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EXECUTIVE SUMMARY
FOR THE SACRAMENTO-SANJOAQUINDELTA NATIVE FISHES

RECOVERYPLAN

CurrentStatus:Eight fish speciesareincludedin theSacramento-SanJoaquin
DeltaNative FishesRecoveryPlan. Thedeltasmelt is listed asathreatened
species.TheSacramentosplittail (splittail) wasproposedasathreatenedspecies
on January6, 1994. Thisrecoveryplanwill recommendrestorationcriteriafor
the splittail thatwould be appropriaterecoverycriteriashouldthe speciesbe
listed. Longfin smelt,greensturgeon,spring-run,late fall-run,andSanJoaquin
fall-run chinooksalmonarespeciesof concernfor which restorationcriteriaare
recommended.Informationis alsoincludedon Sacramentoperch,a species
believedto be extirpatedfrom theDeltaatthis time.

HabitatRequirementsandLimiting Factors: Theeight speciesincludedin this
recoveryplandependon theSacramento-SanJoaquinDeltafor a significant
segmentoftheir life history. Threatsto theDeltaecosystemandthesespecies
includelossofhabitatdueto increasedfreshwaterexportsresulting in increased
salinity, lossof shallow-waterhabitatdueto dredging,diking andfilling,
introducedaquaticspeciesthathavedisruptedthefoodchain,andentrainment
(movementoffish by currentsproducedby diversions)in State,Federaland
privatewaterdiversion. StateandFederalwaterprojectshavealsochangedthe
patternandtiming of flows throughtheDelta. Thesalmonracesareaffectedby
sportand commercialharvestaswell asby interactionswith hatcherystocks.

RecoveryandRestorationObjective: Delisting of deltasmelt. Restorationof
splittail, longfinsmelt,greensturgeon,spring-run,late fall-run, SanJoaquinfall-
runchinooksalmon,andSacramentoperch.

RecoveryandRestorationCriteria: Recoverycriteriaarequantifiableandspecies
specificand canbe usedto (1) monitoreffectivenessof recoveryactions,(2)
determinewhenaspecieshasrecoveredto a securelevel (stabilized),and(3)
determinewhenaspeciesqualifiesfor delisting. In many cases,criteriaarebased
on two independentmeasures:populationabundanceandgeographicdistribution.
Foreachspeciesahistoric baseperiodwasestablishedusingavailabledatato
characterizeabundanceanddistributionduring apre-declineperiod. Thetime
periodoverwhich abundanceanddistributioncriteriamustbe metwas setat five
generations. For five of theeight speciesthereis an additionalrequirementof



meetingthecriteriathroughaminimumnumberof yearsofstressful
environmentalconditions.

ActionNeeded

:

1. Enhanceandrestoreaquaticandwetlandhabitatin theSacramento-San
JoaquinRiverestuary.

2. Reduceeffectsofcommercialandrecreationalharvest.
3. Reduceeffectsof introducedaquaticspecieson Deltanativefishes.
4. Changeandimproveenforcementofregulatorymechanisms.
5. Conductmonitoringand researchon fish biology andmanagement

requirements.
6. Assessrecoverymanagementactionsandre-assessprioritizationof

actions.
7. Increasepublic awarenessofimportanceofDeltanativefishes.

TableA. Total EstimatedCostsofRecovery

:

Costs: (1,000,000’s)

Year Need 1 Need2 Need3 Need4

1995
1996
1997
1998
1999

20.1
21.1
21.1
20.1
20.1

1.5
1.4
1.3
1.3
1.3

0.6
0.5
0.4
0.4
0.4

Need5 Need~6 Need7

1.3 1.5
1.3 1.5
1.2 1.5
1.2 1.4
1.2 1.4

0 0.2
0 0.1
0 0.1
0 0.1
0.1 0.1

102.5 6.8 2.3 6.2 7.3 0.1 0.6 125.8

DateofRecovery: Delistingof thedeltasmeltcouldbe initiatedin 1999,if
restorationanddelistingcriteriahavebeenmet.

Total
Costs

Total

25.2
25.9
25.6
24.5
24.6
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1. INTRODUCTION

Thisrecoveryplan is intendedto fulfill oneof theprimarypurposesunder
section2 ofthe EndangeredSpeciesAct of 1973 (Act)--to provideameansfor the
conservationof ecosystemsuponwhichendangeredandthreatenedspecies
depend.Accordingly,thepurposeand scopeofthis recoveryplan is to outlinea
strategyfor theconservationandrestorationofthe Sacramento-SanJoaquinDelta
that currentlysupportsorhasthepotentialto supportDeltanativefishes.
AddressingtheDeltaecosystemasawhole is adifficult proposition,considering
its biotic andphysicalcomplexityandthefact it hasbeen,andcontinuesto be,
highly alteredby humanactivities(Moyle andHerbold 1989). At least55 species
offish havebeenrecordedfrom theDelta,25 ofthemnative(Table 1.1).Many of
thesespecies,bothnativeandintroduced,arein decline(Herboldet al. 1992).
Themostpracticalway to developrecoveryorrestorationrecommendationsthat
would takeintoaccountthe complexityof theDeltaecosystemwasto work with
aselectedgroupoffishes. Speciesaddressedin thisplan include: deltasmelt,
longfin smelt,Sacramentosplittail (splittail), greensturgeon,spring-runchinook
salmon,late fall-run chinooksalmon,SanJoaquinfall-run chinooksalmon,and
Sacramentoperch. Thespeciesselectedhadthefollowing characteristics:

1. Theywereknownto be in declineand werelikely to requirepromptrestoration
actions.This characteristicexcludedSacramentofall-run chinookandsteelhead,
which while in decline,wereabundantenoughto supportcommercialfisheries.It
alsoexcludedtule perchandprickly sculpin,nativespeciesthathaveprobably
declinedin abundancebutarestill common.

2. Recordson theimportanceof thespeciesto theDeltaecosystemhadto be
available.This characteristicallowedtheinclusionofSacramentoperch,although
it is thoughtto be extirpatedfrom theDeltaat this time. Sacramentoperchare
addressedasa speciesto be reintroducedinto its nativehabitat. Cohosalmon
wereexcludedby this characteristicbecauserecordsoftheir importanceto the
Deltaecosystemweresketchy.

3. They werespeciesthatdependedon theestuaryfor a significantsegmentof
their life history.This characteristicexcludednativeresidentspecieswhose
habitatswere mainlyupstreamof theDelta,suchashardheadandsquawfish.

4. Theenvironmentalrequirementsofthecombinedspeciescoveredawiderange
ofseasonsandhabitats,so it wasreasonableto expectthat ajoint recoveryplan
would improveconditionsin theDeltafor fish in general.

5. Theywerespeciesfor which informationwasavailableto makereasonable
judgementsasto measuresthatcouldreversedownwardtrendsin their
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populations.This characteristicexcludedriver lamprey,aspeciesaboutwhich
thereis concernover its statusin theestuarybut for which virtually no
informationexists. Winter-runchinooksalmonarebeingaddressedby the
Winter-runRecoveryPlan,which will be releasedsoon. Thetwo recoveryteams
coordinatedeffortsto ensureaconsistentapproachto restoringtheDelta
ecosystem.

ThebasicobjectiveoftheDeltaNativeFishesRecoveryPlanis to
establishself-sustainingpopulationsofthespeciesofconcernthat will persist
indefinitely. For chinooksalmon,greensturgeon,andsplittail, thegoalsinclude
havinglargeenoughpopulationssothat a limited harvestcanonceagainbe
sustained.Thebasicstrategyfor recoveryis to managetheestuaryin suchaway
that it is betterhabitatfor aquaticlife in generalandfor thefish speciesofconcern
in particular. RestorationoftheDeltaecosystemshouldalsoincludeefforts to
reestablishtheextirpatedSacramentoperch.
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Table 1.1. FishesoftheSacramento-SanJoaquinDelta.An asterisk(*) indicatesa
nativespecies.A = anadromous;R = resident;N = nonresidentvisitor; M =

euryhalinemarine.Understatus“Sp. Conc.” indicatesthespeciesis listed asa
Speciesof SpecialConcernby theCaliforniaDepartmentof FishandGame.

Pacific lamprey* Lampetratridentata A declining

River lamprey* Lampetraayersi A

Whitesturgeon* Acipensertransmontanus A

Greensturgeon*

Americanshad

Threadfinshad

Steelhead*

Pink salmon*

Chumsalmon*

Coho salmon*

Chinooksalmon*
Sacto.fall-run
S.J.fall-run
late fall-run
winter-run
Sac.spring-mn
S. J. spring-run

Longfin smelt*

Deltasmelt*

Wakasagi

Thicktail chub*

Hitch*

Sacto.blackfish*

A. medirostris

Alosasapidissima

Dorosomapetenense

Oncorhynchusmykiss

0. gorbuscha

0. keta

0. kisutch

0. tshawytscha

Spirinchusthaleichthys

Hypomesustranspacificus

H. nipponensis

Gila crassicauda

Lavinia exilicauda

Orthodonmicrolepidotus

rare

declining;
fishery

A Declining

A declining;
fishery

A declining;
common

A declining;
fishery

A

A

A

A

A-R

R

R

R

R

Rare

Rare

Rare

declining:
fishery
low pop.
Sp. Conc.
Endangered
Sp. Conc.
Extinct

Declining

Threatened

Invading

Extinct

Unknown

Unknown

3



CommonName

Sacto.splittail*

Hardhead*

Sacto.squawfish*

Fatheadminnow

Goldenshiner

Commoncarp

Goldfish

Sacto.sucker*

Blackbullhead

Brown bullhead

Yellow bullhead

Whitecatfish

Channelcatfish

Blue catfish

West.mosquitofish

Rainwaterkillifish

Stripedbass

Inlandsilverside

Sacto.perch*

Bluegill

Redearsunfish

Greensunfish

Warmouth

Whitecrappie

Scientific name

Pogonichthys
macrolepidotus

Mylopharodon
conocephalus

Ptychocheilusgrandis

Pimephalespromelas

Notemigonuschrysoleucas

Cyprinuscarpio

Carassiusauratus

Catostomusoccidentalis

Ameiurusmelas

A. nebulosus

A. natalis

A. catus

Ictaluruspunctatus

I. furcatus

Gambusiaaffinis

Lucaniaparva

Moronesaxatilis

Menidiaberyllina

Archoplitesinterruptus

Lepomismacrochirus

L. microlophus

L. cyanellus

L. gulosus

Pomoxisannularis

Life Status
History

R Threatened
(proposed)

N Sp.Conc.

R Common

N Rare

Uncommon

R Common

R Uncommon

R Common

R Common

R Uncommon

R Rare?

R Declining;
abundant

R Common

Rare

R Abundant

Rare

R-A Declining;
abundant

R Abundant

N Rare

R Common

R Uncommon

R Uncommon

R Uncommon

R Uncommon
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Blackcrappie

Largemouthbass

Smallmouthbass

Bigscalelogperch

Yellow perch

Tuleperch*

Threespinesticldeback*

Yellowfin goby

Chameleongoby

Staghornsculpin*

Prickly sculpin*

Starryflounder*

P. nigromaculatus

Micropterussalmoides

M. dolomieui

Percinamacrolepida

Percaflavescens

Hysterocarpustraski

Gasterosteusaculeatus

Acanthogobiusflavimanus

Tridentiger
trigonocephalus

Leptocottusarmatus

Cottusasper

Platichthysstellatus

Common

Common

Uncommon

Common

Rare

Declining;
common

Common

Declining;
common

Invading

R

R

R

M Common

R Abundant

M Declining;
common

R

R

R

R

N

R
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PHYSICAL ENVIRONMENT

TheSacramento-SanJoaquinestuary(Figure 1.1)hasbeenwell described
in anumberof publications(e.g., Herboldetal. 1992).TheDeltais theuppermost
partof thesystem,wherethetwo rivers meet,andis largelyatidal freshwater
system.Theeight fishesof primaryconcerndependon theentireestuary,but the
Deltais themosthighly alteredpartofthesystemwheremostproblemsfor fish
exist. Hence,managementefforts for recoveryandrestorationofthefisheswill
necessarilyfocuslargely on reducingproblemsin theDeltaandsecondarilyin
SuisunBay, immediatelydownstreamfrom theDelta. Thissectionof thePlan
describesmajoraspectsof thephysicalenvironmentofthe upperestuarythat are
importantto thenative,estuarine-dependentfish species.

Flowpatternsin Deltachannelsaretheprincipalelementusedto describe
habitatconditionsbecausemostchannelshavebeendredgedandshallowareas
havebeenseparatedfrom theriver by an extensiveseriesoflevees.Thus, little
connectionto shallowwetlandhabitatsandlittle diversity in salinityor depth
remain. Theflow patternsaredeterminedlargely by the interactionsoffreshwater
inflow, tidal action,andwaterdiversion.

Freshwaterflows into theDeltaprincipally throughtwo rivers: (1) the
SacramentoRiver usuallycarriesabout80 percentofDelta inflow; and, (2) the
SanJoaquinRivercarriesmostoftherest. Otherstreams(including the
MokelumneandCosumnesRivers)rarelycarrymorethan5 percent.Userswithin
theDeltahistorically havetakenup to 57 percentofthe inflow eachyearon a
daily basis,while usersexportingwaterfrom theDeltahavetakenbetween1 and
96 percentofthe inflow eachyear.Consequentlythepercentageof Deltainflow
that makesit to SuisunBay rangesfrom 0 to nearly100percent. New Bay-Delta
standards(May 1995)havenow set themaximumpercentof inflow divertedat 35
percentduringthemonthsof FebruarythroughJuneand65 percentduringthe
monthsofJuly throughJanuary.Delta inflows, local usage,andexportratesvary
stronglydependingon seasonandthequantityandpatternof precipitationwithin
thewatershed.Thehistoric recordof thedaily estimatesof Deltainflows, net
flows in particularchannels,local uses,andexportratesarecontainedin the
DAYFLOW databasemaintainedby theCaliforniaDepartmentofWater
Resources(DWR). Variablesfrom DAYFLOW discussedin this recoveryplan
include:

QTOT = TotalDeltainflow
QOUT = Net deltaoutflow to thebay
QSAC = SacramentoRiver flow into theDelta
QSJR= SanJoaquinRiver flow into theDelta
QEXP = Total exportsfrom theDelta
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QWEST= netmovementofwateron thelowerSanJoaquinRiver,
effectively theamountof waterenteringthecentralDelta
minustheamountofwaterexported.

In thewesternDeltaandSuisunBay, a largediscrepancyexistsbetween
thenet flows asreportedin DAYFLOW andtheactual flows in river channels.
Daily tidal excursions,spring-neaptidal cyclesand irregularmeteorological
conditionscanoftenoverwhelmthephysicalmovementsdueto river flow.
Nevertheless,netDeltaoutflow is stronglytied to awide arrayofimportant
physicalparametersthat affectmostaquaticspeciesof theestuary.NetDelta
outflow is closelytied to mostof theflow ratesreportedin DAYFLOW.
However,therelationofDAYFLOW anddaily outflows overa periodofa month
showdifferencesthatare slight. Mostbiological relationshipsbetweenfish and
flow usea muchlongeraveragingperiod.Thus, increasesin netDeltaoutflow
averagedovera long periodareaccompaniedby reductionsin residencetimes in
Deltachannels,increasesin quantityofthewettedperimeter,increasesin the
abundanceoffloodedvegetation(whichanumberofspeciesusefor spawning
andrearing),anddecreasesin temperature,salinity, andpercentageofwater
exported.The December15, 1995,Bay-DeltaAccordusesDeltaoutflow andthe
locationofX2, thedistancefrom theGoldenGateBridgeto thepoint atwhich
daily averagesalinity is 2 partperthousand(ppt) atthebottom,asimportant
criteriafor protectingfish. -

An importantparameterrelatedto netDeltaoutflow is thestructureand
position of themixing zone(i.e., theareain an estuarywhere seawaterand fresh
watermeet). Whereseawaterand freshwatermeet, thedifferencein densitycan
causestratificationofthewatercolumn. In channelswherethemixing zone
occurs,thedifferencein densitycausesthe surfacemovementoffreshwater
towardstheoceanto be counteredby a landwardflow ofsaltwateralongthe
bottom. At somelandwardpointthis stratificationofsalinity and flowbreaks
downandthebottomwatersmix with thesurfacewaters. Particulatematerial
settlesout ofthesurfacefreshwaterdownto thelandwardflowing bottom
currents.Theseparticles,includingparticulateorganiccarbon,phytoplankton(i.e.,
microscopicalgaethat form thebaseoftheaquaticfood chain),zooplankton(i.e.,
microscopicanimalsthatarefood to manyDeltafish), andlarval fish become
concentratedwithin thisentrapmentzone. Studiesdoneby theU.S. Geological
Surveyin 1994seemto demonstratethat gravitationalcirculation,amajor
physicalprocessresponsiblefor thecreationoftheentrapmentzone,occurred
nearCarquinezStrait, far downstreamof theexpectedpositionbasedon specific
conductivity profiles in theestuary. Additional studiesareplannedfor springof
1995, andthesignificanceofthesenewfindings in adroughtyear(1994)andwet
year(1995)mayallow furtherunderstandingof thephysicalandbiological
interactions.
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Shallowdepthspreventstratificationandentrapmentfrom occurring.
However,in shallowareas,phytoplanktonproductivity tendsto be muchhigher
becausealgaeareconstantlywithin rangeof sunlight. Experimentshaveshown
thatthe shallowareasofSuisunBay aretentimesasproductiveasthechannels.
Tidal currentstransportmaterialfrom the shallowsto thechannelswhere
entrapmentprocessescanconcentrateparticles. Thus,algal growthis fastestin
shallowsbut thehighestconcentrationsofbiomass(ameasureoftotal biological
quantity,without regardfor detailssuchasage,gender,orspecies)areusuallyfound in
thechannels.

Themixing zoneandentrapmentzoneare usuallyfoundin areaswhere
surfacesalinitiesarebetween2 and 10 partsper thousand.In channels,2 partsper
thousandgenerallymarkstheupstreamedgeoftheentrapmentzone. Net Delta
outflow tendsto controlthe locationof themixing zoneandthestrengthsofboth
thesurfaceandbottomcurrentsin theentrapmentzone. At netDeltaoutflows of
lessthan 12,000cubicfeetpersecondtheentrapmentzoneusuallyis located
upstreamof SuisunBay andawayfrom any significantshallowwaterhabitats.

A widerarrayofimportanthabitatparametersappearto affectaquatic
speciesin SuisunBay comparedto theDelta. Salinity, bathymetry(the bottom
configurationofbodiesofwater),andflow patternsvary widely in SuisunandSan
PabloBays.In addition,theremainingareasoftidal marshlandadjacentto these
bayssupportadiverseaquaticfaunawith many speciesusingthe manyhabitat
types.

MAJOR FACTORSAFFECTING DELTA FISHES

This recoveryplanfocusseson eight speciesoffish on theassumptionthat
managementefforts madeto benefittheeight specieswill collectivelybenefitthe
entireestuarineecosystem.Thestep-downoutline that is partofthis plan lists and
prioritizesactionsneededto improveconditionsfor theeightspecies.The
effectivenessof theseactions,however,is predicatedon conditionsin theestuary
returningto previousecologicallimits, limits that havebeengreatly stretchedin
recentyears(associatedwith declineof theeight species).

Restorationoflisted speciesin theSacramento-SanJoaquinDeltawill requirean
integratedprogramto reestablishspawninghabitat,migrationcorridors,and
rearingareasin upstreamareas,theDelta,andSuisunBay andMarsh. TheDelta
hasbeenprofoundlyalteredby humanactivity (CrossandWilliams 1981). This
alterationbeganwith hydraulicgold mining operationsin the 1 800sthatled to
downstreamdepositionof sedimentsin theestuary. At aboutthesametime,
dredgingandleveebuilding within theDeltachangedexisting tidal marshinto a
seriesofislandsseparatedby rivers andsloughs. In morerecenttimes,the
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additionaleffectsofdamconstruction,thediversionof Deltawater,introduction
ofhighlevelsofcontaminantsincludingselenium,introductionofexotic species,
andotherhuman-inducedalterationshaveresultedin extinctionofthick-tail chub
andSanJoaquinspring-runsalmonandextirpationofSacramentoperch. These
changeshavealso causeddeclinesin othernativefish throughchangesto
migrationroutes,destructionof shallow-waterhabitat,reducedDeltainflows and
outflows, acuteandchronictoxins, increasedcompetition,decreasedfood organisms,
andentrainment.Activemanagementfor theforeseeablefuturewill be requiredto
enhanceandrestoreaquatichabitatto reversedeclinesofnativefish andrecover
numbersanddistributionsto historicallevels.

Becausethesystemis unlikely to returnto knownhistoric conditions,
ecosystemmanagerswill needto be flexible andlearnfrom pastexperiencesto
keepremainingnativespeciesfrom going extinctundercontinuallychanging
conditions. Someofthefactorsthatmaypresentnewchallengesare: (1) changes
in agriculturalwaterpolicy, (2) newwaterprojects,(3) Deltaleveefailures,(4)
pollution, (5) introducedspecies,(6) continuedgrowthof humanpopulations,and
(7) climatechange.Thefactorsarelisted in orderofthedegreethatmanagement
decisionscanaffect them.

Changesin agriculturalwaterpolicy. About 85 percentofCalifornia’s
developedwateris usedfor irrigatedagriculture.Thusany changein waterpolicy
thatreducesthisusecanpotentiallyprovidemorewaterfor theenvironmentin
generalandtheDeltain particular. Onepotentialchangeis in thepricing
structureofwater,which couldbe usedto encouragewaterconservationthrough
betterirrigationpracticesandthroughswitchingto lesswaterdemandingcrops.
Anotherpotential changeis retirementof marginalagricultural lands,especially
thosethat arelikely to becometoo salineto farm in thenearfuture (e.g.,west
side,SanJoaquinValley), is thesourceof tracecontaminants(e.g.,selenium),or
likely to becomesubmerged(Deltaislands).Alternatively, changesin wateruse
that increaseagriculturaldemandfor water,especiallyduring normally low-
demandperiods,couldreducewateravailablefor in-Deltauses(e.g., floodingof
rice fields in winter).

