout,therehasbeenagradualreturnto


predominantlynatural-originspawnersforbothHoodCanalandStraitofJuandeFucasummerchum


populations(Figure120,Table65).FortheHoodCanalpopulation,SOSfisharestillreturningtothe


TahuyaRiver(through2018)andtoLilliwaupRiver.TheStraitofJuandeFucapopulationshows


lowerestimatesofproportionnatural-originspawners(NOS)primarilybecauserelativelylarge


numbersofSOSfromthelastprogramreleasein2010arestillreturningtoJimmycomelatelyCreek


through2015(Figure120).
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Figure120–Proportionofeachsummerchumpopulationcomprisedofnatural-originspawners.Lineshowsa


smoothedtrendandpointsshowtheannualestimates.


Table65--5-yearmeanoffractionnaturaloriginspawners(sumofallestimatesdividedbythenumberof


estimates). 








BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


ThePSTRTdefinedtheabundanceandproductivityviabilitycriteriafortheHoodCanalandStraitof


JuandeFucasummerchumsalmonpopulationsusingtwodifferentpopulationviabilityanalyses


(PVAs).OnePVAmethodassumeddensityindependenceatlowpopulationsizesandreplacement


growthfactorof1:1.Theothermethod(ViabilityandRiskAssessmentProcedure,orVRAP)


assumpeddensitydependencebetweenrecruitsandspawnersandgeneratedaseriesofspawner-

recruitcurvesbasedonvariableproductivitiesandcapacities,andfixedexploitationrates(NMFS


2007;Sandsetal.2009).WehavenotconductedadetailedVRAPassessmentforthisreview,butthe


co-managersdidsorecently(Lestelleetal.2014).Theyconductedanewviabilityanalysisusing


VRAPandincorporatingupdateddata(asdescribedabove),aswellas,newdatafromfiveadditional


broodyears(2002-2006).ThisupdatestheanalysisconductedbythePSTRTandpresentedin


Sandsetal(2009).Thepotentialimpactsofshiftsindecadal-scaleocean(i.e.,thePacificDecadal


Oscillation)andclimateregimesonsummerchumperformanceandpotentiallimitstorecoverywere


alsoconsidered(Lestelleetal.2014).


Theminimumviabilitylevelsassumingdensityindependencewere12,500fortheStraitofJuande


Fucapopulationand24,700fortheHoodCanalpopulation.Abundanceofnatural-originspawners


hasclearlyincreasedsincelistingin1999andthesetargetshavebeenattainedintheStraitofJuan


deFucapopulationin2013(2014dataarenotincludedhere),andintheHoodCanalpopulationin


fiveyearssincerecoveryimplementationeffortsbegan,includingthetwomostrecentyears


consideredinthisanalysis(2012,2013).Productivityforbothpopulationshasbeengreaterthan1:1


forthepast2yearsconsideredinthisanalysis(2012,2013),thoughvariedovertheentiretime


period(Figure118).
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Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014


Strait of Juan de Fuca SuR 1.00 0.85 0.53 0.76 0.74


Hood Canal SuR 1.00 0.72 0.70 0.83 0.91 
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ThePSTRTusedVRAPtomodelviability(definedas
<5%riskofextinctionover100years)given


specificintrinsicproductivity,capacity,andexploitationrates.Theresultingminimumspawner


escapementnumbersfortheStraitofJuandeFucawas4,500adultsgivenintrinsicproductivityof5


andcapacityof3,300.FortheHoodCanalpopulation,aresultingminimumescapementof18,300,


givenintrinsicproductivityof5andcapacityof13,500.Resultsoftheco-managers’updated


assessmentwithalongerdatasetindicatechangesmaybeappropriateintheseviabilitythresholds


duetomorepreciseestimatesofcoefficientofvariation.Theminimumabundanceviabilitythreshold


withzeroharvestforStraitofJuandeFucapopulationis5,700withintrinsicproductivityof6and


capacityof5,100.FortheHoodCanalpopulation,minimumabundanceviabilitythresholdis8,700


withintrinsicproductivityof8andcapacityof7000,withzeroexploitationrate.ResultsofVRAP


analysesalsosuggesttheHoodCanalpopulationwouldbeconsideredtobeatnegligibleriskof


extinctionwithcurrentbiologicalperformance,providedthattheexploitationrateremainsverylow.


TheStraitofJuandeFucapopulationhasamuchhigherriskofextinction,evenwithazero


exploitationrate(Lestelleetal.2014).Inaddition,analysesofindividualspawningaggregations


indicatethatsixoftheeightextantspawningaggregationsinthetwopopulationsareatrelatively


highriskofextinction(seeFigure19inLestelleetal.2014).Quilcenespawningaggregationhas


muchhigherperformancethananyoftheotherspawningaggregations,andDosewallips


performanceisclosetobeingviableatthefivepercentriskthreshold.Theseresultsindicatethe


importanceofboththeQuilcene(andDosewallips)spawningaggregationstothetotalpopulation


viability,andthenecessityofcontinuingtoevaluatetheindividualspawningaggregations(including


theirspatialdistributionanddiversity)todeterminepopulationviability.


TheTRTdefinedviabilityforspatialstructureastheneedtomaintainspawningaggregationsthat


arewell-distributedacrossthehistoricalrangeofthepopulations(Sandsetal.2009).Most


spawningaggregationsneedtobewithin20kmofadjacentaggregations,andthemajorspawning


aggregationsneedtobe<40kmaparttomeetthespatialstructureviabilityparameter.Seven


EcologicalDiversityGroupswereidentifiedintheESU,andthreecriteriawereusedbytheTRTin


definingrecoveryforthediversityviabilityparameter(Table66).Diversityviabilitycriteria


specifiedthatoneormorespawningaggregationsmustbepersistentwithineachofthetwotofour


majorecologicaldiversitygroupshistoricallypresentwithinthetwopopulations(Sandsetal.2009,


NMFS2007).
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Table66--Sevenecologicaldiversitygroupsasproposedby
thePSTRTfortheHoodCanalSummerChumESUby


geographicregionandassociatedspawningaggregation.(FromSandsetal.2009).


Geographic 

Region(population) 

ProposedEcological 

DiversityGroups 

Spawningaggregations:Extant*and


extinct**


EasternStraitofJuande 

Fuca


Dungeness DungenessR(unknownstatus)


 Sequim-Admiralty JimmycomelatelyCr*


SalmonCr*


SnowCr*


ChimacumCr**


  


HoodCanal Toandos Unknown


 Quilcene BigQuilceneR*


LittleQuilceneR*


 MidWestHoodCanal DosewallipsR*


DuckabushR*


 WestKitsap BigBeefCr**


SeabeckCr**


StavisCr**


AndersonCr**


DewattoR**


TahuyaR**


MissionCr**


UnionR*


 LowerWestHood 

Canal 

HammaHammaR*


LilliwaupCr*


SkokomishR*


CriteriaforspatialstructurearenearlymetforStraitofJuandeFucaandHoodCanalsummerchum


populations.OneexceptionisineastHoodCanalwherespawningaggregationsinBigBeefCreekand


TahuyaRiverareabout60kmapart,thusanadditionalspawningaggregationwouldbeneededin


eitherDewattoRiverorAndersonCreek(PNPTTandWDFW2014).Spawningaggregationsare


presentandpersistentwithinfiveofthesixmajorecologicaldiversitygroupsidentifiedbythePS


TRT(Table66).Thereisstillconsiderableuncertaintyregardingthehistoricalorcurrentpresence


ofaspawningaggregationintheDungenessRiver(PNPTTandWDFW2014).Thoughnotspecified


intheviabilitycriteria,theTRTusedtheShannondiversityindextoquantitativelyassessvariancein


spatialdistribution.Higherdiversityvaluesindicateamoreuniformdistributionofthepopulation


amongspawningaggregations,indicatingmorerobustpopulations.Arecentlyupdatedanalysisby


co-managers(PNPTTandWDFW2014)indicatethatShannondiversityindiceswerelowerforboth


summerchumpopulationsduringthe1980’sand1990’s,buthavereboundedsincethemid-2000’s


tolevelshigherapproachingthebaseperiodof1974-1978(PNPTTandWDFW2014).Thisis


consistentwiththe2010NOAAfive-yearstatusreview(Fordetal.2011),theresultsshowingan


increaseinthespatialstructureanddiversityofescapement,primarilyduetoreintroductionefforts


inthreewatershedsandamoreuniformrelativeabundancewithineachpopulation.


Supplementationprogramshavebeenverysuccessfulinbothincreasingnaturalspawning


abundancein6of8extantstreams(Salmon,BigQuilcene,Lilliwaup,HammaHamma,


Jimmycomelately,andUnion)andincreasingspatialstructureduetoreintroducingspawning


aggregationstothreestreams(BigBeef,Tahuya,andChimacum).Thereintroductionshavehad


mixedsuccess,withChimacumCreekbeingverysuccessful,butnatural-originproductionhasnotyet


beensustainedinBigBeefCreekandTahuyaRiver(PNPTTandWDFW2014).Ingeneral,habitat


AR055009







 282


degradationisconsideredlimitingtonaturalorigin
production.Habitatpreservationandrestoration


projectsinindividualwatershedshavebeenimplementedconcurrentlywithsupplementation


programsandhaveaidedintheabilitytosustainnatural-originproduction.


Theco-managersassessmentusingVRAPwasalsousedforeachofthe8extantspawning


aggregationsinHoodCanalandStraitofJuandeFucainordertoestimatehabitatgoalsforeach


spawningaggregation.Resultsledtotherecommendationthathabitatrestorationandprotection


actionscanthenbedonestrategicallytoreducetheperformancegapsforspawningaggregations


projectedtobebelowviabilitywhilealsobalancingtheimportanceofbiologicaldiversity,spatial


structure,andpopulationabundanceandproductivitytolong-termviability(Lestelleetal.2014).


Theco-managersproposeusingtheresultsoftheseanalysestodevelopnewcriteriaandharvest


provisionsfora“Recovering”regimethatwouldreplacetheBaseConservationRegime(Lestelleet


al.2014).Anindepthdiscussionoftherationaleispresentedinboththeco-managerstatusreview


(PNPTCandWDFW2014)andintheguidancedocument(Lestelleetal.2014).


TheHoodCanalCoordinatingCouncil(HCCC)preparedtherecoveryplanforHoodCanalandEastern


StraitofJuandeFucaSummerChumsalmonincooperationwithlocalcountiesoftheESUandtheco-

managers(HCCC2005).Thisplancurrentlyguideshabitatprotectionandrestorationactivitiesfor


summerchumrecovery.Despitegainsinhabitatprotectionandrestoration,theco-managersremain


concernedthatgiventhepressuresofpopulationgrowth,existinglandusemanagementmeasures


throughlocalgovernments(i.e.,shorelinemanagementplans,criticalareaordinances,and


comprehensiveplans)maybecompromisedornotenforced.TheHoodCanalCoordinatingCouncil


andco-managersadvocateforthedevelopmentofastronghabitatmonitoringandadaptive


managementprogramaspartoftherecoveryplanandrecommenditbeintegratedtocomplement


theexistingstockassessment,harvestandhatcherymanagementprograms.TheHCCCandco-

managersproposetherearesufficientnewdataandassessmentswhichwarrantrevisionofthe


currentrecoveryplan,includingupdatingrecoverygoals,prioritizingfuturehabitatprotectionand


restorationactions,addressingharvestgoals,continuingreintroductionefforts,andcontinuing


monitoringandevaluationfortheHoodCanalSummerChumESU.





UPDATEDBIOLOGICALRISKSUMMARY


Natural-originspawnerabundancehasincreasedsinceESA-listingandspawningabundancetargets


inbothpopulationshavebeenmetinsomeyears.Productivitywasquitelowatthetimeofthelast


review(Fordetal.2011),thoughrateshaveincreasedinthelastfiveyears,andhavebeengreater


thanreplacementratesinthepasttwoyearsforbothpopulations.However,productivityof


individualspawningaggregatesshowsonlytwoofeightaggregateshaveviableperformance.Spatial


structureanddiversityviabilityparametersforeachpopulationhaveincreasedandnearlymeetthe


viabilitycriteria.DespitesubstantivegainstowardsmeetingviabilitycriteriaintheHoodCanaland


StraitofJuandeFucasummerchumsalmonpopulations,theESUstilldoesnotmeetallofthe


recoverycriteriaforpopulationviabilityatthistime.
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LAKEOZETTESOCKEYESALMONESU


TheLakeOzetteSockeyeESUwaslistedasthreatenedin1999.Twosubsequentstatusreviewsin


2005and2010determinedthatthisstatusshouldbemaintained.


BRIEFDESCRIPTIONOFESU


TheESUincludesallnaturallyspawnedaggregationsofsockeyesalmoninLakeOzetteandstreams


andtributariesflowingintoLakeOzette,Washington(Figure121).TheESUalsoincludesfish


originatingfromtwoartificialpropagationprograms:theUmbrellaCreekandBigRiversockeye


hatcheryprograms.ThePugetSoundTRTconsiderstheLakeOzettesockeyesalmonESUtobe


composedofonehistoricalpopulation(Currensetal.2009),withsubstantialsub-structuringof


individualsintomultiplespawningaggregations.Theprimaryexistingspawningaggregationsoccur


intwobeachlocations(Allen’sandOlsen’sbeaches),andintwotributaries(UmbrellaCreekandBig


River).





Figure121-MapoftheLakeOzettesockeyesalmonESU’sspawningandrearingareas.





SUMMARYOFPREVIOUSSTATUSCONCLUSIONS
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2005


Goodetal.(2005)foundlittleevidenceofanincreasing
trendinpopulationabundancesincethe


listingin1999andemphasizedthattheavailabledatawasveryuncertainandhamperedeffortsto


assesstrendsandstatusintheVSPcriteria.Theyrecommendedthatthethreatenedstatusremain


unchanged.


2010


Fordetal.(2011)concludedthatestimatesofpopulationabundanceforLakeOzettesockeye


remainedhighlyvariableanduncertain,makingitimpossibletodetectchangesinabundancetrends


orinproductivity.Itwasclear,though,thatpopulationlevelsremainedverylowcomparedto


historicallevels.Thereviewnotedthatassessmentmethodsmustimproveinordertoevaluatethe


statusofthisESUanditsresponsestorecoveryactions.Overall,thenewinformationconsideredin


2010didnotindicateachangeinthebiologicalriskcategorysincethetimeofthelastBRTstatus


reviewin2005.





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


Runsizeestimatesbasedonexpandedweircountshavebeenextendedfrom2004to2012ina


reportpreparedfortheNationalMarineFisheriesService(Haggerty&MakahFisheriesManagement


2014).Updatedinformationonthehatcheryprogram,tributaryspawnersandbeachspawnerswas


includedintheLakeOzetteSockeyeHatcheryGeneticsManagementPlanExtensionRequest


supportingtables(MFM2015).Theseincludesestimatesoftotalrunsizeandbroodstocktakefor


UmbrellaCreekfrom2000to2013,andestimatesofproportionhatcheryoriginspawners(pHOS)


duringthesameperiodforUmbrellaCreek,BigRiver,andAllen’sandOlsen’sbeaches.TheNMFS


biologicalopinionontheextensionoftheOzetteSockeyeHatcheryandGeneticManagementPlan


(NMFS2015)includedmorerecentbeachspawningdata,supplementingwhathadpreviouslybeen


availableintheLimitingFactorsAnalysisreport(Haggertyetal.2009).


Aspawningabundanceseriesfrom1977to2011wasconstructedfromanumberofdifferent


sources(Figure122,Table67).Asawholethesourcedatawereveryuncertain,withmodest


improvementsinprecisioninrecentyears.From1977to1995themedianexpansionestimatefrom


appendixBoftheLakeOzetteSockeyeLimitingFactorsAnalysis(Haggertyetal.2009,AppendixB)


wasused.Missingyearsduringthisperiodwerefilledwithestimatesbasedontheregression


betweenthesevaluesandestimatesfromtheLakeOzettesockeyehatcheryandgeneticmanagement


plan(MFM2000)whenavailableorlinearinterpolationotherwise.In1988countingwasconducted


foronly3daysresultinginatotalof218fish.WethereforediscountedthehighappendixBvalue


(9,770),insteaddefaultingtotheregressionmethod.From1996to1999valuesfromTable3.6ofthe


LakeOzetteSockeyeLimitingFactorsAnalysis(Haggertyetal.2009)wereused.Finally,from2000-

2011estimatesfromtheLakeOzetteSockeyeHatcheryGeneticsManagementPlanExtension


Requestsupportingtables(MFM2015)wereusedwhereavailablewithmissingyearsfilledinbased


ontheregressionbetweenthesevaluesandUmbrellacreekestimatedrunsizefromthesame


document.Runsizeestimatesforthemajorityofyearsarehighlyuncertain.Estimatesformany


yearswerebasedonjustafewdaysofobservations,theweirwasnotalwaysfishtight,andsome


datawerelostduetofailureofthestoragemedia.Because%naturaloriginfishcouldnotbereliably
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estimatedfrom1987to1999weusedtotalnatural
spawningfishtodescribeabundanceexcept


wherenoted.








Figure122-ThedifferentsourcesofdatausedtoconstructannualrunsizeestimatesforLakeOzette.Thethicklight


graylinerepresentsthefinalcompositeestimate.LFAreferstoHaggertyetal.2009.HGMPextensionAppendixrefers


toLakeOzetteSockeyeHatcheryGeneticsManagementPlanExtensionRequestAppendix2015.


Table67–LakeOzetteandUmbrellaCreeksockeyeabundance.


