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Abstract


Inthisdocument,wedescribeastrategyforquantitativelyevaluatinghowFederalCentralValley


Project(CVP)andCaliforniaStateWaterProject(SWP)managementactionsaffectCentralValley


Chinooksalmonpopulations.Examplesofmanagementactionsincludechangesinwaterproject


operations,additionorremovalofbarriers,andavarietyofhabitatrestorationinitiatives.The


analyticalframeworkconsistsoflinkingandapplyinghydrological,hydraulic,waterquality,and


salmonpopulationmodels.


ThehydrologicalmodelCALSIMIIdescribeshowwaterresourcemanagementdeterminesinstream


flows.ThehydraulicmodelsHEC-RASandDSM2translatetheseflowsintodepthsandvelocitiesthat


partlydeterminethecapacityofriverineandestuarinehabitats.Variouswaterqualitymodelsfor


temperature,salinity,andpotentiallyotherparametersalsodeterminethequantityandqualityof


freshwaterandestuarinehabitats.Finally,astage-structuredpopulationdynamicsmodel(also


knownasalifecyclemodel)linksthehabitatinformationtodensity-dependentstagetransitions


(describingmovement,survival,andreproduction)thatdrivethedynamicsofsalmonpopulations.


Wearedevelopingthelifecyclemodelinphaseswiththeinitialversionfocusingonwinter-run


Chinook.Survivalinthedeltawillbemodeledprimarilyrelyingonempiricalrelationshipsbetween


theenvironment(flows,exports,andtemperature)andsurvivalofjuvenilesalmon.Insubsequent


work,salmonsurvivalthroughthedeltawillbemodeledbytrackingthepredictedmovementsof


individualsalmonbasedonDSM2’sParticleTrackingModel(PTM).Wewillalsoaddahatchery


component,evaluateadditionalwinter-runmanagementscenarios,andexpandthemodelto


evaluatespring-runandfall-runChinookundervariousmanagementscenarios.
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I.Introduction


Californiadependsonstateandfederalwaterprojectsthatprovidelargescalefloodcontrol,water


storage,andwatertransport.TheCentralValleywaterprojectfacilities(includingreservoirs,


engineeredchannels,floodbypasses,pumps,andcanals)andtheiroperationshaveradicallyaltered


theriversystemsuponwhichChinooksalmonandotheranadromousfishesdepend.Balancing


competingdesiresforfisheries,floodcontrol,watersupplyandotherecosystemgoodsandservices


isadurablenaturalresourcemanagementchallenge.Theongoingeffortstodevelopandapprove


newwaterprojectoperatingplansandtheBayDeltaConservationPlan(BDCP)requiretheNational


MarineFisheriesService(NMFS)toevaluatehowcomplexandinteractingmanagementactions


affectsalmonpopulations.Thisdocumentdescribesasalmonpopulationdynamicsmodeland


supportinghydrological,hydraulic,andwaterqualitymodelsthattogetherformaframeworkfor


analyzingtheeffectsofcomplexwatermanagement,habitatrestoration,andclimatechange


scenariosonsalmonpopulations.ThemodelsaredevelopedfortheCentralValleybutcouldbe


modifiedforusewithothersalmonspeciesandinotherrivers.


II.StructureoftheAnalyticalFramework


Overview


Ourgeneralapproachistolinkexistingphysicalmodelstoastage-structuredlifecyclemodel


throughstage-transitionparametersthatareafunctionoftheenvironment(asdescribedbythe


physicalmodels).Inthissection,webrieflydescribethelifecyclemodelandthesupportingphysical


models.


LifeCycleModel


Typically,stage-structuredsalmonlifecyclemodelsdefinestages(orstates)bydevelopment,e.g.,


egg,juvenile,adult.Transitionamongstatesreflectsthepossiblydensity-dependentprocessesof


survival,maturationandreproduction.Inthemodeldescribedhere,weconsiderboth


developmentalstageandgeographiclocationtodefinethestate(e.g.,fryinthemainstemriver,fry


inalargefloodplain).Transitionsamongstatesthenreflectnotonlysurvivalandreproductionbut


alsomovementamonghabitatareas.


StatetransitionscanbeflexiblydescribedbyanextensionoftheBeverton-Holtstock-recruitment


relationshipthatallows(butdoesnotrequire)individualsexceedingthecapacityofahabitatto


movedownstream,ratherthandieinthathabitat(GreeneandBeechie2004).Thethree


parametersdescribingstatetransitions(survival,capacity,andmovementrate)areviewedas


potentialfunctionsofenvironmentalconditions,suchasflow,watertemperature,andtheamount


ofsuitablehabitat(e.g.,depthandvelocitieswithinthetoleranceofthelifestageinquestion).


Becausegrowthprospectsdifferamonghabitats,alterationstohabitatsmaynotonlychangethe


survivalofacertaindevelopmentalstageofsalmon,butalsopatternsofrearing,migration,andsize


atoceanentry(i.e.,lifehistorydiversity).Becausesizeatandtimeofoceanentrycanbeimportant


determinantsofsurvival,effectsonpatternsoflifehistoryexpressionmayhaveimportant


consequencesatthepopulationlevel.Ourmodelcancapturesucheffects.
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Thereisanimportanttrade-offbetweenrealismandtractabilitywhendecidinghowfinelytodivide


thestagesinastage-structuredmodel.Eachstagetransitionrequiresoneormoreparameters,and


asthedimensionalityandresolutionofstagevariablesincreases,themodelcomplexityanddata


requirementincreasegeometrically.Themodelneedstobecomplexenoughtoaddressthe


questionsmotivatingitsdevelopment,butnomore.Itisalsoagoodstrategytostartsimpleand


addcomplexityonlyasnecessary.Inthiswork,webeginwithdevelopmentalstagesofeggs,fry,


smolts,oceansub-adults,andmatureadults,andgeographicstatesofthemainstemriver,


floodplain,delta,bays,andocean(Figure1).








Figure1.GeographicdistributionofChinooklifestagesandexamplesofenvironmentalcharacteristicsthat


influencesurvival.
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LinkingManagementActionstotheSalmonResponse

CentralValleywatermanagementgoalsandconstraintsdeterminetheprojectoperations(Figure2).


Forexample,amanagementgoalmightbetoincreasethewaterflowinacertainportionoftheriver


toprovideconditionssuitableforthelistedsalmonidspresent.Thisgoalwouldinturndeterminea


specificprojectoperationorsuiteofprojectoperations,suchasreleasingwaterfromareservoir.


Figure2.Conceptualmodelofhowwaterprojectmanagementgoalsandconstraintsinfluencethemovementand


survivalofsalmonthrougheffectsonhydrology,hydraulics,andwaterquality.Thelabelingalongtheleftsideofthe


diagramidentifiescorrespondingmodelcomponents.


Thequantityandqualityofrearingandmigratoryhabitatareviewedaskeydriversofreproduction,


survival,andmigrationoffreshwaterlifestages.Variouslifestageshavevelocity,depth,and


temperaturepreferencesandtolerances,andthesefactorsareinfluencedbywaterproject


operationsandclimate.