Newwaterprojects.Althoughtheeraof building large-scalewater
projectsin upstreamareasthat depleteDeltainflows seemsto belargely over,
thereareprojectsthatcoulddrasticallychangehow thesystemworks. Some
proposalsarecurrentlyundergoinginteragencyreviewandothersarestill on the
drawingboard. U.S. FishandWildlife Service(Service)is awareof
approximately20 majorCentralValley Project(CVP), StateWaterProject
(SWP),orprivateorganizationproposalsthat will resultin increasedwater
exportsfrom theDelta,reducewaterinflow to theDelta, changethetiming and
volumeof Deltainflow, or increaseheavymetalcontaminationinto theDelta
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(Kanim andTaniguchi1993). Someexamplesare:DeltaWetlands,andtheNorth
andSouthDeltaWaterManagementplanscurrentlyundergoingconsultation.
TheDeltaWetlandsProjectwould usetwo Deltaislandsfor waterstorage,with
thewaterbeingsold eitherfor south-of-Deltausesor forwithin-Deltauses(e.g.,
outflow). Theprojectis of interestbecauseofits pioneeringuseofDeltaislands
(manyofwhich arebelow sealevel) for waterstorageandwetlandsandfor its
potentialpositive andnegativeeffectsonDeltafishes,dependingon howthe
project (orsimilarprojects)is operated.

Deltaleveefailures. LeveesaroundDeltaislandsarelargely constructed
of mudandpeatandaresubjectto failure andsubsequentflooding of islandsthey
aresupposedto protect.Massiveleveecollapseastheresultof earthquakesand
exceptionallyhightidesandwindswould drasticallychangethehydraulicsand
salinity regimeofthe Delta. It alsowould reducetheamountoffreshwaterthat
couldbe transportedacrosstheDeltato theCVP andSWPpumps. Theeffectsof
suchacollapseonDeltaorganismsalsowould be drasticanddifficult to predict,
beyondsayingthat amajorfaunalshift probablywould occur,perhapsresultingin
extinctionofsomenativespecies.Deliberateflooding ofDeltaislandsrequires
reinforcedleveesandthereforewouldhavemuchlesseffect onestuarine
conditionsandthrough-Deltawatertransportthanflooding via leveefailure.

Contaminants.Thelittle thatis knownaboutthedirectand indirecteffects
oftoxic pollutantson thebiota oftheestuary,including theeight speciesin this
recoveryplan,indicatesthattheproblemis of majorproportions. Chinook
salmondiedwhenexposedto concentrationsof ions typically foundin drainwater
flowing into theSanJoaquinRiver(Saiki et. al. 1992). Thewatersofthe
Sacramento-SanJoaquinRiver estuaryreceivesignificantinputsoftoxic
pollutantsannuallyandthe amountsandtypesarechangingconstantly. The
AquaticHabitatInstituteundercontractto theStateWaterResourcesControl
Board(SWRCB) (1990)estimatedthatfrom 2,526to 17,039metric tonsof
pollutantsenterthe estuaryannuallythrough:(1) point sources,(2) urbanand
non-urbanrunoff, (3) riverine sources,(4) dredging, (5) spillsand (6)
atmosphericdeposition.Thepollutantsinclude:(1) arsenic,(2) cadmium,(3)
chromium,(4) copper,(5) hydrocarbons,(6) lead,(7) mercury,(8) nickel, (9)
organochiorines,(10) selenium,(11) silver, (12) tributyltin and(12)zinc. Several
ofthesepollutantsarepresentatconcentrationsthatmayhavelethaland sublethal
toxic effectsonaquaticlife. In addition,“new” pollutants(suchasthepesticide
carbofuran)mayhaveunexpectedeffects,suchasepisodic(but hardto detect)
kills ofmicrocrustaceansthat areimportantin Deltafoodwebs. It is quite
possiblethatthesepollutantsmay havecontributedto thedeclineofthespeciesin
this RecoveryPlanandmayimpedefull recovery.
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Introducedspecies.TheSacramento-SanJoaquinestuaryis an ecosystem
dominatedby introducedspeciesfrom toppredatorssuchasstripedbassto
planktonfeederssuchastheAsiatic clam,Potainocorbulaamurensis.New
speciesarearrivingconstantly,largely throughballastwaterofships,andeach
arrival hasthepotentialto causeamajorshift in thefoodwebdynamicsofthe
estuary.Suchshifts maydrivesomenativespeciesto extinction ormakerecovery
of depletedspeciesmuchmoredifficult. Exactlywhich exoticspeciesarelikely to
arrive andbecomeestablishedis impossibleto predict. However,aslong asthe
introducedspeciesjuggernautcontinuesto roll, drasticchangesin theecosystem
canbeexpectedperiodically.

Humanpopulationgrowth. California’s populationis predictedto increase
to 50 million by 2020. Suchgrowthplacesincreasingdemandson scarcewater.
Unlessthehumanpopulationstabilizes,the long-termprospectsareproblematic
for conservingadequatewatersuppliesto maintaindecliningspecies,suchasthe
eight featuredin this report.

Climatechange.In thepastdecade(1984-1994),Californiaexperienced
morevariability in precipitationthanhadoccurredin thepreviouscentury. The
resultwasan extendeddroughtinterruptedby arecordflood (1993),anotherdry
year(1994), andthenan exceptionallywet year(1995).Treering recordsindicate
thatdroughtsof20-50yearsor longerwerecommonin thepast,yet California’s
watermanagementsystemis basedon theassumptionthat suchextendeddroughts
do notoccur.A lengthydroughtwill severelytestsociety’swillingnessto
continueto providewaterfor environmentalpurposes,especiallyin theDelta,
whenthe agriculturalandurbaneconomiesareseverelystressedbecauseof
inadequatewatersupplies.

SPECIESACCOUNTS

Thecoreof this RecoveryPlanaretheaccountsfor theeight species.Each
accounthas14 sections,asdescribedbelow. Exceptfor thesectionsdealingwith
recoveryandrestoration,eachaccount(exceptSanJoaquinfall chinooksalmon)
is aslightly updatedandrevisedversionoftheaccountsin Ei~h Species~fSpecial
Concernfor California(Moyle etal. 1993).

Status: Summary oftheofficial status of eachspecies.Only thedeltasmelt is
formally listed asathreatenedspeciesatthepresenttime, althoughthesplittail is
proposedfor threatenedstatus. All speciesarein decline,however.

Recoverypotential: Thisratingfollows theServiceguidelinesasspecifiedin the
FederalRegister (1983,48 - 184: 43098-43105).
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Description: A brief description ofthedistinguishing featuresofthe species,
largelybasedonMoyle (1976).

Taxonomicrelationships: A summaryof the taxonomic history of the species
andreasonsfor consideringtheestuarypopulationasadistinctunit for the
purposesofthe RecoveryPlan.

Distribution: Distribution ofthespecies.

Habitat requirements:Habitatrequirementsof thespecies.

Life History: Summariesofpublishedand unpublishedbasicinformationon the
biologyof eachspecies.

Abundance:Thebestestimatesavailableof currentabundanceandabundance
trends. For splittail, longfin smelt, anddeltasmelt,trendsweredetermined
primarily throughthelong-termdatasetsfrom bottomandmidwatertrawlingof
theCaliforniaDepartmentofFishand Game(DFG) andUniversityof California,
Davis(UCD). Greensturgeonnumberscamefrom thesturgeonstudiesofDFG
andfrom fisheriesstatistics.Chinooksalmonnumbersare derivedfrom various
countsof adultsin therivers, fromjuvenilesurveysof varioussorts,andfrom
otherfishery statistics.Numbersfor all speciesfrom theSWPandCVP fish
salvageoperationswereusedto assessaffectsof projectoperationsin recent
years.

Reasonsfor decline: A summaryof reasonsfor decline, in approximate order of
importance.

Conservationmeasures: A summary ofmeasurescurrently underway to protect
the species.

Recoveryor restoration objective: A short statementof the generalobjective
for restoringpopulationsof thespeciesto sustainablenumbers.In general,the
objectivefor eachspecieshasto be accomplishedin thecontextoftherecoveryor
restorationofotherspeciesin theRecoveryPlan.

Recoveryor restoration criteria: Thecriteriaarequantifiable,species-specific
criteriathat canbe used(1) to monitor theeffectivenessof recoveryactions,(2) to
determinewhenthespecieshasrecoveredto a securelevel (stabilized),and(3)
whenthespeciesqualifiesfor delisting(if formally listed). Whenpossible,
recoverycriteriaarebasedon two independentmeasures:(1) population
abundanceand, (2) geographicdistribution. For eachspecies,a historicbase
periodwasestablishedusingavailabledatato characterizeabundanceand
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distributionduringapre-declineperiod. Thecriteriathereforerepresenthistoric
abundanceanddistributionpatterns,includingnaturalvariationin bothmeasures.
Thetimeperiodoverwhich abundanceanddistributioncriteriamustbemetwas
setatfive generations,basedon criteriafound in otherfish recoveryplans.

Whenaspeciesmeetsbothabundanceanddistributionalcriteriafor five
generations,it will be consideredstabilized(recovered)but, if formally listed
undertheAct, notnecessarilyeligible for delisting. This will enablequick
implementationof additionalactionsneededto increaseprotectionif ongoing
monitoringdemonstratesthat thespeciesno longermeetsthe criteriaafterthe
five-generationperiod. Speciesnot formally listed shouldbe treatedwith the
samecaution.

For a speciesto beconsideredfor delisting,abundanceanddistribution
criteriamustbe maintainedfor afive-generationperiod. For five of theeight
speciesthereis an additionalrequirementof meetingthecriteriathrougha
minimumnumberof yearsof stressfulenvironmentalconditions. In general,
stressfulenvironmentalconditionsareconsideredto be thoseoccurringduring dry
or critically dry yearswhenfreshwateroutflow from theDelta is substantially
reduced.For onespecies,exceptionallyhighoutflow yearsmayalsobe
consideredasstressful.Theplacementof legal andoperationalmechanismsto
ensurethecontinuationoffavorableconditionsmayalsoleadto aconsiderationof
delisting.
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2. DELTA SMELT

Hypomesustranspac~ficusMcAllister

Status:Endemicspecies.FederallyandStatelisted asthreatened,1993.

Recoverypotential: 2C. Thedeltasmelt is underahigh degreeofthreat,but it
managedto survivethesevere1986-1992droughtin smallnumbersandrebound
to pre-declinelevelsin 1993suggestingthatits recoverypotentialis fairly high.
Thesubsequentdeclinein 1994, adrywateryear,to anall-time low Fall
MidwaterTrawl Survey(FMWT) index(101.1),however,illustratesthehigh
degreeof threatthatneutralizesgainsin abundancethatresultfrom goodwater
years.

Description: Deltasmeltareslender-bodiedfish thattypically reach60-70
millimeters(2.4-2.8inches)standardlength(measuredfrom tip of the snoutto
origin ofthecaudalfin), althougha fewmayreach120 millimeters(5.1 inches)
standardlength. Themouthis small,with amaxilla thatdoesnot extendpastthe
midpointoftheeye. Theeyesarerelatively large,with the orbitwidth contained
approximately3.5-4timesin theheadlength. Small,pointedteetharepresenton
theupperandlowerjaws. Thefirst gill archhas27-33 gill rakersandthereare7
branchiostegalrays(pairedstructureson eitherside andbelowthejaw that
protectthegills). Countsofbranchiostegalraysareusedby taxonomiststo
identify fish.. Thepectoralfins reachlessthantwo-thirdsofthewayto thebases
ofthepelvic fins. Thereare9-10dorsalfin rays,8 pelvic fin rays,10-12pectoral
fin rays,and 15-17analfin rays. Thelateralline is incompleteandhas53-60
scalesalongit. Thereare4-5pyloric cacca.Live fish arenearlytranslucentand
haveasteely-bluesheento theirsides. Occasionallytheremaybeone
chromatophore(cellularorganellecontainingpigment)betweenthemandibles,
but usuallythereis none.

TaxonomicRelationships:Thetaxonomichistoryofthis speciesis detailedin
Moyle (1976). Thedeltasmeltwasfirst consideredto beapopulationofthe
widelydistributedpondsmelt,Hypomesusolidus. Hamada(1961)recognized
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pondsmeltanddeltasmeltasdifferent speciesandrenamedthepondsmeltH
sakhalinus,retainingthenameH olidusfor deltasmeltandwakasagi. McAllister
(1963)redescribeddeltasmeltasH transpac~ficus,butwith Japaneseand
Californiasubspecies,H t. nipponensisandH t. transpac~ficus,respectively.
Subsequentstudieshaveshownthatthetwo widely separatedsubspeciesshould
be recognizedasspecies,with deltasmeltbeing H transpac~ficusandthe
Japanesespecies(wakasagi)beingH ni~ponensis(Moyle 1980). Wakasagiwere
introducedinto Californiareservoirson theassumptionthat theywerethesame
species(H olidus)asthedeltasmelt(Moyle 1976). Electrophoreticstudieshave
demonstratedthatwakasagianddeltasmeltaregeneticallydistinctand
presumablyderivedfrom differentmarineancestors(Stanleyetal. 1993).
However,recentelectrophoreticstudiesandfield observationshaveindicatedthat
hybridizationhastakenplacebetweendeltasmeltandwakasagi.

Distribution: Deltasmeltareendemicto theupperSacramento-SanJoaquin
estuary(Figure 1.1). Theyoccurin theDeltaprimarily belowIsletonon the
SacramentoRiver, belowMossdaleon theSanJoaquinRiver, andin SuisunBay.
Theymoveinto freshwaterwhenspawning(rangingfrom Januaryto July) and
canoccurin: (1) theSacramentoRiverashigh asSacramento,(2) theMokelumne
Riversystem, (3) theCacheSloughregion,(4) theDelta,and, (5) theMontezuma
Sloughareaoftheestuary. Duringhighoutflow periods,theymaybe washed
into SanPabloBay, but theydo notestablishpermanentpopulationsthere. Since
1982,thecenterofdeltasmeltabundancehasbeenthenorthwesternDeltain the
channeloftheSacramentoRiver. However,highoutflows in thewinter of 1992-
93 alloweddeltasmeltto recolonizeSuisunBay in 1993 (D. Sweetnam,DFG,
unpublisheddata). Deltasmeltarecapturedseasonallyin SuisunMarsh.

Habitat Requirements: Deltasmeltareeuryhaline(a speciesthattoleratesa
wide rangeofsalinities)fishthat rarelyoccurin waterwith morethan 10-12parts
per thousandsalinity (about1/3 seawater). In recenthistory, theyhavebeenmost
abundantin shallowareaswhereearly springsalinitiesarearound2 partsper
thousand(3.0MilliSiemenspercentimeter)(Figure2.1). However,prior to the
1800’s beforetheconstructionof leveesthat createdtheDeltaIslands,a vast
fluvial marshexistedin theDeltaandthedeltasmeltprobablyrearedin these
upstreamareas.During therecentdrought(1987-92),deltasmeltwere
concentratedin deepareasin the lowerSacramentoRivernearEmmaton,where
averagesalinity rangedfrom 0.36to 3.6 partsperthousandfor muchoftheyear
(Figure2.1)(DWR 1994). During yearswith wet springs(suchas1993),delta
smeltmaycontinueto be abundantin SuisunBay duringsummerevenafterthe2
partsperthousandisohaline(an artificial line denotingchangesin salinity in a
bodyofwater)hasretreatedupstream(SweetnamandStevens1993). Fall
abundanceof deltasmelt is generallyhighestin yearswhensalinitiesof2 parts
per thousandarein theshallowsof SuisunBay during theprecedingspring(p <
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0.05 , r = 0.50)(Herbold 1994)(pis astatisticalabbreviationfor theprobabilityof
ananalysisshowingdifferencesbetweenvariables,r is a statisticalabbreviation
for thecorrelationcoefficient, ameasureofthe linearrelationshipoftwo
variables). Herbold(1994)founda significantrelationshipbetweennumberof
dayswhen2 partsperthousandwasin SuisunBay during April with subsequent
deltasmeltabundance(p <0.05,r = 0.49)(Figure2.2),but notedthat
autocorrelations(interactionsamongmeasurementsthatmakerelationships
betweenmeasurementsdifficult to understand)in time andspacereducethe
reliability of anyanalysisthatcomparespartsof yearsorsmall geographical
areas.It shouldalsobe notedthatthepoint in theestuarywherethe2 partsper
thousandisohalineis located(X2) doesnotnecessarilyregulatedeltasmelt
distributionin all years. In wetyears,whenabundancelevelsarehigh,their
distributionis normallyvery broad. In late 1993 andearly1994,deltasmeltwere
foundin SuisunBay regiondespitethefact thatX2 waslocatedfar upstream.In
this case,foodavailability mayhaveinfluenceddeltasmeltdistribution,as
evidencedby theEurytemorafoundin this areaby DFG. New studiesareunder
way to testthehypothesisthatadultfall abundanceis dependentupongeographic
distributionofjuveniledeltasmelt.

Wang(1986)reportedspawningtaking placein freshwaterat
temperaturesofabout7-15 degreesCelsius(44-59degreesFahrenheit).However,
ripe deltasmeltandrecentlyhatchedlarvaehavebeencollectedin recentyearsat
temperaturesof 15-22degreesCelsius(59-72degreesFahrenheit),so it is likely
thatspawningcantakeplaceover theentire7-22degreesCelsius(44-72degrees
Fahrenheit)range.Temperaturesthat areoptimalfor survival of embryosand
larvaehavenotyet beendetermined,althoughR. Mager,UCD, (unpublished
data)foundlow hatchingsuccessand embryosurvivalfrom spawnsofcaptive
fish collectedat highertemperatures.Deltasmeltofall sizesarefoundin the
mainchannelsof theDeltaandSuisunMarshandtheopenwatersof SuisunBay
wherethewatersarewell oxygenatedandtemperaturesrelativelycool, usually
lessthan20-22degreesCelsius(68-72degreesFahrenheit)in summer.Whennot
spawning,theytendto be concentratednearthezonewhereincoming saltwater
andout flowing freshwatermix (mixing zone). Thisareahasthehighestprimary
productivityandis wherezooplanktonpopulations(onwhichdeltasmelt feed)are
usuallymostdense(KnutsonandOrsi 1983;Orsi andMecum 1986).

Life History: Deltasmelt inhabit open,surfacewatersof theDeltaandSuisun
Bay, wheretheypresumablyschool. SpawningtakesplacebetweenJanuaryand
July, asinferredfrom larvaecollectedduringthis period(Wang 1986;Sweetnam
andStevens1993;D. Sweetnam,DFG, unpublisheddata). Timing and lengthof
thespawningseasonmayvary (Figure2.3). Spawningusuallytakesplacefrom
late Marchthroughmid-May in low outflow years. Spawningpulseshavenot
beendetected(WangandBrown 1993).
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Mostspawningoccursin sloughsandshallowedge-watersofchannelsin
the upperDelta including (1) Barker,(2) Lindsey,(3) Cache,(4) Georgiana,(5)
Prospect,(6) Beaver,(7) Hog, and (7) Sycamoresloughs,and in theSacramento
River aboveRio Vista. It hasalsobeenrecordedin MontezumaSloughnear
SuisunBay (Wang 1986)andalsomayoccurin SuisunSloughin SuisunMarsh
(P. Moyle, UCD, unpublisheddata). In theSanJoaquinRiver, samplingoflarval
deltasmeltindicatespawningnear(1) BradfordIsland includingFisherman’sCut,
(2)FalseRiveralongtheshorezonebetweenFrank’sandWebbtract, and
possiblyotherareas(Wang 1991).

Laboratoryobservationshaveindicatedthat deltasmelt arebroadcast
spawners(DWR andReclamation1994)andeggsaredemersal(sinksto the
bottom)andadhesive,sticking to hardsubstratessuchas: rock, gravel,treeroots
orsubmergedbranches,andsubmergedvegetation(Moyle 1976; Wang 1986). At
14-16degreesCelsius(57-61degreesFahrenheit), embryonicdevelopmentto
hatchingtakes9 -14daysandfeedingbegins4-5dayslater (R. Mager,UCD,
unpublisheddata).

Newly hatcheddeltasmelthavea largeoil globule that makesthemsemi-
buoyant,allowing themto maintainthemselvesjust off thebottom(R. Mager,
UCD, unpublisheddata),wheretheyfeedon rotifers(microscopiccrustaceans
usedby fish for food)andothermicroscopicprey. Oncetheswimbladder(agas-
filled organthat allows fish to maintainneutralbuoyancy)develops,larvae
becomemorebuoyantandrise up higherinto thewatercolumn. At thisstage,16-
18 millimeters(.6-.7 inch)total length,mostarepresumablywasheddownstream
until theyreachthemixing zoneortheareaimmediatelyupstreamofit.

Growth is rapidandjuvenilefish are40-50millimeters (1.6-2inches)long
by earlyAugust(Erkkila etal. 1950;Ganssle1966;Radtke1966). By this time,
young-of-yearfish dominatetrawl catchesof deltasmelt,andadultsbecomerare.
Deltasmelt reach55-70millimeters (2.2-2.8inches)standardlengthin 7-9
months(Moyle 1976). Growthduring thenext3 monthsslowsdown
considerably(only 3-9millimeters [.1-.4inch] total), presumablybecausemostof
theenergyingestedis beingdirectedtowardsgonadaldevelopment(Erkkila et al.
1950; Radtke1966). Thereis no correlationbetweensizeand fecundity,and
femalesbetween59-70millimeters (2.3-2.8inches)standardlength lay 1,200to
2,600eggs(Moyle etal. 1992). Theabruptchangefrom a single-age,adult
cohortduringspawningin springto apopulationdominatedby juvenilesin
summersuggestsstronglythatmostadultsdie aftertheyspawn(Radtke1966).