Year Spawners Brood 

Stock 

Natural 

spawners 

FractionWild Umbrella 

Spawners 

Umbrella


Hatchery


origin


1977 2752 0 2752 1 NA 0


1978 2398 0 2398 1 NA 0


1979 1335 0 1335 1 NA 0


1980 1054 0 1054 1 NA 0


1981 858 0 858 1 NA 0


1982 4131 0 4131 1 NA 0


1983 1128 14 1114 1 NA 0


1984 2474 27 2447 1 NA 0
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1985 2031 40 1991 1
 NA 0


1986 1588 43 1545 1 NA 0


1987 3547 123 3424 1 NA 0


1988 5506 193 5313 NA NA NA


1989 1677 6 1671 NA NA NA


1990 732 33 699 NA NA NA


1991 1955 175 1780 NA NA NA


1992 4167 109 4058 NA NA NA


1993 1016 32 984 NA NA NA


1994 1018 54 964 NA NA NA


1995 1080 94 986 NA NA NA


1996 4131 200 3931 NA NA NA


1997 1609 263 1346 NA NA NA


1998 1970 88 1882 NA NA NA


1999 2649 29 2620 NA NA NA


2000 5064 213 4851 0.68 4842 1640


2001 4315 238 4077 0.97 3447 123


2002 3990 170 3820 0.94 1718 262


2003 5075 199 4876 0.97 1256 170


2004 4815 218 4597 0.92 3861 387


2005 1908 187 1721 0.90 1321 190


2006 2135 60 2075 0.94 686 140


2007 786 45 741 1.00 49 7


2008 2389 238 2151 0.91 1664 234


2009 4988 219 4769 0.89 3611 574


2010 4402 234 4168 0.94 3326 270


2011 2625 168 2457 0.93 740 237


2012 NA 167 NA NA 5152 2698
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Thepercentageofnaturalspawnersthatwereof
natural
originwas100%until1986,sincethefirst


hatcheryreleasewasin1983.Naturalspawnersfor1986and1987werealsoassumedtobe100%


naturaloriginsincethefirsttributaryspawnerwasobservedin1988.Between1988and1999there


wasnoreliabledataonpercenthatcheryorigin(Haggertyetal.2009,section3).Percentwildorigin


forthisperiodwasthereforedesignatedasunknown.For2000to2011,weestimatedthe


percentageofnaturalspawnersas,


 −  − %  −  .


Here,istheestimatednumberofadultspassingtheweir,isthenumberof


adultstakenasbroodstockforthehatcheryprogram,%isthepercentageof


capturedUmbrellaCreekfishwithanobservedhatcherymark,andisthe


estimatedrunsizeintoUmbrellaCreekbasedonmarkrecaptureestimates.Thisestimateassumes


thattheUmbrellaCreekruncomprisesmostofthehatcheryfishandthatmortalityfromlakeentry


totributaryentryisnegligible.Thebeachspawningfisharealmostexclusivelynaturalorigin;


howeverasmallertributaryspawningaggregationinBigRiverhasarelativelyhighpercenthatchery


origin.Wedidnotincludethesefishinthiscalculationbecausetherewasnoestimateofthetotal


numberofBigRiverspawners.Theextenttowhicheachoftheseassumptionsisviolatedis


unknownbutlikelyintroducesapositivebiasinthetotalnumberofnaturaloriginspawners.


Naturalspawnerswerecalculatedbysubtractingtheeffectivecatchfromthetotalrunsize(Figure


123).Theeffectivecatchisthenumberoffishthatwereremovedfromthenaturalspawning


populationduetoharvest(1977-1982)orbroodstocktake(1983-present).Until2000all


broodstockwastakenfrombeachesandthereforepredominatelywild.From2000on,thebrood


stockwastakenfromUmbrellaCreekandwasthereforecorrectedforhatcheryorigin.
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Figure123-Panel1:effectivecatchovertime.Panel2:Fractionofnaturalspawnersthatarewildorigin.Panel3:


Blackline=naturalspawners,blueline=naturaloriginnaturalspawners.








AR055016






 289


ABUNDANCEANDPRODUCTIVITY


Fortheperiodfrom1977to2011theestimatednaturalspawnersrangedfrom699to5,313,well


belowthe31,250–121,000viablepopulationrangeproposedintheLakeOzettesockeyerecovery


plan(NMFS2009)(Figure123).Thereislittleevidenceofatrendintheraw(Figure123)orsmoothed


(Figure124)abundanceseriesoverthefullrangeofyearsormorerecentlysincethelaststatus


review(Fordetal.2011).Thereissomeevidenceofthedominant4yearageofreturninthe


abundanceseries(Figure126),withthe1980broodcyclelinesurpassingtheotherlinesinlate80’s


andmaintainingthishigherleveluntil2000.Estimatedproductivity,calculatedastheabundancein


yeartdividedbytheabundanceinyeart-4,fluctuatedaround1withnoapparentoveralltrendbuta


suggestionofa10to20yearcycleinboththeraw(Figure126)andsmoothed(Figure125)data.Given


thedegreeofuncertaintyintheabundanceestimates,anyinterpretationoftrendsofsmall


magnitudeorovershorttimeperiodsisspeculative.Apparentpatternsmaybeartifactsof


substantialchangestotheestimationmethodovertimeand/orchangesinquantitiesonwhichthe


assumptionsarebased(e.g.runtiming)(Haggerty&MakahFisheriesManagement2014).While


hatcheryoriginfishwereknowntocontributetothepopulationaftertheinitiationoftheUmbrella


CreekHatcheryprograminthemid1980s,the%hatcheryoriginwasnotestimateduntil2000.


From2000-2011theestimated%hatcheryoriginrangedfrom0%to32%withameanof9%.To


datecorrectingfor%hatcheryoriginhasnotqualitativelychangedthetrendsinabundance(Figure


123).However,becausetheUmbrellacreekpopulationisalargecomponentofthetotalpopulation


(averagingover50%forthelastdecadeofdata),largehatcheryoriginreturnstoUmbrellaCreekcan


translatetolargehatcheryfractionsoverall.Forexample,in2012over50%offishreturningto


UmbrellaCreekwerehatcheryorigin(Table67).Therefore,preciseestimatesofnaturalorigin


spawnersdependongoodestimates%hatcheryoriginfish.


OceanfisheriesdonotsignificantlyimpactLakeOzettesockeyesalmon.BothLakeOzetteandthe


OzetteRiver,connectingthelakewiththeocean,areclosedtosalmonfishing.








Figure124–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.
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Figure125–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–4).
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Figure126-Upperpanel:Naturaloriginspawnersvsyearwithlinesconnecting4yearbroodcyclelines.So,for


examplethe1977broodcyclelineincludestheyears1977,1981,1985,etc…Lowerpanel:Productivityvsyear


whereproductivityiscalculatedasnaturaloriginspawnersinyeartdividedbythenaturaloriginspawnersinyeart-

4.Annualbroodstockremovalswereignoredsincethelevelsconstitutedsmallproportionsofthetotalrunsizes.


Noticethey-axisisonthelogscaleinthelowerpanel.
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SPATIALSTRUCTUREANDDIVERSITY


Thecurrentandhistoricaldistributionofspawnersinthebeachesandtributariesisuncertain.


Extensivespawnersurveysinthe70’s,priortothehatcheryprogram,foundnospawninginthe


tributaries(Haggertyetal.2009,3.4.3.1.2).Theextenttowhichthetributarieswereusedpriorto


thistimeisuncertainwithsomeattributingpartofthedeclineintheoverallpopulationtolossof


tributaryspawnerswhileothersarguetributaryspawningwasnotsignificant(Haggertyetal.2009,


3.4.3.1.2).Thehistoricalgeographicextentofbeachspawningisnotwelldocumented.Itiscertain,


however,thatitwasmorespatiallyextensivethanthecurrentdistribution.Forexample,Umbrella


beachhistoricallysupportedspawningbeforesedimentinputfromUmbrellaCreekcoveredthe


suitablesubstrate.Inaddition,spawningontheupperbeach(inshallowerwater)hasdeclinedin


recentyears,likelyresultingfromincreasedshorelinevegetation.


Startingintheearly1990’s,spawningaggregationsinUmbrellaCreekandBigRiverincreasedinsize.


TheaveragerunsizeforUmbrellaCreekfrom2000to2011wasoverhalfthatoftheOzettetotalrun


size,andsomeyearswerewellover90%(Table67).Estimatesoftotalbeachspawnerabundanceare


notavailable.Howeverroughminimumestimateshavebeenconstructedusingearlybroodstock


collectionefforts,somesporadicintentionalsurveysandmorerecentlymethodicalsurveysusing


visualandimagingsonarbasedcounts(NMFS2015;Haggertyetal.2013and2014).Whilesurvey


methodsforbeachspawnersdoesnotallowforestimatesoftotalabundance,thereisstrong


evidencethatfrom2005to2010therewereveryfewbeachspawners.Sincethentheobserved


numberofbeachspawnershasrecoveredtolevelsseenbeforethisdecline.


TheestimatedfractionofhatcheryoriginfishreturningtoLakeOzettehasbeenlowinrecentyears


(averaging9%from2000-2011).However,thelargecontributionofthehatcherysupplemented


tributaryaggregationstothepopulationasawholeallowsforlargerhatcheryfractions.Forexample,


in2012,anestimated2,698hatcheryoriginadultsreturnedtoUmbrellaCreek,whichconstituted


overhalfoftheUmbrellareturn(MFM2015).


Tributaryspawnersappeartohaveahigherincidenceof3and5yearoldreturnscomparedtothe


historicbeachspawningdominatedpopulation(Haggertyetal.2009).Additionalagedatacurrently


beingcollectedandanalyzedhelpdeterminethestatusandtrendsinagestructureofthedifferent


aggregates.


BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


TheproposedCriteriafortheVSPparameterssetintherecoveryplanforLakeOzettesockeye(NMFS


2009)are:


Abundance:31,250–121,000spawners,overanumberofyears
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Productivity:Populationgrowthratestableorincreasing



SpatialStructure:Multiplespatiallydistinctandpersistentspawningaggregationsacrossthe


historicalrangeofthepopulation


Diversity:Oneormorepersistentspawningaggregationsfromeachmajorgeneticandlifehistory


grouphistoricallypresentwithinthepopulation.


Thereissufficientdatatodeterminethattheabundanceiswellbelowthedesiredlowerbound.Over


thelastfewdecades,productivityappearstohavetemporarilytrendedupanddownbutoverallhas


remainedstablearound1.Definingahistoricalbaselineandassessingthecurrentstateofthe


spatialstructureanddiversityofthepopulationisdifficultduetoapaucityofdata.However,a


growingtributarydataset(MFM2015)andimprovementsinthebeachspawnersurveys(Haggerty


&MakahFisheriesManagement2013,2014)willlikelyprovideabetterunderstandingofthese


parametersinthefuture.ItappearsthattheUmbrellaCreekHatcheryprogramhassuccessfully


introducedatributaryspawningaggregate.Thishasincreasedthespatialandpossiblygenetic


structureofthepopulationandbyincreasingthediversityofageatreturnreducedtheconsequences


ofanisolatedpooryear.Also,theadditionofthetributaryaggregatehaslikelyincreasedoverall


abundancealthoughthisisnotyetobviousintheabundancetrends.However,thebeachspawning


aggregateisconsideredthecoregroupofinterestforrecovery(NMFS2009),andwhileitappears


thatthebeachspawningaggregatehasrecoveredfromasubstantialdeclineduringthemidtolate


2000’s,thecurrentnumbersofbeachspawnersiswellbelowhistoriclevelsandrestrictedtoa


subsetofhistoricspawningbeaches.


Strayingoftributaryfishintothebeachspawninglocationsmayposeathreattothebeachspawning


aggregategiventhatthetributaryspawningaggregatehasrecentlybeenmuchlargerthanthebeach


spawningaggregate.However,todatethereappearstobelittleexchangebetweenthebeach


spawningandtributaryspawningaggregates.Theestimatedproportionofbeachspawnersthatare


hatcheryoriginhasbeenverylow,withpHOSestimatesrangingfrom0.5%to0.8%(MFM2015).In


addition1)thereisevidencethattributaryandbeachspawningaggregatescoexistedinthepast2)


thesourceofthehatcheryprogramwasOzettefish,3)thehatcherybroodstockiscurrentlynaturally


spawningtributaryfish,4)thereislittleevidenceofresourcelimitationsinthelakeforrearingand


5)thelevelhatcheryinterventionintothenaturalsockeyesalmonlifecycleisminimal(eggboxes


producingfry).However,interactionsbetweenthesetwoaggregatesshouldcontinuetobe


monitored.


AssessmentofLakeOzetteSockeyepopulationstatusissubstantiallyhamperedbygapsinour


knowledgeofpopulationabundanceandstructure.Whileimprovementsinmonitoringoverthelast


decadeortwohavebeenwelcome,thereisstillagreatdealofuncertainty.


Recommendations:


- Improveestimatesoftotalpopulationsize.Thisisnecessarybothfordevelopinga


populationlevelabundanceseriesanddividingthepopulationintothedifferentaggregates.


Effortsshouldbedirectedtowardsadoptingtheimagingsonarforestimatingthetotal


sockeyesalmonrunenteringLakeOzette.Thisapproachwouldhaveamuchsmallereffect


onfishmovementrelativetotheupriverweirplacedeachyeartocountsockeyesalmon,and


canbeusedintheearlypartoftherun.
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- Improveestimatesofthetributaryspawners.
Specificallyre-evaluatethemark-recapture


methodologyforUmbrellaCreekestimatesanddevelopamethodforestimatingrunsizein


theothertributaries.


- Continueeffortstoenumeratethebeachspawningaggregateswiththegoalofmovingfrom


anindextoanabundanceestimate.Alsoanoccasionalspatiallyextensivesurveywould


provideamoreconcretepictureofdistribution.


- Developandimplementregularsamplingtoestimatehatcheryfractionandagestructurefor


eachoftheaggregates.Alsoinvestigatealternativeapproachesforestimatingoverall


hatcheryoriginandagestructure.





UPDATEDBIOLOGICALRISKSUMMARY


AbundanceofLakeOzettesockeyehasnotchangedsubstantiallyfromthelaststatusreview.The


qualityofdatacontinuestohampereffortstoassessmorerecenttrendsandspatialstructureand


diversityalthoughthissituationisimproving.Basedonthisreview,thereisnoevidencetosuggesta


changeinthebiologicalriskcategory.
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OREGONCOASTCOHOSALMONESU





BRIEFDESCRIPTIONOFESU


TheOregonCoastcohosalmonESU(OCESU)consistsofcohosalmonpopulationsontheOregon


coastfromCapeBlancotothemouthoftheColumbiaRiver(Figure127).Thegeographicareais


physicallydiverse,andincludesnumerousrockyheadlandsandanextensiveareawithsanddunes.


MostriverswithintheESUdrainthewestslopeoftheCoastRange,withtheexceptiontheUmpqua


River,whichextendsthroughtheCoastRangetodraintheCascadeMountains(Weitkampetal.


1995).WhilemostcohosalmonpopulationswithintheESUusestreamandriverinehabitats,there


isextensivelakerearingbyjuvenilecohosalmoninseverallargelakesystems.


TheOregonandNorthernCaliforniaCoastsTechnicalRecoveryTeam(ONCCTRT)evaluatedthe


historicalpopulationstructureofthe56populationsthatwerelikelytohavebeenpresent


historicallywithintheESU(Lawsonetal.2007).Thiswasconductedwithasimpleconceptualmodel


ofpopulationdemographics,whichclassifiespopulationsbasedontheirisolationandpersistence.


Populationsthatappearedlikelytohavebeencapableofpersistinginisolationwereclassifiedas


independent(21populations).Smallpopulationsinsmallercoastalbasinsmaynothavebeableto


maintainthemselvescontinuouslyforperiodsaslongashundredsofyearswithoutstraysfrom


adjacentpopulationsandwereclassifiedasdependentpopulations(36populations;Lawsonetal.


2007).


TheONCCTRTusedthesubstantialgeneticandbiogeographicstructurewithintheESUtoidentify


biogeographicstrataamongpopulations(Lawsonetal.2007).Thesestratarepresentthegenetic


andgeographicsimilaritiesamongpopulationssuchthatpreservationofsustainablepopulations


withineachstratumwillconservemajorgeneticdiversitywithintheESU,andspreadrisksoflosing


geneticandgeographicdiversityduetocatastrophes(Wainwrightetal.2008).TheONCCTRT


determinedthatthefourmonitoringareas(NorthCoast,MidCoast,Mid-SouthCoast,Umpqua)


identifiedbyODFWforOregoncoastcohosalmon,inadditiontothelakescomplexidentifiedbyFord


etal.(2004),reflectedthegeography,ecologyandgeneticsofthelandscape(Lawsonetal.2007).


Accordingly,thefivestrataeachcontainbetween3(Lakes)and29(MidCoast)populations(Figure


127).
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Figure127--MapoftheOregonCoastcohosalmonspawningandrearingareas,illustratingpopulationsandmajor


populationgroups.


SUMMARYOFPREVIOUSSTATUSCONCLUSIONS


2005


The2005statusreviewconclusionsfortheESUasawholereflectedongoingconcernsforthelong-

termhealthofthisESU:amajorityofBRTopinionwasinthe“likelytobecomeendangered”category,


withasubstantialminorityfallinginthe“notlikelytobecomeendangered”category(Goodetal.


2005).Althoughtheyconsideredrelativelyhighreturnsin2001and2002tobeencouraging,most


membersthoughtthatthefactorresponsiblefortheincreaseswasmorelikelytobeunusually


favorablemarineproductivityconditionsratherthanimprovementinfreshwaterproductivity.The


majorityofBRTmembersthoughtthattohaveahighdegreeofconfidencethattheESUwashealthy,


highspawnerescapementsshouldbemaintainedforanumberofyearsandthefreshwaterhabitat
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shoulddemonstratethecapabilityofsupportinghigh
juvenileproductionfromyearsofhighspawner


abundance.