Hydrology(theamountandtimingofflows)willbemodeledwiththeCaliforniaSimulationModelII


(CALSIMII).Hydraulics(depthandvelocity)andwaterqualitywillbemodeledwiththeDelta


SimulationModelII(DSM2)anditswaterqualitysub-modelQUAL,theHydrologicEngineering


Center’sRiverAnalysisSystem(HEC-RAS),theU.S.BureauofReclamation’s(USBR)SacramentoRiver


WaterQualityModel(SRWQM),andothertemperaturemodels.Manyofthestagetransition


equationsdescribingthesalmonlifecycle(detailedinSectionIII)aredirectlyorindirectlyfunctions


ofwaterquality,depth,orvelocity,therebylinkingmanagementactionstothesalmonlifecycle.


Thecombinationofmodelsandthelinkagesamongthemformaframeworkforanalyzing


alternativemanagementscenarios(Figure3).Inthefollowingsection,webrieflyreviewthephysical


modelsbeforedescribingthelifecyclemodelindetail.
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Figure3.Schematicofthecomputationframework.


SubmodelsUsedintheLifeCycleModel


CALSIMII


CALSIMIIisaquantitativehydrologicplanningmodeldevelopedbytheCaliforniaDepartmentof


WaterResources(CDWR)andtheUSBR.ItsimulatestheSWPandtheCVPoperationsandflowsin


tributariestotheSacramento-SanJoaquinDelta.CALSIMIIusesoptimizationtechniquestoroute


waterthroughaCVP-SWPsystemsnetworkrepresentation.Themodeloperatesonamonthlytime-

stepcoveringwateryears1922to2003.Usinghistoricalrainfallandrunoffdata,themodel


simulatestheoperationofthecurrentwaterresourcesinfrastructureintheSacramentoandSan


Joaquinriverbasinsonamonth-to-monthbasisduringthis82-yearperiod.Themodelcanalso


forecastfuturescenariosinwhichoperationalrules,climate,landuse,infrastructure,andwater


demandsarechanged.


HEC-RAS


HEC-RASisamodeldevelopedbytheU.S.ArmyCorpsofEngineers(USACE)tosimulateone-

dimensionalhydrodynamicsforriverinesystems.HEC-RAScancalculatewaterstages,flows,and


velocitiesforbothsteadyandunsteadyflowconditions.Inputstothemodelconsistofaseriesof


rivercross-sections(i.e.,abathymetrictemplate)uponwhichtheflow-routingandshallowwater


equationsaresolved.HEC-RASisawidely-used,well-documented,andprovenhydrodynamicmodel.


CDWRconductedacomprehensivecross-sectionsurvey,whichyieldedafully-calibratedHEC-RAS


setupfortheSacramentoRiverandmajortributariesandcanalsforthefluvialportionofthesystem.


Weintendtodownscaleordisaggregatethemonthlyflowsintoafinertimescaletocapturesub-
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monthlyfloweffects,whicharenotapparentinmonthlymeans.Thisisimportantfordetermining


thedegreeofinundationoftheYoloBypass.


DSM2


DSM2isaone-dimensionalmathematicalmodelusedforthesimulationofhydrodynamics,water


qualityandparticletrackinginanetworkofriverineorestuarinechannels.Itisbasedonthesame


physicalprinciplesasHEC-RAS,butunlikeHEC-RAS,itispreconfiguredtomodelthetidally-driven


circulationoftheDelta.DSM2cancalculatewaterstages,flows,velocities,andmasstransport


processesforconservativeandnon-conservativeconstituents(e.g.,salts,watertemperature,


dissolvedoxygen,etc.).DSM2canalsosimulatethetransportofneutrallybuoyantindividual


particles.Wearemodifyingtheparticletrackingportionofthemodeltoincorporatesalmon


swimmingbehaviorssothatwecanmodelfishmovementandsurvivalwithintheDelta.


WaterTemperatureModels


SRWQMwasdevelopedtosimulatemeandailyreservoirandrivertemperaturesatShasta,Trinity,


Lewiston,Whiskeytown,Keswick,andBlackButtereservoirsandtheTrinityRiver,ClearCreek,the


upperSacramentoRiverfromShastaDamtoKnightsLanding,andStonyCreek(USBR2008).SRWQM


useslong-termoperationalscenarios(usingCALSIMIIresults)andpredictsmeanmonthlyandmean


dailydownstreamwatertemperaturesbasedonCVP-SWPoperations.Themodelemploysaheat-

budgetapproachbycalculatingratesofheattransferatboththeair-waterinterfaceandsediment-

waterinterfacefrommeteorologicaldata.


WewillusethetemperaturedatafromSRWQMintheinitialversionofthemodel.Insubsequent


versions,wewillalsomodeltemperaturesinthedeltausingstatisticalrelationshipsbetweendaily


watertemperaturesandatmosphericconditions(Wagneretal.2011).Wearealsocompiling


additionalinformationontemperaturesinthebaythatwewilluseinfutureversions.Neitherthe


baynordeltatemperaturesareinfluencedbywateroperations;however,thesedatamaybe


importantwhenweevaluateclimatechangescenarios.


OceanClimateandFisheriesModels


Thelifecyclemodel(LCM)usesestimatesofoceanproductivitytodeterminethesurvivalrateof


smoltstransitioningfromfreshwatertothemarineenvironment.Theseoceanproductivity


indicatorsarebasedonmodelsthatintegratethephysicalandnutrientdynamicsinthecoastalshelf


todeterminehowthesedynamicsaffectzooplankton,whicharetheforagefoodforoutmigrating


Chinooksmolts.OceanproductivitycanhaveimportantconsequencesforsurvivalofChinook


smolts,drivinglargefluctuationsinabundance.Pooroceanconditionsaredisproportionatelybad


forsmallersmotls(Woodsonetal.2013).


Aftertheirfirstsummerintheocean,ChinooksalmonfromtheSacramentoandSanJoaquinrivers


arevulnerabletotheoceancommercialandrecreationalfisheries.Estimatesofimpactrateson


vulnerableageclassesofChinooksalmonarecomputedaspartofthePacificFisheriesManagement


Council(PFMC)annualforecastofharvestratesandreviewofpreviousyears’observedcatchrates.


Forrunsthatarenotactivelytargeted,suchaswinter-runandspring-runChinook,analysesofcoded


wiretag(CWT)groupsareusedtoinferimpactratesfortheseraces(e.g.,O’Farrelletal.2012).
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HabitatCapacity


Juvenilesalmonidsrearinthemainstem,delta,floodplain,andbayhabitats(Figure1).Themodel


incorporatesthedynamicsofrearingbyusingdensity-dependentmovementoutofhabitatsaseach


habitatapproachesmaximumcapacityforjuvenileChinook.Thecapacitiesofeachofthehabitats


arecalculatedineachmonthusingaseriesofhabitat-specificmodelsthatrelatehabitatqualitytoa


spatialcapacityestimateforrearingjuvenileChinooksalmon.Habitatqualityisdefineduniquelyfor


eachhabitattype(mainstem,delta,etc.)toreflectthedifferenthabitatattributesinthatspecific


habitattype.Forexample,themainstemhabitatqualityisafunctionofvelocity,depth,andbed


roughness.HigherqualityhabitatsarecapableofsupportinghigherdensitiesofrearingChinook


salmon,withtherangeofdensitiesbeingdeterminedfromstudiesintheCentralValleyandinriver


systemsinthePacificNorthwest,whereappropriate.