In anear-annualfish like deltasmelt,astrongrelationshipwould be
expectedbetweennumberofspawnerspresentin oneyearandnumberofrecruits
to thepopulationthefollowing year. Instead,thestock-recruitrelationshipfor
deltasmelt is weak, accountingfor aboutaquarterof thevariability in recruitment
(SweetnamandStevens1993). This relationshipdoesindicate,however,that
factorsaffectingnumbersofspawningadults(e.g.,entrainment,toxics,predation)
canhaveaneffect on deltasmeltnumbersthefollowing year.
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Delta smelt feedprimarily on (1) planktonic copepods(small crustaceans
usedby fish for food), (2) cladocerans(small crustaceansusedby fish for food),
(3) amphipods(small crustaceansusedby fish for food) and, to a lesserextent,(4)
on insectlarvae. Largerfish mayalsofeedon theopossumshrimp,Neomysis
mercedis.Themostimportantfoodorganismfor all sizesseemsto bethe
euryhalinecopepod,Eurytemoraaffinis,althoughin recentyearstheexotic
species,Pseudodiaptomusforbesi,hasbecomeamajorpartofthediet (Moyle et
al. 1992). Deltasmeltare aminor prey itemofjuvenileandsubadultstripedbass,
Moronesaxatilis,in theSacramento-SanJoaquinDelta(Stevens1966). Theyalso
havebeenreportedfrom thestomachcontentsofwhite catfish,Ameiuruscatus,
(Turner 1966 in TurnerandKelley (eds)1966)andblackcrappie,Pomoxis
nigromaculatus,(Turner1966 in TurnerandKelley 1966)in theDelta.

Abundance: Delta smelt were onceoneofthemostcommonpelagic(living in
openwaterawayfromthebottom) fish in theupperSacramento-SanJoaquin
estuary,asindicatedby its abundancein DFGtrawl catches(Erkkila etal. 1950;
Radtke1966;StevensandMiller 1983). Deltasmeltabundancefrom yearto year
hasfluctuatedgreatly in thepast,butbetween1982and1992theirpopulationwas
consistentlylow. Thedeclinebecameprecipitousin 1982and 1983due to
extremelyhighoutflows andcontinuedthroughthedroughtyears1987-1992
(Moyle et al. 1992). In 1993, numbersincreasedconsiderably,apparentlyin
responseto awet winter andspring. During theperiod1982-1992,mostofthe
populationwasconfinedto theSacramentoRiver channelbetweenCollinsville
andRio Vista (D. Sweetnam,DFG unpublisheddata). Thiswasstill anareaof
high abundancein 1993,but deltasmeltwerealsoabundantin SuisunBay. The
actualsizeofthedeltasmeltpopulationis not known. Stevensetal. (1990)
estimatedthepopulationsizeto be about280,000,but theyrecognizedthat this
valueis basedon atenuousrelationshipbetweendeltasmeltnumbersand
numbersof youngstripedbass,andis imperfect. However,thepelagiclife style
ofdeltasmelt,shortlife span,spawninghabits,andrelatively low fecundity
indicatethata fairly substantialpopulationprobablyis necessaryto keepthe
speciesfrom becomingextinct.

Reasonsfor decline: Thecausesof thedeclineof deltasmeltaremultiple and
synergistic,but seemto be in thefollowing orderof importance:

1. Reductionin outflows

.

Increasedupstreamstorageanddiversionof waterfrom theSacramento
andSanJoaquinRiversandtributaries,particularly in combinationwith dry years,
hasreducedfreshwateravailableto flushthroughtheestuary(Figure2.4). Snow
fall is alsoreducedin dry years. Increaseddiversionswhensnowmelt is low
resultsin reductionofbothtotal outflow andhigh springoutflows,which are
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importantto spawningfish. Diversionsalsocreatereverseflows in the lower San
JoaquinRiver, makingdeltasmeltmorevulnerableto entrainment(see#2 in this
section). For fishesandmostotherDeltaorganisms,moderatelyhigh spring
outflows areimportantbecausetheymovefish downstreamto shallowwaterareas
in SuisunBay,distant from southDeltadiversions. This shallowwaterhabitat
encouragesproductionofphytoplankton,zooplankton,andthuslarval fish have
becomeadaptedto rearhere. SuisunBay is broadandshallowandnutrientsand
algaearelocatedin sunlit waters,allowing algaeto growandreproducerapidly
(ArthurandBall 1978;Cloern 1979). This providesfood for zooplankton,which
arefood forplankton-feedingfish suchasdeltasmeltandtheirlarvae. Low
outflows maintainfish larvaeandjuvenilesin thedeep,narrowchannelsofthe
DeltaandSacramentoRiver whereproductivityofphytoplanktonis lower
becausemuchofthewateris beyondthereachofsunlight. Presumably,if the
foodsupply is inadequate,fish eitherstarveto deathorhaveincreasedmortality
from predation,asaresultof slowergrowthrates. Recentstudies(November18,
1994)havedemonstratedthatdeltasmeltadultssampledin upstreamareashavea
lower conditionfactorthanadultssampledfrom areasin SuisunBay.

Strongstatisticalrelationshipsbetweenoutflow andabundancesofstriped
bass,Americanshad,chinooksalmon,longfin smelt,splittail weredemonstrated
by Stevens(1977),DanielsandMoyle (1980),andStevensandMiller (1983).
StevensandMiller (1983) failed to find this samerelationshipfor deltasmelt.
Nevertheless,thereis arelationshipbetweenoutflows and deltasmeltabundance
(Figure2.5). Moyle andHerbold(1989)foundthatlowestdeltasmeltnumbers
occurredeitherin yearsoflow or extremelyhigh outflow, but therewasno
outflow-abundancerelationshipat intermediateoutflows.

2. Entrainmentlossesto waterdiversions

.

This factoris closelytied to thefirst factorbecauseasdiversionsincrease
in drieryears,thereis lessfreshwateravailableto transportlarval andjuvenile
fish to SuisunBay. Wateris pumpedoutofthesystemthroughnumeroussmall
diversionsfor Deltafarmsand largediversionsof theFederalCentralValley
Project(CVP) andStateWaterProject(SWP). Wateris alsopumpedthrough
powerplantsfor cooling westoftheDelta. Recentanalysesby theCalifornia
DepartmentofFishandGame(DFG) (1987a; 1992WRINT-Exhibit 2 and3)
indicatethatentrainmentofyoungfish in thesediversionshasbeenamajorcause
oftheongoingdeclineofstripedbass. It is likely that thisentrainmentlossis also
amajorfactoraffectingdeltasmeltpopulations,asdeltasmeltareecologically
similar to larval andjuvenile stripedbass.

Largenumbersof youngdeltasmeltareentrainedat CVP andSWPplants
in a mannersimilar to youngstripedbass.Effortsaremadeto rescuefish being
entrainedat CVP andSWPplantsby trappingthemandtruckingthembackto the
Delta. Theeffectivenessofthisprocedurehasnotbeenwell evaluated,but it is
unlikely thatmanydeltasmelt survivethehandling. Experiencein capturingand
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handlingthefishesoftheestuaryindicatesthatdeltasmeltareeasilystressedand
probablydie from handling(P. Moyle, UCD, unpublisheddata). Although it is
likely thatlossesofdeltasmeltto entrainmentareimportant(especiallyin dry
years),analysesby DWRandDFG havefailed to find asignificantrelationship
betweensalvageandsubsequentabundanceof deltasmelt ( DWR and
Reclamation1993).

WhenCVP andSWPpumpsareoperating,deltasmeltarealsomore
vulnerableto hundredsof siphonsandpumpsthroughouttheDeltathat irrigate
Deltaislands. Larvaeare concentratedin theriver channelsmakingthemmore
likely to beentrainedin majorandminordiversions. High exportpumpingin dry
yearschangesthehydraulicsoftheDeltaandsmall fish areshiftedupstreamto
Deltachannelsratherthanin SuisunBay wheretheyarerelatively immuneto
entrainment.Studiesare currentlybeingconductedto quantifylossesofdelta
smeltandotherfishesto thesediversions. Somedeltasmelthavebeencaptured
in agriculturaldiversionsduringthestudies,but it appearsthat season,location
andsizeofthediversionaremajorfactorsaffectingentrainmentofdeltasmelt
(DWR andReclamation1993).

Anothermajordiversionwithin thehabitatofdeltasmelt is thepower
generationfacilitiesoperatedby Pacific GasandElectricCompanywestofthe
Delta,nearPittsburg. Thesefacilities entrainlargenumbersofdeltasmelt
juvenilesand larvae. Although larvaeentrainedin cooling systemsarenot
necessarilylost, andsomefish ofotherspeciesmaysurvive,effectson delta
smelt,arelativelydelicatespecies,aremostlyunknown. However,preliminary
studiesindicatethat 100 percentmortality of deltasmelt takesplaceat current
cooling tower temperatures(T. Swanson,UCD, personalcommunication).

Severalmillion larval andjuveniledeltasmeltareestimatedaslost in
State,Federal,agriculturalandcooling diversionseachyear. Impactsof these
diversionscontributedto declineofdeltasmeltand limit potentialfor full
recoveryofthespecies.

3. High outflows

.

Yearsofmajordeltasmeltdeclinehavebeencharacterizednot only by
unusuallydry yearswith exceptionallylow outflows (1987-1991)butalsoby
unusuallywetyearswith exceptionallyhigh outflows (1982,1986). High
outflows presumablyflush deltasmeltout ofthesystemalongwith muchof the
zooplankton. Thismeansthatnotonly is potentialspawningstockofdeltasmelt
reduced,but its foodsupplyaswell. Furthermore,depletionofestablished
populationsofinvertebratesandfish mayhavemadeit easierfor exoticspeciesof
copepods,clams,andfish to colonizetheestuary(see#4),whichmaybe
detrimentalto deltasmelt.

4. Changesin ~ ornanisms

.

In recentyears,threeexoticcopepods(Sinocalanusdoerrii andtwo

21



speciesofthegenusPseudodiaptomus)haveinvadedtheestuaryand increasedin
numberswhile thedominantnativeeuryhalinecopepod,Eurytemoraaffinis, has
declined. Whetherornot this is causedby competitionbetweennativeand
introducedspecies,by selectivepredationon thenative copepod,or by changesin
estuarmneconditionsthatfavor the introducedspeciesis notknown. DFG (1 987a)
studiesshowthat larval stripedbassdo not feedon£ doerrii asmuchastheir
abundancewould indicate. Apparently,S. doerrii canswim fasterandtherefore
avoidpredationmoreeasilythanE. affinis (MengandOrsi 1991). Feedingby
deltasmeltlarvaeprobablyis affectedin wayssimilar to thatof stripedbass
larvaeby thischangein zooplanktonspecies,sodecreasedabundanceofnative
copepodsmayincreasethe likelihood oflarval starvation. However,juvenileand
adultdeltasmeltcanapparentlyswitchto Pseudodiaptomusforbesiand attain
similar levelsof fullness(Moyle et al. 1992)

Anotherpotentialindirectcauseoflarval starvationis therecentinvasion
(1986-87)oftheeuryhalineclam,Potamocorbulaamurensis,which is now
abundantin SuisunBay. This clamhasreducedphytoplanktonpopulationsin the
baywith its high filtration ratesanddensepopulations.This clamhasobviously
not beenresponsiblefor deltasmeltdeclines,whichbeganbeforeinvasionof the
clam,but it mayhelpkeepdeltasmeltpopulationsat low levelsby reducing
availability ofzooplanktonfor larvae.

Yet anothercomplicatingfactoris therise in abundanceof thediatom
Melosira,at sometimes to thepoint whereit is themostabundantspeciesof
phytoplankton.This diatomgrowsin long chainsandis very difficult for
zooplanktonto grazeon; thusthechangein compositionandabundanceof
zooplanktonmayalsobetied to theincreasedimportanceof this diatom. The
causesof increasein Melosiraarenot known,butmaybe relatedto anincreasein
waterclarity in recentyears.

5. Toxic substances

.

Thewatersoftheestuaryreceiveavarietyoftoxic substances,including
agriculturalpesticides,heavymetals,andotherproductsofurbanizedsociety.
Theeffectsof thesetoxic compoundson larval fishesandtheirfood supplyare
poorly known,but thereis growingevidencethatlarval stripedbassaresuffering
direct mortality oradditional stressfrom low concentrationsof toxic substances
(Bennettet al. 1990). Thereis alsoevidencethatplanktonicorganismsupon
which deltasmelt feedmaybe depletedon occasionby briefaperiodicflushingof
high concentrationsof pesticides(e.g.,carbofuran)throughthesystem(H. Bailey,
UCD, personalcommunication).It is notknownif thesesubstancesalso are
affectingdeltasmelt.

6. i~I~as~acompetition.andpredation

.

Thereis no evidencethat disease,competition,or predationhascaused
deltasmeltpopulationsto decline,despitetheabundanceofintroducedspeciesin
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theestuary.However,diseasesandparasitesof deltasmelthaveneverbeen
studied. Theeffectsof predationby fishessuchasintroducedstripedbassor
competitionfrom introducedplanktivores(fishthat eatplankton)suchas
threadfinshad,Dorosomapetenense,andinland silverside,Menidiaberyllina,
likewisehavenotbeenstudied. Althoughdeltasmelthasmanagedto coexistwith
thesespeciesin thepast,it is quitepossiblethatat low populationlevels
interactionswith themcouldpreventrecovery. In particular,inlandsilversidesare
usuallycollectedin areaswheredeltasmeltmayspawnandtheycouldbemajor
predatorson eggsand larvae. Recently(since1988),chameleongobies,
Tridentigertrigonocephalus,haveincreaseddramaticallyin theDelta. Adults of
this speciesand yellowfin goby,Acanthogobiusfiavimanus,maypreyon delta
smelteggsandlarvaeandinterferewith recoveryof thespecies.However,
populationsofmanyotherfish species,including stripedbass,appearto be
depressedin theupperestuary(Moyle et al. 1985; Stevensetal. 1985; Herbold
et al. 1992),soafactor affectingjust onespeciesis likely to be a secondarycause
ofdeclineatbest.

In pastyears,effortsto enhancestripedbasspopulationsby plantinglarge
numbersofjuvenilesfrom hatcheriescouldhavehadanegativeeffecton other
pelagicfishesin theestuaryoncebasshavereacheda sizewherepredationbegins
on thesefish. Theenhancedpredatorpopulations,withouta concomitant
enhancementof preypopulationssuchasdeltasmelt,mayhaveresultedin
excessivepredationpressureon prey species.In 1992,plantingofjuvenilestriped
basswashaltedindefinitely by DFG becauseof potentialeffectsofpredationon
juvenilewinter-runchinooksalmon.

Most ofthespeciesthat inhabittheDeltaarenon-native,including fishes
that feedon zooplanktonduringsomelife stage.Thesefisheswereintroduced
overa long-timeperiodandhaveestablishedthemselveswith varyingdegreesof
success.Thereis no evidence,however,that competitionfor foodor spacewith
otheraquaticorganismshasaffecteddeltasmeltpopulations.Because
productivity in theSacramento-SanJoaquinestuaryis relatively low comparedto
otherestuaries,food limitation in theestuarymaycontributeto competition
amongspecies,butevidenceofthisphenomenonhasnot beendocumented.

7. Loss~fgeneticintegrity

.

Wakasagi,orJapanesepondsmelt,were introducedsuccessfullyinto
reservoirsin theSacramentodrainageandsubsequentlyhavebeencollectedfrom
downstreamareas.Wakasagiarepresentin FolsomReservoirandalsohavebeen
collectedin theAmericanRiver (L. Brown andP. Moyle, UCD, unpublished
data)andtheDelta(SWP,unpublisheddata). It hasbeenrecentlyprovenin the
field andthroughelectrophoresisthatwakasagicanhybridizewith deltasmelt.

Reasonsfor listing: The reasonsfor listing a speciesasthreatenedorendangered
fall into five categories,accordingto theAct: “(A) thepresent,or threatened,
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destruction,modification,orcurtailmentof its habitator range,(B) over-
utilization for commercial,recreational,oreducationalpurposes,(C) diseaseor
predation,(D) inadequacyofexisting regulatorymechanisms,or (E) othernatural
or manmadefactorsaffectingits continuedexistence.”All thesefactorsapply,
exceptover-utilization(deltasmeltarenotharvested).

Modification of habitat is thebiggestsinglereasonfor listing because
boththe DeltaandSuisunMarshhavebeenalteredby reductionsin outflows
causedby increaseddiversionofin flowing freshwater(Section1, above). Water
diversionsalsoresultin entrainmentlosses(Section2, above).Diseaseor
predation, in contrast, are at bestminor causesofthe listing (Section 6, above).
Other natural or manmadefactors that affect its continued existenceinclude
exceptionallyhighoutflows (Section3), changesin foodorganisms(Section4),
toxic substances(Section5) andlossofgeneticintegrity (Section7). Because
deltasmeltprefershallowwater(Moyle etal. 1992)anduseshallow,vegetated
habitatfor spawning,thedecreasein fresh-andbrackish-waterfloodable
marshlandsin recentdecadesprobablyalsocontributedto thegeneraldecline.

Inadequacy ofexisting regulatory mechanismsis a factor that
contributesto all oftheabovedirectthreatsto continuedexistenceof deltasmelt.
TheStateagencywith themostability to regulatetheestuarineenvironmentis the
SWRCB,whichhasconsistentlysetstandardsthat fail to protectdeltasmeltand
otherdeltaorganisms.Therecenthistoryofthis regulatoryinadequacyis as
follows:

1978. SWRCBadoptedDecision1485,which setcomprehensivewaterquality
standardsfor theDelta,eventhoughtheServicestatedthatthis would resultin
maintainingfish and wildlife ata “degradedlevel.” Theprincipalmeasureof
successofthestandardswasanindexofstripedbassabundance(minimumSBI =

79).

1980.USEPAapprovedtheD-1485 standardsontheconditionthat SWRCB
adoptsadditionalstandardsasnecessaryto protecttheestuary,underits
obligationsthroughthe CleanWaterAct.

1981.In thefirst triennial reviewof thewaterquality standards,USEPAurged
SWRCBto revisethestandards“to protecttheDeltafishery.” SWRCBdid notdo
so.

1985.In thesecondtriennialreviewof thewaterquality standards,USEPAagain
expressedconcernaboutthe inadequacyof SWRCBstandards.The SWRCB
agreedthestandardsareinadequatebut failed to adoptnewones.TheSBI
droppedto arecordlow (6.3 in 1985).
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1986.The StateCourt ofAppealsin SanFranciscoaffirmedSWRCBsobligation
to protectfish andwildlife resourcesoftheestuary,amongotherfindingsrelating
to theBoard’sregulatoryobligations.

1987.USEPA indicatedit couldno longerapproveoftheSWRCB’sD-1485
standardsbutagreedto takeno actionuntil hearingsonnewstandardswere
completed.During thehearings,testimonywasgiventhatthedeltasmelt is in
seriousdecline.

1988.SWRCBissuednewdraftstandardsthat would substantiallyimprove
conditionsin theestuary.

1989.Thedraft standardswerewithdrawnby SWRCB.This wasthethird yearof
droughtandyetthe StateWaterProjectpumpedrecordamountsofwaterthrough
theDelta. TheStateFishandGameCommissionrefusedto list thedeltasmeltas
athreatenedspecies,despitetherecommendationof theDepartmentofFishand
Gamethattheyshoulddo so.

1991.SWRCBadoptsawaterquality controlplanthat doesnotprovide for
critical salinity orflow protections.USEPAdisapprovedoftheplan in that it did
notprovideadequateprotectionof theestuary.

1992.SWRCBheldanotherseriesof hearingsandreleaseddraft Decision1630
thatpresentedinterimwaterquality standards.While D-1630offeredsubstantial
improvementsin environmentalqualityabovetheD-1485 standards,USEPA
indicatedtheproposedstandardswere still inadequate.

1993. SWRCBwithdrawsD-1630. EPA issuesits ownproposedstandardsafter
threatenedwith a lawsuit from 16 environmentalgroupsfor not complyingwith
theCleanWaterAct.

1994. Bay-DeltaAccord andassociatedwaterquality controlplan (WQCP)is
signedby the federalagenciesknownasCLUB FED, theStateof California, a
consortiumof urbanandagriculturalgroupsknownasCUWA-AG, andtwo
environmentalgroups. This accordhasalifespanof threeyears,andits water
quality andflow elementswereimplementedonly by theCVP andSWP,thus
limiting themagnitudeandgeographicareaeffected.

1995.TheSWRCBadoptstheWQCPbut theburdenof implementationstill rests
solelyon theCVP and SWP. Thismeansthatcompliancewith Deltaoutflow and
pulseflow requirementsare notdistributed to all waterrights holderson theSan
Joaquintributariesor othereastsidestreams.Thus, instreamflows andwater
quality beneficial to ecosystemson thesetributariesandstreamsarenotprovided.
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In addition to this extendedseriesof interactions by SWRCB and USEPA,
otherregulatoryfailureswerealsoevident.New speciesoforganismscontinued
to invadetheestuary,introducedfrom theunregulateddumpingofballastwater
by ships.Toxiccompoundscontinuedto enterestuarinefoodwebs,resultingin
probablemortalitiesto fish larvaeandsmall crustaceansandresultingin health
warningsaboutconsumptionoffish from theestuary.