The2005statusreviewconsideredthelong-termdeclineinproductivitytobethemostserious


concernforthisESU.Withalldirectedharvestforthesepopulationseliminated,harvest


management(i.e.,reducingharvestrates)couldnolongercompensatefordecliningproductivity.


TheBRTwasconcernedthatthelong-termdeclineinproductivityreflecteddeterioratingconditions


infreshwaterhabitatandthattheESUwouldlikelyexperienceveryseriousrisksoflocalextinctions


duringthenextcycleofpooroceanconditions.Withthecushionprovidedbystrongreturnsin


2001−2003,the2003BRThadmuchlessconcernaboutshort-termrisksassociatedwithabundance


thandidearlierBRTs.


2010


AthoroughstatusreviewforOregonCoastcohowasconductedbyStoutetal.(2012)inresponsetoa


delistingpetition.Inthatreview,theoverallassessmentofextinctionrisktotheESU,takinginto


accountboththedemographicriskparametersandanevaluationofthreats,indicatedconsiderable


uncertaintyaboutitsstatus,withtheBRTassessmentevenlysplitbetweenmoderateriskandlow


riskat47%each,andasmallminorityofweight(6%)athighrisk.Thisuncertaintywasduelargely


tothedifficultyinbalancingtheclearimprovementsinsomeaspectsoftheESU’sstatusoverthe


priorapproximately15years(increasedabundance,lowerharvestrates,reducedhatcheryrisks)


againstpersistentthreatspotentiallydrivingthelongertermstatusoftheESU(habitatdegradation,


climatechange),whichprobablyhadnotchangedoverthesametimeframeandwerepredictedto


degradeinthefuture.Inaddition,theBRTnotedthataccuratelypredictingthelong-termtrendofa


complexsystemisinherentlydifficult,andthisalsoledtosomeuncertaintyintheoverallrisk


assessment.


DECISIONSUPPORTSYSTEMFOROREGONCOASTCOHOSALMON


TheONCCTRTdevelopedaknowledge-basedDecisionSupportSystem(DSS)fortheOregonCoast


cohosalmonESU(Wainwrightetal.2008).TheDSSwasdesignedtoevaluatethebiological


sustainabilityoftheentireESU,where‘biologicalsustainability’impliesthat“apopulationisableto


surviveprolongedperiodsofadverseenvironmentalconditions,whilemaintainingitsgeneticlegacy


andlong-termadaptivepotential”(Wainwrightetal.2014)p.278).TheDSSconsistsofasuiteof


biologicalcriteriathatcontributetoESUsustainability.Thesecriteriawereexpressedaslogical


propositionsthatcouldbeevaluatedfromempiricaldataorprofessionaljudgment.Atthelowest


level,propositionswereevaluatedfromdatacollectedatthewatershedorpopulationscale,


population-scalecombinationswereaggregatedatthestratumscale,andfinallytotheentireESU


(Wainwrightetal.2008,Wainwrightetal.2014).


TheDSSusesadiversearrayofbiologicalcriteriatoevaluateESUbiologicalstatus.Thislistincludes:


watershed-andpopulation-levelspawnerandjuvenileoccupancyanddistributions,population-

specificproductivity,probabilityofpersistence(frompopulationviabilitymodels),spawner


abundance,artificialinfluence;andESU-widegeneticandphenotypicdiversity(Wainwrightetal.


2008).Accordingly,theDSSincludesspecificcriteriaformostofthecategoriesdiscussedonthe


followingpagestoevaluatethecurrentstatusofOregonCoastcohosalmon.


WeprovidescoresfromtwoevaluationsoftheDSSasindicatorsofwhetherparticularattributesof


theESUhavebeenimprovingordeclining,inadditiontovaluesandtrendsinactualdataon
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populationattributes(e.g.,spawnerabundance,marine
survival).ThenextDSSassessment(after


thethatofWainwrightetal.2008)wasconductedaspartofthe2012BRTevaluation,which


includeddatathroughthe2009returnyear(Stoutetal.2012).ThemostrecentDSSrunwas


conductedbyMarkLewis(ODFW),anduseddatathroughthe2014returnyear(Lewis2015).Scores


providedhereforthe2012evaluationwerecalculatedbyM.Lewisanddifferslightlyfromthose


foundinStoutetal.(2012)duetochangesinGIScoverage(whichchanges5thfieldwatershed


boundaries),andotherissueswiththe2012assessmentidentifiedinLewis(2015).Thesechanges


allowdirectcomparisonofthetwoDSSassessments,whichwaspreviouslynotpossibledueto


methodologicaldifferences.Directcomparisonstotheoriginal2008assessmentarepresentlynot


possibleduetothesemethodologicaldifferences.


InusingtheDSStoevaluatecurrentlevelsofESUpersistenceandsustainability,itshouldbenoted


thatthreecriteriahavenotbeenupdatedsincefirstcalculatedbyWainwrightetal.(2008).First,


population-levelprobabilityofpersistence(PP-2)requiresresultsfromfourpopulationviability


models,andhasnotbeenupdated.Partoftherationalefornotupdatingthisparameteristhatthe


relativevulnerabilitiesofpopulationsassessedbythePVAmodelsareunlikelytochangewiththe


additionofafewmoreyearsofdata(Stoutetal.2012).Second,populationfunctionality(PF-1)is


basedonhabitatquantity,andwasnotupdatedbyStoutetal.(2012)becauseitwouldhaverequired


amajorreanalysisofhabitatdata.Instead,Stoutetal.(2012)didananalysisofhabitatdatatolook


fortrendsinhabitatquality;nosuchanalysiswasconductedforthiscurrentreview.Third,theESU-

levelcriteriafordiversity(ED-1,ED-2,ED-3)havealsonotbeenupdatedsincetheDSSwasoriginally


evaluatedbecausetheyreliedonprofessionaljudgment(Wainwrightetal.2008);recentincreasesin


abundanceandproductivityacrossallstratasuggestESUdiversityhasnotdecreased.Accordingly,


theDSSresultsprovidedhereforthe2012and2015assessmentsreflecttheoriginalvaluesforPP-2


andtheESU-leveldiversitycriteria,butPF-1isnolongerincludedincalculationsofthewholeESU


sustainabilityandpersistencescores(Lewis2015).





DESCRIPTIONOFNEWDATAAVAILABLEFORTHISREVIEW


TheavailabledatafortheOregoncoastcohosalmonESUaremainlyupdatesofexistingdatatime


seriesthroughreturnyear2014.Theseincludespawnerabundances,exploitationrates,estimatesof


theproportionofwildspawners,andmarinesurvivalandanupdatedassessmentoftheDSS


(discussedabove).


OnenewdataseriesnowavailableismarinesurvivalestimatesforwildOregonCoastcohosalmon


fromtheLifeCycleMonitoring(LCM)sites(Suringetal.2012),E.Suring,ODFWunpubl.Data;Figure


128).ThesemarinesurvivaldatacomefromsixLCMsites:NehalemRiver(NorthCoaststratum),


Siletz,Yaquina,andAlseaRivers(MidCoaststratum),Umpqua(UmpquaStratum)andCoosRiver


(mid-SouthCoaststratum)(datafromtheLCMsiteontheTraskRiverwasnotincludeddueto


shortertimeseries).Marinesurvivalratesprovidedhereareestimatedfromthenumberofsmolts


passingdownstreamthroughsmolttrapsandsubsequentnumberofjacksandadultsreturning1and


2yearslater,respectively.Thecoastwideestimateofmarinesurvivalistheaveragesurvivalfromall


LCMsitesadjustedforharvest(E.Suring,ODFW,unpublisheddata).


ABUNDANCEANDPRODUCTIVITY
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Priorto1940recruitmentofadultstotheOregon
Coast
ESUisestimatedtohaveaveragedabout


800,000fish,rangingfrom400,000to2,000,000.After1940typicalrecruitmentsdroppedtoabout


300,000,peakingat800,000.Anotherdropfollowingtheoceanregimeshiftin1976ledto


recruitmentsintherangeof100,000,withalowof26,000in1997(Stoutetal.2012).Spawner


escapementhasshownadifferentpatternduetolargechangesinharvestmanagement.Priorto


1940,oceanandin-riverexploitationratesareestimatedtohavebeenabout50%.Theyrosethrough


the1950sand1960swithpeakexploitationratesbetween80%and90%inthe1970s.Abundance


andharveststartedtodeclineinthe1980suntilfisherieswereclosedin1993duetoextremelow


abundanceandpoormarinesurvival.Duringtheperiodfrom1955to1993spawnerescapements


wereintherangeof50,000evenasrecruitmentrangedupto800,000fish.Sincethen,exploitation


rateshavebeenintherangeof10%-30%,andtheabundanceofspawnershasbeenmuchmore


representativeoftotalrecruitment.Onceharvestwascurtailed,ittookseveralyearsforrecruitment


toimprove,drivenbyimprovingmarinesurvivalandalso,tosomeextent,reductioninthereleaseof


hatcheryfishintheESU(Buhleetal.2009).Recenthighspawningescapementsupto350,000signal


ashiftfromthemanagementpracticesofthepastsixdecades,andappeartoberesultinginthe


reestablishmentofmanyofthenaturalprocessesassociatedwithsalmonpopulations.However,


evenwiththerecentperiodoffavorablemarineconditions,themaximumESUproductionhasnot


reachedthelevelsseenasrecentlyasthemid-1970s(althoughseediscussionbelow).Nowthat


harvesthasbecomelessofaconstraintonspawnerescapementsithasbecomeevidentthatmarine


survivalisnowtheprincipaldriverofinterannualandinterdecadalvariationinabundance.


Inarecentreport,CaldwellandCramer(2015)arguethatthesehistoricestimatesofrecruitand


spawnerabundancesmaybebiasedhighduetomethodologicalchanges,resultinginupdatedpre-

1970spopulationproductivityestimatesthataresimilartolevelsobservedtoday.Theyciteseveral


noteworthymethodologicalchangesinhowspawnernumbersareestimatedduringthisperiod,


whichstartedaspeakcountsinhighqualityindexareasduring1950-1971,toarea-under-thecurve


(AUC)estimatesoftotalspawnersinstratifiedrandomsamplingplanreachesbeginningin1990.


CaldwellandCramer(2015)pointtostudiesdirectlycomparingdifferentmethodologies(e.g.,peak


countsvs.AUC),whichshowthatresultingspawnerabundanceswerenotdirectlycomparable,and


resultsvariedamongbasinsandacrosstime.


Similarly,CaldwellandCramer(2015)identifyseveralissueswithhowharvestratesonOregon


CoastNaturalcohosalmonhavebeenestimated,whichhavelikelyover-estimatedharvestrates


duringthe1950sandunder-estimatedtheratesduringthe1980sand1990s.Theseissuesinclude


population-specificvariationinoceandistributionsnotaccountedforbytheOPIharvestrateand


changesinharvesteffortamongareasovertime.Becauseoceanrecruitsarecalculateddirectlyfrom


harvestrates,over-estimatesofharvestratesresultsinover-estimatesinrecruitmentandtherefore


productivity,andviceversa(under-estimatedharvestresultsinunder-estimatedrecruits).


Becauseoftheseproblems,CaldwellandCramer(2015)proposeusingarecruitmenttimeseries


developedbyLawson(Lawson1992)forthe1950s-1980sbecauseitspecificallycorrectsforthese


harvestissues.Thiscorrectedtimeseriesindicatesrecruitmentduring1950-1990thatis


substantiallybelowotherhistoricalestimates.Forexample,thecorrectedtimeseriesgives


recruitmentaveragingroughly300,000duringthe1950s(vs.400,000inthecurrently-usedhistoric


reconstruction),200,000duringthe1960sand1970s(vs.350,000),and100,000inthe1980s(vs.


150,000).Assumingpre-1940estimatesofOregoncoastcohosalmonabundance(800,000)are


correct,useoftheLawsonrecruitmenttimeseriesindicatesthetimingofthelargedecreasein


abundanceoccurredbefore1950,notafterwardsashasbeenassumed.
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Furthermore,CaldwellandCramer(2015)advocate
thatdecliningproductivityduringthelasthalf-

centuryisnotdueexclusivelytofreshwaterhabitatdegradation,butalsoreflectmanagement


practicesofhighhatcheryreleasesandharvestrates.Theyarguethatthesemanagementpractices


allowedhatcheryfishtodominatenaturally-spawningpopulations,whichdecreasedpopulation


productivity.Sincethe1990s,greatlyreducedharvestratesandalmostcompleteeliminationof


hatcheryfish,hasallowedtheproductivityofOregonCoastcohotorebound(seealsoBuhleetal.


2009).TheynotethatalthoughoceansurvivalrateshavecontributedtotherecentreboundinOC


ESU,marinesurvivalratesoverthelastdecadearestilllessthanhalfofwhattheywereduring1970-

1976.


ThespawnerabundanceofcohosalmonwithintheOregonCoastESUvariesbytimeandpopulation.


Thelargepopulations(recentabundances>20,000spawners)includetheCoos,Coquille,Nehalem,


Siletz,Siuslaw,andSouthUmpquaRivers(Figure130).Thetotalabundanceofspawnerswithinthe


ESUhasbeengenerallyincreasingsince1999,withtotalabundanceexceeding280,000spawnersin


threeofthelastfiveyears(Figure129).The2014OregonCoastcohosalmonreturn(355,600


spawners)isthehighestsinceatleastthe1950’s(2011isthe2ndhighestwith352,200;ODFW2015).


Mostindependentpopulationsshowanoverallincreasingtrendinabundance,withsynchronously


highabundancesin2002-2003,2009-2011and2014,andlowabundancesin2007and2009(Figure


130).Thissynchronyisevidencefortheoverridingimportanceofmarinesurvivaltorecruitment


andescapementofcohosalmonintheOregonCoastESU.
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Figure128--MarinesurvivalratesforOregonProductionIndexhatchery-producedcohosalmon,1980-2014,and


OregonCoastNaturalcohosalmonfromlifecyclemonitoringsites,1999-2014.DatafromPFMC2015,Suringetal.


2012,andE.Suring(ODFW,unpubl.data).





Figure129--.EstimatedabundanceofwildnaturalspawnersinthefivestrataforOregonCoastcohosalmonESU,


1995-2014.
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5yeargeometricmeanwildspawnerabundances
have
increasedfrom17–7228perpopulationin


the1990to1994timeperiod,to189–23741forthe2010to2014timeperiodwiththehighest


abundanceoccurringinthemostrecenttimeperiod(2010-2014).Thevastmajorityofpopulations


(20of21)exhibitedanincreaseinthegeometricmeanabundancebetweentheprevious5year


period(2005-2009)andthecurrentone(2010-2014)(Table69).


Asimilarpatternisobservedwith15yeartrendsinlogwildspawnerabundances:allarepositive


whetherthe1990-2005or1999-2014timeperiodisused.Trendsduringtheearlier15yearinterval


(1990-2004)weresteeperandnoconfidenceintervalsoverlappedzero,whiletherecenttrendsfor


allpopulationsareconsiderablylesssteep(althoughallarepositive)andtheconfidenceintervalsfor


allbuteightpopulationsincludezero(Table70).Thisincreasingabundancetrendoccursacrossall


strataintheESU.


SpawnerabundanceiscapturedbytwocriteriaintheDSS,criticalabundance(PP-3;meanspawner


densitiesinloweryears)andspawnerabundance(PD-1;harmonicmeanabundancesufficientto


avoidgeneticrisks).ScoresforPP-3increasedbetweenthe2012and2015assessmentsforall


populations(withtheexceptionoftheSixesRiver),andmeanscoreshaveincreasedfrom0.40to


0.66(Table68).Thenumberofpopulationswithascoreofatleast0.5forPP-3(=moderatetohigh


certaintythatpopulationabundanceismaintainedabovelevelswheresmall-population


demographicrisksarelikelytooccur)increasedfrom10populationsin2010to16in2015.ForPD-

1,scoreshaveeitherincreased(18populations)orremainedconstant(3populations),withno


populationsshowingadecline;acrossallpopulations,meanscoresincreasedfrom0.24to0.26.The


numberofpopulationswithPD-1scoresexceeding0.50(=moderatetohighcertaintythat


populationshavesufficientspawnerstopreventlossofgeneticvariation)remainedconstantinthe


twoassessments(6populations;Table68).


Marinesurvivalhasbeenhighlyvariableoverthelastthreedecades(Figure128).Marinesurvival


ratesfortheOregonProductionIndex(OPI)areestimatedfromhatcherycohofromtheColumbia


andOregonandCaliforniacoasts.OPIcohoaremostlyfromtheColumbiaRiverandsubjecttoin-

riveraswellasmarineinfluences.MarinesurvivalratesforOregonCoastalnatural(OCN)cohoare


availablefromODFW’sLifeCycleMonitoringsitesstartingwiththe1999return(E.Suring,unpubl.


data,Suringetal.2012).Ingeneral,marinesurvivalofOCNcohosalmonisroughlytwiceashigh


(meansurvivalin1999-2014was0.074)thansurvivalofOPIcoho(0.029during1999-2014),


althoughinsomeyearstheratesarequitesimilar(e.g.,1999,2006,2007).Thetrendsforbothtimes


seriesareincreasingsincereturnyear1999duetolowmarinesurvivalratesduring1992-1999and


extremelyhighmarinesurvivalforfishreturningin2014(0.17forOCN,0.06forOPI).However,OPI


marinesurvivalduringthe1980s(mean=0.034)ishigherthanthe1999-2014period(0.029),and


theoveralltrendisslightlydownwards.Thetwotimeseriesarestronglycorrelated(Pearson


correlationr=0.76,p<0.01),whichsuggestsastrongcommonenvironmentalinfluenceonmarine


survivalrates.
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Figure130–Smoothedtrendinestimatedtotal(thickblackline)andnatural(thinredline)populationspawning


abundance.Pointsshowtheannualrawspawningabundanceestimates.
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Figure131–Trendsinpopulationproductivity,estimatedasthelogofthesmoothednaturalspawningabundancein


yeart-smoothednaturalspawningabundanceinyear(t–3).
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Table68--PopulationscoresforOregonCoastcohosalmondecisionsupportsystemcriterionforassessmentsconductedin2012(usingdatathrough2009returnyear)and


2015(datathrough2014returnyear).Thecriteriaare:PP-1—Populationproductivity(geometricmeanofnaturalreturnratioinlowyears);PP-3—Criticalabundance(mean


spawnerdensitiesinlowyears);PD-1—Spawnerabundance(harmonicmeansufficienttoavoidgeneticrisks);PD-2—Artificialinfluence(%ofhatcheryfishonspawning


grounds);PD-3—Spawnerdistributions(>4fishpermileinhalfofwatersheds);PD-4—Juveniledistributions(poolswith>1fish).SeeWainwrightetal.(2008,2014)for


additionaldetails.Alsoincludedisthe'minimumlevelofdesiredstatus'ofeachpopulationundertheOregonCoastCohoConservationPlan.