Defininghabitatcapacity.Foreachhabitattype(mainstem,delta,andbay),capacitywascalculated


eachmonthas:


! = !!

!


!!!





whereKiisthecapacityforagivenhabitattypei,nisthetotalnumberofcategoriesdescribing


habitatvariation,Ajisthetotalhabitatareaforaparticularcategory,anddjisthemaximumdensity


attributabletoahabitatofaspecificcategory.Threevariablesweredeterminedforeachhabitat,


therangesofeachweredividedintohighandlowquality,andallcombinationswereexamined,


resultinginatotalofeightcategories(2x2x2)ofhabitatqualityforeachhabitattype(Table1).


RangesofhighandlowhabitatqualitywerebasedonpublishedstudiesofhabitatusebyChinook


salmonfryacrosstheirrangeandexaminationofdatacollectedbyUSFWSwithintheSacramento-

SanJoaquinDeltaandSanFranciscoBay.


Table1.Habitatvariablesinfluencingcapacityforeachhabitattype.


Habitattype Variable Habitatquality Variablerange


Mainstem Velocity High <=0.15m/s


  Low >0.15m/s


 Depth High >0.2m,<=1m


  Low <=0.2m,>1m


 Roughness High >0.04


  Low <=0.04


Delta Channeltype High Blindchannels


  Low Mainstem,distributaries,openwater


 Depth High >0.2m,<=1.5m


  Low <=0.2m,>1.5m


 Cover High Vegetated


  Low Notvegetated


Bay Shorelinetype High Beaches,marshes,vegetatedbanks,tidalflats


  Low Riprap,structures,rockyshores,exposedhabitats


 Depth High >0.2m,<=1.5m


  Low <=0.2m,>1.5m


 Salinity High <=10ppt


  Low >10ppt
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Definingmaximumdensities.Determiningmaximumdensitiesforeachcombinationofhabitat


variablesiscomplicatedbythefactthatmostriversystemsintheCentralValleyarenowhatchery-

dominatedwithfishprimedforoutmigration.Inaddition,theCentralValleyriversystemisat


historicallylownaturalabundancelevelscomparedtoexpectedorpotentialdensitylevels.Because


ofthisdeficiencyintheCentralValleysystem,weusedsalmonfrydensitydatafromtheSkagitRiver


system,whichincontrasthasverylowhatcheryinputs,hasbeenmonitoredinmainstem,delta,and


bayhabitats,andexhibitsevidenceofreachingmaximumdensityinyearsofhighabundance


(Greeneetal.2005;Beameretal.2005).ThesedatafromtheSkagitRiverwerecomparedwith


CentralValleydensityestimatescalculatedbyUSFWS.Foreachofthesedatasets,weusedthe


upper90to95percentilelevelsofdensitytodefinethemaximumdensitylevels,andassumedthe


highestfivepercentiledensitylevelsweresamplingoutliers.


Determininghabitatareas.Twoapproacheswereusedtomapthespatialextentsofdifferent


combinationsofhabitatvariables.Inthemainstemandfloodplain,theHEC-RASmodeldividesthe


riverintounitsbasedonmultiplecross-sectionsdefiningdepthranges.Eachunitdefinedbythe


cross-sectionshasvelocityandroughnessparametersassociatedwithit.Differentlevelsofflowina


givenmonthoryearchangethedistributionofvelocityanddepth.Totalhabitatareaineachofthe


eightclassesiscalculatedbyintegratingovertheriverchannelsmodeledbyHEC-RAS.


Forthedeltaandbay,channeltype,depth,cover,salinity,andshorelinetypeweremappedfrom


existingdeltaandbayGeographicInformationSystems(GIS)products.Deltaandbaypolygons
1
were


classifiedintohighqualityhabitattypes(blindtidalchannels)andlowqualityhabitattypes


(mainstem,distributaries,largewaterbodies,andbay).Forthechanneltyping,weusedseveral


datasetsasbaselayers,includingNationalWetlandsInventory(NWI)wetlandpolygons,San


FranciscoEstuaryInstitute’sBayAreaAquaticResourceInventory(BAARI)streamlinesandpolygons,


Hydro24cachannelpolygons(USBR,Mid-PacificRegionGISServiceCenter),aerialphotos,and


GoogleEarth.Mostchanneltypescouldbemappedusingthesedatasetsexceptfortheblindtidal


channels.Insteadofdirectlymappingblindtidalchannels,weestimatedtheseareasusingallometric


relationshipsbetweenwetlandareasandblindtidalchannelareas.Wetestedallometricequations


developedintheSkagitRiverbyBeameretal.(2005)andHood(2007)todeterminewhichequations


werebestsuitedtoapplytotheCentralValleyandchoseanallometricequationthatreturned


conservativeestimationresults:


BTC(ha)=0.0024*Wetland(ha)^1.56


whereBTCistheareaofblindtidalchannels.Wealsoappliedtheminimumarearequirement(0.94


ha)todefineblindtidalchannelsinawetlandfromHood(2007).


SalinityisanotherfactorinfluencinghabitatavailabilityforjuvenileChinooksalmonthatcanvary


withwaterflow.TheX2positiondescribesthedistancefromtheGoldenGateBridgetothe2ppt


isohalinepositionneartheSacramentoDelta(Jassbyetal.1995).Thisdistancepredictstheamount


ofsuitablehabitatforvariousfishandotherorganisms.Basedonobservationsofhighlikelihoodof




1
AclosedshapeusedinGISmappingthatisdefinedbyaconnectedsequenceofx,ycoordinatepairs,where


thefirstandlastcoordinatepairsarethesameandallotherpairsareunique.
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frypresenceinwaterwithsalinityofupto10pptinbothSkagitRiverandSanFranciscoBayfish


monitoringdata,wedefinedthelow-salinityzoneforChinookassalinity<10ppt(i.e.,habitats


upstreamofX10).WecalculatedX10valuesas75percentofX2values(Jassbyetal.1995),and


mappedtheseacrossSanFranciscoBay.





Anotheraxisusedtoevaluatehabitatisvegetatedcoveralongriverbanks.Areasassociatedwith


vegetatedcoverwereassumedtoprovideprotectionfrompredators(Semmens2008).Such


habitatsinothersystemsarepreferredbyChinooksalmon(Beameretal.2005;Semmens2008).