Conservationmeasures: The SWRCB recognizedtheneed for more outflows to
protectnativefishesandother “public trustresources”in theirproposedDecision
1630,whichrecommendedincreasedoutflows andavarietyof othermeasuresto
protectfish. Thedecisionwasnot implementedbecauseof thecontroversial
natureoftheproposedactions,notbecausefisheriesdeclineswere widely
disputed.TheBay-DeltaOversightCommitteewasappointedby GovernorPete
Wilson to developalternativesolutionsto theproblemofdecliningfish
populations. FollowingtheDecember15, 1994signingoftheBay-DeltaAccord,
thefollowing actionstookplacethat implementedbeneficial fisheriesactions:(1)
theServiceissuedabiological opinionon effectsof theCVP andSWPondelta
smeltthatusedprovisionsoftheAccord aspartoftheprojectdescription;(2)
NMFS issuedasimilaropinion for winter-runchinooksalmon; (3) SWRCB
issuedaWQCPthatcontainedwaterquality standardscontainedwithin the
Accord;and, (4) aCategoryIII Working Groupwasestablishedto developan
MemorandumOfUnderstandingbetweenvariousfederalagencies,waterusers,
andenvironmentalgroupsto spendup to $60 million annuallyfor threeyearsto
implementnon-flowmeasuresto benefitDeltafish. Thesestandardscontain
provisionsfor outflows, transportflows, andpulseflows to protectnativefishes.
Recommendedactions,suchasreducedpumpingby theCVP and SWPand
screeningofdiversions,shouldalsobe beneficialto deltasmeltandothernative
species.However,allocationof responsibilityfor providingtheseflows from all
of theSacramento-SanJoaquinriver tributarieshasnotbeendoneand so some
fisheriesbenefitson thesetributarieshavenotbeenrealized.

TheCentralValley ProjectImprovementAct (CVPIA) of 1992makes
protectionof fish oneofthegoalsoftheCVP anddedicatespartoftheproject’s
waterto conservation;presumablysomeof this waterwill be usedto enhance
conditionsin the estuaryfor deltasmeltandothernativefishes.

Table2.1Aand2.lB list Federalactionsthatwill affect deltasmelt.
Section7(a)(2)of theAct, asamended,requiresFederalagenciesto consultwith
the Serviceor theNationalMarineFisheriesService(NMFS) on thepotential
adverseeffectsofprojectson listedspecies.Section10(a)oftheAct requires
Stateandprivateentitiesproposingprojectsthatmaytakealisted speciesto
providea ConservationPlanthat minimizesincidentaltake. “Take” is definedas
anyactionthatmayharass,harm,pursue,hunt,shoot,wound,kill, trap,capture,
orcollect,orattemptto engagein any suchconductwith a listed species.
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On January 6, 1994, Serviceproposeddesignationofcritical habitat of
deltasmelt to includeall of SuisunBay andtheDelta(Figure2.6), andcritical
habitatwasdesignatedon December19, 1994. Thedesignationof critical habitat
requiresanalysisandpossiblemodificationsofall habitat-alteringactivitiestaking
placewithin theregion.Theofficial descriptionreadsasfollows:

“Areasofall waterandall submergedlandsbelowordinaryhighwaterand
theentirewatercolumnboundedby andcontainedin SuisunBay (including the
contiguousGrizzly andHonkerBays);the lengthofMontezumaSloughandthe
existingcontiguouswaterscontainedwithin theDelta,asdefinedby section
12220,ofthe StateofCalifornia’s WaterCode(acomplexofbays,dead-end
sloughs,channelstypically lessthan4 meters(13 feet)deep,marshlands,etc.as
follows:

Boundedby a line beginningattheCarquinezBridge,whichcrosses
CarquinezStrait, thencenortheasterlyalongthewesternandnorthernshorelineof
SuisunBay, includingGoodyear,Suisun,Cutoff, First Mallard (SpringBranch),
andMontezumasloughs;thenceupstreamto theintersectionofMontezuma
slough with thewesternboundaryoftheDeltaasdelineatedin Section12220 of
theStateof California’s WaterCodeof 1969;thencefollowing aboundaryand
including all contiguouswaterbodiescontainedwithin thestatutorydefinition of
theDelta,to its intersectionwith the SanJoaquinRiver at its confluencewith
SuisunBay; thencewesterlyalongthesouth shoreof SuisunBayto the Carquinez
Bridge.”

Theprimaryconstituentelementsessentialto theconservationof the
deltasmelt arephysicalhabitat,water,river flow, andsalinity concentrations
requiredto maintaindeltasmelthabitatfor spawning,larval andjuvenile
transport,rearing,andadult migration.

Theprimaryconstituentelementsfor thedeltasmeltare:

(1) Spawninghabitat - Deltasmeltadultsseekshallow,freshorslightly brackish
backwatersloughsand edgewatersfor spawning.To ensureegghatchingand
larvalviability, spawningareasalsomustprovidesuitablewaterquality (i.e., low
concentrationsof pollutants)andsubstratesfor eggattachment(e.g., submerged
treerootsandbranchesandemersedand submersedvegetation).Specificareas
thathavebeenidentified asimportantdeltasmeltspawninghabitatinclude
Barker,Lindsey,Cache,Prospect,Georgiana,Beaver,Hog,andSycamore
Sloughs,andtheSacramentoRiver in theDelta,andtributariesofnorthernSuisun
Bay. Thespawningseasonvariesfrom yearto yearandmaystartasearlyas
Decemberandextenduntil July.

(2) Larval and]uveniletransport- To ensurethatdeltasmelt larvaeare
transportedfrom theareawheretheyarehatchedto shallow,productiverearingor
nurseryhabitat,theSacramentoand SanJoaquinRiversandtheirtributary
channelsmustbe protectedfrom physicaldisturbance(e.g., sandand gravel
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mining, diking, dredging,andleveeorbankprotectionandmaintenance)andflow
disruption(e.g, waterdiversionsthatresultin entrainmentandin-channelbarriers
ortidal gates).Adequateriver flow is necessaryto transportlarvaefrom upstream
spawningareasto rearinghabitatin SuisunBay. Additionally, river flow mustbe
adequateto preventinterceptionoflarval transportby theFederalandStatewater
projectsandsmalleragriculturaldiversionsin theDelta.

(3) Rearinghabitat - Maintenanceof the2 partsperthousandisohalineaccording
to thehistoricalsalinity conditionsdescribedaboveandsuitablewaterquality
(low concentrationsof pollutants)within theEstuaryis necessaryto providedelta
smeltlarvaeandjuvenilesa shallow,protective,food-richenvironmentin which
to protectlarval,juvenile,andadult deltasmelt from entrainmentin theFederal
andStatewaterprojects.Protectionof rearinghabitatconditionsmaybe required
from thebeginningof Februarythroughthe summer.

(4)Adultmigration - Adult deltasmeltmustbe providedunrestrictedaccessto
suitablespawninghabitatin aperiodthatmayextendfrom Decemberto July.
Adequateflow andsuitablewaterqualitymayneedto be maintainedto attract
migratingadultsin theSacramentoandSanJoaquinRiver channelsandtheir
associatedtributaries. Theseareasshouldbe protectedfrom physicaldisturbance
andflow disruptionduringmigratoryperiods.

As aback-upmeasure,deltasmelt culturetechniquesandfacilitiesare
beingdeveloped.Initial efforts to breeddeltasmelt in captivity havebeen
successful,althoughrearingbeyondthelarval stagesofar hasnotbeenpossible
(R. Mager, UCD, unpublisheddata). However,if hatcherypropagationis to be
successful,fish mustbe releasedinto an environmentthatprovidesamplefood,
low levelsoftoxic compounds,and low entrainmentlosses.

Ongoingresearchon deltasmelt includesstudiesof(1) distribution,(2)
abundance,(3) spawninghabits,(4) cohortanalysis,(5) effectsoftoxics, (6)
screeningcriteria,and,(7) predation. Researchersaredevelopingproceduresfor
separatingdelta,longfin andwakasagismelt, including taxonomickeysand
electrophoreticwork. Work is beingdoneon lossesof deltasmelt to diversions,
screeningcriteria,andon improving fish handlingatwaterprojectdiversions.
Swimmingtestsdoneon deltasmelt indicatethat28 percentdo notshow
rheotaxicor currentorientingbehavior(Swansonet al. 1994). Delta smelt
orientingto currentsshowedsustainedswimmingspeedsfor 10 minutesofgreater
than 1.2 feetpersecondto lessthan0.5 feetper second.Small deltasmeltswam
fasterthanlargerfish. Onaverage,deltasmeltcanswim approximately0.33 feet
persecondfor 10 minutes. Deltasmeltcansustainswimmingfor a leastsix hours
at velocitiesof0.33 feetper second.Deltasmelt swim with an intermittent
tailbeator “strokeandglide” swimming. As deltasmelt areforcedto swim faster,
bothtailbeatfrequencyandthenumberoftailbeatsperglideseemto increase
until fish areforcedto strokecontinuously. The“transitionspeed”between

28



“strokeand glide” swimmingand continuousstroking,appearsstressfulto fish,
occursat 0.5 feetpersecondfor 20- to 30-millimeter (.8-to 1.2-inch)juveniles,
and0.2 to 0.33 feetpersecondfor 60- to 100-millimeter(2.4-to 3.9-inch)adults,
andmayresultin impingement.Modelsarebeingdevelopedofdeltasmelt
populationdynamicsandpersistence.Investigationsarebeingconductedondelta
smeltreproductivecycle,gametogenesisandenvironmentaltoleranceto changes
in salinity, temperatureandflow.

RECOVERY

RevoveryObjective

Theobjectiveof thispartoftheDeltaNativeFishesRecoveryPlanis to
removedeltasmelt from theFederallist ofthreatenedspeciesthroughrestoration
ofits abundanceanddistribution. Recoveryofdeltasmeltshouldnot beat the
expenseof othernativefishes. Thebasicstrategyfor recoveryis to managethe
estuaryin suchaway thatit is abetterhabitatfor nativefish in generalanddelta
smelt in particular. Improvedhabitatwill allowdeltasmeltto bewidely
distributedthroughouttheDeltaand SuisunBay, recognizingthat areasof
abundancechangewith season.Recoveryof deltasmeltwill consistoftwo
phases,restorationanddelisting. Separaterestorationanddelisting periodswere
identifiedbecauseit is possiblethatrestorationcriteriacanbemet fairly quickly
in theabsenceofconsecutiveextremeoutflow years(i.e., extremelywetordry
years). However,withoutthepopulationbeingtestedby extremeoutflows there
is no assuranceoflong-termsurvival for thespecies.Thus, restorationis defined
asa returnofthepopulationto pre-declinelevels,but delistingis not
recommendeduntil thepopulationhasbeentestedby extremeoutflows. Delta
smeltwill be consideredrestoredwhenits populationdynamicsanddistribution
patternwithin theestuaryaresimilar to thosethatexistedin the 1967-1981
period. This periodwas chosenbecauseit includestheearliestcontinuousdataon
deltasmeltabundancesandwasaperiodin whichpopulationsstayedreasonably
highin mostyears(seebelowfor amoredetailedjustification). Thespecieswill
beconsideredrecoveredandqualify for delistingwhenit goesthroughafive-year
periodthatincludestwo sequentialyearsofextremeoutflows,oneof whichmust
be dry orcritically dry. Deltasmeltwill be consideredfor delistingwhenthe
speciesmeetsrecoverycriteriaunderstressorconditionscomparableto thosethat
led to listing andmechanismsarein placethat insurethe species’continued
existence.

RecoveryCriteria

Restorationofdeltasmelt shouldbe assessedwhenthespeciessatisfies
distributionaland abundancecriteria. Distributionalcriteriainclude: (1) catches
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ofdeltasmeltin all zones2 ofS consecutiveyears,(2) in at leasttwo zonesin 1 of
theremaining3 years,and,(3) in at leastonezonefor theremaining2 years.
Abundancecriteriaare:deltasmeltnumbersortotal catchmustequalor exceed
239 for 2 outof 5 yearsandnot fall below 84 for morethantwo yearsin a row.
Distributionalandabundancecriteriacanbe metin differentyears. If abundance
anddistributionalcriteriaaremet fora five-yearperiodthespecieswill be
consideredrestored.Deltasmeltwill meettheremainingrecoverycriteriaandbe
consideredfor delistingwhenabundanceanddistributionalcriteriaaremetfor a
five-yearperiodthat includestwo successiveextremeoutflow years,with one
yeardry orcritical. Delisting is contingenton theplacementof legal mechanisms
andinteragencyagreementsto managethe CVP, SWP,andotherwaterusersto
meetthesecriteria. Both criteriadependon datacollectedby DFG duringthe
FMWT, during Septemberand October.

Justification for usingFMWT numbers: The FMWT coversthe entire range of
deltasmeltdistributionandprovidesoneofthetwo bestmeasuresofdeltasmelt
abundance(SweetnamandStevens1993). Thesummertow-netsurveysamples
juvenilesofthis annualspeciesandprovidesanothergoodmeasureofabundance.
TheFMWT providesabettermeasureof abundancebecauseit samples
pre-spawningadult deltasmelt. An indexbasedonpre-spawningadults,rather
thanonjuveniles,which arevulnerableto highmortality, providesabetter
estimateof deltasmeltstockandrecruitment. TheFMWT maynot beasefficient
at samplingdeltasmelt comparedwith theKodiak trawl, which is pulled by two
boatsandtendsto sampletheupperwatercolumn,but it hasbeencontinuously
donefor almost30 years(since1967)andsohasasolid baseofhistoricaldata
with knownsamplingerror.

SeptemberandOctobernumbersofadultswerechosen,becausetheseare
themonthsthatwere sampledmost consistentlyin all years. In addition,when
deltasmeltbeginmovingupstreamto spawnin NovemberandDecember,they
occurlessfrequentlyin theFMWT. Weatherconditionsarealsomorestablein
SeptemberandOctober. ThemorefrequentstormsofNovemberand December
produceconditionsthatresultin morevariability in fish-capturenumbers.There
is ahigh correlationbetweenSeptemberandOctobernumbersandtotal numbers
(r = 0.93).

Numberofdeltasmelt ratherthanabundanceindexwasusedfor recovery
criteria. Theabundanceindexwas initially developedfor stripedbass. Numbers
werechosenbecausedeltasmeltoccupytheupperwatercolumn. Multiplying
deltasmeltcapturedby volumeof waterin theportionoftheestuarysampled
probablydoesn’tgive agoodrepresentationofthe numberof fish present.Using
numbersfor deltasmeltsimplifies theassumptionsofthecriteriaandthereis a
closecorrespondencebetweennumbersandtheabundanceindexfor deltasmelt
(r=0.89).
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Justification for using 1967-1981for the standard: Graphsfrom different
surveyswereusedto establishpre-decline and post-declineperiods for delta smelt
(Moyle etal. 1992). The surveys included were: (1) FMWT, (2) summertow-net,
(3) SuisunMarshfish survey,and,(4) thebay survey(AppendixA). Eachofthe
surveysshowedslightly differentpatternsofdecline. Themostnoticeabletrendis
thatdeltasmeltdeclinebeganearlierin thesouthandeastDeltathanin therestof
theestuary(SweetnamandStevens1993). Thepre-declineperiodidentifiedby
Moyle etal. (1992)is 1967 throughandincluding 1981;thepost-declineperiodis
1982-92.Using 1982asthebeginningofthedeclineperiodis justifiedbecause
1982and 1983werevery wetyearsanddeclinesin deltasmeltabundance
correspondto extremesin outflow: very wetandvery dryyearsresultin low
numbers(Moyle et al. 1992). Themechanismsfor this arethatdeltasmeltlarvae
arewasheddownstreamoffavorablenurserygroundsin wet years;dry years
decreasespawninghabitatandmoveadultsandjuvenilesupstreaminto less
productivedeepriver channelswheretheyaremoreatrisk to entrainmentin water
projects.

Otheralternativeswereproposedfor thedeclineperiod. Onepossibility
wasto use 1981 asthebeginningof thedeclineperiodbecauseit wasa dry year
followed by thewetyear 1982. Theoccurrenceofa dry yearfollowed by awet
yearproducesa doublestresson deltasmeltandthis mayhavebeenthetrue
beginningofthe decline. An argumentcanalso be madefor using 1983asthe
beginningofthe decline:this is theyearthatdeltasmeltdeclinedin theFMWT
andso is consistentwith otherrecoverycriteria(which is basedon theFMWT).
Thereis anoticeablechangein geographicdistributionof deltasmelt in 1982and
1983,which correspondsto theperiodsusedin theBiologicalOpinionandthe
declinein FMWT numbers,respectively.Thedeclinein deltasmeltnumbers
actuallyoccurredoveramulti-yearperiod from 1981-1983; themidpointofthis
period,1982,wasusedasthebeginningofthedecline.

Justificationfor including distributionalrecoverycriteria: Geographical
distributionandnumbersoffish wereusedto measurerecoverybecauserecovery
ofdeltasmelt shouldincludearestorationofthespeciesto portionsoftheir
formerrange. Before 1982,deltasmeltwere capturedatanaverageof 19 FMWT
stations;after1981 theywerecapturedat an averageof 10 stations.From
1986-1992,thedeltasmeltpopulationwasconcentratedin the lowerSacramento
River betweenCollinsville and Rio Vista(SweetnamandStevens1993).
Historically,whendeltasmeltweremoreabundant,thepopulationwasspread
from SuisunBay andMontezumaSloughthroughtheDelta. Theshallow,
productivewatersofSuisunBay and SuisunMarshareimportanthabitatfor delta
smelt. Largepercentagesof deltasmeltcatchesarein SuisunBaywhenoutflows
aresufficient to maintainthemixing zoneandsalinitiesof 2-3partsperthousand
in thatarea. Whenconcentratedin deepriver channelsdueto intrusionofhigh
salinitiesin SuisunBay, deltasmeltaremorevulnerableto entrainmentin water
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project facilities, predation and other risks.

FMWT stationschosento measurerecovery: Stations chosenfor recovery
criteriaweresampledin everyyear(thattheFMWT wasconducted)andhada
recordofdeltasmelt catches.Occasionally,this wasmodifiedto includestations
sampledin all yearsbutone(stations509,511, 602). Thetotal numberof stations
is 35 andthereis a strongcorrelationbetweendeltasmeltatthesestationsand
total numbersof deltasmelt (r = 0.94).

FMWT Stations (Figure2.7):

Zone A (North Central Delta)
11 stations
802 804 806 808 810 812 814 903 904 906 908

Zone Bi (SacramentoRiver)
S stations
701 703 705 707 709

Zone B2 (MontezumaSlough)
4 stations
602 604 606 608

Zone C (SuisunBay)
15 stations
410412 414 416 418 501 503 505 507 509 511 513 515 517 519

Distributionalcriteria: Distributionalcriteriaweredevelopedon thebasisof
numberofstationsin eachzonewheredeltasmeltwerecapturedduring thepre-
declineperiod(Tables2.2, 2.3, Figures2.7 and2.8). Eachzonehasthefollowing
criteria: (1) in ZoneA, deltasmeltmustbecapturedin 2 of11 sites;(2) in ZoneB
(includesB 1 andB2), deltasmeltmustbe capturedin 5 of9 sites;and(3) in Zone
C, delta smeltmustbecapturedin 6 of 15 sites. Criteria for all zonesneedto be
met in all years. Criteriafor recoveryareasfollows: (1) sitecriteriamustbe met
in all zones2 of5 consecutiveyears,(2) in atleasttwo zonesin 1 ofthe
remaining3 years,and,(3) in atleastonezonefor theremaining2 years. A
failure in all zonesin anyyearwill resultin thestartofanew 5-yearevaluation
periodfor thedistributional criteria. Failureto meetthesecriteria in consecutive
yearsshouldbeavoidedbecausesuchconditionswill placethespeciesin danger
of extinction. Thesedistributionalcriteriawill be met in concertwith the
abundancecriteria.
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Abundancecriteria: Abundanceofdeltasmeltconstitutingrecovery is basedon
pre-declinedeltasmeltnumbersfrom theFMWT (Table2.3). Two numberswere
identifiedthat hadto be met duringthefive-yearrecoveryperiod: (1) a low
numberbelowwhich abundancecannot fall for morethantwo yearsin arow and,
(2) ahigh numberto be reachedor exceededin two outof five years. A low
numberwaschosento protectdeltasmelt from therisk of extinctionduring
prolongeddroughtsor extremesof outflow. Thelowesttwo-yearrunningaverage
ofabundancein thepre-declineyearswasusedfor the low number.A running
averagewasusedbecauseofthegreatdegreeofvariability in deltasmelt
abundance.Thehighnumberis themedianofdeltasmeltabundancein
pre-decline years,in otherwords, abundanceof deltasmelthalfof thetime in the
pre-declineperiod. To meetrecoverycriteria,deltasmeltabundancemustmeetor
exceed239 in two outoffive yearsandthetwo-yearrunning averagemustnever
fall below 84. If anyoftheseconditionsarenotmet, thefive-yearrecoveryperiod
will startagain.

Length ofrestoration and recovery period: Delta smeltgenerationtime and
frequencyofoccurrenceofvery dry andvery wetyearswereusedto determine
appropriatelengthoftherestorationperiod. Becausedeltasmelt live only ayear,
a five-yearrecoveryperiodwould includefive generationsofdeltasmelt; five
generationsis comparableto theperiodusedin recoveryplansfor otherfishes.A
five-yearrestorationperiodhasareasonableprobabilityof includingyearswith
extremeoutflow. The40:30:301SacramentoRiver Indices(SRI) from 1906-1992
wasusedfor thisanalysis. Thegoalwasto identify aperiodthathadahigh
probabilityof includingtwo extremeoutflow years,preferablyback-to-back.This
methodwaschosenbecausewhentwo extremeyearsoccurtogether,deltasmelt
areatrisk ofextinction. Becauseextremesin outflow ledto the listing ofthe
deltasmelt,theperiodidentifiedfor recoverydiffers from restorationand includes
a stressorperiod. Deltasmeltwill be consideredfor delistingwhenabundance
anddistributional criteriahavebeenmet over a five-yearperiodthatincludestwo
sequentialyearsof extremeoutflows. However,delistingmaynot takeplaceuntil
thereis reasonableassurancethat long termsolutionsto deltaproblemsarein
place. Oneof theextremeyearsmustbe dry or critically dry (SRI ~ 6.0); the
othercanbe wet SRI=11.2). Other indicescanbe usedto identify dry, critically
dry, andwet years,if appropriate.Dry conditionsareincludedbecausedelta
smelt lossesincreasein dry and critical yearsdueto highproportionsofoutflow
diverted,which resultsin habitatlossand increasedentrainmentin waterprojects.
Analysisof thehistoricalhydrographindicatedthatthereis abouta 24 percent
chancethat two extremeyears(onebeingdry orcritical) will occurin afive-year
period.Thereis a48 percentchance(basedon thehistoricalhydrograph)that the

‘Year-typecategoriesadoptedby the SWRCBin the 1991 Salinity Control Plan.
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periodoftimerequiredto delist deltasmeltcouldbe 10 years. Accordingto
existingrecords,the longestamountoftime requiredto delist deltasmelt is 38
years.
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Table2. lA. Examplesof actionsthat setprecedentsfor protectingdeltasmelt
by buildingonpreviousdecisionsandprovidingincremental
protectionto theDelta.