ORCstCoho


Stratum Population ConsPlan


2012 2015 2012 2015 2012 2015 2012 2015 2012 2015 2012 2015 status*


North Coast Necanicum 0.95 0.89 0.30 0.68 0.01 0.02 0.35 0.92 0.82 0.92 0.97 0.71 F


North Coast Nehalem 0.80 0.99 0.81 0.83 0.83 0.87 0.66 0.79 0.45 0.53 0.51 0.78 P


North Coast Tillamook 0.90 0.95 0.42 0.76 0.12 0.14 0.42 0.79 0.23 0.61 0.64 0.85 P


North Coast Nestucca 0.82 0.95 0.38 0.43 0.14 0.16 0.92 0.86 0.20 0.52 0.92 0.50 P


Mid Coast Salmon -0.51 -0.81 -0.94 -0.71 -1.00 -1.00 -1.00 0.92 0.64 0.57 1.00 1.00 F


Mid Coast Siletz 0.91 1.00 0.11 0.86 0.08 0.10 0.67 0.93 0.51 0.90 0.93 1.00 P


Mid Coast Yaquina 0.97 0.89 0.44 0.93 0.30 0.33 0.69 0.93 0.84 0.95 1.00 1.00 P


Mid Coast Beaver 0.97 0.99 0.93 1.00 0.03 0.04 0.86 1.00 1.00 1.00 1.00 1.00 P


Mid Coast Alsea 0.63 0.86 0.02 0.68 0.18 0.20 0.97 0.98 0.45 0.85 0.83 1.00 P


Mid Coast Siuslaw 0.89 0.77 0.07 0.81 0.98 1.00 0.81 0.91 0.53 0.72 0.68 0.89 P


Lakes Siltcoos 0.81 0.88 1.00 1.00 0.45 0.49 0.99 0.99 1.00 1.00 1.00 1.00 P


Lakes Tahkenitch 0.69 0.84 1.00 1.00 0.24 0.26 0.95 0.99 1.00 1.00 1.00 1.00 P


Lakes Tenmile 0.96 0.78 1.00 1.00 0.91 0.97 0.98 0.98 1.00 1.00 -0.36 -0.23 F


Umpqua LowerUmpqua 0.68 0.76 0.73 0.84 0.80 0.85 0.42 0.93 0.78 0.85 0.61 0.85 P


Umpqua MiddleUmpqua 0.73 0.66 0.22 0.48 0.26 0.28 0.35 0.99 0.25 0.39 0.22 0.66 P


Umpqua NorthUmpqua -0.96 -0.50 0.50 0.89 -0.69 -0.64 -0.96 0.13 -0.52 -0.42 -0.66 -0.64 F


Umpqua SouthUmpqua 0.92 0.61 0.64 0.82 0.21 0.24 0.50 0.53 0.06 0.28 0.14 0.35 P


Mid-South Coast Coos 0.92 0.91 0.58 0.91 1.00 1.00 0.94 0.97 0.73 0.88 0.85 0.70 P


Mid-South Coast Coquille 0.96 0.92 0.84 0.91 1.00 1.00 0.98 0.96 0.68 0.78 0.80 0.93 P


Mid-South Coast Floras 0.99 0.88 -0.46 0.14 0.12 0.15 0.81 1.00 0.21 0.74 1.00 1.00 P


Mid-South Coast Sixes 0.52 0.76 -0.25 -0.35 -0.96 -0.96 0.17 0.74 -0.66 -0.42 -0.42 0.17 F


Meanscore 0.69 0.71 0.40 0.66 0.24 0.26 0.55 0.87 0.49 0.65 0.60 0.69 

DecisionSupportSystemcriterionandassessmentyear 

PP-1 PP-3 PD-1 PD-2 PD-3 PD-4 
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*FortheOregonCoastCohoConservationPlanminimumlevelofdesiredstatus,
Necanicumreceivedan“F”duetoanegativescoreforPP-2.This


criterionisbasedonpopulationviabilitymodeling,andhasnotbeenupdatedsince2008(Wainwrightetal.2008).TenmileLakealsoreceiveda


negativescoreforPD-4(juveniledistributions),despitehavingthelargestpopulationinthelakesstratum.Thenegativevaluewaslikelyduetofew


poolsbeingsampledforjuvenilecohosalmon,ratherthanlimiteddistributionofjuveniles.
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Table69--5-year geometric mean of raw naturalorigin spawner counts.This is the
raw total spawner count times the fraction wild estimate, if available.In


parentheses,5-yeargeometricmeanofrawtotalspawnercountsisshown. Avalueonlyinparenthesesmeansthatatotalspawnercountwasavailable butnoor


onlyoneestimateofnaturaloriginspawnersavailable. Thegeometricmeanwascomputedastheproductofcountsraisedtothepower1overthenumberof


countsavailable(2to5). Aminimumof2valueswereusedtocomputethegeometricmean. Percentchangebetweenthemostrecenttwo 5-yearperiodsisshown


onthefarright.





Population MPG 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change

Siltcoos Lake Lakes 1517 (1568) 3433 (3468) 5458 (5481) 3702 (3702) 5550 (5550) 50 (50)


Tahkenitch Lake Lakes 841 (843) 2175 (2206) 2445 (2445) 2851 (2868) 5502 (5513) 93 (92)

Tenmile Lake Lakes 2616 (2632) 5420 (5420) 8931 (8931) 9562 (9562) 9988 (10008) 4 (5)


Alsea R. Mid-Coast 1235 (1851) 525 (1300) 5552 (5800) 6502 (6510) 14104 (14104) 117 (117)

Beaver Cr. Mid-Coast 347 (347) 654 (767) 2942 (3069) 1637 (1665) 2618 (2618) 60 (57)

Yaquina R. Mid-Coast 546 (658) 1637 (1978) 5482 (5561) 5629 (5817) 9863 (9863) 75 (70)

Salmon R. Mid-Coast 17 (267) 44 (645) 263 (1186) 260 (1136) 1448 (1463) 457 (29)


Siletz R. Mid-Coast 493 (930) 428 (597) 3761 (4278) 9638 (10024) 10697 (10697) 11 (7)

Siuslaw R. Mid-Coast 3175 (4554) 2323 (3032) 15890 (15890) 11367 (11625) 21648 (21913) 90 (88)


Coos R. Mid-South Coast 7228 (8150) 4579 (4597) 19956 (20077) 10056 (10116) 15023 (15053) 49 (49)

Coquille R. Mid-South Coast 3934 (4165) 4118 (4169) 12691 (13099) 15598 (15629) 23741 (23837) 52 (53)


Floras Cr./New R. Mid-South Coast 898 (1009) 2869 (2978) 863 (883) 3489 (3489) 304 (295)

Sixes R. Mid-South Coast 103 (111) 147 (159) 133 (180) 118 (127) 189 (192) 60 (51)


Necanicum R. North Coast 281 (468) 271 (412) 1798 (1897) 1097 (1175) 2077 (2094) 89 (78)

Nehalem R. North Coast 2474 (7471) 1354 (2934) 20139 (20469) 14507 (15091) 11530 (11647) -21 (-23)

Nestucca R. North Coast 352 (412) 595 (678) 5263 (5394) 1319 (1327) 2739 (2790) 108 (110)


Tillamook Bay North Coast 425 (938) 590 (829) 4503 (5015) 5003 (5117) 8332 (8487) 67 (66)

Low. Umpqua R. Umpqua 2904 (2976) 4200 (4390) 11326 (11758) 10183 (10944) 12874 (12874) 26 (18)


Middle Umpqua R. Umpqua 2857 (3039) 1830 (1935) 7912 (8265) 5237 (5689) 8804 (8804) 68 (55)

N. Umpqua R. Umpqua 900 (2650) 929 (3276) 2724 (11346) 2924 (6488) 4367 (4856) 49 (-25)

S. Umpqua R. Umpqua 1633 (2295) 3119 (4151) 6866 (7269) 8675 (9106) 18185 (18995) 110 (109)
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Table70--15-yeartrendsinlogwildspawnerabundancecomputedfromalinearregressionappliedto


the smoothedwildspawnerlogabundanceestimate.Onlypopulationswithatleast4wildspawner


estimatesfrom1980to2014areshownandwithatleast2datapointsinthefirst5yearsandlast5yearsof


the15-year period.





HARVEST


Oregoncoastnatural(OCN)cohosalmonarepartoftheOregonProductionIndex,andareharvested


inoceanfisheriesprimarilyoffthecoastsofOregonandWashington.Historicallytheywerealso


harvestedinrecreationalandcommercialtrollfisheriesfromcentralCaliforniatothewestcoastof


VancouverIsland.Canadiancohosalmonfisherieswereseverelyrestrictedinthe1990stoprotect


upperFraserRivercoho,andhaveremainedsoeversince.OceanfisheriesoffCaliforniawereclosed


tocohoretentionin1993andhaveremainedclosedeversince.Oceanfisheriesforcohooffof


OregonandWashingtonweredramaticallyreducedin1993inresponsetothedepressedstatusof


OregonCoastnaturalcoho,andoceanfisherieshavemovedtoprimarilymark-selectivefishing


beginningin1999.Theconsultationstandardformanagementofoceanfisheriesplacescapson


impactratesthatvarywiththestockstatusandhaverangedfrom8%to30%.Overallexploitation


ratesregularlyexceeded60%inthe1980s,buthaveremainedbelow20%since1993(Figure132).


Asdiscussedabove,CaldwellandCramer(2015)arguethatharvestratesonOregoncohowereover-

estimatedbyOPIduringthe1950sandunder-estimatedbytheOPIinthe1980sand1990s.This


doesnotaffectthelowharvestratesbeginningin1993.


Population MPG 1990-2005 1999-2014

Siltcoos Lake Lakes 0.11 (0.06, 0.15) 0.03 (-0.03, 0.09)


Tahkenitch Lake Lakes 0.12 (0.07, 0.17) 0.04 (-0.01, 0.1)

Tenmile Lake Lakes 0.12 (0.07, 0.16) 0.04 (-0.02, 0.1)


Alsea R. Mid-Coast 0.17 (0.11, 0.24) 0.09 (0.02, 0.15)

Beaver Cr. Mid-Coast 0.13 (0.08, 0.19) 0.07 (0.01, 0.12)

Yaquina R. Mid-Coast 0.18 (0.12, 0.23) 0.09 (0.03, 0.15)

Salmon R. Mid-Coast 0.24 (0.18, 0.31) 0.16 (0.08, 0.24)


Siletz R. Mid-Coast 0.21 (0.17, 0.26) 0.1 (0.05, 0.16)

Siuslaw R. Mid-Coast 0.16 (0.11, 0.21) 0.06 (0, 0.12)


Coos R. Mid-South Coast 0.11 (0.07, 0.16) 0.03 (-0.03, 0.09)

Coquille R. Mid-South Coast 0.14 (0.09, 0.19) 0.06 (0.01, 0.12)


Floras Cr./New R. Mid-South Coast 0.02 (-0.04, 0.08)

Sixes R. Mid-South Coast 0.06 (0.02, 0.11) 0.01 (-0.04, 0.07)


Necanicum R. North Coast 0.16 (0.11, 0.21) 0.05 (-0.01, 0.11)

Nehalem R. North Coast 0.19 (0.14, 0.24) 0.03 (-0.03, 0.09)

Nestucca R. North Coast 0.14 (0.09, 0.19) 0.05 (0, 0.11)


Tillamook Bay North Coast 0.21 (0.17, 0.26) 0.08 (0.03, 0.14)

Low. Umpqua R. Umpqua 0.12 (0.07, 0.17) 0.05 (-0.01, 0.11)


Middle Umpqua R. Umpqua 0.11 (0.06, 0.16) 0.04 (-0.02, 0.1)

N. Umpqua R. Umpqua 0.07 (0.02, 0.13) 0.13 (0.07, 0.19)

S. Umpqua R. Umpqua 0.16 (0.1, 0.21) 0.06 (0, 0.12) 
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Figure132--TotalmarineandfreshwaterexploitationratesonOregoncoastnaturalcohosalmon.DatafromFRAM


validationruns(STT2015).


SPATIALSTRUCTUREANDDIVERSITY


Severaltypesofevidencecanbeusedtoinferthespatialstructureanddiversityofcohosalmonin


thisESU.Takentogether,theyallindicatethatcurrentspatialstructureanddiversityissimilarto


previousassessmentsorimprovedinsomecases(e.g.,reducedhatcheryinfluence).Evidencefor


spatialstructureanddiversityisprovidedbyseveralcriteriaintheDSS,aswelldirectlyfromtrends


inspawnerabundanceandhatcheryinfluenceacrossthegeographicrangeoftheESU.


IntheDSS,spatialstructureandconnectivityareevaluatedatthepopulationlevelwithassessments


ofspawner(PD-3)andjuvenile(PD-4)distributionswithinwatersheds,andattheESUlevelwithan


assessmentofbarrierstomigration(ED-1c).Scoresforthetwopopulation-leveldistribution


metrics,PD-3andPD-4,bothincreasedbetweenthe2012and2015assessments,indicating


improvedconditions.The2012assessmenthadmeanPD-3andPD-4scoresof0.49and0.60,


respectively,whichincreasedto0.65and0.69,respectively,inthe2015assessment(Table68).The


numberofpopulationswithscoresofatleast0.50(=moderatetohighcertaintythathistorically


occupiedwatershedsinthepopulation’srangehadspawnersandjuvenilesoccupyingtheavailable


habitat)alsoincreasedbetweenthetwoassessments,from12to17populations(outof21


populationstotal)forPD-3betweenthe2012and2015assessments,whilePD-4scoresofatleast


0.50increasedfrom16to17populations(Table68).


TheESU-levelassessmentofbarrierstomigration(ED-1c)hasnotbeenreevaluatedsincethe


originalassessment(Wainwrightetal.2008).Atthattime,itwasconcludedthattherewaslow


certaintythatgeneticdiversitywasnotcompromisedbychangesinthemovementsoffish.Increased


scoresforbothspawner(PD-3)andjuvenile(PD-4)distributionssuggestthatitisunlikelythat


barrierstomigrationhaveincreasedsincetheoriginalevaluation.


ThespatialstructureofcohosalmonpopulationswithintheESUcanalsobeinferredfrom


population-specificspawnerabundances(Figure130)andproductivity(Figure131).Inparticular,


thereisnogeographicareaorstratumwithintheESUthatappearstohaveconsiderablylower
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abundancesorbelessproductivethanotherareasorstrataandthereforemightserveasa


“populationsink”.Furthermore,ifthefactorsresponsibleforincreasingabundancesinindependent


populationsapplyequallytodependentpopulations,thenitisunlikelythatsmallpopulationsare


beinglostatunusuallyhighrates,whichisaconcernforspatialstructure(McElhanyetal.2000).


CriteriafordiversityintheDSSevaluatedatthepopulationlevelincludespawnerabundance


sufficienttopreventlossofgeneticvariation(PD-1)andhatcheryinfluence(PD-2).AttheESUlevel,


diversityisevaluatedasgeneticdiversity(ED-1),andphenotypicandhabitat(ED-2)diversity,and


lossofsmallpopulations(ED-3).AsdiscussedundertheAbundanceandProductivitysection,above,


PD-1scoreshaveincreasedbetweenthe2012and2015assessments(Table68).


ScoresforPD-2,hatcheryinfluence,hadthegreatestincreaseofanymetricinthetwoevaluations,


fromameanof0.55in2012to0.87in2015(Table68).Inthiscase,20of21populationshadPD-2


scoresexceeding0.50(moderatetohighcertaintythathatcheryfishwillnothaveadverseeffectson


naturalpopulations)withmost(15of21)havingscoreexceeding0.90.Thepopulationwiththe


lowestPD-2score(NorthUmpqua),stillshowedimprovementsbetweentheassessments,increasing


from-0.96to+0.13(Table68).


WhilehatcheryinfluenceisassessedintheDSSwithatruthcurve,thedirectobservationofthe


consistentlyupwardstrendsintheproportionofnaturalspawners(Figure133)isstraightforwardto


interpretandperhapsthehighestofanyESUreviewedinthisreport.TheStateofOregonmadean


unprecedentedefforttoreducehatcheryinfluenceinwildOregoncoastcohosalmonpopulationsby


greatlyreducingtheproductionofhatcherycohosalmonalongthecoast.Theresultofthisactionis


allbutoneindependentpopulationintheOCESUcurrentlyhavea5yearaverageof>98%ofwild


spawners(Table71).ThesoleexceptionistheNorthUmpqua,whichhasgreatlyreducedhatchery


influencecomparedtopreviousreviews,butstillhasa5yearaverageof88%wildspawners.Like


theabundancedata,thisminimallevelofhatcheryinfluenceoccursacrossallstrataintheOCESU.