TheextentoftheseareaswasestimatedusingCoastalChangeAnalysisProgram(C-CAP)Land


Use/LandCover(LULC)layers.Wedefinedshelteredhabitatasforestedorshrubcoveredareasand


assumedthatotherareas,suchasurbanandbareland,didnotprovideshelteredhabitat.





Restrictinghabitatareasbasedonconnectivity.Ourfirstanalysisofhabitatareasassumedall


regionsofthedeltawereequallyaccessibletoChinooksalmonfry.Thisassumptionmaybe


incorrect,however,becausefishmonitoringhasshownthatfrydonotinhabitcertainareasinthe


delta.Therefore,aspatialconnectivitymask,orexclusionzone,wasdevelopedtoexcludecertain


areasfromthehabitatmapping.Thisexclusionzonewasproducedusingmonth-andyear-specific


fishmonitoringdata.Poissonregressionmodelswereusedtopredictfishcountsbasedonthe


relationshipsbetweenfishcountsinbeachseinedatasetsandseveralcovariatesincludingriver


system(SacramentoorSanJoaquin),distanceofsamplingsitetoitsmainstem(m),physicalchannel


depth(m),physicalchannelwidth(m),andDSM2waterstage(m).Weselectedtheseparameters


basedonAkaike’sInformationCriterion(AIC)analysisofthePoissonregressionmodelswithvarious


combinationsoftheparameters.TheresultingPoissonmodelequationwasusedtoproducea


presence-absencemapfortheentiredelta.Restrictedcapacityestimatesweregeneratedby


summinghabitatareaswithpredictedfrypresence.
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TheChinookSalmonLifeCycleModel


Thelifecyclemodelisastage-structured,stochasticlifecyclemodel.Stagesaredefinedby


developmentandgeography(Figure1),andeachstagetransitionisassignedauniquenumber


(Figure4).


Figure4.CentralValleyChinooktransitionstages.Eachnumberrepresentsatransitionequationthroughwhichwecan


computethesurvivalprobabilityofChinooksalmonmovingfromonelifestageinaparticulargeographicareato


anotherlifestageinanothergeographicarea.Transitionequation1representsthesurvivalprobabilityforthe


Reproductivephase.Transitionequations2-9representtheFryDispersalandRearingphase,withtransitionequations


3-5representingtheTidalFryphase.Transitionequations10-13representtheSmoltMigrationphase.Transition


equations14-17representtheEarlyMarineSurvivalphase.Transitionequations18-22representtheGrowthand


MaturationintheOceanphase.Transitionequations23-25representthesurvivalprobabilitiesforreturningadults.
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III.TransitionEquations


Transition1


Definition:SurvivaltoFrystagefromEggstage





Discussion:Theabundanceoffryisafunctionoftheabundanceofeggsandthesurvivalratefrom


eggstofry.Thesurvivalratevariesamongyearsdependingontheenvironmentalconditions(e.g.,


temperatureandflow)duringeggincubationandfryemergence.





Equation:





Fry=Eggs*Seggs      





logit(Seggs)=X1’BEggs





whereSeggsisthesurvivalrateoffryasafunctionofthecoefficients,X1=vectorormatrixof


covariatevalues(e.g.,temperatureinthenatalreaches),BEggsisthevectorofcoefficientsrelating


covariateeffectsX1tosurvivalofeggsduringincubationandsurvivaltoFrystage,andlogit(x)=


log(x/[1-x])isafunctionthatensuresthatthesurvivalrateiswithintheinterval[0,1].


Transitions2-5


Definition:Survivalanddispersalfromfryinthenatalreachestorearingfryintheriver,floodplain,


delta,andbay.





Discussion:JuvenileChinooksalmonintheCentralValleymaydispersefromtheirnatalreaches


shortlyafteremergingasfry(i.e.,lessthan1month)toinhabithabitatsdownstream(Williams


2006).ThisoutmigrationstrategyhasalsobeenobservedinChinookpopulationsinothersystems,


suchastheSkagitRiver,Washington(Greeneetal.2005).WeusethetermTidalFry(TF)to


representthislifehistorystrategy,whichisconsistentwithGreeneetal.(2005).Thosefrynot


leavingasTidalFryremainintheriverhabitatupstreamoftheCityofSacramentowheretheystay


torear(i.e.,RiverFry).





TidalFry





TorepresenttheTidalFryprocessinwinter-runChinook,themodelcandistributeTidalFryamong


habitatsduringthemonthsofJulytoDecember.ThemajorityaredistributedAugusttoNovember


withthelargestpulseinSeptember,whichiswhenmostfrysizedwinter-runpassRedBluff


DiversionDam(RBDD)(PoytressandCarillo2012).





Allhabitatsarenotequallyaccessiblefromallotherhabitats.Forexample,weassumethattheYolo


bypassorfloodplainhabitatisnotaccessiblefromthedeltahabitat(Figure5).Furthermore,notall


habitatscanbeaccessedinallmonths.Theentrancetothefloodplainhabitatisdependentupon


flowsthatarehighenoughtoovertoptheFremontWeirandallowaccesstotheYoloBypass.


Currently,floodingintotheYoloBypassbeginswhenSacramentoRiverflowexceeds1586m
3
s
-1



(56,000cfs)atVerona.Entrancetothefloodplainhabitatisthereforedependentuponovertopping


oftheFremontWeirduringthemonthofdispersal.Themodelusesmonthlytimesteps,andthe


monthlyaverageflowdoesnotadequatelyreflecttheproportionoftimeinwhichflowovertopsthe


FreemontWeir.Instead,theaveragemonthlyflowof991m
3
s
-1
(35,000cfs)providedabetter


indicatoroftheflowintotheYolobypass.IftheYolobypassisaccessibleduringthemonth,thena
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proportionofTidalFrycanenterduringthatmonth,otherwiseTidalFrymovetothedeltaandbay


habitatstorearinthatmonth.





Equations:


TheTidalFryareafunctionoftheproportionof


TidalFry(PTF)andthetotalnumberoffry.





TidalFry=PTF*Fry





TheportionoffrythatemigrateasTidalFry,PTF,


mayvaryamongyearsasafunctionofflow.This


processhasbeenhypothesizedtodescribe


patternsoffrymovingdownstreaminlarger


proportionsinwetyearsversusdryyearsand


thuscapturedatChippsIslandtrawlsandbay


orientedbeachseinestations(PatBrandes,


USFWS,PersonalCommunication,2013).





Twopossibleapproachestomodelingaccessto


thefloodplainhabitatweredeveloped:thefirst


approachassumesanindicatorrelationship,such


thatwheneverthereareflowsintotheYolo


bypass,aproportionoftheTidalFrymoveinto


thefloodplainhabitat;whereas,thesecond


approachusestheproportionofflowintheYolo


bypassrelativetoflowintheSacramentoRiver


withaparameterthatallowstheproportionof


fishtobegreaterorlessthantheproportionof


flow.