(1) WaterRightsDecision1485by theSWRCB, 1978

(2) NMFS formal long-termbiological opinionon theeffectsoftheCVP and
SWPonwinter-runchinooksalmonfor U. S. BureauofReclamation
(Reclamation)andDWR, February12, 1993

(3) Serviceformal biological opinionon theeffectsoftheCVP andSWPon
deltasmelt for theReclamationandDWR, May 26, 1993

(4) Serviceformal biological opinionon theeffectsoftheLosVaqueros
Projectondeltasmelt for the Reclamation,U.S. Army Corpsof
Engineers,andContraCostaWaterDistrict, September9, 1993

(5) Servicebiologicalopinionon the effectsoftheCVP and SWPondelta
smelt for theReclamationandDWR, February4, 1994

(6) TheFederalEcosystemDirectorateandtheGovernor’sWaterPolicy
Council oftheStateofCaliforniasign theFrameworkAgreementon
August2, 1994

(7) TheFederalEcosystemDirectorate,theStateof California,CUWA/AG,
andvariousenvironmentalgroupssigntheBay-DeltaAccord on
December15, 1995

(8) Serviceformal biological opinionon theeffectsoftheCVP andSWPon
deltasmelt,deltasmelt critical habitat,andproposedSacramentosplittail
for ReclamationandDWR, March6, 1995

(9) NMFS reinitiationof formal long-termbiological opinionon theeffectsof
theCVP andSWPon winter-runchinooksalmonfor U. S. Bureauof
Reclamation(Reclamation)and DWR,May 17, 1995

(10) CategoryIII WorkgroupestablishedthroughtheBay-Deltaapprovinga set
of non-flowmeasuresto improvefisheriesin theDelta,July 19, 1995

(11) Serviceformal biological opinionfor New DonPedroProjectwith the
FederalEnergyRegulatoryCommission,October1995
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Table2.1B. Examplesof futureactionswith potentialeffectsondeltasmelt

(1) Delta Wetlands Project proposedby Delta Wetlands Corporation requiring
U.S.Army CorpsofEngineerspermit

(2) SouthDeltaWaterManagementPlanby ReclamationandDWR

(3) NorthDeltaWaterManagementPlanby DWR requiringU.S. Army Corps
ofEngineerspermit

(4) Los BanosGrandesReservoirProjectby DWR requiringU.S.Army
Corpsof Engineerspermit

(5) SuisunMarsh WaterManagementPlanby ReclamationandDWR
requiringU.S. Army Corpsof Engineerspermit

(6) PacificGasandElectricCompanyHabitatConservationPlanfor Service

(7) SWRCBwaterright decisionto implementrequirementsfor SanFrancisco
Bay/Sacramento-SanJoaquinDeltaEstuary
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Table2.2 Numberof siteswith delta smeltfrom FMWT SeptemberandOctobernumbersfor 35
stations. Numbersin bracketsreferto stationnumbers.TheFMWT did notsamplein 1974and
1979. SeeFigure 2.8for how minimumnumberof siteswasdetermined.

Sites
ZoneC Zone B ZoneA
SuisunBay MontezumaSlough North Central

SacramentoRiver Delta
Year (410-519) (602-709) (802-908)

1967
1968
1969
1970
1971
1972
1973
1975
1976
1977
1978
1980
1981

6
9

11
12
13
12
9

12
I
0

11
10
8

Minimum
numberof
sites 6 of 15

Numberof years
minimumnumberof
sitesoccurred 11 outof 13

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

6
5
9
2

10
2
3
6
4
4
0

12

Numberofyears
minimumnumberof
sitesoccurred 5 outof 12

Pre-decline
8
6
7
8
8
8
9
5
5
5
6
8
6

2
8
0
7
8
9
4
5
2
5
0
3
0

5 of 9 2 of 11

13 of 13

Post-decline
6

10 of 13

4
3
3
5
4
3
5
6
6
5
6

0
0
0

0
3
0
3

4

3 of 127 of 12
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Table2.3 Numbersusedfor deltasmeltabundancecriteria. Numbersarefrom the Septemberand
OctoberFMWT for 35 stations. The FMWT did not sample1974 and1979.

Year Number T~vo-year
runningaverage

1967
1968
1969
1970
1971
1972
1973
1975
1976
1977
1978
1980
1981

Pre-decline
139
251
128
589
352
551
305
239
22

146
108
312

78

Post-decline
37
l7
51
29
70
72
43
76
81

171
26

300

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

195
190
359
471
452
428
272
131
84

127
210
195

58
27
34
40
50
71
58
60
79

126
98

199
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Figure2.1 Pre-declineandpost-declinedistributionofdeltasmelt. Theposition
of the mixing zoneis denotedby X2.
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Correlations with Five km Reaches
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Figure2.2 Relationshipbetweennumberof dayswhenthe2 partsper thousandisohalineis in SuisunBay during
April with subsequentdeltasmeltabundance.When~)partsperthousandis locatedin SuisunBay, largeamountsof
shallowwaterrearinghabitatbecomesavailableandrearingfish arebeyondthe influenceof theSouthDeltapumps.
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Figure 2.5 Relationshipbetweenoutflow and deltasmeltabundance.Daysin SuisunBay refersto thenumberofdays
thatthe2 partsper thousandisohalineis in SuisunBay.
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Figure 2.6 Deltasmelt critical habitat.
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3. LONGFIN SMELT

Spirinchusthaleichthys(Ayres)

Status: Longfin smelt is aspeciesof concern.

Restorationpotential: While the degreeofthreat to this speciesis high,its
restorationpotentialalsois high, becauseofits potentialto respondstrongly to
increasedoutflows. However,in 1993(awet year)longfin smeltnumberswere
belowpredictedabundance.

Description: Longfin smelt can be distinguished from other California smeltsby
their longpectoralfins (whichreachornearlyreachthebaseof thepelvic fins),
incompletelateralline, weakorabsentstriationson theopercularbones,low
numberofscalesin the lateralseries(54-65),andlong maxillarybones(which in
adultsextendjust shortoftheposteriormarginoftheeye). Thelowerjaw
projectsforwardoftheupperwhenthemouthis closed. Small, fine teethare
presenton bothjaws,tongue,vomerandpalatines.Thenumberofdorsalraysis
8-10; analrays,15-22;pectoralrays,10-12;gill rakers,38-47;andpyloric caeca,
4-6. Theorbit width goesinto theheadlength 3.6-4.5times,andthelongestanal
rays1.4-2.2times into theheadlength(McAllister 1963;Miller andLea1972;
Morrow 1980). Thelining ofthegut cavity is silverywith afew scattered
speckles.Thesidesofliving fish appeartranslucentsilver while thebackhasan
olive to iridescentpinkishhue. Maturemalesareusuallydarkerthanfemales,
with enlargedandstiffeneddorsalandanalfins, adilatedlateralline region,and
breedingtubercleson thepairedfins andscales(McAllister 1963).

TaxonomicRelationships: The longfin smeltbelongsto thetruesmelt family
Osmeridac.Its closestrelativein California is thenight smelt,Spirinchusstarksi.
A third Spirinchusspecies,S. lanceolatus,occursin northernJapanesewatersand
differs from £ thaleichthysin severalmorphologicalcharactersandin timing of
spawning(McAllister 1963). Thelongfin smeltwasat onetime consideredto be
two species:theSacramentosmelt (S. thaleichthys)in theSacramento-San
Joaquinestuaryandthelongfin smelt(S. dilatus,),fortherestofthepopulations.

INTRODUCTION
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McAllister (1963)mergedthetwo speciesbecausehe thoughtthemeristic(i.e.,
morphologicalcharacters)charactersseparatingtheSacramentosmelt from the
otherpopulationsrepresentedthesouthernendofanorth-southdine(i.e., a
gradualchangein physicalandgeneticcharacteristicsoverageographictransect).
For example,thenortherndineoflongfin smelthaveshorterpectoralfins than
theirsouthernneighborsin thecharacters,ratherthana discreteset.This analysis
wasconfirmedby theelectrophoreticstudyof Stanleyet al. (1993),which showed
only minordifferencesin allelefrequencies(i.e.,numberof genesthatcodefor a
particularsequenceofproteins)betweenlongfin smeltpopulationsin Lake
Washington(Washington)andthosein SanFranciscoBay. Thelongfin smelt
populationin theSacramento-SanJoaquinestuaryis isolatedfrom other
populations;theclosestis in HumboldtBay, which is about300 kilometers(190
miles) awayby sea(andmaynowbe extinct).

Distribution: Historically, populationsof longfin smelt in Californiahavebeen
presentin: (1) Sacramento-SanJoaquinestuary,(2) HumboldtBay, (3) EelRiver
estuary,and,(4) KlamathRiverestuary. Spawninglongfin smelthavebeen
recordedfrom theVanDuzenRiverin theEelRiverdrainage,anda samplefrom
thereis in themuseumcollectionat HumboldtStateUniversity. Therearealso
recentrecordsfrom themouthoftheKiamathRiver, soit is likely thata small
populationstill existsthere(R. Baxter,DFG, personalcommunication).In the
Sacramento-SanJoaquinestuary,longfin smeltarerarelyfoundupstreamofRio
Vista orMedfordIslandin theDelta. Adults occurseasonallyasfar downstream
asSouthBay but theyareconcentratedin Suisun,SanPablo,andNorthSan
FranciscoBays.Theyarerarelycollectedoutsidetheestuary.Thesouthernmost
recordofthespeciesrangeis asinglefish from MontereyBay (Eschmeyeret al.
1983, Wang1986),but probablyonly individualsflushedoutoftheSacramento-
SanJoaquinestuaryoccurthat far south.

Outsideof California,longfin smeltarereportedlyfoundin estuariesfrom
Oregonto PrinceWilliam Sound,Alaska. Emmettet al. (1991)inferredthat
longfin smeltwerecommonin SkagitBay, GraysHarborand WillapaBay in
Washington,highly abundantin theColumbiaRiver,andcommonin Yaquina
andCoosBays,Oregon.However,mostoftheOregonand Washington
inferencesarenotbasedon actualsamplingand maycontradicttheresultsof field
programs.Forexample,longfin smelthaverarelybeencollectedin CoosBay in
the past20 yearsdespiteintensivefish samplingprograms(D. Varoujean,Oregon
InstituteofMarineBiology, personalcommunication).Populationsalsooccurin
LakeWashington,Washington,andHarrisonLake, BritishColumbia(Dryfoos
1965).

Habitat Requirements: Adult andjuvenilelongfin smeltoccupymostly the
middleor bottomofthewatercolumn in thesaltorbrackishwaterportionsof the
estuary,althoughlarval longfin smeltareconcentratedin near-surface,brackish
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waters(R. Baxter,personalcommunication).Spawningtakesplacein freshwater,
oversandy-gravelsubstrates,rocks,andaquaticplants(Wang1986; Emmettet al.
1991). Spawningin the Sacramento-SanJoaquinestuaryoccursat water
temperaturesof 7.0-14.5degreesCelsius(44.6-58.1degreesFahrenheit)(Wang
1986), althoughspawningoccursatlower temperaturesin otherareas,suchas
LakeWashington(Emmettetal. 1991). Thereis a strongpositivecorrelation
betweenwinter-springDeltaoutflow and longfin smeltabundancein fall ofthe
sameyear. Thereasonfor thisseemsto be thathigherflows increasetherateof
transportanddispersalof larvaeandjuvenilesinto rearinghabitatin Suisunand
SanPablo Bays.High flows alsoreducethe probability of the larvaebeing
retainedin the Delta,wheretheyareexposedto greaterlikelihood of entrainment,
exposureto pesticides,andotherfactors. However,thepositiverelationship
betweenlongfin smeltabundanceandoutflow mayhavebrokendownin recent
years,or droppedto a lower level (asoccurredwith stripedbass).Thecatchof
longfin smeltin the FMWT surveyssince1984hasconsistentlybeenlower than
wouldbepredictedby theregressionequationof catchversusoutflow during
1967-1984(Figure3.1).Thecatchesfor 1989, 1991,and 1992occurredoutside
the 95 percentconfidenceinterval.The index for 1993,awet year,wasback
within the confidenceinterval but wasstill lower thanthepredictedvalue.

High freshwateroutflows alsoincreasethe volumeof brackishwater(2-18
partsperthousandsalinity) rearinghabitatrequiredby larval andjuvenile longfin
smelt (R. Baxter,DFG, unpublisheddata). Becausethelife historyof longfin
smelt is similar in manyrespectsto that of stripedbass,it is likely thatlongfin
smelt larvae,like stripedbasslarvae,havehighersurvival ratesin brackishwater
(Hall 1991). Adults occurin theopenwatersof theestuaryat salinitiesranging
from freshwaterto full seawater. In mostyears,adultsarefoundprimarily in
Suisun,SanPablo,andSanFranciscoBays.However, theyaremostabundantin
SanPabloandSuisunBays,althoughin low outflowyearstheyconcentratein
SuisunBay andthe Delta. Averagesummertimesalinitiesin SuisunBay
normallywere lessthan 8 partsper thousandevenin dry yearsprior to the
longfin smeltdecline.In SanPablo Bay, salinitiesaretypically lessthan25 parts
per thousand.

Life History: Longfin smeltgenerallyare euryhalineandanadromous(i.e., fish
that areborn in freshwater,migrateto sea,andreturnto freshwaterto spawn). In
the Sacramento-SanJoaquinestuary,theusualseawardlimit for longfin smelt is
centralSanFranciscoBay, althoughsomehavebeencaughtoffshore(R. Baxter,
personalcommunication). In the estuary,adultsandjuvenilescanbe found in
waterrangingfrom nearlypure seawaterto completelyfreshwater. The
preferenceof larval longfin smeltfor theupperpart of thewatercolumnallows
themto be sweptquickly into food-richnurseryareasdownstream,mainly Suisun
andSanPabloBays. During yearswhenperiodsofhigh outflows coincidewith
the presenceof the larval longfin smelt(e.g., 1980,1982, 1983,1984,1986),the
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larvaearemostly transportedto SuisunandSanPabloBayswhile in yearsof
lower outflow, theyaretransportedto thewesternDeltaandSuisunBay (Figure
3.2). Thedistributionof young-of-yearlongfin smeltlargelycoincideswith that
of the larvae. In thewinter months,yearlingsbecomemorewidelydistributed
downstream,with someevencolonizingSouthBay,althoughtheyremainmost
abundantin SanPabloand SuisunBays.

During thefall, thedistributionofyearlinglongfin smeltgraduallyshifts
upstream,a changethat coincideswith developmentofthegonadsin preparation
for spawning.Theycongregatefor spawningattheupperendofSuisunBay and
thelowerandmiddleDeltain theSacramentoRiver channelandadjacentsloughs.
This distributionpatternmayrepresentachangefrom thehistoric pattern.The
DFG FMWT dataindicatesthat longfin smeltwere scarcein the Sacramento
RiverandtheDeltaprior to 1977(asecondyearof drought);after1977 they
becamemorecommonin theupstreamcatches(Table 3.1).Thereasonsfor this
shift areuncertain.

Larval longfin smeltare generallycollectedbelowMedfordIslandin the
SanJoaquinRiver andbelow Rio Vistaon theSacramentoRiver(Wang 1991),
indicatingthat spawningrarelyoccursabovetheselocations. Thelower endof
thespawninghabitatseemsto be upperSuisunBay aroundPittsburgand
MontezumaSlough,in SuisunMarsh(Wang 1986). Thelongfin smelthasa
ratherprotractedspawningperiod. Adult movementsand thepresenceof larvae
in someDecemberplanktonsamplesindicatethatsomespawningmaytakeplace
asearlyasNovember(R. Baxter,unpublisheddata)while larval surveysindicate
spawningmayoccurintoJune(Wang 1986, 1991). Most spawningtakesplace
from FebruarythroughApril, becauselarval longfin smeltaremostabundantin
this periodandlargesmeltbecomerareafterthis time. Bothone andtwo yearold
malesandfemalescanspawnbutmostfemalesspawnwhentwo yearsold.
However,maturefemaleshavebeencollectedat sizesassmall as64 millimeters
(2.5 inches)fork lengthandwhentwo yearold fish arescarcein thepopulation,
asin 1993,a majorityofthespawninglongfin smeltmaybe yearlings(R. Baxter,
personalcommunication).Wang(1986)indicatesthatolderandlargerlongfin
smeltspawnlater in theseasonthansmallerones. In Washington,males
evidentlyprecedethefemalesin thespawningrunupriver(Wydoski andWhitney
1979),andspawningoccursatnight. It is notknownif thisbehavioralso
characterizesSacramentolongfin smelt. Theeggsareadhesive(Dryfoos 1965)
and aredepositedeitheron rocksor on aquaticplants. Eachfemalelays 5,000-
24,000eggs(Dryfoos 1965,Moyle 1976.). However,themeannumberfor 10
femalesfrom LakeWashingtonwas 18,104(Dryfoos 1965),which is higherthan
recordedfor Californiapopulations(mean= 9,752,Moyle, unpublisheddata).
Theeggshatchin 40 daysat 7 degreesCelsius(44.6degreesFahrenheit)(Dryfoos
1965). Apparently,mostlongfin smeltdie afterspawning.A few individuals,
mainly oneyearold females,live anotheryear,andprobablyspawnasecondtime
(R. Baxter,personalcommunication).
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Newly hatchedlongfin smelt larvaeare5-8millimeters (0.2-0.3inches)
long (Wang 1991). Metamorphosisinto thejuvenileform probablybegins30-60
daysafterhatching,dependingon temperature(Emmettetal. 1991). Larvaeand
earlyjuvenilestendto concentratein theupperpartofthewatercolumnbut at
around20 millimeters(0.8 inch) theymaydropdownintodeeperwater(R.
Baxter,personalcommunication).Growth in Californiapopulationsis similar to
that ofmore intensivelystudiedWashingtonpopulations(Dryfoos 1965). Most
growthin lengthtakesplacein thefirst 9 to 10 monthsoflife, whenthe fish
typically reach60-70millimeters(2.4-2.8inches)standardlength. Growthrate
levelsoff during thefirst winter, but thereis anotherperiodof growthduringthe
secondsummerandfall, whenthefish reach90-110millimeters(3.5-4.3inches)
standardlength. Weight gainsmaybeconsiderableduring this latterperiodasthe
gonadsdevelop.Thelargestlongfin smeltare 120-140millimeters (4.7-5.5
inches)standardlength,presumablyfemalesin theirthirdyearof life.

Themainfoodof longfin smelt is theopossumshrimp,Neomysis
mercedis,althoughcopepodsandothercrustaceansare importantattimes,
especiallyto small fish (Dryfoos 1965,Moyle 1976). Longfin smelt, in turn, are
eatenby avarietyofpredatoryfishes,birds andmarinemammals.They area
majorpreyofharborseals,Phocavitulina, in theColumbiaRiver(Emmettetal.
1991).

In theLakeWashingtonpopulationin Washington,adult longfin smelt
showdaily verticalmigrations,movingintodeepwaterduringtheday andin the
upperwatercolumnatnight (Wydoski and Whitney 1979,Emmettet al. 1991).
This mayexplainwhy juvenileandadultlongfin smeltareusuallycapturedin
trawls in the lower halfofthewatercolumn in theSacramento-SanJoaquin
estuary(R. Baxter,unpublisheddata),wheremostsamplingtakesplaceduringthe
day.

Longfin smeltarecaughtandmarketedincidentallywith othersmelt
species(Wang 1986). Theyareof only minorcommercialimportance,evidently
becausethesupply is sporadicand theamountscaughtarerelativelysmall.
However,it is likely thattheywerean importantcomponentof thesmelt fishery
that existedin the estuaryin the late 19thcentury.

Abundance: Longfin smeltpopulationsdeclinedby 90 percentbetween1984
and 1992 in theSacramento-SanJoaquinestuary(Meng 1993,Figure3.3)and
apparentlyhavedisappearedin recentyearsfrom theEelRiverestuaryandfrom
HumboldtBay on thenorthcoast.

In theSacramento-SanJoaquinestuary,longfin smeltwere onceoneof the

mostabundantfish. TheDFG FMWT surveyoftheupperestuary,theDFG otter
andmidwatertrawl Bay surveys,andtheUCD SuisunMarshsurveysconsistently
caughtlongfin smelt in largenumbersuntil theearly 1 980s(Herbold et al. 1992).
Thenumbersoflongfin smelt fluctuatedwidely, reachingtheirlowest levels
duringdroughtyearsbutquickly recoveringwhenadequatewinterandspring
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flows wereonceagainpresent.Since1982,longfin smeltnumbershave
plummetedandhaveremainedatrecordlow numbers(Herboldet al. 1992). For
example,in 1982, theFMWT abundanceindexfor longfin smeltwas62,929,the
secondhigheston record;in 1992,the indexwas73, the loweston record.Thefall
indexin 1993 (792) increasedin responseto theincreasedoutflows but wasstill
belowthenumbersthat wouldbepredictedbasedon thepastoutflow-abundance
relationship(R. Baxter,personalcommunication).Thelongfin smelthasdeclined
in relativeabundanceto otherfishes,droppingfrom beingfirst orsecondin
abundancein mosttrawl surveysduring the 1960sand 1 970s,to being7thor 8th
in abundance(Herboldet al. 1992).