ThethreemetricsforESU-leveldiversity(ED-1,ED-2,ED-3)werebasedontheprofessional


judgmentofBRTmembersduringtheoriginalassessment(Wainwrightetal.2008).Theyhavenot


beenre-evaluatedsincetheywerefirstdeveloped.Atthattime,theconclusionswerethattherewas


lowcertaintythatESU-levelgeneticdiversitywassufficientforlong-termsustainabilityintheESU


(ED-1a),itwasuncertainthathuman-drivenselectionwasnotdecreasinggeneticdiversity(ED-1b),


andtherewaslowtomoderatecertaintythatphenotypicdiversitywaspresentwithintheESUat


levelscomparabletohealthyESUsorthehistoricaltemplate(Wainwrightetal.2008).Observed


upwardtrendsinabundanceandproductivityanddownwardtrendsinhatcheryinfluencediscussed


earliermakedecreasesingeneticorlifehistorydiversityorlossofdependentpopulationsinrecent


yearsanunlikelyoutcome.
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Figure133–Smoothedtrendintheestimatedfractionofthenaturalspawningpopulationconsistingoffishifnatural


origin.Pointsshowtheannualrawestimates.
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Table71–5-yearmeanoffractionwild(sumofallestimatesdividedbythenumberofestimates). Blanksmean


no estimate available in that 5-year range.





BIOLOGICALSTATUSRELATIVETORECOVERYGOALS


TheDSSforOregonCoastcohosalmonwasspecificallydevelopedtoevaluatebiologicalrecovery


criteriafortheentireESUattwolevels,persistence(EP)andsustainability(ES),whichimply


differentlevelsofrisk(Wainwrightetal.2008).Thepersistenceanalysisevaluatestheabilityofthe


ESUtopersist(i.e.,notgoextinct)overa100-yearperiodwithoutartificialsupport,includingthe


abilitytosurviveprolongedperiodsofadverseenvironmentalconditionsthatmaybeexpectedto


occurduringa100yeartimeframe.Itisbasedonpopulationproductivity,probabilityofpersistence,


andabundancerelativetocriticallylowthresholds(Stoutetal.2012).


ThesustainabilityanalysisevaluatestheabilityoftheESUtomaintainitsgeneticlegacyandlong-

termadaptivepotentialfortheforeseeablefuture.Sustainabilityimpliesstabilityofhabitat


availabilityandotherconditionsnecessaryforthefullexpressionofthepopulation’s(orESU’s)life


historydiversityintotheforeseeablefuture.Criteriausedtoevaluatepopulationsustainabilityare


objectivemeasuresofspawnerabundance,artificialinfluence,spawnerandjuveniledistributions,


andhabitatcapacity.ItalsoincludesESU-levelmeasuresofgeneticdiversity,phenotypicandhabitat


diversity,andsmallpopulations. 


ThemostrecentoverallscoresfromtheDSS(usingdatathroughreturnyear2014)show


improvementoverpreviousiterationsforbothESUpersistenceandsustainability.Themostrecent


EPvalueis0.73(highcertaintytheESUislikelytopersist),comparedtovaluesof0.44forthe2012


Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

Siltcoos Lake 0.97 0.99 1.00 1.00 1.00


Tahkenitch Lake 1.00 0.99 1.00 0.99 1.00

Tenmile Lake 0.99 1.00 1.00 1.00 1.00


Alsea R. 0.67 0.53 0.96 1.00 1.00

Beaver Cr. 1.00 0.86 0.96 0.98 1.00

Yaquina R. 0.83 0.83 0.99 0.97 1.00

Salmon R. 0.07 0.09 0.34 0.37 0.99


Siletz R. 0.54 0.74 0.89 0.96 1.00

Siuslaw R. 0.70 0.77 1.00 0.98 0.99


Coos R. 0.90 1.00 0.99 0.99 1.00

Coquille R. 0.95 0.99 0.97 1.00 1.00


Floras Cr./New R. 0.92 0.89 0.96 0.98 1.00

Sixes R. 0.92 0.92 0.79 0.93 0.98


Necanicum R. 0.60 0.67 0.95 0.93 0.99

Nehalem R. 0.38 0.57 0.98 0.96 0.99

Nestucca R. 0.86 0.88 0.98 0.99 0.98


Tillamook Bay 0.46 0.77 0.90 0.98 0.98

Low. Umpqua R. 0.98 0.96 0.96 0.93 1.00


Middle Umpqua R. 0.94 0.95 0.96 0.92 1.00

N. Umpqua R. 0.35 0.30 0.25 0.55 0.90

S. Umpqua R. 0.73 0.77 0.95 0.95 0.96 
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assessment(moderatetohighcertaintytheESUislikelytopersist).ForESUsustainability,the


currentvalueis0.29(moderatecertaintytheESUissustainable),whichisalsohigherthanvalues


resultingfrompreviousassessments(0.23,orlowtomoderatecertaintytheESUissustainable).


 


FederalRecoveryPlan


AproposedfederalrecoveryplanforOregonCoastcohosalmonwasreleasedinOctober2015


(NMFS2015c).Theaimoftheplanisto,“...establishself-sustaining,naturallyspawningOregon


Coastcohosalmonpopulationsthataresufficientlyabundant,productive,anddiversetopersistin


thelongterm,definedasthenext100years.Thespeciesneedstoberesilientenoughtosurvive


catastrophicchangesintheenvironment,includingeventssuchclimatechangeanddecreasesin


oceanproductivity.Overall,therecoverydirectionforOregonCoastcohosalmonhasasingle


overridingfocus:restoringdegradedhabitatandtheecosystemprocessesthataffectthehabitat.


Mostrecommendedactionstargettheprotectionandrestorationoffreshwaterandestuarine


habitats,especiallyhabitatsthatsupportjuvenilerearingcohosalmon”(NMFS2015b,p.ES-2).The


PlanstatesthatthefederalgovernmentwillremoveOregonCoastcohosalmonfromESAlisting


whenitdeterminesthat:1)thespeciesissufficientlyrecoveredfromabiologicalperspective,and2)


factorsthatledtolistinghavebeenreducedoreliminatedtothepointwherefederalprotection


undertheESAisnolongerneeded.


ThebiologicalstatusoftheESUwillbeevaluatedbytheDSS(describedpreviously),andmustmeet


twocriteria:1)mostoftheindependentpopulationshavetobesustainableineachstratum,and2)


allfivestratahavetobesustainableforthewholeESUtobesustainable.TheDSSelements


consideredinthisassessmentincludespawnerabundance(PD-1),spawnerdistribution(PD-3),


juveniledistribution(PD-4),criticalabundance(PP-3),populationproductivity(PP-1),andaritificial


influence(PD-2).


Delistingconsidersbothbiologicalstatusandthefivestatusoflistingfactors/threats(statusof


habitat,overutilization,diseaseorpredation,adequecyofregulatorymechanisms,andother


factors).Delistingwillbeguidedbytwoprinciples:1)thebiologicalrecoverycriteriashouldprovide


atleastamoderatecertaintythattheESUissustainable,and2)weneedtobereasonablycertainthat


therelevantregulatorymechansimsare“adequate”toprotectOregonCoastcohosalmon.The


currentDSSscores(describedabove,Lewis2015)showthatthereismoderatecertaintytheESUis


sustainable.However,thereareconcernsforlistingfactorsrelatedtohabitatandregulatory


mechanisms,asdiscussedintherecoveryplan.


OregonRecoveryPlan


TheStateofOregondevelopedanOregonCoastCohoConservationPlan(OCCCP)in2007to“ensure


thecontinuedviabilityoftheOregonCoastCohoEvolutionarySignificantUnit(ESU)andtoachievea


desiredstatusthatprovidessubstantialecologicalandsocietalbenefits”(ODFW2007),p.3).The


planreliesonacombinationofexistingregulatoryprogramspluseffectivelong-termparticipationin


non-regulatoryconservationworktoachievedesiredstatus.TheOCCCPdefinesthedesiredstatus


fortheESU,whichwillbeevaluatedusingsixmeasureablecriteriathatpertaintopopulation


abundance,persistence,productivity,distribution,diversity,andhabitat.Thegoalofthe


ConservationPlanwillbemetwhen:1)allindependentpopulationspassthesixmeasurablecriteria


forindependentpopulationsand2)theaggregateofdependentpopulationswithinabiogeographic


stratumpassthetwomeasurablecriteriafordependentpopulations.
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Theplanrecognizesthatpositiveimprovementmayoccurbeforefulldesiredstatusisachieved.


Therefore,theplandefinesaminimumlevelofdesiredstatusas,“All21independentpopulationspass


allthesustainabilitycriteria(asdefinedbytheOregon/NorthernCaliforniaCoastTRT).Apassis


definedasanypositivetruthvaluefortheindividualcriteria,afailisatruthvalue≤0.0.Populations


thatcurrentlypass(asdefinedinprevioussentence)mustmaintainorimproveupontheircurrent


scores”(ODFW2007,AppendixIIp.2).ThelatestiterationoftheDSS(usingdatathroughreturn


year2014)indicatesthatfiveindependentpopulationsdonotmeetthiscriterion(Population


Sustainability<0.0)(Lewis2015).ThesepopulationsaretheNecanicum,TenmileLake,Salmon,N.


Umpqua,andSixesRiver;thesesamefourpopulationsweretheonlypopulationstohavePSscores


below0.0inpreviousrunsoftheDSSusingearlierdata(Wainwrightetal.2008,Stoutetal.2012).


Accordingly,theESUhasnotyetreachedaminimumlevelofdesiredstatusbasedonthesecriteria.


UPDATEDBIOLOGICALRISKSUMMARY


ManypositiveimprovementstoOregonCoastcohosalmonaredescribedbyODFW(2015),including


positivelong-termabundancetrendsandescapement.IncreasesinESUscoresforpersistenceand


sustainabilityalsoclearlyindicatethebiologicalstatusoftheESUisimproving,dueinlargepartto


managementdecisions(reducedharvestandhatcheryreleases)andfavorableenvironmental


variation(i.e.,highmarinesurvival).However,asLawson(1993)statedovertwodecadesago,“The


truemeasureofsuccessforsuch[streamrestoration]projectsisthecontinuedsurvivalofthe


populationthroughsubsequentepisodesoflowabundance”(Lawson1993,p.6),whendiscussing


cyclesinoceanproductivity,habitatrestoration,andtheproductivityofOregonCoastcohosalmon.


Lawson(1993)cautionedthatvariationinoceanproductivitycanmaskthetruebenefitsofstream


restorationprojects;increasedabundancesareincorrectlyattributedtostreamrestorationwhenthe


increasesresultedfromhighmarinesurvival.Consequently,itisonlywhenmarinesurvivalislow


thatitbecomesapparentwhetherhabitatqualityandquantityaresufficienttosupportself-

sustainingpopulations.WithmarinesurvivalratesexpectedtodecreaseforOregonCoastcoho


salmonenteringtheoceanin2014(Petersonetal.2014),2015and2016(seenextchapter),itmay


beadvisabletowaittoobservehowpopulationsfareduringthispotentialdownturnbeforedeciding


tochangetheirstatus.
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RECENTTRENDSINMARINEANDTERRESTIALENVIRONMENTSANDTHEIR


LIKELYINFLUENCEONPACIFICSALMONINTHEPACIFICNORTHWEST


INTRODUCTION


ThecurrentstatusoflistedPacificsalmonpopulationsisinfluencedbynumerousfactors,including


humanactivities(e.g.,fishingmortality,hatcheryproduction,habitatrestorationanddegradation),


andnaturalvariationinenvironmentalconditionsinbothfreshwaterandmarineenvironments.The


increasingtrendsinnaturalspawnersseenforsomeDPSatleastpartiallyreflectfavorable


environmentalconditionsinmarinewatersofthenorthernCaliforniaCurrentandinfreshwater


habitatsinrecentyears.Itiswellestablishedthatoceanconditionsduringthefirstweeksormonths


ofmarinelifehavealargeinfluenceonoverallmarinesurvivalforsalmon(Pearcy1992;Pearcy&


McKinnell2007).Accordingly,alargeportionoftheshort-termvariationinpopulationproductivity


maybeduetooceanconditions,whichfluctuateatshorttimescales.Forexample,marinesurvival


canvarybyoveranorderofmagnitudebetweenyears(Lindleyetal.2009).


Theseproductiveconditionsresultedinhighfreshwaterandmarinesurvivalratesandsubsequent


highadultreturnsformanysalmonstocksthroughoutthePacificNorthwestatvarioustimes


especiallyinthetheearly2010s.However,changesinoceanandfreshwaterconditionsbeginningin


early2014duetoexceptionallywarmoceanwatersandassociatedterrestrialimpacts,plusa


strengtheningElNiñoevent,suggestthatthisperiodofhighmarinesurvivalswillnotpersist,and


salmonreturnsinthenextfewyearsmaybeconsiderablelowerthanthoseexperiencedrecently.


Thischaptersummarizeswhatisknownaboutmarineandterrestrialconditionssincethe


developmentofthe“warmblob”inwinter,2013/2014,andtheirlikelyinfluenceonsalmon


productivityinthePacificNorthwest.Althoughourunderstandingofhowenvironmentalconditions


influencesalmonsurvivalhasgreatlyincreasedinrecentyears(Quinn2005a;Pearcy&McKinnell


2007;Crozieretal.2008b),itisimpossibletopredictexactlyhowthecurrentlyanomalous


conditionswillaffectindividualsalmonpopulations.Itisalsonotknownhowlongtheseunfavorable


conditionswilllast.


METHODS


Weuseavarietyofpublishedandunpublishedsourcestodocumentthecurrentanomalous


conditionsinbothfreshwaterandmarineenvironments.Giventherecentonsetoftheseconditions


(latefall2013),onlyafewpeer-reviewedpapershavebeenpublishedonthephenomenatodate.


Formarineconditions,ourprimarysourcesaretheNWFSC’sOceanIndicatorsannualreport


(Petersonetal.2014),theStateoftheCaliforniaCurrentReport(CCIEAT2015),theFisheriesand


OceansCanadareportonPacificmarineecosystemsin2014(Chandleretal.2015)andBondetal.


(Bondetal.2015).InformationonfreshwaterconditionsincludeNOAA’sNationalCenterfor


EnvironmentalInformation(NOAANCEI),U.S.GeologicalSurvey’sNationalWaterInformation


System,andU.S.DepartmentofAgriculture’sNaturalResourceConservationService(USDANRCS).


Ourintentwiththissummaryisnottoprovideanexhaustivereviewofwhatisknownaboutcurrent


conditions,butinsteadprovideanoverview,withaparticularemphasisonenvironmentalfactors


thatareimportanttosalmonproductivityandsurvival.Inmanycases,currentenvironmental


conditionsinmarineandfreshwaterhabitatsareoutsidetherangeofpriorobservations,therefore
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theirbiologicaleffectsaredifficulttopredict.Onlyinhindsightwillwebeabletotellhowthese


conditionsaffectedsalmonsurvival.


RESULTS


OBSERVEDENVIRONMENTALCONDITIONS


EnvironmentalconditionsinbothfreshandmarinewatersinhabitedbyPacificNorthwestsalmon


areinfluenced,inlargepart,bytwoocean-basinscaledrivers,thePacificDecadalOscillation(PDO;


Mantuaetal.1997)andtheElNiño-SouthernOscillation(ENSO).Startinginlate2013,however,


abnormallywarmconditionsintheCentralNEPacificOceanknownasthe“warmblob”(Bondetal.


2015)hasalsohadastronginfluenceonbothterrestrialandmarinehabitats.Here,webriefly


describethefeaturesastheyaffectbothmarineandterrestrialenvironments.


TheWarmBlob


MarinewatersintheNorthPacificoceanhavebeenwarmerthanaveragesincelatefall2013,when


the“warmblob”firstdevelopedinthecentralGulfofAlaska(Bondetal.2015).Thewarmblobwas


causedbylowerthannormalheatlossfromtheoceantotheatmosphereandofrelativelyweak


mixingoftheupperocean,duetounusuallyhighandpersistentsealevelpressure.Temperature


anomaliesofthenear-surface(upper~100m)watersexceeded3°CinJanuary2014,or4standard


deviations(Freeland&Whitney2014).Theseanomalieswerethegreatestobservedinthisregion


andseasonsinceatleastthe1980sandpossiblyasearlyas1900(Bondetal.2015).


TheregionofwarmSSTanomalieswasisolatedtooffshorewatersduringwinter2013-14(Figure


134).ItspreadintothecoastaldomainofAlaskaandnorthernBritishColumbiainMay2014,and


thenintothenearshorewatersofthePacificNorthwestinSeptember2014,causingrapidincreases


inSSTs(Chandleretal.2015).Forexample,surfacetemperaturesrecordedatStonewallBank(NOAA


Buoy46050;20nauticalmileswestofNewport,Oregon),increasedby5.6°Covera21hourperiod


onSeptember14-15,2014(Figure135),asthewarmblobmovedashore(www.ndbc.noaa.gov/).


SeasurfacetemperaturesacrosstheNEPacifichavecontinuedtobe1-3°Caboveaverageduring


winterandspringof2015(http://polar.ncep.noaa.gov/sst/ophi/).
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Figure134--MeanseasurfacetemperatureanomaliesintheNortheastPacificOceanduringFebruaryandMarch


2014showingthewarmwaterassociatedwiththewarmblob.(NOAA)








Figure135--SeasurfacetemperaturesrecordedatStonewallBank(NOAABuoy46050;44°39'22"N124°31'33"W)


on24August-12October2014,showingtherapidriseintemperatureon13-14September2014asthe‘warmblob’


movedonshore.


 








AR055045






 




318


PacificDecadalOscillation


ThePDOdescribesthemostprominentmodeofvariabilityintheNorthPacificseasurface


temperaturefield(Mantuaetal.1997).PositivevaluesarecharacterizedbywarmSSTsalongthe


WestCoastofNorthAmericaandcoldSSTsinthecentralNorthPacific,whilenegativevalueshave


theoppositepattern(coldalongthecoastandwarminthecentralNorthPacific).ThePDOalso


influencesfreshwaterhabitats,especiallyduringwinter.PositivePDOvaluesareassociatedwith


warmanddryPNWwinters(especiallyfortheInteriorColumbiaRiverBasin(ICRB))andtherefore


lowsnowpack,whilenegativevaluesareassociatedwithcoldwetwintersthroughoutthePNW(high


snowpack)(Mantuaetal.1997).