Alternative1:


TidalFryFP=STF,FP*TidalFry*PFP*I(QVerona>991.1m
3
s
-1
)





whereQVeronaistheSacramentoRiverflowatVerona,I()isanindicatorfunctionthatequatesto1


whentheconditionintheparenthesisismet,PFPisaparameterdescribingtheproportionofTidal


Frythatenterthefloodplainhabitat,andSTF,FPisthesurvivalrateofTidalFryfromthenatalreachto


thefloodplainhabitat.





Alternative2:


TidalFryFP=STF,FP*TidalFry*BFP*QYolo/(QVerona+QYolo)





whereQYoloistheflowintotheYolobypass,QVeronaistheflowatVeronaontheSacramentoRiver,


andBFPisaparameterthatdescribesthedegreetowhichfishmovewithflow,0<BFP*QYolo/(QVerona


+QYolo)<1.NotethatBFP=1indicatesthatfishmoveinthesameproportionwithflow,whereasBFP


>1wouldreflectmorefishthanflow.





ThoseTidalFrythatdonotenterthefloodplainhabitatmovedownstreamtothedeltaandbay


habitatstorear.ForthoseTidalFrythatdonotenterthefloodplainhabitat,thepositioningofthe


DeltaCrossChannel(DCC)gateaffectsthevaluesofSTFtothedeltaandbayhabitats(i.e.,STF,Deltaand


STF,Bay).


Figure5.Connectivityamonghabitatsforwinter-run 

Chinookfry. 
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ThosefrythatdonotmigrateoutasTidalFryremainintheriverhabitatasRiverFryandarethe


initialabundancesintherearingportionofthelifecycle.





RiverFry=SF,R*(1-PTF))*Fry


whereSF,Risthesurvivalrateoffryremainingintheriverhabitat.


Rearing


Definition:Fryrearamongriver,floodplain,delta,andbayhabitatsaccordingtodensitydependent


movementfunctions.


Discussion:Thistransitionmovesjuvenilesalmonidsamongtheriver,floodplain,delta,andbay


habitatsasafunctionofthearea-specificfrysurvivalrates,area-specificfrycapacities,andmigration


rateintheabsenceofdensitydependence.Thetransitionsamonghabitatscanbedescribedbya


schematic(Figure6).


Winter-runsizedfishpassKnightsLandinginmostyearsbetweenNovemberandJanuary.The


timingofpassageappearstobevariable,however,anddependsupontheflowsatWilkinsonSlough;


whenflowsexceed400m
3
s
-1
atWilkinsonSlough,rotaryscrewtrapcatchesofwinter-runsized


ChinooksalmonincreaseatKnightsLanding(delRosarioetal.2013).Oncethisflowthresholdhas


beenexceeded,winter-runChinookcanmoveintohabitats(withtheexceptionofTidalFry,which


havealreadydispersed).Thelifecyclemodelconditionsthetimingofthemovementoutoftheriver


habitatandintodownstreamhabitatsbyaflowtriggerthatcanvaryamongyears.


Theschematic(Figure6)showstheinputstoamonthlytransitioninthedeltaasanexample.The


abundance(NDelta)inthismonthisasumofthepreviousmonth’sresidents,migrantsarrivingfrom


theupstream(river)habitatfromthepreviousmonth,andTidalFryfromthenatalreachinthe


previousmonth.TheCapacityofthehabitat,theSurvivalratewithinthehabitat,theMigrationrate


intheabsenceofdensitydependence,andthepreviousmonth’sresidentabundancedetermine


howmanyresidentsremaininthedeltainthecurrentmonth,andhowmanymigrantswillmove


downstreamtothebayhabitatinthefollowingmonth.
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Figure6.SchematicdepictingthedynamicsofDispersers,Residents,andMigrantsamonghabitatsatthemonthlytime


stepofthemodel.Rectanglesrepresentabundancesofjuvenilesalmon,whereasovalsdepictparametersofthedensity


dependentmovementfunction.Solidlinesrepresentinputstothetransitionfunction,whereasdashedlinesrepresent


outputs.


Equations:


Thenumberofresidentsinthemonth(timesubscriptsuppressed)iscalculatedfromthefollowing


equation(Figure9):


Residentsi=Si(1–m)Ni/(1+Ni/Ki),


whereSiisthesurvivalrate,Niisthepre-transitionabundance,andKiisthecapacityforhabitattype


i=River,Floodplain,Delta,Bay,andmisthemigrationrateintheabsenceofdensitydependence.


Thenumberofmigrantsinthemonthiscalculatedfromthefollowingequation(Figure7):


Migrantsi=SiNi-Residentsi


inputs'to'movement'equa.on' 

outputs'of'movement'equa.on' 

Rectangles'are'state'variables,'whereas'ovals'are'


parameters''that'are'a'func.on'of'the'environmental'
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Figure7.ExampleoftheBeverton-Holtmovementfunctioninwhichtheoutgoingabundance(thinsolidblackline)is


splitbetweenmigrants(thickdashedline)andresidents(soliddarkline),thatareaffectedbytheresidentcapacity(thin


dottedline).The1:1line(thindashedline)isalsoplottedforreference.Parametervaluesusedintheplotted


relationshiparesurvival,S=0.90;migration,m=0.2;andcapacity,K=1000.





Theparametersofthedensitydependentmovementfunctioncanbeassimpleasconstantcapacity,


survival,andmigrationratevaluesoverallmonths,habitats,andyears.Alternatively,these


parametervaluescanbedynamicandvaryoveryear,month,andhabitattoreflectthespatio-

temporaldynamicsintheavailabilityofhabitatforfry.Wehavechosenthelatterapproachhereto


incorporatethesedynamicsintothelifecyclemodel.


Transitions6-9


Definition:Smoltingofresidentsintheriver,floodplain,delta,andbayrearinghabitats


Description:Thesmoltingprocessisacomplexendocrineandbehavioralshiftthatmaybeaffected


byfeedingopportunitiesaswellasenvironmentaldriversofphotoperiodandtemperature


(McCormicketal.2000;MyrickandCech2004;Bjӧrnssonetal.2011).Thebottom-orientedparr


shiftbehaviorallyfrompositioningintotheflowtoorientingwiththeflowtoimprovemigration.


Furthermore,fishthatmayhaveestablishedstationsandthusdefendedterritories,nowschoolto


reducethechanceofpredation.Inadditionthereisashiftinthephysiologytofacilitatemigration
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andtheeventualassociatedshifttoosmoregulateinthemarineenvironment.Thesephysiological


andbehavioralprocessesareprecededbychangesintheendocrinologyofthefishthatare


receptivetoenvironmentalcues(Bjӧrnssonetal.2011).


Thelifecyclemodeldoesnottracksizeexplicitly,sorelationshipsbetweenfeedingandsmolting


maybeimplicitlyappliedviadifferentialhabitat-basedsmoltingratesthatarerelatedtohabitat


qualityandexpectedfoodavailability.Thetimingofsmoltificationinthelifecyclemodelisan


explicitfunctionoftemperatureandphotoperiod,however.ItisimportanttonotethatTransitions


6–9arebetweenResidentsandSmolts(asopposedtoMigrantsandSmolts);therefore,theseare


notindividualsthatwereshiftedoutofthehabitatbecauseofcapacitylimitation,butrather


individualsthatinitiateddownstreammigrationhavingrearedinthehabitatuntiltheywere


preparedtoleave.