In HumboldtBay,Barnhartet al. (1992)notedthat in theearly 1 970s,
longfinsmeltwerethethird mostabundantspeciesin larval fish surveysand
fourthmostabundantfish in trawl surveys. Onthebasisof thesestudies,longfin
smeltwasdescribedas“abundant”in thebay andimportantasforagefishes.
However,no longfin smelthavebeencollectedfrom thebay in recentyears
despiteextensivesamplingoftheestuary(R. Fritzsche,HumboldtState
University,personalcommunication).Likewise,thereareno recentrecordsfrom
theEelRiver estuary(L. Brown,USGS,personalcommunication).Longfin smelt
areapparentlystill presentin theKlamathRiver estuarybut confirmedrecordsare
few(R. Baxter,personalcommunication).Thereseemto be no recentconfirmed
recordsof longfin smelt from estuariesalongtheOregoncoastuntil the Columbia
Riverestuary,which supportsa largepopulation.

Reasonsfor decline: The longfin smelthasclearlyundergonea severedeclinein
theSacramento-SanJoaquinestuary,while thetwo closestpopulations(Eel River
andHumboldtBay) haveapparentlygoneextinct. Thecausesofthe
disappearanceoflongfin smelt in the lattertwo estuariesmaybe relatedto a
dramaticlossofintertidal marshhabitatthatresultedin lowerproductivityand
lessshallowspawninghabitat(Barnhartetal. 1992). Lossof shallow,vegetated
habitathasalso affectedtheDeltapopulation. Thecausesofthedeclinein the
Sacramento-SanJoaquinestuaryaremultiple andsynergisticandincludethe
following, in approximateorderof importance:

1. Reductionin outflows
Reductionin outflow, asaresultofa recentdroughtandthroughwater

diversionsupstreamof, from, andwithin theDelta,is probablythesinglebiggest
factoraffectinglongfin smeltabundancein theSacramento-SanJoaquinestuary.
To demonstratetheeffectsof diversions,aregressionequation,includedin the
listing petition,relatedlongfin smeltnumbersto Deltaoutflow (p < .01, B.
Herbold,USEPA,personalcommunication).This equationpredictsthatmean
spring(February-May)outflows muchlessthan3,400cubicfeetper secondwill
resultin reproductivefailureoflongfin smelt. Suchflows for two or threeyears
in arow would probablyresultin extirpationof longfin smelt in theestuary.
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Between1987and1993,outflows wereperilouslycloseto thatnumber,pushed
thereby an increasein waterdiversionduring aperiodof extendeddrought(see
section4). This hasresultedin extremelylow numbersof longfin smeltbeing
produced(Figure 3.3). Thestrongcorrelationbetweenspringoutflow andlongfin
smeltabundance,andthemechanismsexplainingthatcloserelationship,are
furtherdocumentedin DFG testimonypresentedduring 1992 to theSWRCBin
theInterim WaterRightsProceedingsfor theBay-DeltaEstuary(Exhibit WRLNT-
DFG-6,“EstuaryDependentSpecies”,at pp. 50-61).

Since1989,however,theabundanceof longfin smelthasbeen
consistentlylower thanwould be predictedby thepastrelationshipbetween
abundanceandoutflow. Analysisof thedeclineoverthe last10 yearsshowsthat
the increasingquantityof waterexportedduring atime whenthequantityof water
in theStatewaslow hasbeenassociatedwith a continuousdeclinein longfin
smeltcapturerates. In earlier,wetteryearsthequantityof exportswasasmall
fractionof thetotal Deltainflow andoutflow. In recentdroughtyears(1987-
1992) theamountof waterexportedhasexceededtheamountflowing into the
Bayandcaptureratesof longfin smelthavedeclinedastotal Deltaoutflow has
beencorrespondinglyreduced.This amplificationof normaldroughteffectshas
beencompoundedby theability of upstreamreservoirsto retainmoreof the
winter-spring-runoffbecausethereservoirshavebeenbelow flood controllimits.
This furtherreducedDeltaoutflow during thetime longfin smeltarespawning
andtheirlarvaearerearing. Thismayhaveexacerbatedthenormaldroughtyear
declineofthis species(Figure3.3),contributingto thebreakdownof theoutflow-
abundancerelationship.

2. Entrainmentlossesto waterdiversions

.

Oneof theeffectsof decreasedoutflows in theestuaryis increased
vulnerabilityof longfin smeltofall sizesto entrainmentin thepumpingplantsof
CVP andSWP,in agriculturaldiversionswithin theDelta,andin thePG & E
powerplants.

Theeffectsofdirectentrainmentoflongfin smelt in thetwo pumping
plantsis not well understoodbecauseoflimited informationof whatproportionof
thepopulationateachlife stageis entrainedandthesurvival ratesofthefish that
aresalvagedand returnedto theDelta.Although largenumbersof adult longfin
smelt arecapturedatthepumpingplants,it is unlikely manyindividualsof this
speciessurvivetheexperience(actualsurvivalrateshavenotbeendocumented).
If theydo, manyareprobablyconsumedby piscineandavianpredatorsattracted
to thepredictablecommotionof trucksreleasingfish.

Entrainmentindices(theratio ofsalvagedfish in aparticularyearandthe
subsequentabundanceindex) for theSkinner(SWP)and Tracy(CVP) fish
facilities indicatethat exportsatthetwo pumpingplantstendto takeahigher
fractionof thelongfin smeltpopulationwhenabundanceis low, in dryyears
(Figure3.4). Becauseentrainmentincreaseswhenpopulationsarelow, lossestO
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pumpingplantsmaybeasignificantsourceofmortality for longfin smelt. These
facilities not only pumpmorewaterthan formerlybut theypumpwaterearlierin
theyear,whenlongfin smeltarespawningand theirlarvaearepresent.

Entrainmentoffish larvaein agriculturaldiversionswithin the estuaryis
largely unquantified.Presumably,entrainmentin Deltaagriculturaldiversions
wasa fairly constantsourceofmortality for 50-100years,until flows acrossthe
Delta increasedbecauseof increasedpumpingby theSWPandCVP. The
changedhydraulicsincreasetheexposureof larval,juvenile,andadult longfin
smelt to in-Deltaentrainment,predation,andotherfactors. In their 1992
testimonyto theSWRCB,theReclamationstated“...thenegativeimpactof Delta
diversionson thefisheriesandfoodchainis largelyaconsequenceoftheflow
patterns(hydrodynamics)resultingfrom Delta inflow andCVP andSWPexports.
Consequently,anyproposedsolutionmustaddressthis importantissueif it is to
beeffectivein the longterm(WRINT-Reclamation-Exhibit10, p. 8).”

Theimportanceof entrainmentof longfinsmelt,especiallylarvae,in the
coolingwaterofpowerplantsis notwell known. However,thepotentialfor
entraininglargeproportionsofthepopulationis considerable,especiallynow that
numbersarelow.

3. Climaticvariation
Theclimatic conditionsthat theestuaryhasexperiencedsince1982have

beensomeof themostextremesincethearrival ofEuropeans.Theyears1985-
1992wereonesof continuousdrought,brokenonly by therecordoutflows of
February1986. Theprolongeddroughthadtwo major interactingeffects:a
naturaldecreasein outflow andan increasein theproportionofinflowing water
beingdiverted. A naturaldeclinein longfin smeltnumberswould be expected
from thereducedoutflow, becauseofthereducedavailability ofbrackishwater
habitatfor larvaeandjuveniles. However,the increasein diversionsmostlikely
exacerbatedthedeclinein longfin smelt survival throughacombinationof further
reductionin brackishwaterhabitatandincreasedentrainmentof larvae,juveniles,
andadults. It is importantto recognizethat extremefloods anddroughtshave
occurredin thepastand longfin smelthavemanagedto persistthroughthem.
However,unlike today,longfin smelthistorically did notexperiencetheextreme
conditionscausedby increaseddiversionofwater.

4. Toxic substances
Pollution is an insidiousproblemin theestuarybecausetoxic compounds,

especiallypesticides,cancomefrom many sources,maybe episodicin nature
(andthereforehardto detect),andmayaffectmainly earlylife historystagesof
fish, wheremortality is hardto observe.It is notknownwhateffectstoxic
substancesmayhaveon longfin smeltpopulations.Longfin smeltspawnearlyin
theseasonwhenfewer agriculturalchemicalsarebeingappliedandflows for
dilution maybe high. However,agriculturalpesticidesareappliedduring the
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wintertime (mainly dormantsprays).Elevatedconcentrationsor pulsesofthese
chemicalshavebeendetectedin theSacramentoandSanJoaquinRivers
following rainfall events. In February,1993,apulseof diazinon(a watersoluble
dormantsprayappliedto stonefruitorchards)wasfollowed downtheSacramento
River, throughSuisunandSanPabloBays (Kuivila 1993).It is possiblethat such
episodichigh concentrationsof chemicalsmayhavenegativeeffectson longfin
smelt if theepisodescoincidewith majorspawningtimes. Theshort life spanand
planktonfeedinghabits(shortfoodchain)oflongfin smelt reducetheprobability
ofaccumulationoftoxic materialsin tissues.

5. Predation
Predationis apoorly understoodbutpotentiallyimportantfactoraffecting

longfin smeltabundance.Theprincipalpiscivore(i.e., fish thateatotherfish) in
theestuaryis stripedbass.This specieswasintroducedover 100yearsago,
replacingnativepiscivoressuchasSacramentoperchandvarioussalmonids.The
longfin smelt remainedabundantdespitetheexplosionof stripedbassnumbers
andin recentyearsthe longfin smeltdeclinehascoincidedwith thedeclineof
stripedbass. Therefore,it is unlikely that stripedbasspredationperseis
responsiblefor thedeclineof the longfin smelt. However,it hasbeensuggested
that stripedbasspredationin Clifton Court Forebaymaybe havingsomeeffecton
longfin smeltpopulations.Fisharedrawninto this forebayby waterdrawn
towardSWPpumpsandbothpredatorandprey maybe concentratedasa
consequence.

6. Introducedspecies
Invasionsby exotic speciesareaperpetualproblemin theSacramento-San

Joaquinestuary,especiallythosethat areintroducedinto thesystem
“accidentally” from theballastwaterof ships.Themostrecentproblem
introductionshavebeenseveralspeciesof planktoniccopepodsandan Asiatic
clam, Potamocorbulaamurensis.Thecopepodsareregardedasaproblem
becausetheyseemto be replacingEuryteinoraaffinis, a nativecopepodthat has
beenthefavoredfoodof larval fish. Although oneof the introducedcopepod
species(Sinocalanusdoerrii) seemsto be harderfor larval fish to capture,it
occursmostlyupstreamoftheconcentrationsof longfin smelt larvae. It mayonly
beaproblemif diversionskeeplongfin smelt larvaein upstream,freshwater
conditions. Otherintroducedcopepodspeciesprobablydo notpresentthecapture
problemsof S. doerrii (e.g.,MengandOrsi 1991).TheAsiatic clam, in contrast,
mayhaveadirect effect on longfin smeltpopulationsbecauseit hasbecome
extremelyabundantin SanPabloand SuisunBays,from which it appearsto be
filtering out mostof theplanktonicalgae,thebaseofthefoodwebon which
longfin smeltdepend(Nicholset al. 1990;Alpine andCloern 1992).

Theclam is not,however,adirectcauseofthe initial declineoflongfin
smelt becauseit did not invadeuntil afterFebruary1986,afterthe longfin smelt
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declinehadbegun(Nicholsetal. 1990). Its presentabundancemaymakethe
restorationof longfinsmeltmoredifficult but it is possiblethat theAsiatic clam
will becomelessabundantin responseto (1) increasedfreshwateroutflows,and
(2) discoveryof it asa food sourceby fishessuchassturgeon,by invertebrates
suchastheinvading Europeangreencrab,andby diving ducks. A typical pattern
for invadingspeciesis to increaseexplosivelyin responseto optimalconditionsat
thetime ofinvasion(dueto theabsenceoftheirpredators,parasites,etc.)andthen
to declineasthe local ecosystemadjuststo its presence,althoughsuchan
adjustmentmaytakemanyyears.

Conservationmeasures:Sincethedeltasmeltwaslisted asathreatenedspecies
in 1993, consultationsin 1993, 1994,and1995with theServicehaveoccurredfor
the CVPand SWP,for the Los VaquerosProject,for EPA Bay-Deltastandards,
andfor manyotherFederal,State,andprivateactions.Recommendedactions
(e.g.,reducedpumping,screeningofdiversions,minimizationofturbidity,
replacementofshallowwaterhabitat)to protectdeltasmeltalsoshould be
beneficialto longfin smelt,althoughdifferencesbetweenthetwo smelt speciesin
distributionwithin theestuaryandin spawningtimesmaymaketheseactionsless
beneficialto longfin smeltthandeltasmelt. For amoregeneraldiscussionof
conservationmeasuresreferto thedeltasmelt section.

Researchon thebiology oflongfin smeltandon factorslimiting their
abundanceis now underway(R. Baxter,personalcommunication).

RESTORATION

Restoration Objective

Generalrestorationobjectivesarethesameasthosedescribedfor delta
smelt. Longfin smeltwill be consideredrestoredwhenits populationdynamics
anddistributionpatternwithin the estuaryaresimilar to thosethat existedin the
1967-1984period. This periodwaschosenbecauseit includestheearliest
continuousdataon longfin smeltabundancesandwasaperiodin which
populationsstayedreasonablyhigh in mostyears(seebelow for amoredetailed
justification).

RestorationCriteria

Restorationoflongfin smeltwill be achievedwhenthespeciessatisfies
distributionalandabundancecriteria. Distributional criteriaare: (1) longfinsmelt
mustbecapturedin all zones5 of 10 years,(2) in two zonesfor an additional
year,and(3) at leastonezonefor 3 of the4 remainingyears,with no failure to
meetsitecriteriain consecutiveyears.Abundancemustbe equalto or greater
thanpredictedabundancefor 5 of 10 years. Distributionalandabundancecriteria
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canbe met in differentyears. If abundanceanddistributionalcriteriaaremetfor a
ten-yearperiod,thespecieswill be consideredrestored.Both criteriadependon
datacollectedby DFG with theFMWT, during SeptemberandOctober.

Justification for using FMWT numbers: The FMWT coversmostoftherange
of longfinsmeltdistributionand providesoneof thebestmeasuresof longfin
smeltabundance(R. Baxter,personalcommunication).

SeptemberandOctobernumberswerechosen,becausethesearethe
monthsthatwere sampledmostconsistentlyin all years. Weatherconditionsare
alsomorestablein SeptemberandOctober. Themorefrequentstormsof
NovemberandDecemberproduceconditionsthatresultin morevariability in
fish-capturenumbers.Thereis ahigh correlationbetweenSeptemberandOctober
sampledfish numbersandtotal numbers(r = 0.95).

Longfin smeltsampledfish numbersratherthantheabundanceindexwere
usedfor restorationcriteria. Sampledfish numbersrepresentactualfish captured
during theFMWT; theindexrepresentssampledfish capturedmultipliedby a
factorrepresentingthevolumeoftheareasampled.Usingnumbersfor longfin
smelt simplifiestheassumptionsof thecriteriaandthereis aclosecorrespondence
betweennumbersandtheabundanceindexfor longfin smelt (r2 = 0.94)(a
statisticalabbreviationfor thecoefficientof determination,thesquareof the
correlationcoefficient). Furthermore,useof numbersreducesconfusion;the
public is familiar with theoverall abundanceindex,but restorationcriteriaare
derivedfrom of asubsetof thedata,so therestorationindexwill differ from the
overall index.

Justification for using 1967-1984for the standard: Graphsfrom different
surveyswereusedto establishpre-declineandpost-declineperiodsfor longfin
smelt (DFGandP. Moyle, unpublisheddata). Thesurveysincludedwere: (1)
FMWT, (2) summertow-net,(3) SuisunMarshfish survey,and(4) thebay
survey.

Justification for including distributional restoration criteria: Geographical
distributionandnumbersof fish wereusedbecauserestorationoflongfin smelt
should includetheir formerrange. Before1985 longfin smeltwerecapturedat an
averageof 19 stations;after1985theywerecapturedat anaverageof eight
stations.After 1985, therewasan upstreamshift in the longfin smeltpopulation
dueto anupstreamshift in themixing zone(R. Baxter,unpublisheddata).
Historically,whenlongfin smeltweremoreabundant,thepopulationwasspread
from SanPabloto SuisunBays. Upstreamexcursionsinto theDeltawereonly
associatedwith dry years. Vulnerability to entrainmentin waterprojectfacilities
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(Meng 1993)asshownby high entrainmentindices2in dry years(DWR,
unpublisheddata)resultswhenlongfin smeltareconcentratedin upstreamriver
channelsin theDelta.

FMWT stationschosento measurerestoration: The stations chosenfor the
restorationcriteriahadto besampledin everyyear(thattheFMWT was
conducted)andhadto havearecordoflongfin smelt catches.Occasionally,
stationswereincludedthatweresampledin all yearsbut one (stations509, 511,
602). Total numberof stationsis 32,andthereis astrongcorrelationbetween
longfin smeltat thesestationsandtotal numbersof longfin smelt.

FMWT Stations(Figure3.5):

Zone A (North Central Delta)
3 stations
802 804 806

Zone Hi (SacramentoRiver)
S stations
701 703 705 707 709

Zone B2 (MontezumaSlough)
4 stations
602 604 606 608

Zone C (SuisunBay)
16 stations
405 410412 414 416418 501 503 505 507 509 511 513 515 517 519

ZoneD (SanPabloBay)
4 stations
321 323 328 338

Distributional criteria: Distributional criteria weredevelopedon thebasisof
numberofstationsin eachzonewherelongfin smeltwerecapturedduringthepre-
declineperiod (Table3.1, Figures3.5 and3.6). ZonesA andBi (NorthCentral
DeltaandtheSacramentoRiver) wereexcludedfrom thedistributional criteria
becausepresenceof longfin smelt in thesezonesdoesnotcontributeto

2Theentrainmentindex wasdevelopedby NWR to showrelativeeffectsof
entrainmenton different species.It is the rato of expandedfish salvagenumbersto the
FMWT index.
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restoration.Longfin smeltonly occurin ZonesA andB 1 duringdry andcritical
yearswhenabundancesarevery low andwhenthey arein thesezones,are
vulnerableto entrainment(Meng 1993). For eachzone,criteriaareasfollows: (1)
in ZoneB2 longfin smeltmustbe capturedin 2 of4 sites;and(2) in ZoneC
longfin smeltmustbecapturedin 12 of 16 sites;and(3) in ZoneD longfin smelt
mustbe capturedin 1 of 4 sites. Thecriteriafor all zonesdo notneedto metin all
years. Criteriafor restorationareasfollows: (1) sitecriteriamustbe met in all
zonesS of 10 years,(2) in two zonesfor anadditionalyear,with no failure to
meetsitecriteriain consecutiveyears,and(3) in at leastoneofthezonesfor 3 of
the4 remainingyears.Thesedistributionalcriteriawill be met in concertwith the
abundancecriteria.

Abundancecriteria: The abundanceof longfin smelt thatwill constitute
restorationis basedonpre-declinelongfin smeltnumbersfrom theFMWT.
Becausethereis a strongrelationshipbetweenlongfin smeltabundanceandspring
outflow (r2 = 0.66),abundancecriteriawerebasedon theFebruary-Mayoutflow-
longfin smeltabundanceregression,usingasubsetof FMWT stations. The
equationfor theregressionis: numberoflongfin smeltcapturedby the FMWT
equals1.64 timesFebruary-Mayoutflow, in cubicfeetpersecond(cfs),minus
10.6 (Y = I .64X - 10.6).Both numberoflongfin smeltandFebruary-Mayoutflow
arebase-tenlogs. Forexample,using Figure3.1 to predictthe~catch(Y) in a
particularyear(1977),if theoutflow is 35,000cfs, then 1.64 (log

10 35 cfs)-l0.6=

log10 26 longfin smelt (or 26,000longfin smelt).Unfortunately,in thepast10
years,FebruarythroughMay outflows havebeenmuchlower then35,000cubic
feetpersecond,averagingabout10,000cubicfeetpersecond.Additionally, from
1987-1993,theactualnumbersof longfin smelt takenby theFMWT hasfallen
belowtheabundancepredictedby this relationship.From 1987-1992,longfin
smeltabundancedroppedby 50 percenteachyear(Meng 1993). Therefore,
longfin smeltabundancemustbe equalto orgreaterthanthatpredictedby the
aboveequationfor S of 10 yearsoftherestorationperiodto satisfyrestoration
criteria.

Length of restoration: Longfin smeltgenerationtime wasusedto determine
appropriatelengthoftherestorationperiod. Becauselongfin smelt live for two
years,a ten-yearrestorationperiodwould includefive generationsof longfin
smelt;five generationsis comparableto theperiodusedin recoveryplansfor
otherfishes. Becauselongfin smeltdeclineoccurredduring asix-yearperiodof
very low outflows, thepopulationshouldnot be consideredrestoreduntil it has
beentestedby consecutivedry or critical years.Thereis a 48 percentchancethat
theten-yearrestorationperiodwill includetwo consecutiveyearsof extreme
outflows(seeDeltasmelt section). Basedon thehistoricalhydrograph,the
longestamountof time necessaryto restorelongfin smelt is 38 years.
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Table3.1 Numberofsiteswith Iongfin smeltfrom FMWT SeptemberandOctober
numbersfor 32 stations. Numbersin bracketsreferto stationnumbers.TheFMWT did
notsamplein 1974 and 1979. SeeFigure3.6 for how minimum numberofsiteswas
determined.