BecausethePDOisameasureofSSTsandtheeasternNorthPacificOceanhasbeenextremelywarm,


ithasbeenpositivesinceJanuary2014.Itreachedthehighestmonthlylevelseverobservedduring


December2014(+2.51),andJanuary(+2.45)andFebruary(+2.3)2015(Figure136).Aslongas


marinewaterremainswateralongtheWestCoast,thePDOwillremainpositive.Currentforecastsof


globalwatertemperatures(fromtheNOAANCEPcoupledforecastsystemmodelversion239)


indicateSSTsalongtheWestCoastwillremain0.5-1°Caboveaveragethroughtheperiodofforecast


(Mar-May2016).Ifthisoccurs,thePDOwillremainpositiveatleastthroughspring2016,orperhaps


longer(N.Mantua,NOAAFisheries,pers.comm.).





Figure136--TimeseriesofthePacificDecadalOscillation(PDO;redandblueverticalbars)andOceanicElNiño


Index(ONI;blackline)during1996-2015.ThePDOshiftsbetweenpositive(warm)tonegative(cold)valuesat


roughlydecadalscalesandhasbeenpositivesinceJanuary2014,whiletheONIhasahigherfrequency.FigurefromB.


Peterson(NWFSC).


ElNiño-SouthernOscillation


ElNiño-SouthernOscillation(ENSO)isatropicalphenomenonthatinfluencesclimatepatterns


aroundtheglobe.MuchlikethePDO,thewarmphase(ElNiño)ischaracterizedbywarmSSTsalong


theWestCoastofNorthAmerica,whilenegativevalues(LaNiña)producecoldSSTsalongthecoast.


LikethePDO,ENSOalsoinfluencesterrestrialenvironments,andPacificNorthwestwintersnowpack


islowduringwarmElNiñoeventsandhighduringcoolLaNinayears.




39http://www.cpc.ncep.noaa.gov/products/CFSv2/CFSv2seasonal.shtml
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TheOceanicNiñoIndex(ONI)isthethree-monthrunning-meanSSTdeparturesintheNiño3.4


region(http://www.cpc.ncep.noaa.gov/).ElNiñoeventsaredefinedaspositiveONIsgreaterthanor


equalto+0.5°C,whileLaNiñaeventshaveanegativeONIlessthanorequalto-0.5°C.These


thresholdsmustbeexceededforaperiodofatleast5consecutiveoverlapping3-monthseasons.The


ONIfirstexceeded+0.5°CduringtheSeptember-October-Novemberperiod,andhasremainedabove


0.5°Csincethen.Basedonthiscriterion,aweakElNiñowasdeclaredinApril2015.


Thecurrentprediction(asof21September2015)isahighprobability(>95%)thatElNiño


conditionswillcontinuethroughwinter2015/2016,graduallyweakeningthroughspring2016.How


strongthisElNiñoeventwillbeisdifficulttopredict.ThelatestENSOforecastspointtoastrongto


verystrongElNiñopersistingintospring2016,withsomemodelspredictingthatthiseventwillbe


comparabletotheexceptional1997/98event(http://www.elnino.noaa.gov/).


Freshwaterenvironments


SeasurfacetemperaturesacrosstheNortheastPacificOceanareanomalouslywarmdueto


persistenthighpressureoffthePNWcoastandweakwindsandalackofupwellingoffthePacific


southwest(PSW)coast.Thiswarmwateroffshorehascontributedtoaboveaverageterrestrial


temperaturesinthePNW(Bondetal.2015).MeanairtemperaturesforWashington,Oregon,and


Idahowerethewarmestonrecordforthe24monthperiodendinginAugust2015(froma120year


recordstartingin1895).Theseexceptionallywarmairtemperaturesweremostpronouncedduring


secondhalfof2014(warmestJuly-December2014onrecord),andthefirsthalfof2015(warmest


January-August2015),andlessextremeduringthefirsthalfof2014(15thwarmestduringJanuary-

June2014).However,June2015wasthewarmestonrecordforthethreestatearea,8°Fabovethe


longtermaverageand2.6°Fabovethepreviouswarmyear.Incontrast,precipitationinthePacific


Northwestwasslightlyaboveaverageduring2014,ranking31stand32ndwettestduringJanuary-

JuneandJuly-December,respectively.SinceJanuary2015,however,precipitationhasbeenbelow


averageandthe8monthperiodfromJanuarytoAugustwasthe11thdriestonrecord


(http://www.ncdc.noaa.gov/temp-and-precip/climatological-rankings).


Theexceptionallywarmairduringthewinterof2014/2015andbelowaverageprecipitationfrom


January-AprilresultedinanomalouslylowsnowpackconditionsintheOlympicandCascade


Mountains,withmostareashavinglessthan25%ofaveragesnowpackinApril2015(comparedto


the1981-2010record).Manyareas—especiallyinthesouthernOregonCascadesandSierra


Nevada—thattypicallyhavecontinuoussnowcoverageduringthewinterhadnomeasurablesnow.


Consequently,byJune2015,mostbasinsinWashington,Idaho,Oregon,CaliforniaandNevadahad


0%ofnormalsnowpack(www.wcc.nrcs.usda.gov/gis/snow.html).


ThislackofsnowpackandanomalouslylowprecipitationfromJanuarytoAugusthashadlarge


impactsonriverdischargethroughoutthePacificNorthwest.StreamflowinJune2015inmostsmall


andlargeWashingtonandOregonriverswasbelowaverage(waterdata.usgs.gov/or/nwis/sw).


DuringtheJune,theColumbiaRivernearQuincy,WA(USGSStation14246900)wasflowingat


roughly70%ofitsnormalrate(230KCFSvsthelongtermaverageof330KCFS;Figure137).These


lowflowratesthroughouttheNorthwestareexpectedtoremainbelownormalthroughfall2015


(www.nwrfc.noaa.gov/ws/).
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Figure137--ColumbiaRiverflowmeasurednearQuincy,WA(USGSStation14246900)during2014and2015,


comparedtothelongtermmean(1968-2011).Datafrom


http://waterdata.usgs.gov/nwis/dv/?site_no=14246900&agency_cd=USGS&amp;referred_module=sw


Thecombinedeffectsoflowflowsandhighairtemperaturesareexpectedtoresultinhigherthan


normalstreamtemperatures,althoughtheextenttowhichthisistrueisnotpresentlyknown


becausemostofwatertemperaturetimeseriesformerlyavailablefromtheUSGShavebeen


terminated.InJune2015,theColumbiaRiverattheDallesDamwas3.6°Cabovenormal(19.1°Cvs.


15.3°C),theWillametteRiveratPortland(USGSStation14211720)was5.3°Caboveaverage,andthe


SnakeRivernearAnatone,WA(USGSStation13334300)was3.9°Caboveaverage(Figure138)


Thesethreestationsalsorecordedtemperaturesofatleast20°Con72,99,and72consecutivedays,


respectively,duringtheperiodfromMay1toJuly31,2015.Maximumwatertemperatures


measuredontheWillametteRiverreached26.0°CinmidJuly2015,whichisatornearlethallimits


forPacificsalmon(Fagerlandetal.195).Therehavebeenreportsoffishkillsofsalmonandsturgeon


intheWillametteandmainstemColumbiaRiversinlateJuneandJuly.CoolerairtemperaturesinJuly


andAugustallowedstreamtemperaturestodecline,andtheWillamette,ColumbiaandSnakeRivers


havebeennearthelongtermmeansincemidAugust,2015(Figure138).
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Figure138--WatertemperaturemeasuredintheColumbiaRiverattheDallesDam(USGSStation14105700;top),


SnakeRivernearAnatone,WA(USGSStation13334300;middle)andWillametteRiverinPortland,OR(USGSStation


14211720;bottom)during2014and2015,comparedtothelongtermmean.DatafromUSGSNationalWater


InformationSystem(http://waterdata.usgs.gov/).


BIOLOGICALCONSEQUENCESOFMARINEENVIRONMENTALCONDITIONS


Pacificsalmonareacoldwaterspecies,thereforecurrentelevatedtemperaturesinbothfreshwater


andmarinehabitatsareexpectedtobedetrimentaltotheirgrowthandsurvival(Crozieretal.


2008b;Wainwright&Weitkamp2013).Inmarineenvironments,however,environmental


conditionsalsohavelargeindirecteffectsonsalmon.Thisoccursbecausetemperaturechangesare
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typicallyassociatedwithdifferentparcelsofwater,whichcomewiththeirownplanktonic


ecosystem,includingsalmonpreyandpredators.Inmanycases,theinfluenceoftheseindirect


effectsarelargerthanthoseduedirectlytophysiologicaleffectsofchangingtemperatures(Trudelet


al.2002;Beauchampetal.2007).


Pacificdecadaloscillation


AspartoftheoriginaldescriptionofPDO,Mantuaetal.(1997)demonstratedthatchangesinthe


PDOwererelatedtochangesinPacificsalmonpopulationsfromAlaskatoCaliforniainaninverse


pattern:positivePDOvalueswereassociatedwithhighsalmoncatchesinAlaskaandlowcatchesin


theColumbiaRiverandWashington,Oregon,andCalifornia,whilenegativePDOvalueshadthe


oppositeeffect:lowsalmoncatchestothenorthandhighinthesouth.


Sincetheoriginalpublication,manyadditionalstudieshaverelatedthephaseofthePDOtothe


dynamicsofmarinespeciesindicatingitdescribesconditionsthatareimportantforsurvival.For


example,speciesintheNorthernCaliforniaCurrentthatbenefitfromnegativePDO(coolwateroff


theWashington/Oregoncoast)includeColumbiaRiversalmonandnortherncopepods,and


recruitmentofbothnorthernanchoviesandDungenesscrab,whilespeciestheprosperduring


positivePDOsincludesoutherncopepodsandsardines(Peterson&Schwing2003;Lindegrenetal.


2013;Shanks2013).Clearly,thePDOcapturesimportantvariabilityinphysicalenvironmentsthat


drivetheproductivityofthecoastalecosystem.


ElNiñoevents


ThebiologicaleffectsathighertrophiclevelsoflargeElNiñoeventsintheCaliforniaCurrentareless


predictableandpoorlyunderstoodthanchangesinthePDO.ThisoccursbecauselargeElNiñoevents


arerelativelyinfrequent(thelasttwolargeeventsoccurredin1982/83and1997/98),andElNiño


eventsaretropicalphenomenawithvariableimpactsonextra-tropicalsystemssuchastheCalifornia


Current(Huyeretal.2002).Thatsaid,thetypicalElNiñoyearimpactsintheCaliforniaCurrentare


similartothoseassociatedwiththewarmphasesofthePDO,andinsomeextremecasesmuchmore


dramatic(likethoseassociatedwiththeextreme1982/83and1997/98ElNiñoevents).


SeveralimportantbiologicalimpactswerenotedduringthelasttwoextremeElNiñoevents.During


bothevents,thereweredramaticincreasesinpolewardflow,elevatedtemperaturesto200mdepth,


reducedupwellingandgreatlyreducednutrientlevels(Pearcy&Schoener1987;Huyeretal.2002).


Thebiologicalimpactoftheseconditionsresultedinchangesthroughouttheecosystem.Duringthe


1982/83event,primaryandsecondaryproductionwasgreatlyreducedfromsouthernCaliforniato


VancouverIsland,especiallyin1983(PearcyandSchoener1987).Duringthe1997/98event,the


copepodassemblagealongtheNewportHydrographic(NH)linebecamedominatedbysouthernand


offshorespeciesstartinginlatesummer1997,whilenormallydominantborealspecieshadalmost


completelydisappeared;theoverallabundanceofcopepodswerealsogreatlyreduced.These


changestothecopepodassemblagepersistedforroughlyayear,althoughsomeborealspeciesdid


notrecovertonormallevelsuntilthesummerof1999(Petersonetal.2002).


ChangeswerealsoobservedathighertrophiclevelsduringbothstrongElNiñoevents.Therewere


unusualsightingsofavarietyofsubtropical(andlargelypredatory)fishesalongtheCoastofOregon,


includingDorado(Coryphaenahippurus),Yellowtail(Seriolalalandi),Californiabarracuda


(Sphyraenaargentea),andstripedmarlin(Tetrapturusaudux),manyofwhichwererangeextensions


(Pearcy&Schoener1987;Pearcy2002a).The1997/98eventwasalsothefirsttimeHumboldtsquid


(Dosidicusgigas)hadbeenobservedsofarnorth,althoughithassincebeenfoundasfarnorthas
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Sitka,Alaska(Wing2006b;Litzetal.2011).LiketheinfluxofwarmwaterfishestotheOregonCoast,


therewasalsoinfluxofwarm-watercetaceanstoMontereyBayduring1997andconcurrentdecline


ofcold-watercetaceansduringtheElNiño(Bensonetal.2002).Seabirdswerealsonegatively


impactedbythe1983ElNiño(PearcyandSchoener1987).


TheimpactofthesestrongElNiñoeventsonPacificsalmonishighlyvariable.Duringthe1982/83


event,thesizeofbothcohoandChinooksalmoncaughtinOregonandCaliforniafisherieswerethe


smallestonrecord,andsurvivalofadultsduringsummerof1983wasthoughttobeextremelylow


(PearcyandSchoenes1987).Marinesurvivalratesforcohosalmonthatenteredtheoceanin1983


and1984werealsoextremelylow.However,theseimpactswerenotobservedforcohosalmon


returningtoWashingtonrivers,whichhaveamuchmorenorthernmigrationpattern(Weitkamp&


Neely2002),nortoChinooksalmonwithanorthernmigratorypattern(PearcyandSchoenes1987).


Incontrast,the1997/98ElNiñodidnotappeartohaveasadverseeffectsonsalmonsurvivalasthe


1982/83event.MarinesurvivalofOregonProductionIndexcohosalmonwasextremelylow(0.7%)


forfishenteringmarinewatersin1997,butitwasequallylow(<0.8%)forfishthatenteredin1992-

1996.Similarly,countsofadultsalmonatBonnevilledamforspringandfallChinook,coho,and


sockeyesalmonandsteelheadweregenerallylowin1998and1999(assumingthesefishspent1-2


yearsinmarinewaters),butnotextremelylow(i.e.,notthelowestoftheseries).


Asnotedabove,oceanconditionsimportantforPNWsalmonbecameunusuallywarmearlyin2014,


andarecurrentlyatornearrecordwarmtemperaturesformuchofthenortheastPacificOcean.


Thereisanabundanceofevidencehighlightingimpactsoncoastalmarineecosystems,includingsea


birddieoffs,rangeshiftsforsubtropicalfishandplankton,etc.Juvenilesalmonenteringthecoastal


oceanin2015mayhaveexperiencedespeciallypooroceanconditions.Theexpectedimpactsofthe


2015/16ElNiñoincludeintensewinterdownwelling,increasednorthwardmovingcurrents,


increasedupperoceanstratification,andoverallreducedproductivity.Theseconditionswilllikely


primethePNW’scoastaloceanforverypoorproductivityinspring2016.CombiningtheexpectedEl


Niñoeffectsoverthenext6to8monthswithexistingwarmoceanconditionswilllikelyleadtopoor


orperhapsverypoorearlymarinesurvivalforPNWsalmongoingtoseainspring2016.


NWFSCOceanindicatorsTheNWFSChasbeenusingofasuiteofphysicalandbiologicalocean


indicatorstodescribetheconditionsexperiencedbyjuvenilesalmonenteringmarinewatersinthe


NorthernCaliforniaCurrent.Theseindicators—bothindividuallyandcollectively--havebeenshown


toinfluencejuvenilesalmongrowthandsurvival(Petersonetal.2014b).Whiletheseindicators


wereselectedspecificallyforjuvenilesalmon,arecentanalysissuggeststheycaptureecosystem


variationimportanttotherecruitmentofnon-salmonidspecies,includingsablefish,rockfishand


sardines(Petersonetal.2014a).TheyhavealsobeenusedtopredictmarinesurvivalforPuget


Soundstocks(Zimmerman2015).Theseindicatorsincludephysicalprocessesorconditionsat


ocean-basinscales(PDO,ONI),andregional/localscales(watertemperatureandsalinityatsurface


anddepth),andbiologicalconditions(copepodcomposition,winterichthyoplankton),aswellas


actualjuvenilesalmonabundancesinJune(Petersonetal.2014b).


ThecopepodcommunityontheNewportHydrographic(NH)linehasreceivedparticularemphasisin


theNWFSCindicatorsbecausecopepodsareplanktonicanddriftwiththeoceancurrents.Therefore,


thetypeofcopepodsfoundontheNHlinereflectsthetypeofwaterbeingtransportedintotheNCC:


thepresenceofsubtropical(southern)speciesoffOregonindicatestransportofsubtropicalwater


fromthesouth,whilesubarctic(northern)speciesindicatestransportofcoastal,subarcticwaters


fromthenorth.Southerncopepodstypicallydominatethewintercopepodcommunityandnorthern
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copepodsdominatethesummercommunity,withthe“biologicalspringtransition”indexdefining


whenitswitchesfromonetotheother.Northerncopepodshavemuchhigherlipidlevelsthan


southerncopepods,andthereforelikelyproducefoodwebsthatpromotehighgrowthandsurvivalin


salmon(juvenilesalmondon’teatcopepodsdirectly)(Petersonetal.2014b).