Theproportionofjuvenilessmoltinginagivenmonthisafunctionofthetemperatureinthatmonth


andthephotoperiod.Thephotoperiodactsasatimertoensurethatjuvenilessmoltto


appropriatelytimethedownstreamportionoftheirmigration.Assuccessivemonthsprogress,the


likelihoodoffishremaininginaparticularhabitatdecreases.Forexample,themajorityofwinter-

runmigrateoutofthehabitatsbyMay,coincidingwiththepeakfluxofwinter-runsizedfishat


ChippsIsland(delRosarioetal.2013).


Equations:


Smoltsi,k=PSM,i,k*Residentsi,k


WherePSM,i,kistheprobabilityofsmoltinginmonthkinhabitati(i=River,Floodplain,DeltaorBay)


bytheResidentsfromthepreviousmonth(k-1)inthathabitat.


Suppressingthesubscriptforhabitat,theprobabilityofsmoltingismodeledasaproportionordered


logisticregressionmodel(Agresti2002)oftheform:


logit(PSM,k)=Zk+Bsmolt*(Tk–Tk’)


where-∞<Z1<Z2…<Zk<∞arethemonthlyratesofsmoltificationbasedonphotoperiodandtheir


orderingensuresthattheprobabilityincreasesovermonths,Bsmoltistheeffectoftemperature


anomaliesonthephotoperiod-basedrateand(Tk–T’)isthetemperatureanomalyinmonthkover


thebaselinetemperatureTk’.


Transition10


Definition:Smoltsthatrearedintherivermigratetotheocean


Discussion:Outmigratingsmoltswilltransitthesystemwiththegoalofmigratingoutoftheriver


andthroughthedeltaandbayasquicklyaspossible.


Forwinter-runChinook,juvenilesranginginsizefrom100mmto120mmpassRBDDbeginningin


mid-January(PoytressandCarrillo2008;PoytressandCarrillo2012).Becausethesesizescoincide


withthemediansizesofwinter-runpassingChippsIslandinMarchleavingthesystem(delRosarioet


al.2013),weassumethattheseareoutmigratingsmoltsthathaverearedintheriverandare


beginningtheirmigrationtotheocean.Asaresult,acoustictaggedlate-fallrunsmoltsmayprovide


usefulestimatesofoutmigrationsurvival(e.g.,Perryetal.2010).
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Equations:


Thenumbersofsmoltsthatarriveattheoceanafterrearingintheriverareafunctionofthesurvival


rateduetomigratingfromtheriverhabitattotheocean.


RiverinOcean=S10SmoltsRiver


whereRiverinOceanarethesmoltsthatmigratedtotheoceanfromtheriverhabitatwithsurvival


rateS10.


Transition11


Definition:Smoltsthatrearedinthefloodplainmigratetotheocean


Discussion:Outmigrationofwinter-runsizedjuvenilesfromtheYoloBypassappearstooccur


betweenlateFebruaryandmid-MarchamongyearswhentheYolobypassflooded(2003,2004,and


2006)(delRosarioetal.2013).Inthoseyears,winter-runwereabletoaccessthefloodplainhabitat


duetothetimingofflowthresholdsformovementofwinter-runatWilkinsonSloughandthetiming


ofdownstreamaccesstoYoloBypassduetoovertoppingoftheFreemontWeir.


Equations:


Thenumbersofsmoltsthatarriveattheoceanafterrearinginthefloodplainareafunctionofthe


survivalrateduetomigratingfromthefloodplainhabitattotheocean.


FloodplaininOcean=S11SmoltsFloodplain


whereFloodplaininOceanarethesmoltsthatmigratedtotheoceanfromthefloodplainhabitat


withsurvivalrateS11.


Transition12


Definition:Smoltsthatrearedinthedeltamigratetotheocean


Discussion:Weassumethatthewinter-runthathaverearedinthedeltaarelocatedintheinterior


portionofthedeltahabitat.Winter-runsizedChinooksalmondepartthedeltainMarchandAprilas


indicatedbythemediancatchratesofwinter-runsizedfishintheChippsIslandtrawls(delRosario


etal.2013).Sizesofwinter-runduringthosemonthscanvaryfrom100to140mmwithmedianfork


lengthsofapproximately110mm.Thesurvivalratesfromacoustictaggedlate-fallrunsmoltsmay


provideusefulestimatesofwinter-runinthistransition(e.g.,Perryetal.2010)inadditiontothe


suiteofcovariatesidentifiedbyNewman(2003)forrelatingsurvivalofoutmigratingsmoltsto


environmentalconditionsinthedelta.


Equation:


Thenumbersofsmoltsthatarriveattheoceanafterrearinginthedeltaareafunctionofthe


survivalrateduetomigratingfromthedeltahabitattotheocean.


DeltainOcean=S12SmoltsDelta


whereDeltainOceanarethesmoltsthatmigratedtotheoceanfromthedeltahabitatwithsurvival


rateS12.
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Transition13


Definition:Smoltsthatrearedinthebaymigratetotheocean


Discussion:Thebayhabitatrepresentsatransitiontothemarineenvironmentanditappearsthat


migratingjuvenileChinooksalmontransitthebayrelativelyquickly(MacFarlaneandNorton2002);


yet,thesurvivalratesofacousticallytaggedlate-fallChinookmaybelowthroughoutthisreach


duringoutmigration(SeanHayes,NMFS,personalcommunication,September25,2013).


Equation:


Thenumbersofsmoltsthatarriveattheoceanafterrearinginthebayareafunctionofthesurvival


rateduetomigratingfromthebayhabitattotheocean.


BayinOcean=S13SmoltsBay


whereBayinOceanarethesmoltsthatmigratedtotheoceanfromthebayhabitatwithsurvival


rateS13.


Transitions14-17


Definition:SurvivalofsmoltsthatrearedindifferenthabitatsintheGulfofFarallonesregion.


Discussion:Survivalduringtheearlyoceanphasecanhaveimportanteffectsontheoverallcohort


strengthofthepopulation,particularlywhenthenearshoreoceanfailstoprovideaproductive


environmentforjuvenileChinook.IntheSanFranciscoestuary,outmigratingChinooksalmondo


notusethebayhabitatforfeedingandarriveintheGulfoftheFaralloneswithrelativelylowlipid


content(McFarlaneandNorton2002).Inyearswheretherearedelaysinthespringtransitionor


upwellinghasbeenshiftedoffthecoast,fall-runChinooksalmoninparticular,maybestrongly


affectedbytheseenvironmentalconditions(Lindleyetal.2009;Wellsetal.2007).Inaddition,the


effectsofnearshoreproductivityappeartobeinfluencedbythesizeoftheoutmigratingsmolts;in


yearsoflowoceanproductivitythesmallersizedfishappeartohavesubstantiallylowersurvival


ratesthanlargersizedfish,whereasinhighproductivityyearsallsizesappeartobenefitequally


(Woodsonetal.2013).