Sites
ZoneD ZoneC ZoneB2
SanPabloBay SuisunBay MontezumaSlough

Year (321-338) (405-519) (602-608)

1967
1968
1969
1970
1971
1972
1973
1975
1976
1977
1978
1980
1981
1982
1983
1984
Minimum
numberof
sites
Numberof years

minimumnumber
of sitesoccurred

1985
1986
1987
1988
1989
1990
1991
1992
Numberofyears
minimum number
of sitesoccurred

4
I
2
3
3
0
1

0
0
2
4

4
2
2

Pre-decline
16
14
15
13
12
7

15
12

2
0

16
15
14
16
9

16

I of4 12 of 16

13 outof 16 12 out of 16

Post-decline
0
2
0
0
0
0
0
0

6
15
11

7
3
2

2

1 outof8 I outof8

3
4
4
3
3
2
4
3
2
0
3
4
3
4
2
3

2 of 4

15 outof 16

2
4
0
1
0
3
0
2

4 out of 8
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Figure3.1 Longfin smeltabundanceversusoutflow (1967-1992).The top andbottomcurvesrepresentthenonlinear
relationshipof 34 percentoftheyears. The centerline representsthe netlinear relationshipof all years.
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LONGFIN SMELT
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Figure3.4 Entrainmentindices(ratioof salvagedfish andsubsequentabundance
index) for CentralValley Projectfish facilities. Exportsat pumpstendto takea
higherproportionoflongfin smelt in dry rears. Trendsaresimilar attheState
WaterProject.
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Longfin Smelt Restoration Criteria Stations
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Figure3.5 Longfin smelt restorationcriteriastations.
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4. SACRAMENTO SPLITTAIL

Pogonichthysmacrolepidotus(Ayres)

Status:Endemicspecies.Proposedfor listing asthreatened,January6, 1994.

TheStateof Californiahasexpressedsignificantdisagreementregarding
the longtermstatusofthe splittail. After availablebiological informationhas
beenthroughlyreviewed,theU.S. FishandWildlife Servicewill makeits final
decisiononwhetherornot it is appropriateto list thespeciesundertheprovisions
ofthe EndangeredSpeciesAct.

Restorationpotential: Thesplittail is theonly memberofits genus(a second
speciesis now extinct)and endemicto theCentralValley. Althoughits rangeand
populationsaregreatlydiminished,thereis ahighpotential for restoration.

Description: Splittail arelargecyprinids,growingin excessof300 millimeters
(12 inches)standardlength,andaredistinctive in havingtheupperlobeofthe
caudalfin largerthanthe lower lobe. Thebody shapeis elongatewith ablunt
head. Smallbarbelsmaybe presenton eithersideof thesubterminalmouth.
Theypossess14 to 18 gill rakers,andtheirpharyngealteetharehookedandhave
narrow grinding surfaces. Dorsalraysnumberfrom 9-10,pectoralrays 16-19,
pelvicrays8-9,andanalrays 7-9. Thelateralline usuallyhas60-62scales,but
rangesfrom 57-64. Thefish aresilveron thesidesandolive greydorsally.
Adults developanuchalhump(i.e., protuberanceon thefish’s nape). During the
breedingseason,the caudal,pectoral,andpelvic fins takeona red-orangehueand
malesdevelopsmall white nuptialtuberclesin theheadregion.

TaxonomicRelationships:This specieswasfirst describedin 1854by W. 0.
AyresasLeuciscusmacrolepidotusandby S. F. Baird andC. Girardas
Pogonichthysinaeqilobus. Ayres’ speciesdescriptionis acceptedastheofficial
onebut Pogonichthyswasacceptedasthegenusnamein recognitionofits
distinctivecharacteristics(Hopkirk 1973). Thesplittail is consideredby some
taxonomiststo be alliedto cyprinidsofAsia(Howes1984). Thegenus

INTRODUCTION
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Pogonichthyscomprisestwo species,P. ciscoidesHopkirk andP. macrolepidotus
(Hopkirk 1973). Theformerspeciesfrom ClearLake,LakeCounty,became
extinct in theearly 1 970s.

Distribution: The Sacramentosplittail is a central California endemicthat was
oncedistributedin lakesandriversthroughouttheCentralValley. Theywere
foundasfar northasReddingby Rutter (1908)who collectedthemat theBattle
CreekFishHatcheryin ShastaCounty. Splittail areno longerfoundin this area
andseemto belimited by theRedBluff Diversion Damin TehamaCountyto the
downstreamreachesoftheSacramentoRiver. Theyalsoenterthe lowerreaches
ofthe FeatherRiver on occasion,but recordsindicatethatRutter (1908)had
collectedthemasfar upstreamasOroville. Splittail arealsoknownfrom the
AmericanRiver andhavebeencollectedattheHighway 160bridgein
Sacramento,althoughin thepastRutter(1908)collectedthemasfar upstreamas
Folsom. He alsocollectedthemfrom theMercedRiverat Livingstonandfrom
theSanJoaquinRiver atFort Miller (whereFriantDamis today). Snyder(1905)
reportedcatchesof splittail from southernSanFranciscoBay andatthemouthof
CoyoteCreekin SantaClaraCounty,but recentsurveysindicatethat splittail are
no longerpresentin theselocations(Leidy 1984).

Splittail arenowlargely confinedto: (1) theDelta, (2) SuisunBay,(3)
SuisunMarsh, (4)NapaRiver, (5) PetalumaRiver, and,(6) otherpartsofthe
Sacramento-SanJoaquinestuary(Caywood1974,Moyle 1976,Moyle,
unpublisheddata). In theDelta,theyaremostabundantin thenorthandwest
portions,althoughotherareasmaybe usedfor spawning(DFG 1987a). This may

reflecta shrinkingof theirDeltahabitatbecauseTurner(in TurnerandKelly
1966)found amoreevendistributionthroughouttheDelta. Recentsurveysof
SanJoaquinValley streamsfoundsmall numbersofsplittail in theSanJoaquin
River below its confluencewith theMercedRiver (Saiki 1984); largenumbersof
juvenileswerecaughtin 1986 in theSanJoaquinRiver 10-12kilometers(6-7
miles) abovethejunction with TuolumneRiver (T. Ford,Turlock Irrigation
District, personalcommunication).Successfulspawninghasbeenrecordedin the
lowerTuolumneRiver duringwet years in the 1 980s,with bothadultsand
juvenilesobservedat Modesto, 11 kilometers(9 miles) upriver from theriver
mouth(T. Ford,personalcommunication).Furthersurveysareneededto
determinehow far up theSanJoaquinRiver splittail presentlymigratefor
spawning, andif theyspawnin theMercedRiverandothertributaries.
Occasionally,splittail are caught in SanLuis Reservoir(Caywood1974),which
storeswaterpumpedfrom theDelta. Exceptwhenspawning,splittail arelargely
absentfrom theSacramentoRiver. Largeindividualsarecaughtduring spring in
the lowerriver in largefyke trapsset to catchstripedbassmigratingupstreamto
spawn(DFG,unpublisheddata). Presumably,thesplittail arealso onaspawning
migration. In thespringof 1993,adultandyoung-of-yearsplittail werecaptured
in isolatedpools in the SutterandYolo by-passes(W. Shaul,JonesandStokes,

68



Inc., personalcommunication)anda singleindividual wascapturedin Big Chico
Creek,ButteCo., in 1993 (Service,unpublisheddata).Capturesoflarval fish
indicatethatan importantspawningareafor splittail maybe theSacramentoRiver
betweenthemouthsoftheAmericanandFeatherRivers(J. Wang,personal
communication).A recentsurveyfoundasmall numberoffish upstreamof
Sacramento(R. Baxter, presentationat 1995Asilomar IEP workshop).

Habitat Requirements: Splittail areprimarily freshwaterfish, but aretolerantof
moderatesalinitiesand canlive in waterwith salinitiesof 10-18partsper
thousand(Moyle 1976,unpublishedobservation).In the 1950s,theywere
commonlycaughtby stripedbassanglersin SuisunBay (D. Stevens,DFG,
personalcommunication). During thepast20 years,however,theyhavebeen
foundmostly in slow-movingsectionsofrivers andin sloughsandhavebeen
mostabundantin the SuisunBay andMarsh region(Meng 1993). In 1995,after
anunusuallywet winter, overfive million juvenilesplittail weresalvagedat the
CVP andSWPindicatingthemagnitudeof spawningsuccessin favorablewater
years. However,substantiallossesoccurduringsalvageoperationsand
recruitmentmaynotreflectthehighspawningsuccess.Theyareyeararound
residentsin SuisunMarsh,concentratingin thedead-endsloughsthattypically
havesmall streamsfeedinginto them(DanielsandMoyle 1983;Moyle etal.
1986). Theytendto be mostabundantwhereothernativefishesareabundantas
well. In SuisunMarsh,trawl catchesarehighestin summerwhensalinitiesare6-
10 partsper thousandandtemperaturesare 15-23degreesCelsius(59-73degrees
Fahrenheit)(Moyle etal. 1986),reflectingin partthe increasedvulnerability of
young-of-yearfish to capturewith increasedsize. In SuisunBay, splittail of all
sizesaremostconsistentlyfoundin shallowwaterat salinitieslessthan2-3parts
perthousand(Meng 1993). In spring,bothadult andyoung-of-yearsplittail are
frequentlyfound in shallow,floodedareas,suchastheYolo andSutterby-passes,
low-lying partsofdeltaislands(e.g.,ShermanLake),and river mouths.

Young-of-yearandage-isplittail werecommonin beachseinesampling
by DFG during 1993alongtheSacramentoRiverbetweenRio Vista andChipps
Island(R. Baxter,DFG, personalcommunication).Furthermore,in theDFG Bay
Studysamples,splittail aremorecommonfrom stationslessthan6.7 meters(21
feet)deep. Thus,juvenilesplittail maybe concentratedin theshallowperipheries
ofthe SacramentoRiver, andtheymaybe moreabundanttherethanindicatedby
samplingdoneto date(R. Baxter,personalcommunication).

DanielsandMoyle (1983)foundthatyear-classsuccessin splittail was
positivelycorrelatedwith Deltaoutflow, andCaywood(1974)foundthat a
successfulyear classwasassociatedwith winter-runoffsufficiently highto flood
theperipheralareasof theDelta. Theseobservationswereconfirmedby the
analysisofthe State(DFG 1992b).Meng(1993)foundastrongnegative
relationshipbetweenamountofwaterdivertedfrom thedeltaand abundanceof
youngsplittail, notingthattheeffect ofdiversionsseemedto beparticularly

69



strongin dry years. However,entrainmentat CVP andSWPsouthDelta
diversionsis highestin wet yearsascanbe seenin thehigh 1995salvage
numbers.

Life History: Splittail arerelatively long-lived (about5-7 years)andarehighly
fecund(up to 100,000eggsperfemale). Theirpopulationsfluctuateon an annual
basisdependingon spawningsuccessandstrengthoftheyearclass(Danielsand
Moyle 1983). Bothmaleandfemalesplittail matureby theendof theirsecond
year(DanielsandMoyle 1983),althoughoccasionallymalesmaymatureby the
endoftheir first yearandfemalesby theendof their third year(Caywood1974).
Fishareabout180-200millimeters(7-8 inches)standardlengthwhenthey attain
sexualmaturity (DanielsandMoyle 1983),and thesexratioamongmature
individualsis 1:1 (Caywood1974).

Thereis somevariability in thereproductiveperiod,with older fish
reproducingfirst, followed by youngerfish thattendto reproducelater in the
season(Caywood1974). Generally,gonadaldevelopmentis initiated by fall, with
aconcomitantdecreasein somaticgrowth (DanielsandMoyle 1983). By April,
ovariesreachpeakmaturityandaccountfor approximately18 percentofthe body
weight. Theonsetofspawningseemsto be associatedwith increasingwater
temperatureandday length andoccursbetweenearlyMarchandMay in theupper
Delta(Caywood1974). However,Wang(1986)foundthatin thetidal freshwater
andeuryhalinehabitatsofthe Sacramento-SanJoaquinestuary,spawningoccurs
by late JanuaryandearlyFebruaryandcontinuesthroughJuly. Spawningtimes
arealsoindicatedby thesalvagerecordsfrom theSWPpumps. Adults are
capturedmostfrequentlyin JanuarythroughApril, whentheyarepresumably
engagedin spawningmovements,whileyoung-of-yeararecapturedmost
abundantlyin May throughJuly (Meng1993).Theserecordsindicatemost
spawningtakesplacefrom FebruarythroughApril.

Splittail spawnon submergedvegetationin floodedareas. Spawning
occursin the lower reachesof rivers (Caywood1974),dead-endsloughs(Moyle
1976)andin the largersloughssuchasMontezumaSlough(Wang 1986). Larvae
remainin theshallow,weedyareasinshorein closeproximity to thespawning
sitesandmoveinto thedeeperoffshorehabitatastheymature(Wang 1986).

Strongyearclasseshavebeenproducedevenwhenadultnumbersarelow,
if outflow is high in earlyspring (e.g., 1982, 1986).Since1988,recruitmenthas
beenconsistentlylower thanexpected,suggestingthis relationshipmaybe
breakingdown(Meng 1993).Forexample,both 1978and1993 werewetyears
following droughtyears,yettheyoung-of-yearabundancein 1993wasonly 2
percentoftheabundancein 1978.

Splittail arebenthicforagersthatfeedextensivelyonopossumshrimp
(Neomysismercedis)althoughdetritalmaterialtypically makesup ahigh
percentageoftheirstomachcontents(DanielsandMoyle 1983). Theywill feed
opportunisticallyon earthworms,clams,insectlarvae,and otherinvertebrates.
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Theyarepreyeduponby stripedbassandotherpredatoryfishes. Thepreference
for splittail by stripedbasshaslong beenrecognizedby anglers,who fish for
splittail to usethemfor bait.

Abundance:Splittail havedisappearedfrom muchof theirnativerangebecause
dams,diversions,andagriculturaldevelopmenthaveeliminatedor drastically
alteredmuchofthe lowlandhabitatthesefish onceoccupied. Accessto spawning
areasorupstreamhabitatsis nowblockedby damson thelargerivers suchas
NimbusDamon theAmericanRiver andOroville Dam on theFeatherRiver.
Becausesplittail seemincapableofnegotiatingexisting fishways,they cannot
ascendtheSacramentoRiver furtherthanRedBluff DiversionDam. Theyare
rare,however,morethan10-20kilometers (6-12miles) abovetheupstream
boundariesoftheDelta. This hasbeenre-confirmedin 1994DFG surveyswhere
only 14 fish were capturedin upstreamareas.However,accordingto arecent
DFG analysis,splittail samplingis biasedandmayoverestimateabundancein wet
yearsandunderestimateabundancein dryyears. As 1994wasadry year,useof
the14 fish asanabundanceindicatormaynot be warranted.Caywood(1974)
foundaconsensusamongsplittail anglersthatthefishery haddeclinedsincethe
completionofFolsomandOroville Dams. In theSanJoaquinRiver, their
distributionmaybe limited in goodpartby waterquality (hightemperature,
pollutants)becausetheyseemto moveup into theriver only duringwet years.

Todaytheprincipalhabitatofsplittail is theSacramento-SanJoaquin
estuary,especiallytheDelta. Their abundancein this systemis stronglytied to
outflows,presumablybecausespawningoccursoverfloodedvegetation.Thus,
whenoutflowsarehigh, reproductivesuccessis high, but whenoutflows arelow,
reproductiontendsto fail (DanielsandMoyle 1983). DFG confirms this
observation:

“[S]uccessful reproductionis stronglyassociatedwith highoutflows
preceding,duringandfollowing spawningasdemonstratedby high
correlationsbetweenabundanceofsplittail in thefall midwatertrawl
surveyandvariousmonthly combinationsofDeltaoutflow from the
previouswinter throughearly summer.”(DFG 1992b,p. 2)

Evenwithin theirconstrictedrangewithin theDelta,splittail populations
areestimatedto be only 35 percentto 60 percentasabundantastheywerein 1940
(DFG 1 992b),andconsideredovertheirhistoric range,thepercentagedeclineis
muchgreater. Since1980 splittail numbersin theDeltahavedeclinedsteadily
(Moyle et al. 1986),andin 1992numbersdeclinedto the loweston record(P.
Moyle andDFG, unpublisheddata). Populationlevelsappearto fluctuatewidely
from yearto year;DFG midwatertrawldatafor 1967-1990indicateadecline
from themid-1 960sto the late 1 970s,aresurgence(with fluctuations)throughthe
mid-1980s,and adeclinesince1986. Surveydatafor SuisunMarsh(UCD,
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unpublisheddata)showasubstantialdeclineinnumbersduringtheperiod1979-
1991 (meancatchin 1979-1983,ca. 188fish/month,meancatchin 1987-1990,ca.
25 fish/mo., 1990-1991,3-5 fish/month). Datafrom theDFG Bay-Deltasurvey
andfish salvageoperationsattheStateandFederalpumpingplantsin the south
Deltaindicatethatsplittail recruitmentsuccessis highly variablefrom yearto
year. Largepulsesofyoungfish wereobservedin 1982, 1983 and1986,but
recruitmentwaslow in 1980, 1984, 1985and1987-1990.As wasmentioned
above,a largepulseofyoungfish occurredin 1995dueto theunusuallywetyear
but therecruitmentmaybe low dueto handlinglossesattheCVP andSWP
salvagefacilities andotherfactors,includingpredationandlossesat agricultural
diversions.Since1985,splittail havebeenrarein SanPabloBay,reflectinga
constrictionof theirdistributionto theupperBay-Deltaareasandto isolatedareas
like thePetalumaandNapaRivers.

Reasonsfor decline: Sincethestartofthemassiveinflux ofnon-nativepeoples
into California in the 1 850s,therangeandabundanceof splittail hassteadily
declined.It is now largely confined to the Sacramento-SanJoaquin estuary,
exceptfor occasionalforaysupstreamto spawn. Thismeansthatits long-term
survivaldependsuponconditionsin theestuaryandhavingadequatespawning
habitat. The continuingdeclinein splittail numberscanbeattributedto avariety
of interactingfactors,in approximateorderof importance:(1) changedestuarmne
hydraulics,especiallyreducedoutflows, (2) modificationofspawninghabitat,(3)
climaticvariation,(4) toxic substances,(5) introducedspecies,(6)predation,and
(7) exploitation.

1. Changedestuarmnehydraulics
ForSacramentosplittail, thepreeminentfactorin theirdeclineappearsto

havebeenhabitatconstrictionassociatedwith thereductionofwaterflows and
changedhydraulicsin theSacramento-SanJoaquinDelta. DFG (1992b)indicates
thatsuchchangesareprobablythe largestfactorcontributingto thedeclineof
splittail becauseofthestrongpositive correlationbetweensplittail yearclass
successandoutflows. Reclamationhasacknowledgedtheadverseeffectsofthe
Deltaexportfacilities on theestuarinefishesin its testimonyto theSWRCBin the
interimwaterrightsproceedingfor theBay-Deltaestuary(1992):

..... ReclamationbelievesthenegativeimpactofDelta
diversionson thefisheriesandfoodchainis largely a
consequenceof theflowpatterns(hydrodynamics)resulting
from Deltainflow andCVP andSWPexports.
Consequently,any proposedsolutionmustaddressthis
importantissueif it is to be effectivein the long-term.”
(WRINT-Reclamation-ExhibitNumber10, p. 8.)
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While theexactmechanismthat reducessplittail recruitmentduring low
outflow-highdiversionyearsis not well understood,directentrainmentin the
CVP andSWPpumpsand shifting ofsplittail populationsto thepresumablyless
favorableconditionsofthesouthDeltaarepossiblecontributorsto low survival.
Duringtheperiodofdecline,exceptionallyhighnumbersofsplittail havebeen
salvagedfrom thepumpingplantsin someyears(1986,1993, 1995).In addition,
since1983 catchesofsplittail in theFMWT surveyhavebecomemorefrequentin
the southDeltaandtheSacramentoRiverandlessfrequentin SuisunBay (Meng
1993). Assumingthis surveyaccuratelyreflectssplittail distribution, thisshift
mayindicatethatyoung-of-yearsplittail havean increasedprobabilityofwithin
Deltaentrainment,aswell asbeingplacedin conditionslessfavorablefor growth
andsurvival. However,thereis apositivecorrelationbetweentotalsplittail
abundancein DFG’s FMWT surveyandthenumbersalvagedatthepumping
plants(r3 = 0.46,p <0.05,arelatively low coefficentofdeterminationbut with a
high probabilityofsignificance),indicatingthat splittail maybe entrainedin
directproportionto their abundancewithoutproportionatelyhighersalvagerates
in dry years(Figure4.1) (DWRandReclamation1994).

2. Modificationof spawninghabitat
While thespawninghabitatof splittail hasnot beenwell characterized,the

bestevidenceindicatesthattheyspawnon floodedvegetationin the lowerreaches
ofrivers andperhapsin theDeltaandSuisunMarshaswell. It is probablethat
theearlylarval stagesalsolive in thefloodedvegetation,whererotifer and
microcrustaceanpopulationsarelikely to be high. Theincreasein flooded
vegetationis presumablyoneofthefactorscontributingto splittail yearclass
successin wetyears. Thedecreasein riparianmarshlands(floodableareas)in
recentdecadesis consequentlylikely to be amajorcontributorto thegeneral
declinein splittail numbers.

3. Climatic fluctuations
Thepast15 yearshaveseensomeof themostextremeenvironmental

conditionstheestuaryhasexperiencedsincethearrival ofEuropeans.Theyears
1985-1992wereonesofcontinuousdrought,brokenonly by therecordoutflows
ofFebruary1986. Theprolongeddroughthadtwo majorinteractingeffects:a
naturaldecreasein outflow and an increasein theproportionofinfi owing water
beingdiverted. A naturaldeclinein splittail numberswould be expectedfrom the
reducedoutflow, presumablybecauseofthereducedavailability ofspawningand
larval rearinghabitat. However,the increasein diversionshasdecreasedsurvival
ofsplittail throughfurther reductionin habitat,especiallyin thelower Deltaand
SuisunMarsh. It is importantto recognizethat extremefloods anddroughtshave
occurredin thepastand splittail havemanagedto persistthroughthem. However,
thesplittail historically did not experiencetheextremeconditionscausedby
increaseddiversionof waterandby theshortageof potentialspawningareas,nor
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did theyhavethereducedpopulationsthatmakerecoveryfrom naturaldisasters
muchmoredifficult.

4. Toxicsubstances
Theeffectsofpesticidesandothertoxic substanceson splittail is not

known,but thereis considerablepotentialfor negativeinteractions,especially
whenlarvaearein theSacramentoRiver andDelta.This areaneedsinvestigation.