Duringwinter/springof2015,17speciesofcopepodswerecaughtwithin25milesofshoreonthe


NHlinethathadneverbeenobservedonthelinein20yearsofbiweeklysampling(B.Peterson,


NWFSC,unpubl.data).Thesespecieswereallsubtropicalorpelagicspecies,suggestingthat


subtropicaloffshorewaterwaspresentonthecontinentalshelf.Unusualcopepodswerealso


observedontheNHlineduringthe1997/98ElNiño,buttheobservationsin2015farsurpassthe


1997/98ElNiñoevent.Thebiologicaltransitioninspring2015wasalsoextremelylate(lateJune),


andtheabundanceofnortherncopepodswasextremelylowduringsummer2015,suggestingapoor


baseforthefoodchain(B.Peterson,NWFSC,pers.comm.).JuvenilecohoandChinooksalmoncaught


offtheWashingtonandOregonCoastinJune2015hadrelativelylowconditionfactor(theratioof


individualfishweighttolength),consistentwithpoorfeedingconditions(C.Morgan,OregonState


University,pers.comm.)


StateoftheCaliforniaCurrentReport


ManyoftheoceanindicatorsusedbyNWFSCarealsodescribedintheannualStateoftheCalifornia


CurrentReport(SCCR),whichisfocusedontheentireCaliforniaCurrent,fromtheUS-Canadaborder


totheUS-Mexicoborder(CCIEAT2015).TheSCCRalsodescribesthecurrentstateofadditional


indicators,includingtheNorthPacificGyreOscillation(NPGO),upwelling,dissolvedoxygenlevels,


andoceanacidification,andabundancesofforagefish,salmon,groundfish,marinemammals,and


seabirds.Notablechangesintheseindicatorsduring2014wereadecreaseintheNPGOindexand


weakerthannormaldownwellingduringwinter2014andalatephysicalspringtransition(whenthe


slopeofcumulativeupwellingbecomespositive)at45°N.BoththedeclineintheNPGOandthelate


timingofthespringtransitionareassociatedwithreducedproductivity.


StateofPacificCanadianmarineecosystemsreport


ManyoftheunusualconditionsintheCaliforniacurrentdescribedabovewerealsopresentin


CanadianwatersoffthewestcoastofBritishColumbia(Chandleretal.2015).Thisincludesreduced


nutrientlevelsinoffshorewaters,rapidrisesinSSTsasthewarmwatermassmovedonshore,and


unusuallyhighabundancesofsoutherncopepodsduringsummer2014.Athighertrophiclevels,


catchesofsmoothpinkshrimp(Pandalusjordani)offthewestcoastofVancouverIslandwasnearly


twiceashighasthepreviousmaximum,andestimatedherringbiomasswashigherin2014than


2013,althoughtherewasamarkedabsenceofPacificsardineinCanadianwatersforasecondyearin


arow(Chandleretal.2015).Thewarmwateralsothelikelycausefortheextremelyhighdiversion


rateofsockeyesalmonboundfortheFraserRiver,whichreturnedaroundthenorthendof


VancouverIslandviaJohnstoneStrait(vs.aroundthesouthendviaStraitofJuandeFuca)atthe


highestrateeverrecorded.


IncontrasttounusualconditionsobservedofftheWestCoastofBritishColumbia,conditionswithin


theStraitofGeorgiawerenotparticularlyunusual.Forexample,salinityandtemperatureofwater


withintheStraitofGeorgiawasfairlytypicaltootheryearsduringmostof2014,thetimingofthe


phytoplanktonbloomwasalsonormal,andjuvenilesalmonsurvivalwascomparabletootherrecent


years.OnenotabledifferencewasthatwatersoftheStraitofJuandeFucawerewarmerthannormal


inSeptemberandOctober,reflectingtheinfluenceofwarmcoastalwatersoffVancouverIsland.
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EXPECTATIONSFORPACIFICSALMON


Itiswellestablishedthatoceanconditionsduringthefirstweeksormonthsofmarinelifehavea


largeinfluenceonoverallmarinesurvivalforsalmon(Pearcy1992;Pearcy&McKinnell2007).


Accordingly,wheresalmonareduringthefirstsummerofoceanresidenceandtheconditionsthey


experiencehasalargeimpactontheirsurvival.Ingeneral,PacificsalmonfromthePacificNorthwest


canbegroupedbytheiroceanmigrationpatterns:sockeye,chum,andspringChinooksalmonmove


rapidlynorthalongthecontinentalshelftoAlaskanwatersandresideintheGulfofAlaskaformost


oftheiroceanresidence,fallChinookremaininlocalwaters(althoughtheirlocationduringwinter


monthsislargelyunknown),whilecohosalmondisplayahybridpattern:somemoverapidly


northernwhileotherremaininlocalwatersduringthefirstsummerbeforemovingnorthtoAlaska


(Myersetal.1996;Burkeetal.2013;Fisheretal.2014).Steelheadhaveauniquemarinemigration


patternandmovedirectlyoffshoreandapparentlywestacrosstheNorthPacificOcean(Myersetal.


1996;Hayesetal.2012;Dalyetal.2014).Therecanalsobelargevariationwithinthesegeneral


groups,suchasthelargechangeinmarinedistributionsforcohosalmonfromtheWashingtonCoast


vsColumbiaRiverandsouth(WeitkampandNeely2002),orthechangeinChinookmarine


distributionsforpopulationsnorthandsouthofCapeBlanco,Oregon(Nicholas&Hankin1988;


Weitkamp2010).


Thesedifferencesinmigrationpatternspairedwithheterogeneousoceanconditionshaveresultedin


speciesandpopulationdifferencesinsurvivalinthepast,andwillnodoubtbeimportantinthe


future.Forexample,the1982/83ElNiñohadmuchmoresevereimpactsonChinookandcoho


salmonpopulationswith“southern”distributions,thanthosewithmorenortherndistributions,


describedpreviously.Similarly,fallChinooksalmonfromtheColumbiaRiverthatenteredtheocean


in2011returnedinrecordhighnumbers,whilespringChinooksalmonfromthesamesystem


enteringinthesameyearhadlowreturns(andbelowpredictions).Thisdifferenceisthoughttobe


duetodifferencesinoceanconditionsencounteredbythetworuns:springChinooksalmonmigrate


rapidlytoAlaska,whereoceanconditionswereextremelyunproductivein2011,whilefallChinook


remainofftheWashington/Oregoncoast,whereconditionswerequiteproductive.


Areversesituationto2011appearstohaveoccurredinspring2014.Manyindicatorsofocean


conditionsinthelocalwatersoftheNCCwerelargelyunfavorableforjuvenilesalmon.Incontrast,


growthratesforjuvenilesalmoncaughtinnorthernBritishColumbiaandtheGulfofAlaskaduring


summer2014werethehighestonrecord(M.Trudel,DFO,pers.comm.;J.Moss,AFSC,pers.comm.).


However,marketsquid(Doryteuthisopalescens[formerlyLoligoopalescens])havebeenextremely


abundantinsurfacetrawlsconductedbetweenSanFranciscoBayandCapeFlatteryduringsurveys


conductedbytheSWFSCandNWFSCin2014and2015.Squidprovideahighqualitypreyfor


juvenilesalmonthatarelargeenoughtoconsumethem,duetorelativelyhighenergylevels.The


exceptionallylargereturnofcohosalmontotheOregoncoastandColumbiaRiverinfall2014


suggestthatoceanconditionsintheCaliforniaCurrentmusthavebeenfavorable,atleastfor


returningadults.Howfavorabletheseoceanconditionswereforjuvenilesalmonthatenteredthe


oceanin2014won’tbeknownuntiltheadultsreturnin2015(cohosalmon)or2016(Chinook


salmon).Initialreturns(October2015)indicatethatcohosalmonreturnstotheColumbiaRiverand


Oregoncoastarewellbelowexpectations.Oceanconditionsforsalmonenteringmarinewatersin


2015areexpectedtohavebeenmuchworsethan2014,buttheeffectsofthesepotentiallydisastrous
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conditionswon’tbeknownuntil2016(cohosalmon)or2017(Chinooksalmon),whentheadults


begintoreturn.


CONCLUSION


Itisclearthatcurrentanomalouslywarmmarineandfreshwaterconditionshavebeenandwill


continuetobeunfavorableforPacificNorthwestsalmon.Howextremetheeffectswillbeisdifficult


topredict,althoughdecreasedsalmonproductivityandabundanceobservedduringpriorwarm


periodsprovideausefulguide.Howlongthecurrentconditionswilllastisalsounknown,but


NOAA’scoupledforecastsystemmodel(CFSversion2)suggeststhatthewarmconditionsassociated


withthestrengtheningElNiñowillpersistatleastthroughspring2016.Themodelcurrently


predictstemperatureanomaliesduringtheMarch-April-May2016periodwillexceed2°Catthe


equatorand0.5-2°CintheNEPacific.Unfortunately,longerforecastsarenotavailable.


Onapositivenote,afterpreviousstrongElNiñoevents(e.g.,1982/83and1997/98),therewasa


rapidtransitionfromwarmtocoldconditionsalongtheWestCoast,whichresultedingreatly


improvedmarinesurvivalforPacificsalmonforseveralyearsfollowingtheElNiño.Whethera


similarrapidtransitiontocoldconditionswilloccurwiththisElNiñoisnotknownorpresently


forecast,butiswithintherealmofpossibility.


Pacificsalmonareacoldwaterspecies:theyflourishincoldstreamsandcoldandproductivemarine


ecosystems,suchasthosepresentintheearly2010s,resultinginrecordreturnsformanyESUs.The


exceptionallywarmmarinewatersin2014and2015(andassociatedwarm-waterfoodwebs)and


warmstreamtemperaturesobservedduring2015wereunfavorableforhighmarineorfreshwater


survival.WestCoastsalmonenteringtheoceanin2016willlikelyencountersubtropicalfoodwebs


thatdonotpromotehighsurvival.Thefullimpactoftheseunusualenvironmentalconditionswill


notbeknownuntiladultsreturnbeginningthisfallandcontinuingforthenextfewyears.
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CLIMATECHANGE


Climaticconditionsaffectsalmonidabundance,productivity,spatialstructure,anddiversitythrough


directandindirectimpactsatalllifestages(e.g.,ISAB2007;Lindleyetal.2007;Crozieretal.2008a;


Moyleetal.2013;Wainwright&Weitkamp2013).Salmonhaveadaptedtoawidevarietyofclimatic


conditionsinthepast,andthusinherentlycouldlikelysurvivesubstantialclimatechangeatthe


specieslevelintheabsenceofotheranthropogenicstressors.


Currently,theadaptiveabilityofthesethreatenedandendangeredspeciesisdepresseddueto


reductionsinpopulationsize,habitatquantityanddiversity,andlossofbehavioralandgenetic


variation.Withoutthesenaturalsourcesofresilience,systematicchangesinlocalandregional


climaticconditionsduetoanthropogenicglobalclimatechangewilllikelyreducelong-termviability


andsustainabilityofpopulationsinmanyoftheseESUs.Adaptingtoclimatechangemayeventually


involvechangesinmultiplelifehistorytraitsand/orlocaldistribution,andsomepopulationsorlife-

historyvariantsmightdieout.Importantly,thecharacterandmagnitudeoftheseeffectswillvary


withinandamongESUs.


TheIntergovernmentalPanelonClimateChange(IPCC)andU.S.GlobalChangeResearchProgram


recentlypublishedupdatedassessmentsofanthropogenicinfluenceonclimate,aswellasprojections


ofclimatechangeoverthenextcentury(IPCC2013;Melilloetal.2014).Reportsfrombothgroups


documentever-increasingevidencethatrecentwarmingbearsthesignatureofrisingconcentrations


ofgreenhousegasemissions.


TheU.S.GlobalChangeResearchProgramreportcontainsregional-focuschaptersforthenorthwest


(Snoveretal.2013;Moteetal.2014)andsouthwestU.S.(Garfinetal.2014).Theseregionalreports


synthesizeinformationfromanextensiveliteraturereview,includingabroadarrayofanalysesof


regionalobservationsandclimatechangeprojections.Thesesynthesisreportsweretheprimary


sourceforthisWestCoastsummary.Referencestotheprimaryliteraturecanbefoundinthose


reports.UpdatestothissummarycanbefoundinannualliteraturereviewsconductedbyNOAA-

Fisheries(availableathttp://www.nwfsc.noaa.gov/trt/lcm/freshwater_habitat.cfm).


HISTORICALCLIMATETRENDS


Observedhistoricaltrendsinclimatereflecttheearlyinfluenceofgreenhousegasemissions,and


oftenindicatethegeneraldirectionoffutureclimatechange.Theseobservationsalsoreflectnatural


variabilityinclimateatmultipletimescales.Naturalvariabilityalternatelyintensifiesandrelaxes


(orpartiallyreverses)thelong-termtrends.Attributionofhistoricaltrendstoanthropogenicfactors


ismostcertainattheglobalscaleovertimescalesofcenturiestomillenniabecauseatthesescales


wecanbetteraccountfornaturalvariability.


Historicalrecordsshowpronouncedwarminginbothsea-surfaceandland-basedairtemperatures.


Thereismoderatecertaintythatthe30-yearaveragetemperatureintheNorthernHemisphereis


nowhigherthanithasbeenoverthepast1,400years.Inaddition,thereishighcertaintythatocean


acidityhasincreasedwithadropinpHof0.1.Furthermore,glaciersandsea-icehavereceded,while


sealevelhasrisen(globalmeanrose0.19moverthelastcentury).Inrecentdecades,thefrequency
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ofextremehightemperatureorheavyprecipitationeventshasincreasedinmanyregions.An


anthropogenicinfluenceonthisshiftinfrequencyis“verylikely”(IPCC2014).


Regionalandlocaltrendsincludethefollowingobservations:


 In both the Northwest and Southwest:  

Ø air temperatures have increased since the late 1800s  

Ø springtime snow-water equivalent has decreased (since 1950) 

Ø snowmelt occurs earlier in the year

  

 In the Southwest, drought over the past 4 years is unprecedented in the historical


record and may be the worst in over 1,000 years.  This drought has been attributed


to a combination of anthropogenic influence on temperature and natural


variability in precipitation (Williams et al. 2015).  Trends in precipitation vary


spatially up or down, with no statistically significant trends in precipitation


averages or extremes in the Northwest.

 In both the Northwest and Southwest, widespread tree mortality has been


observed, wildfires have increased in both frequency and area burned, and insect


outbreaks have increased (Garfin et al. 2014; Mote et al. 2014).  

 Historical trends in the California Current are heavily influenced by patterns in


wind-driven ocean circulation, which correlates with large-scale climate drivers


such as the North Pacific Gyre Oscillation (Peterson et al. 2013) and Pacific


Decadal Oscillation (Jacox et al. 2014).  Spatially variable trends in upwelling


intensity (Jacox et al. 2014) and hypoxia (Peterson et al. 2013), and longer trends


in atmospheric forcing and sea surface temperature (Johnstone & Mantua 2014)

probably reflect natural climate variability to a much greater extent than


anthropogenic forcing.

 The pH of California Current has decreased by about 0.1 and by 0.5 in aragonite

saturation state since pre-industrial times (Hauri et al. 2009).  Furthermore,


infrastructure in coastal areas is increasingly damaged by erosion and flooding

(Garfin et al. 2014; Mote et al. 2014; Sweet et al. 2014).  




PROJECTEDCLIMATECHANGES


Trendsinwarmingandoceanacidificationarehighlylikelytocontinueduringthenextcentury(IPCC


2013).ScenariosconsideredintheIPCCfifthassessmentreportrangefromtheseverelycurtailed


greenhousegasemissionsofrepresentativeconcentrationpathway(RCP)2.6tobusinessasusualin


RCP8.5.


Basedonmeansacrossglobalclimatemodelsspanningthefullbreadthoftheseemissionsscenarios,


IPCCprojectedthefollowingrangesacrosstheNorthernHemisphereby2081-2100:
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 Springsnowcoverdeclinesof7-25%


 Glacierrecessionsof15-85%


 Seasurfacetemperatureincreasesof1.1-3.6°C


 Globalsealevelincreasesof11-38inches


 GlobaloceanpHdecreasesof38to109%,whichcorrespondtoadropinpHof0.14-0.32.


Regionalprojectionsaddspatialvariabilityandspecificitytothesethemes.Inwinteracrossthewest,


thehighestelevations(e.g.intheRockyMountains)willshiftfromconsistentlonger(>5months)


snow-dominatedwinterstoashorterperiod(3-4months)ofreliablesnowfall(Klosetal.2014);


lower,morecoastalormoresoutherlywatershedswillshiftfromconsistentsnowfalloverwinterto


alternatingperiodsofsnowandrain(“transitional”);lowerelevationsorwarmerwatershedswill


losesnowfallcompletely,andrain-dominatedwatershedswillexperiencemoreintenseprecipitation


eventsandpossibleshiftsinthetimingofthemostintenserainfall(e.g.,Salatheetal.2014).


Bythe2080s,Tohveretal.(2014)anticipateacompletelossofsnow-dominatedbasinsinthe


CascadesandU.S.portionoftheRockies,withonlyafew“mixed”basinsofrain-andsnow-fedrunoff


remainingatthehighestelevations.Floodingisprojectedtoincreaseinbasinsthatexperienceamix


ofsnowandraininwinter(Moteetal.2014;Salatheetal.2014;Tohveretal.2014).Erosionand


floodingincoastalareasareprojectedtoincreasewithrisingsealevels(Garfinetal.2014;Moteetal.


2014;Sweetetal.2014).


Amongseasons,thegreatesttemperatureshiftsareexpectedinsummer.Warmersummerair


temperatureswillincreasebothevaporationanddirectradiativeheating.Whencombinedwith


reducedwinterwaterstorage,warmersummerairtemperatureswillleadtolowerminimumflows


inmanywatersheds.Highersummerairtemperatureswilldepressminimumflowsandraise


maximumstreamtemperaturesevenifannualprecipitationlevelsdonotchange(e.g.,Sawaske&


Freyberg2014).Summerprecipitationalsoinfluencessummerflows,butprojectionsfor


precipitationarelesscertainthanfortemperature.Coastalweathercandifferfromregion-wide


projectionsduetochangesinfog,on-shorewinds,orprecipitation(Johnstone&Dawson2010;


Potter2014).