IntheSacramento-SanJoaquinRiversystem,severalstudieshavefoundevidenceforincreased


growthratesinjuvenileChinookrearinginfavorablehabitats(e.g.,Kjelsonetal.1982;Sommeretal.


2001;LimmandMarchetti2009)withfavorablehabitatstypicallydefinedasoff-channelrearing


areas.Inothersystems,suchpatternsareprevalentaswell.ForexampleintheFraserRiver,British


Columbia,highergrowthrateswereobservedinoff-channelmarshesrelativetoriverhabitat(Levy


andNorthcote1982)andintheSkagitRiver,WashingtonjuvenileChinookrearingintheestuary


werelargerthanjuvenileChinookrearingintheriver(Congletonetal.1981).Oncefishhave


undergonesmoltification,itappearsthattheyareunlikelytousetheSanFranciscoBayestuaryinits


currentconditionforcompensatorygrowthpriortooutmigrationintotheocean(Kjelsonetal.1982;


MacFarlaneandNorton2002).Furthermore,otolithworkbyMilleretal.(2010)indicatedthatina


sampleof100returningChinookadults,mostfishdidnotspendtimerearinginthebayonce


reachingthesmoltstage.


Becausethelifecyclemodeldoesnottracksizeexplicitly,theinfluenceofsizeisincorporated


implicitlyviadifferentialsurvivalratestoAge1.ThesurvivalratefromeachrearinghabitattoAge1
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hasadifferentsensitivitytooceanproductivity:bayanddeltahabitatshavethegreatestsensitivity,


whereasfloodplainandriverhabitatsarelesssensitive.


Equations:


Age1River=S14RiverinOcean


Age1Floodplain=S15FloodplaininOcean


Age1Delta=S16DeltainOcean


Age1Bay=S17BayinOcean


wheretheabundancesintheAge1stageareafunctionofthenumberofsmoltsarrivinginthe


oceanandthehabitat-specificsurvivalrate.Thehabitat-specificsurvivalratereflectsthepotential


forindividualstoreartoalargersize(e.g.,floodplainrearing)relativetootherhabitatssuchasthe


deltaorbay(Sommeretal.2001).


ThetotalnumberofAge1winter-runintheGulfoftheFarallonesisobtainedbysummingoverthe


differentrearinghabitats.


Age1=Age1River+Age1Floodplain+Age1Delta+Age1Bay


Theproportionofmigrantsthatrearedineachofthehabitattypes(i.e.,Age1River/Age1)isalsoan


importantmodelcomponentasinformationonotolithmicrochemistry(e.g.,Barnett-Johnsonetal.


2008)andmayprovideestimatesofthehabitatsusedbywinter-runChinookfry.


Transition18


Definition:SurvivalintheoceanfromAge1toAge2


Discussion:Duringtheiroceanresidence,winter-runChinookarelocatedinthecoastalwaterssouth


ofPointArenaasestimatedbyCodedWireTag(CWT)recapturesinfisheriesinthoseareas(Grover


etal.2004;O’Farrelletal.2012).


Equation:


Age2=Age1*(1-M2)*S18


whereS18isthesurvivalrateofAge1fishintheoceanandM2isthematurationratethatleadsto2


yearoldspawners.ThefisheryforCentralValleyChinookiscomposedofacommercialand


recreationalcomponent;however,Age1winter-runarenotcontactedinthefishery(O’Farrelletal.


2012).


Transition19


Definition:MaturationforAge2





Discussion:Averysmallproportionofwinter-runChinookreturnas2-yearolds(O’Farrelletal.


2012;Groveretal.2004),withthepredominantyearofreturnasAge3.Yet,thesmallproportionof


returning2and4yearoldshasasignificanteffectonthecohortdynamicsofwinter-runChinook


(BotsfordandBrittnacher1998).ThefisheryforCentralValleyChinookiscomposedofacommercial
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andrecreationalcomponent;however,2-yearoldwinter-runarenotcontactedinthefishery


(O’Farrelletal.2012).





Equations:





Age2Spawners=Age1*M2*S19





WhereM2isthematurationratethatleadstoAge2spawnersandS19isthenaturalsurvivalrateof


Age1tothespawninggrounds.


Transition20


Definition:SurvivalintheoceanfromAge2toAge3


Discussion:AsinWinshipetal.(InReview),weassumethattheAge3survivalratewasconstant


overtime,andafunctionoftheAge3fisheryimpactrate(I3)andthenaturalsurvivalrate.


Furthermore,weassumethatfisheryimpactsoccurredpriortonaturalmortalityduringagivenage.


Equations:


Age3=Age2*(1-M2)*(1-I3)*S20


whereS20isthesurvivalrateforAge2andI3istheimpactrateforAge3fish.


Transition21


Definition:MaturationforAge3





Discussion:AsinWinshipetal.(InReview),weassumethattheAge3survivalratewasconstant


overtime,andafunctionoftheAge3fisheryimpactrate(I3)andthenaturalmortalityrate(NM3).


Furthermore,weassumethatfisheryimpactsoccurredpriortonaturalmortalityduringagivenage.





Equations:





Age3Spawners=Age2*(1-I3)*M3*S21





whereI3istheAge3impactrate,M3istheAge3maturationrate,andS21istheAge3survivalrate


tothespawninggrounds.


Transition22


Definition:SurvivalandmaturationrateforAge4





Discussion:Allremainingwinter-runreturnas4-yearolds,aftersurvivingthefishery.Weassumed


thattheinstantaneousAge4fisheryimpactratewastwicetheinstantaneousAge3fisheryimpact


rate(O’Farrelletal.,2012).





Equations:





Age4Spawners=Age3*(1-I4)*S22





whereI4istheAge4impactrateandS22isthesurvivalratefromtheendofAge3tothespawning


grounds.
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Transitions23-25


Definition:NumberofeggsproducedbyspawnersofAges2–4


Description:Duetothepotentialforspatiallimitationsinthespawningreachathighwinter-run


spawnerabundances,densitydependencewasincorporatedintotheproductionofeggsby


spawners.SpawningoccursasamixtureofAge2,3,and4,althoughthemajorityofwinter-run


ChinookreturntospawnatAge3.


Equation:


 =
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whereSpjarethenumberofspawnersofagej=2,3,4,VEggsistheproductionofeggsperspawner


intheabsenceofdensitydependence,andKSpisthecapacityofeggsinthespawninggroundsasa


functionofspawners.TheproductionofeggsvariesbyageofreturnwithlargerAge3and4females


producingmoreeggsthanAge2(NewmanandLindley2006).Thecapacityofthespawningreachis


affectedbytheamountofgravel(TNCetal.2008)andthelocationofthetemperaturecompliance


pointsetinthespringforspawningadultwinter-run.Thecapacityforagivenyearisafunctionof


thearealextentofthegravelupstreamofthecompliancepoint,theaveragereddsize,andthe


numberofeggsproducedperspawner.


IV.Conclusion


Thisreportoutlinesthegeneralframeworkformodelingtheeffectsofwaterprojectoperationsona


populationofwinter-runChinooksalmon,anddetailstheequationsgoverningthetransitionsamong


lifestagesandgeographicareasthatdescribethelifecycleanddynamicsofthepopulation.


Additionalworkisneededbeforethemodelcanbeapplied:


1. Developmentofpriordistributionsforparametervaluesfromtheliteratureandavailable


datasets.


2. Estimationofposteriordistributionsorplausiblerangesofparameters,basedonfittingthe


LCMtohistoricaldata.


3. Possibleadjustmentofthemodelstructureifthefittohistoricaldataispoor.


4. Developmentofmanagementscenariosforanalysis.





Weanticipatepreparingfurtherdocumentationdescribingthemethodsandresultsofthesefour


activities.


Wealsoareworkingonmodificationstotheanalyticframeworkthatwillsupportmoredetailed


investigationsoftheeffectsofdeltaoperationsonwinter-runChinooksalmon,andsimilar


investigationsofspring-andfall-runChinooksalmon.Themostsignificantmodificationplannedis


replacingtheempiricalsurvivalfunctionsforfryandsmoltsinthedeltawithanagent-based


simulationmodelofjuvenilesalmonrearingandmigration,usingDSM2HYDRO,QUAL,anda


modifiedPTM.Weareaddingbehaviors(swimming,holdingposition,routechoice),environmental


behavioralcues(flowdirection,velocity,salinity,tidalphase),andotherbiologicalprocesses
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(predation-drivenmortality)tothePTM.Behavioralandpredationmodelswillbeselected,and


modelparametersestimated,fromstatisticalcomparisonofsimulationresultstoCWT-andacoustic


tag-basedsurvivalexperiments.Becausetheresultingmodelhasatheoreticalandmechanistic


basis,itwillallowustomorereliablymodelsurvivalunderconditionsoutsideoftherangeofdata


supportingtheempiricalrelationshipsinthecurrentmodelversion.


ItisfairlystraightforwardtomodifythemodelstructureforotherpopulationsofCentralValley


Chinook(andforanysalmonpopulationwheresimilarhydrologicandhydraulicmodelsare


available).Weareworkingonamulti-populationmodelforspring-runChinookwithafocuson


summerwatertemperaturesinadultholdingareas.Wearealsodevelopingamulti-populationfall-

runChinookmodelthatwillincludehatcherypopulationsandinteractions,andSanJoaquinRiveras


wellasSacramentoRiverpopulations,allowingexplorationoflikelytradeoffsbetweensuch


populationsthatwillbeaffectedbymodificationstodeltahydrodynamics.
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AppendixA.Acronyms





AIC AkaikeInformationCriterion


BAARI BayAreaAquaticResourceInventory


BDCP BayDeltaConservationPlan


BTC BlindTidalChannel


CALSIMII CaliforniaSimulationModelII


C-CAP CoastalChangeAnalysisProgram


CFS CubicFeetperSecond


CVO CentralValleyOffice


CVP  CentralValleyProject


CDWR CaliforniaDepartmentofWaterResources


CWT CodedWireTag


DCC DeltaCrossChannel


DSM2 DeltaSimulationModelII


DWR DepartmentofWaterResources


GIS GeographicInformationSystems


Ha Hectare


HEC-RAS HydrologicEngineeringCentersRiverAnalysisSystem


LCM LifeCycleModel


LULC LandUse/LandCover


NMFS NationalMarineFisheriesService


NMFS-CVO NationalMarineFisheriesService–CentralValleyOffice


NWFSC NorthwestFisheriesScienceCenter


NWI NationalWetlandsInventory


PFMC PacificFisheriesMarineCouncil


ppt partsperthousand


PTM ParticleTrackingModel


QEDA QuantitativeEcologyandDecisionAnalysis


QUAL Quality(moduleinDSM2)


RBDD RedBluffDiversionDam


SQLDatabase StructuredQueryLanguage


SRWQM SacramentoRiverWaterQualityModel


SWFSC SouthwestFisheriesScienceCenter


SWP StateWaterProject


TF TidalFry


USACE UnitedStatesArmyCorpsofEngineers


USBR UnitedStatesBureauofReclamation


USFWS UnitedStatesFishandWildlifeService


USGS UnitedStatesGeologicalSurvey







RECENT TECHNICAL MEMORANDUMS


SWFSC Technical Memorandums are accessible online at the SWFSC web site (http://swfsc.noaa.gov).

Copies are also available from the National Technical Information Service, 5285 Port Royal Road,

Springfield, VA  22161  (http://www.ntis.gov).  Recent issues of NOAA Technical Memorandums from the

NMFS Southwest Fisheries Science Center are listed below:


NOAA-TM-NMFS-SWFSC-  

 

 

 

520 

521  

522 

523  

A fishery-independent survey of cowcod (SEBASTES LEVIS) in the Southern

CA bight using a remotely operated vehicle (ROV).


STIERHOFF, K. L., S. A. MAU, and D. W. MURFIN


(September 2013)


Abundance and biomass estimates of demersal fishes at the footprint and

piggy bank from optical surveys using a remotely operated vehicle (ROV).


STIERHOFF, K. L., J. L. BUTLER, S. A. MAU, and D. W. MURFIN

(September 2013)


Klamath-Trinity basin fall run chinook salmon scale age analysis evaluation.


SATTERTHWAITE, W. H., M. R. O’FARRELL, and M. S. MOHR


(September 2013)


 

 

 

524  

525  

526  

527  

528  

529  

AMLR 2010-2011  field season report.


WALSH, J. G., ed.


(February 2014)


The Sacramento harvest model (SHM).


MOHR, M. S., and M. R. O’FARRELL


(February 2014)


Marine mammal, sea turtle and seabird bycatch in California gillnet fisheries

in 2012.


CARRETTA, J. V., L. ENRIQUEZ, and C. VILLAFANA


(February 2014)


White abalone at San Clemente Island: population estimates and management

recommendations.


STIERHOFF, K. L., M. NEUMANN, S. A. MAU and D. W. MURFIN


(May 2014)


Recommendations for pooling annual bycatch estimates when events are rare.


CARRETTA, J. V. and J. E. MOORE


(May 2014)


Documentation of a relational database for the California recreational fisheries

survey onboard observer sampling program,1999-2011 .


MONK, M., E. J. DICK and D. PEARSON


(July, 2014)


Status review of the Northeastern Pacific population of white sharks


(CARCHARODON CARCHARIAS) under the endangered species act.


DEWAR, H., T. EGUCHI, J. HYDE, D. KINZEY, S. KOHIN, J. MOORE, B. L.

TAYLOR, and R. VETTER


(December 2013)


http://swfsc.noaa.gov)
http://www.ntis.gov).

	Page 1
	Page 2
	Page 3
	Page 4