Widespreadecosystemshiftsareverylikely,andmaybeabruptduetodisturbancesfromincreasing


wildfires,insectoutbreaks,droughts,andtreediseases(Garfinetal.2014;Moteetal.2014).Climate


projectionsoftenfavorinvasivefishspeciesovernativespecies,withdeclinesexacerbatedbythe


greatervulnerabilityofnativespeciestoexistinganthropogenicstressors(Lawrenceetal.2012;


Lawrenceetal.2014;Quiñones&Moyle2014).


Inresponsetoprojectedchangesinbothclimateandlandusepractices,estuarydynamicsare


expectedtochangeaswell,withdepthandsalinityalteredbychangingsealevel,upwellingregimes,


andfreshwaterinput(Yangetal.2015).Intenseupwellingeventscanmovehypoxicandacidicwater


intoestuaries,especiallywhenfreshwaterinputisreduced(e.g.,ColumbiaRiverestuary,Roegneret


al.2011).Sealevelprojectionsdifferatlocalvs.globalscalesduetolocalwindandtemperature


trendsandlandmovement.Specifically,theNationalResearchCouncil(2012)predictedalowerrise


insealeveloffthecoastsofWashingtonandOregon(62cm)thanoffthecoastofCalifornia(92cm)


by2100.


Higherseasurfacetemperaturesandincreasedoceanacidityarepredictedformarineenvironments


ingeneral(IPCC2013).However,regionalmarineimpactswillvary,especiallyinrelationto
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productivity.TheCaliforniaCurrentisstronglyinfluencedbyseasonalupwellingofcool,deep,water


thatishighinnutrientsandlowindissolvedoxygenandpH.


EcologicaleffectsofclimatechangeintheCaliforniaCurrentareverysensitivetoimpactson


upwellingintensity,timing,andduration.Projectionsofhowclimatechangewillaffectupwellingare


highlyvariableacrossmodels,withpredictedtrendsrangingfromnegativetopositive(Bakun1990;


Mote&Mantua2002;Snyderetal.2003;Diffenbaughetal.2008;Bakunetal.2010).Ananalysisof


21globalclimatemodelsfoundthatmostpredictedaslightdecreaseinupwellingintheCalifornia


Current,althoughthereisalatitudinalclineinthestrengthofthiseffect,withlessimpacttowardthe


north(Rykaczewskietal.2015).


Muchofthenear-shoreCaliforniaCurrentisexpectedtobecorrosive(undersaturatedinaragonite)


inthetop60mduringallsummermonthswithinthenext30years,andyear-roundwithin60years


(Gruberetal.2012).Thermalstratificationandhypoxiaareexpectedtoincrease(Doneyetal.2014).





IMPACTSONSALMON


Studiesexaminingtheeffectsoflong-termclimatechangetosalmonpopulationshaveidentifieda


numberofcommonmechanismsbywhichclimatevariationislikelytoinfluencesalmon


sustainability.Theseincludedirecteffectsoftemperaturesuchasmortalityfromheatstress,


changesingrowthanddevelopmentrates,anddiseaseresistance.Changesintheflowregime


(especiallyfloodingandlowflowevents)alsoaffectsurvivalandbehavior.Expectedbehavioral


responsesincludeshiftsinseasonaltimingofimportantlifehistoryevents,suchastheadult


migration,spawntiming,fryemergencetiming,andthejuvenilemigration.


Indirecteffectsonsalmonmortality,growthratesandmovementbehaviorarealsoexpectedto


followfromchangesinthefreshwaterhabitatstructureandtheinvertebrateandvertebrate


community,whichgovernsfoodsupplyandpredationrisk(Petersen&Kitchell2001;ISAB2007;


Crozieretal.2008a).BothdirectandindirecteffectsofclimatechangewillvaryamongPacific


salmonESUsandamongpopulationsinthesameESU.Adaptivechangeinanysalmonidpopulation


willdependonthelocalconsequencesofclimatechangeaswellasESU-specificcharacteristicsand


existinglocalhabitatcharacteristics.


Becauseclimatehassuchprofoundeffectsonsurvivalandfecundity,salmonphysiologyand


behaviorareexquisitelyadaptedtolocalenvironmentalconditions.Theseadaptationsvary


systematicallyamongpopulationsandareexhibitedintraitssuchasageandtimingofjuvenileand


adultmigrations,withpotentialdifferencesinphysiologyandmigrationroutes(Quinn2005b).


Thesetraitsoftenhaveasignificantplastic(non-genetic)component,whichallowsthemtorespond


quicklytoenvironmentalchange.Yetthesetraitsalsodiffergeneticallyamongpopulations(Carlson


&Seamons2008).


Directionalclimatechangecouldthereforedrivemanysalmonidpopulationsintoamaladaptive


state.Suchanoutcomewouldlikelycausereductionsinabundance,productivity,populationspatial


structureandpopulationdiversity.Insomecases,thiscanleadtoextirpationifapopulationcannot


adaptquicklyenough.Inothercasesanadaptivesolutionmaynotexistbecauseofconflicting


pressureswithinorbetweenlifestages.
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Climateimpactsinonelifestagegenerallyaffectbodysizeortiminginthenextlifestage.Forthis


reason,thecumulativelife-cycleeffectsofclimatechangemustbeconsideredtofullyappreciatethe


scopeofrisktoagivenpopulation.Evenwithoutinteractionsamonglifestages,thesumofimpacts


inmanystageswillhavecumulativeeffectsonpopulationdynamics.


Climateeffectstendtobenegativeacrossmultiplelifestages(Healey2011;Wadeetal.2013;


Wainwright&Weitkamp2013).However,theremaybemitigatingresponsesinsomeESUsorlife


stages.IndividualisticimpactswithinandamongESUswilldependonfactorssuchasexisting


physicalandbiologicalheterogeneity,proximitytothelimitsofphysiologicaltoleranceunder


presentclimateconditions,andtheextentoflocalclimatechange.


Inmanycases,directionalclimatechangeexacerbatesexistinganthropogenicthreats.Examples


includestreamsorriverswherestreamtemperaturesarealreadyelevatedduetoland-use


modifications(Battinetal.2007)orwhereflowisreducedduetowaterdiversions(Waltersetal.


2013a).IntheColumbiaRiver,damshavealteredthehydrologicalregimebycausinganearlierand


smallerfreshet,whichisthesametypeofeffectexpectedfromclimatechange(Naik&Jay2011b,a).


Anyofthesestressorsincombinationwithoneanotherorwithclimateimpactswillpresent


pressuresofmuchgreaterconcernthantheywouldindividually,buttheyalsoofferpotential


solutions.



































Conceptualmodelfrom(FigurefromMcClureetal.2013)showspotentiallinksbetweenanthropogenic


climateperturbationsandhabitatconditionsaffectingsurvivalofChinooksalmonOncorhynchus


tshawytschaduringeachlife-stage.Effectsofthesedriverscanbepositiveornegative,dependingon


themagnitudeanddirectionofchange.


Changesinwinterprecipitationwilllikelyaffectincubationand/orrearingstagesofmost


populations.Changesintheintensityofcool-seasonprecipitationcouldinfluencemigrationcuesfor


fallandspringadultmigrants,suchascohoandsteelhead.Eggsurvivalratesmaysufferfrommore


intensefloodingthatscoursorburiesredds.
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Changesinhydrologicalregime,suchasashiftfrommostlysnowtomorerain,coulddrivechangesin


lifehistory,potentiallythreateningdiversitywithinanESU.Itispossiblethatevencharacteristic


life-historytraitsusedtohelpdefinetheESUwillbethreatened.Forexample,thejuvenile


freshwaterrearingperiodisverysensitivetotemperature,withtheyearlinglife-historystrategy


usedonlybypopulationsincoolerwatersheds(Beechieetal.2006).Frequencyoftheyearlinglife-

historytypewilllikelydeclineasmovementdownstreamintoestuariesornear-shorehabitatis


initiatedatyoungerages.Implicationsofthisbehavioralshiftforjuvenilesurvival,oceanmigration


behavior,andageatmaturityareuncertain.


Changesinsummertemperatureandflowwillaffectbothjuvenileandadultstagesinsome


populations,especiallythosewithyearlinglifehistoriesandsummermigrationpatterns.Juvenile


rearingandmigrationsurvivalisoftencorrelatedwiththesefactors(Quinn2005b;Crozier&Zabel


2006;Crozieretal.2010).


Adultsthatmigrateorholdduringpeaksummertemperaturescanexperienceveryhighmortalityin


unusuallywarmyears.Forexample,in2015only4%ofadultRedfishLakesockeyesurvivedthe


migrationfromBonnevilletoLowerGraniteDamafterconfrontingtemperaturesover22°Cinthe


lowerColumbiaRiver.Afterprolongedexposuretotemperaturesover20°C,salmonareespecially


likelytosuccumbtodiseasesthattheymightotherwisehavesurvived(Materna2001;Milleretal.


2014).Theyarealsomorevulnerabletoanysortofstress,suchascatch-and-releasefisheries(Boyd


etal.2010).


Changinghydrologyandtemperaturewillalsoaffectthetimingofsmoltmigrationsandspawning


(Crozier&Hutchings2014;Hayesetal.2014;Oteroetal.2014).Ifsmoltsmigrateatasmallersize


becausetheyleavefreshwaterhabitatearlier,theymighthavelowersurvivalduetosize-selective


predation(Thompson&Beauchamp2014).Marinearrivaltimingisextremelyimportantfor


smolt-to-adultsurvival(Scheuerelletal.2009),andhasbeenhistoricallysynchronizedwiththe


timingandpredictabilityoffavorableoceanconditions(Spence&Hall2010).Giventheuncertain


effectsofclimatechangeonupwellingtimingandintensity,impactsonjuvenilesurvivalfromshifts


inmigrationtimingarealsodifficulttopredict.


Insomepopulations,behaviorduringtheearlyoceanstageisconsistentamongyears,suggestinga


geneticratherthanaplasticresponsetoenvironmentalconditions(Burkeetal.2014,Hassricketal


inpress).Thesepopulationsmightchangetheirbehaviorovertimeifthefitnesslandscapechanges,


butresponseswilllikelyberelativelyslowandcouldbedominatedbydecadaloceandynamicsor


productivityoutsidetheCaliforniaCurrent(e.g.,theGulfofAlaskafornorthernmigrants).


Otherpopulationsshowmorevariablebehaviorafteroceanentry(Weitkamp2010;Fisheretal.


2014),andsomeshowheightenedsensitivitytointerannualclimatevariation,suchastheElNiño


SouthernOscillation.SuchvariabilitymightincreaseESU-levelresiliencetoclimatechange,


assumingsomehabitatsremainhighlyproductive.


Marinemigrationpatternscouldalsobeaffectedbyclimate-inducedcontractionofthermally


suitablehabitat.Abdul-Azizetal.(2011)modeledchangesinsummerthermalrangesintheopen


oceanforPacificsalmonundermultipleIPCCwarmingscenarios.Forchum,pink,coho,sockeyeand


steelhead,theypredictedcontractionsinsuitablemarinehabitatof30-50%bythe2080s,withan


evenlargercontraction(86-88%)forChinooksalmonunderthemediumandhighemissions


scenarios(A1BandA2).
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Northwardrangeshiftsareaclimateresponseexpectedinmanymarinespecies,includingsalmon


(Cheungetal.2015).However,salmonpopulationsarestronglydifferentiatedinthenorthward


extentoftheiroceanmigration,andhencewilllikelyrespondindividualisticallytowidespread


changesinseasurfacetemperature.


InmostPacificsalmonspecies,sizeatmaturationhasdeclinedoverthepastseveraldecades.This


trendhasbeenattributedinparttorisingseasurfacetemperatures(Bigleretal.1996;Pyper&


Peterman1999;Moritaetal.2005).Mechanismsinvolvedinsuchresponsesarelikelycomplex,but


appeartoreflectacombinationofdensity-dependentprocesses,includingincreasedcompetitiondue


tohighersalmonabundanceinrecentyearsandtemperature(Pyper&Peterman1999).


Temperature-relatedsizeeffectscouldinvolveincreasedmetaboliccostsathighertemperatures,


and/orshiftsinspatialdistributioninresponsetooceanconditions.Youngerspawnersaffect


populationgrowthratesbyexhibitinglowerfecundityandreducingthepopulationstabilitythat


stemsfromhavingmultipleageclassesreproduce.


Numerousresearchershavereportedthatsalmonmarinesurvivalishighlyvariableovertimeand


oftencorrelatedwithlarge-scaleclimateindices(Mueteretal.2002;Mueteretal.2005;Petrosky&


Schaller2010;Litzowetal.2014;Stachuraetal.2014;Sydemanetal.2014).Forexample,Pacific


salmonfromWashingtonandOregonexhibitedextremelylowmarinesurvivalanddramatic


populationdeclinesduringa“warmphase”ofthePacificDecadalOscillationinthe1980sand1990s


(Levin2003;Zabeletal.2006).Thesedeclineswereattributedtolowoceanproductivityinthe


warmoceanofthatperiod.


Manyfishcommunities,includingkeysalmonpreyandpredators,experiencechangesinabundance


anddistributionduringwarmoceanperiods(Pearcy2002b;Wing2006a;Cheungetal.2009).


However,foodchaindynamicsintheopenoceanareflexibleanddifficulttopredictintothefuture.


Thefullimplicationsofoceanacidificationonsalmonarenotknownatthistime.Olfactionand


predator-avoidancebehaviorarenegativelyaffectedinsomefishspecies,includingpinksalmon


(Leducetal.2013;Ouetal.2015).Pinksalmonalsoshowedreductionsingrowthandmetabolic


capacityunderelevatedCO2conditions(Ouetal.2015).Somehigh-qualitysalmonprey(e.g.,krill)


mightbenegativelyaffectedbyoceanacidification,butthereareseveralpossiblepathwaysbywhich


highertrophiclevelsmightcompensateforchangesatalowertrophiclevel.Fromtheiranalysisof


multi-trophicresponsestooceanacidification,Buschetal.(2013)concludedthatimpactstosalmon


couldconceivablybepositive.However,theyemphasizedthatabetterunderstandingofbothdirect


andindirectfeedbackloopsisnecessarybeforedrawingdefinitiveconclusions.


Towhatextentafuturewarmeroceanwillmimichistoricconditionsofwarm-ocean,low-survival


periodsisnotknown.CurrentindicationsarethatawarmerPacificOceanisgenerallyless


productiveatmidlatitudes,andhencelikelytobelessfavorableforsalmon.


AnalysisofESU-specificvulnerabilitiestoclimatechangebylifestagewillbeavailableinthenear


future,uponcompletionoftheWestCoastSalmonClimateVulnerabilityAssessment.Climateeffects


ononePacificsalmonESU,theOregoncoastalcoho,wererecentlyassessedbyWainwrightand


Weitkamp(2013).BelowwereproducetheextensivelistofeffectstheyreportedforthisESU;many


oftheseeffectswilllikelybesharedbyotherESUs.


Insummary,bothfreshwaterandmarineproductivitytendtobelowerinwarmeryearsformost


populationsconsideredinthisstatusreview.Thesetrendssuggestthatmanypopulationsmight


declineasmeantemperaturerises.However,thehistoricallyhighabundanceofmanysouthern
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populationsisreasonforoptimismandwarrantsconsiderableefforttorestorethenaturalclimate


resilienceofthesespecies.
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Projected climate changes affecting Oregon coho, as reported by Wainwright and Weitkamp (2013).  Abbreviations:  LWD, large


woody debris, – – strongly negative, – negative,  neutral, + positive, + + strongly positive.  

    

Physical/chemical pattern 

Certainty 

of change Process affecting Oregon coast coho salmon 

Range of effects Certainty


of effect – – –  + + + 

Terrestrial habitat        
Warmer, drier summers Moderate Increased fires, increased tree stress & disease affect LWD, sediment 

supplies, riparian zone structure
× × ×   Low

Reduced snow pack, warmer 

winters 

High Increased growth of higher elevation forests affect LWD, sediment, 

riparian zone structure
  × ×  Low

Freshwater habitat        
Reduced summer flow* High Less accessible summer rearing habitat  ×    Moderate

Earlier peak flow* High Potential migration timing mismatch × × ×   Moderate

Increased floods* Moderate Redd disruption, juvenile displacement, sediment dynamics × × × ×  Moderate

Higher summer stream temp Moderate Thermal stress, restricted habitat availability, increased susceptibility to 

disease, parasites, & predators
× ×    Moderate

Higher winter stream temp Low Increased fry growth, shorter incubation    × × Low

Estuarine habitat        
Higher sea level High Reduced availability of wetland habitats × ×    Moderate

Higher water temperature Moderate Thermal stress, increased susceptibility to disease, parasites &predators × ×    Moderate

     Combined effects  Changing ecosystem composition and structure × × × × × Low

Marine habitat        
Higher ocean temperature High Thermal stress, shifts in migration, range shifts, susceptibility to disease, 

parasites, & predators
× ×    Moderate

Intensified upwelling Moderate Increased nutrients (food supply), coastal cooling, ecosystem shifts; 

increased offshore transport
  × × × Low

Delayed spring transition Low Food timing mismatch with juvenile migrants, ecosystem shifts  × ×   Low

Intensified stratification Moderate Reduced food supply, change in habitat structure × ×    Low

Increased acidity High Disruption of food supply, ecosystem shifts × ×    Moderate

     Combined effects  Changing ecosystem composition & structure; food supply & predation  × × × × Low

        

* Strong negative effects are for the snow-fed portions of the Umpqua Basin only. 
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