5. Introducedspecies
Introducedspeciesareaperpetualproblemin theSacramento-SanJoaquin

estuary,especiallythosethat areintroduced“accidentally” from theballastwater
ofships.Themostrecentproblemintroductionshavebeenseveralspeciesof
planktoniccopepodsandanAsiatic clam,Potamocorbulaamurensis.The
copepodsareregardedasa problembecausetheyseemto be replacing
Eurytemoraaffin is, anativecopepodthat hasbeenthe favoredfoodof larval fish
andofopossumshrimp,thefavoredprey ofsplittail. Although oneofthe
introducedcopepodspecies(Sinocalanusdoerrii) seemsto beharderfor larval
fish (and perhapsopossumshrimp,L. Meng,unpublisheddata)to capture,other
introducedcopepodspeciesprobablydo notpresentthecaptureproblemsof S.
doerrii (e.g.,MengandOrsi 1991).

TheAsiatic clam, in contrast,mayhaveadirect effecton splittail
populationsbecauseit hasbecomeextremelyabundantin SuisunBay,from which
it appearsto be filtering outmuchoftheplanktonicalgae,thebaseof thefood
webthat leadsto splittail throughopossumshrimp(Nicholsetal. 1990). The
splittail occursin manyareaswheretheclam is notabundant.Theclam,
however,is not adirectcauseofthe initial declineofsplittail becauseit did not
invadeuntil afterFebruary1986,whenthe estuary’sbiotahadbeendevastatedby
immenseoutflows (Nichols etal. 1990). Theclam’spresentabundancemaymake
therestorationofsplittail moredifficult but it is quite likely thattheAsiatic clam
will becomelessabundantin responseto increasedfreshwateroutflows andto its
discoveryasa food sourceby fishessuchassturgeon,by invertebratessuchasthe
invadinggreencrab,andby diving ducks. A typical patternfor invadingspecies
is to haveapopulationexplosionin responseto optimalconditionsat thetime of
invasion(due to theabsenceof theirpredators,parasites,etc.)andthena decline
to lower levelsasthe local ecosystemadjuststo theirpresence.

6. Predation
Splittail arepreyeduponby introducedstripedbass,but theyhave

successfullycoexistedwith stripedbasssinceits introductionin the 1 870s.
Nevertheless,it is possiblethat increasedpredationby stripedbassandother
predatorson splittail drawninto Clifton Court Forebayby thechangedhydraulics
oftheDeltahavebeenacontributingfactorin theirdecline. In addition,the
artificial enhancementofstripedbasspopulations(which arealsoin decline)with
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hatcheryfish (until 1992,whenit washaltedby DFG) mayhaveartificially
increasedpredationrateson splittail. Largeadult splittail arepresumablylargely
immuneto suchpredation.

7. Exploitation
Althoughsplittail havebeenharvestedasfood andbait by sportanglers,

thereis no evidencethatthis exploitationhascontributedto theirdecline.
However,the Asiansportfisheryin thepasthasconcentratedonpresumably
spawningfish, so it could inhibit restorationofthespecies.

Conservationmeasures:Conservationmeasuresdiscussedin thedeltasmelt
sectionwill alsobenefitsplittail, althoughtheuniquespawningandhabitat
requirementsofsplittail meanthat additionalactionsto enhancesplittail
populationswill probablybe necessary.

Researchis currentlyunderwayby DFG, DWR, Reclamation,Service,
UCD, andothersto learnmoreaboutthe life historyandhabitatrequirementsof
splittail.

RESTORATION

RestorationObjective

Theobjectiveofthis partoftheDeltaNativeFishesRecoveryPlanis to
restoreSacramentosplittail, aspeciesproposedfor threatenedstatusunderthe
FederalAct. Restorationofsplittail shouldnotbeattheexpenseofotherDelta
nativefishes. Splittail will be consideredout of dangerwhentheirpopulation
dynamicsanddistributionpatternswithin theestuaryaresimilar to thosethat
existedfrom 1967-1983. Thisperiodwaschosenbecauseit includestheearliest
continuousdataon splittail abundancesandwasaperiodwhensplittail
populationsstayedreasonablyhigh in mostyearswithin theestuary.

Splittail arecurrentlyrestrictedto a fractionof theirhistoric range.
Becauserestorationofsplittail to their formerrangeoutsidetheDeltais
unreasonable(i.e., it would requireremovalof majordams),restorationofthe
speciesrefersprimarily to restorationofthereducedDeltapopulation.
Nevertheless,someactionsthatmayhelprestorethespeciesto aportionofits
previousupstreamrange:(1) creationofmeanderbeltsalongtheSacramento
Riverby leveesetbacks;(2) creationof floodablewetlandsin the lowerSan
Joaquin,Tuolumne,and StanislausRivers;(3) marshrestorationin theDelta and
SuisunMarsh;(4) managingbypassesfor fish; and (5) removalofupstream
barriersto migration.
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RestorationCriteria

Thesplittail wasproposedfor listing asathreatenedspecieson January6,
1994. The restorationcriterialisted herewould representappropriaterecovery
criteriashouldthespeciesbe listed. Splittail will be consideredrestoredwhen
theymeettwo outofthreepossiblerestorationcriteria,developedfrom three
independentsurveys.Thethreepossiblecriteriaare: (1) FMWT numbersmustbe
19 orgreaterfor 7 of 15 years; (2) SuisunMarshcatchper trawlmustbe 3.8 or
greaterAND catchofyoung-of-yearmustexceed3.1 pertrawl for 3 of 15 years;
and(3) Bay Studyottertrawl numbersmustbe 18 orgreaterAND catchof
young-of-yearmustexceed14 for 3 outof 15 years. Within eachsurvey,if target
criteriaarenot metat leastoncein 5 consecutiveyears,therestorationperiodfor
thefailed surveywill bere-started.Criteriadependondatacollectedby three
independentsurveys,two conductedby DFG (FMWT andBay Studyottertrawl)
andoneconductedby UCD (SuisunMarshottertrawl). Thesestudieswere
chosenbecausethey samplemostof thesplittail rangeand containtheearliest
continuousdataon splittail abundance.Whenany two outof threecriteriaare
reached,splittail will beconsideredrestored.

Justification for using numbers from three surveys: Restorationcriteriawere
built aroundthreesurveysto increaseflexibility in how criteriaaremet. Splittail
catchestendto be low in the long-termdatasetsavailableon theestuary,sousing
two out ofthreesurveysto meetthecriteriaprovidesaddedprotectionfor splittail
aswell asflexibility for managers.TheBay StudyandSuisunMarshsample
downstreamportionsof splittail range,someetingabundancecriteriain eitherone
ofthesesurveyswill ensurewide distributionfor splittail in theestuary.Numbers
werechosenratherthantheindexbecausethereis ahigh correlationbetween
numbersandthe index(r2 = 0.83,arelativelyhigh coefficientof determination,
for theFMWT). Furthermore,usingnumbersreducesconfusiondueto thewidely
publishedindicesfor stripedbassand deltasmelt. Numbersarealso consistent
with therestoftherecoveryplanfor otherspecies.

Justification for using 1967-1983for thepre-decline period: Graphsfrom the
surveyswereusedto establishpre- andpost-declineperiodsfor splittail. As is the
casefor otherspecies,especiallydeltasmelt,thedeclinein splittail numbers
actuallyoccurredoveramulti-yearperiodfrom 1981-1985.Further,because
splittail live for 5-7 years,dropsin abundancearedampenedby thepresenceof
severalyearclasses.

Length of restoration period: Becauseall splittail matureby threeyears, 15
yearswerechosenastherestorationperiod. Fifteenyearsrepresentfive
generationsof splittail. Restorationcriteriaspecifythatnumberscannot fall
below therestorationtargetfor five consecutiveyears. This is to protectsplittail
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from reproductivefailure andis basedonhistoric FMWT data. Splittail numbers
werevery low from 1969-1974andcontributedto subsequentlow numbers.
Becausesplittail live from 5-7years,astrongyearclasswithin thisperiodis
essentialto sustainthespecies.

Restorationcriteria: Restoration criteria aregroupedandnumberedby survey.
Whenany two outof threerestorationcriteriaarereached,splittail will be
consideredrestored.

(1)E~ll midwatertrawl. TheFMWT datasetwasfiltereddownto stations
sampledin at least3/4 of theyears(6 of 24 yearscouldbe missed)in at leastone
month. Basedon this reduceddataset,averageabundanceofsplittail from 1967-
1992was19 basedontheFMWT (Table4.1). In yearsprior to 1984,splittail
abundanceexceededthis numberin 7 outof 15 years. Since1983abundancehas
fallenbelowthis valuein 7 outof 9 years.

Splittail will be consideredrestored when the FMWT exceeds19 for 7
out of 15 years. If splittail fail to meet this restoration criterion for five
consecutiveyears, the restoration period will start over.

(2) SuisunMarshcriteria. Splittail catchpertrawl (ottertrawl )has
declinedsteadilyin SuisunMarshsince1979 from ahigh of 20.3 in 1979,to
fewerthan 1 for eachyearsince1984(Table4.1, Figure4.2). Theaveragecatch
pertrawl from 1979-1992was3.8. Splittail catchesin SuisunMarshweregreater
thanthis in all but oneyearof thepre-declineperiod(4 outof 5 years). Since
1984catchpertrawl hasfallen belowthis valuefor all yearsexceptone. Suisun
Marshcriteriaareimportantto therestorationof splittail becauseshallow,unrip-
rappedbackwatersofthemarsharepreferredhabitatofsplittail, indicatedby high
catchestakenthere(over 11,800fish in 14 years). Splittail recruitmentin the
marshhasbeenpoorsince1984. From 1980-1983,averageabundanceofsplittail
young was3.1 per trawl (Figure4.2). Splittail youngabundancehasfallenbelow
that valuein every yearsince1984except1986(Figure4.2). Becausesplittail
live for 5-7 years,a successfulyearclassis necessaryat leasteveryfive yearsto
reducetheprobabilityof extinction.

Splittail will be consideredrestoredwhen SuisunMarsh catch per
trawl exceeds3.8 for 7 out of 15 yearsAND when splittail young abundance
exceeds3.1 per trawl for at least 3 out of 15 years. Splittail young abundance
can be usedto make up total abundance(i.e., 3.1 youngper trawl can be
applied to meet the 3.8 target). If thesetarget criteria (both young and
overall) arenot met for 5 consecutiveyears, the restoration period will begin
again.

(3) Bay Study. Theaveragenumberof splittail capturedby Bay Study
ottertrawls from 1980-1992is 18 (Table4.1). In thepre-declineyears,this
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numberwasmethalfthetime. After thedecline,thesenumbersweremetathird
of thetime. In wet years, whicharehighly correlatedwith strongsplittail year
classes,young-of-yearmakeup morethanhalfoftheBay Study’scatches(Figure
4.3). Splittail youngcatchperunit effortmustexceed14 in at least3 of 15 years.

Splittail will be consideredrestored whenBay Study otter trawl
numbers exceed18 for 7 out of 15 years AND when splittail young numbers
exceed14 for 3 out of 15 years. Young-of-year numbers can be applied to
meetoverall criterion. If thesetargets, including both young-of-yearand
overall criteria, are not met for five consecutiveyears, the restoration period
will be re-started.
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Table4.1 Splittail capturedby theFMWT, SuisunMarshfish surveyandBay Study
ottertrawl. Numbersfor SuisunMarsh are splittail pertrawl.

Years FMWT SuisunMarsh Bay Study

Pre-decline

20.3
7.6
4.5
4.4
2.4

Post-decline
1.3
0.65
4.2
2
0.77
0.78
0.43
0.96
0.27

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

52
24
15
7
6

10
4

NS
5

0
34
NS
14
20
51
63

1984
1985
1986
1987
1988
1989
1990
1991
1992

16
14
50
28

8
5
9

15
3

7

23
45

34
36
23
14
13
9
3

11
11
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Splittail in Suisun Marsh
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Splittail in Bay Survey
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5. GREEN STURGEON

AcipensermedirostrisAyres

Status: The green sturgeonis aspeciesof concern.It is a legal sportfish in
California,Oregon,andWashington,andis commerciallyfishedin Oregonand
Washington.It is consideredathreatenedspeciesin CanadaandRussia. Moyle
et al. (1994)includethemasa Speciesof SpecialConcernin Californiaand
recommendthemfor threatenedspeciesstatus.

Restorationpotential: Moderatedegreeofthreat,with highrestorationpotential.

Description: Sturgeons,with theirlargesize,subterminalandbarbeledmouths,
linesof bonyplateson thesides,andheterocercal(shark-like)tail, areamongthe
mostdistinctiveoffreshwaterfishes.Greensturgeonhaveadorsalrowof 8-11
bonyplates(scutes),lateral rowsof23-30scutes,andtwo bottomrowsof 7-10
scutes.Thedorsalfin has33-36rays,andtheanalfin, 22-28. Greensturgeonare
similar in appearanceto white sturgeon(Acipensertransmontanus),with which
theyco-occur,exceptthat thebarbelsareusuallycloserto themouththanto the
tip of thelong, narrowsnout. In addition,thereis onelargescutebehindthe
dorsalfin, aswell asbehindtheanalfin (both lacking in white sturgeon).Body
coloris olive-green,with anolivaceousstripeon eachsideandscutesthatare
palerthanthebody.

Taxonomic Relationships:Thegreensturgeonwasdescribedfrom San
FranciscoBay in 1854by W. 0. AyresasAcipensermedirostris,the only oneof
threespecieshe describedfrom theBay thatis still recognized.While thereis no
questionaboutthevalidity of this species,geographicvariationin thespecieshas
receivedlittle attention. It is likely that Asianpopulationsbelongto adifferent
speciesor subspeciesalthoughtheyaremorphologicallysimilar to theNorth
Americanpopulationsandevensharesomeunusualparasites(P. Foley,UCD,
unpublisheddata). TheJapanesepopulationwasdescribedasAcipensermikadoi
basedon onepoorlypreservedspecimen(JordanandSnyder1906). Schmidt
(1950)designatedtheAsianform (theSakhalinsturgeonin Russianliterature)as
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adistinct subspecies,Acipensermedirostrismikadoi. RecentDNA measurements
indicatethat theAsianform hasapproximatelytwice theDNA contentofthe
NorthAmericanform (Birstein 1993). Birstein (1993)thusconsidersthemto be
two separatespecies,the Asianform A. mikadoiHilgendorfandtheNorth
AmericanA. medirostris.

Distribution: In NorthAmerica,thegreensturgeonrangesin the oceanfrom the
BeringSeato Ensenada,Mexico,a rangethat includestheentire coastof
California. Theyhavebeenfoundin rivers from British Columbiasouthto the
SacramentoRiver in California. Thereis no evidenceofgreensturgeonspawning
in CanadaorAlaska,althoughsmall numbershavebeencaughtin theFraserand
SkeenaRivers,British Columbia(Houston1988). Greensturgeonareparticularly
abundantin theColumbiaRiver estuaryandindividualshadbeenobserved225
kilometers(140miles) inland in theColumbiaRiver(Wydoski andWhitney
1979);presentlytheyare foundalmostexclusivelyin thelower 60 kilometers(37
miles) anddo notoccurupstreamofBonnevilleDam (OregonDept. Fishand
Wildlife 1991). Thereis no evidenceof spawningin theColumbiaRiveror other
rivers in Washington. In Oregon,juvenilegreensturgeonhavebeenfoundin
severalofthecoastalrivers(Emmettetal. 1991)but spawninghasonly been
confirmedin theRogueRiver (A. Smith,minutesto Servicemeetingon green
sturgeon,Arcata,California,May 3, 1990; P. Foley, unpublishednotes). In
California,greensturgeonspawninghasbeenconfirmedin recentyearsonly in
theSacramentoRiver andtheKlamathRiver, althoughspawningprobablyonce
occurredin theEel River aswell (Moyle etal. 1993). More detailson distribution
areprovidedin theabundancesection.

Habitat Requirements: Habitatrequirementsofgreensturgeonarepoorly
known,but spawningandlarval ecologyprobablyare similar to thatof white
sturgeon.However,comparativelylargeeggsize,thin chorioniclayeron theegg,
andothercharacteristicsindicatethat greensturgeonprobablyrequirecolder,
cleanerwaterfor spawningthanwhite sturgeon(S. Doroshov,UCD, personal
communication).In theSacramentoRiver, adult sturgeonarein theriver,
presumablyspawning,whentemperaturesrangebetween8-14degreesCelsius
(46-57degreesFahrenheit).Preferredspawningsubstratelikely is largecobble,
but canrangefrom cleansandto bedrock. Eggsare broadcast-spawnedand
externallyfertilized in relativelyhighwatervelocitiesandprobablyat depths
greaterthat 3 meters(10 feet)(Emmettet al. 1991). Theimportanceofwater
quality is uncertain,but silt is knownto preventeggsfrom adheringto eachother
(C. Tracy,minutesto Servicemeeting).

Life History: Theecologyandlife historyofgreensturgeonhavereceived
comparativelylittle study,evidentlybecauseoftheirgenerallylow abundanceand
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their low commercialand sport-fishingvaluein thepast. Theadultsaremore
marinethanwhite sturgeon,spendinglimited time in estuariesor freshwater.

Greensturgeonmigrateup theKlamathRiver betweenlate Februaryand
late July. Thespawningperiodis March-July,with apeakfrom mid-April to
mid-June(Emmettet al. 1991).Spawningtimes in theSacramentoRiver are
probablysimilar, basedon timeswhenadult sturgeonhavebeencaughtthere(see
abundancesection,below). Spawningtakesplacein deep,fastwater. In the
KlamathRiver, apool knownas“The SturgeonHole” (1.5 kilometers[1 mile]
upstreamfrom Orleans,HumboldtCounty)apparentlyis a majorspawningsite,
becauseleapingandotherbehaviorindicativeof courtshipandspawningareoften
observedthereduring springandearlysummer(Moyle 1976). Femalegreen
sturgeonproduce60,000-140,000eggs(Moyle 1976),which areabout3.8
millimeters (0.15 inch) in diameter(C. Tracy, minutesto Servicemeeting).
Basedon theirpresumedsimilarity to white sturgeon,greensturgeoneggs
probablyhatcharound196 hours(at 12.7 degreesCelsius[54.9 degrees
Fahrenheit])afterspawning,andlarvaeshouldbe 8-19millimeters(0.3-0.7inch)
long. Juvenileslikely rangein size from 2.0- 150centimeters(1-59inches)
(Emmettetal. 1991). Juvenilesmigrateout to seabefore2 yearsofage,primarily
duringsummer-fall(Emmettetal. 1991). Length-frequencyanalysesof sturgeon
caughtin theKlamathEstuaryby beachseineindicatethatmostgreensturgeon
leavethesystemat lengthsof30-70centimeters(12-28inches),whentheyare I
to 4 yearsold, althoughamajority leaveasyearlings(Service1982). They
remainnearestuariesat first, but canmigrateconsiderabledistancesastheygrow
larger(Emmettetal. 1991). Individuals taggedby DFG in SanPabloBay (partof
theSanFranciscoBay system)havebeenrecapturedoff SantaCruz,California,in
WinchesterBay on thesouthernOregoncoast,atthemouthof theColumbia
River and in Gray’sHarbor,Washington(Chadwick1959;Miller 1972). Most
tagsfor greensturgeonin theSanFranciscoBay systemhavebeenreturnedfrom
outsidethatestuary(D. Kohlhorst,DEG, personalcommunication).

Greensturgeongrow approximately7 centimeters(3 inches)per yearuntil
theyreachmaturityat 130-140centimeters(51-55inches),aroundage15-20
(Service1982).Thereafter,growthslowsdownandmaximumsizein theKiamath
River in recentyearshasbeenaround230 centimeters(91 inches)(Service1982).
Thelargestfish havebeenagedat40 years,but this is probablyan underestimate
(T. Kisanuki,Service,personalcommunication).Thelargestgreensturgeonare
typically femalesandvirtually all fish over200 centimeters(79 inches)are female
(Service1982).

Juvenilesandadultsarebenthicfeedersandmayalsotakesmall fish.
Juvenilesin the Sacramento-SanJoaquinDeltafeedon opossumshrimp
(Neomysisinercedis)andamphipods(Corophiumsp.) (Radtke1966).Adult
sturgeoncaughtin Washingtonhadbeenfeedingmainly onsandlances
(Ammodyteshexapterus)and callianassidshrimp(P. Foley, unpublisheddata). In
theColumbiaRiver estuary,greensturgeonareknownto feedon anchovies,and
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theyperhapsalsofeedon clams(C. Tracy,minutesto Servicemeeting). Adults
canreachsizesof2.3 meters(7.5 feet)fork lengthand 159 kilograms(351
pounds),but in SanFranciscoBay mostareprobablylessthan45 kilograms(99
pounds)(Skinner1962).

Abundance:In California,greensturgeonhavebeencollectedin small numbers
in marinewatersfrom theMexicanborderto theOregonborder. Theyhavebeen
notedin a numberofrivers,but spawningpopulationsareknownonly in the
SacramentoandKlamathRivers (seebelow). Thefollowing distributional
informationon greensturgeonin Californiawaterswasprovidedby Mr. Patrick
Foley (UCD).

SouthernCalifornia. A small numberofgreensturgeonhavebeenreportedfrom
the southernCaliforniacoast(FitchandLavenberg1971). Themajority ofthese
fish werelessthan 100 centimeters(39 inches)total lengthandweighedunder4
kilograms(9 pound).Thelargestgreensturgeonreportedtakenin theoceansouth
ofPointConceptionwasamaturemale, 163 centimeters(64inches)and25.7
kilograms(57pounds),caughtby a commercialfishermannearDanaPoint,
OrangeCounty(Fitch andSchultz 1978).

Abundanceofgreensturgeongraduallyincreasesnorthwardof Point
Conception.Theyareoccasionallycaughtin MontereyBay (G. Cailliet,
CaliforniaStateUniversityandR. Lea,DFG, personalcommunication).A tagged
greensturgeonwasrecoverednearSantaCruz,SantaCruz County(Miller 1972).
Within theholdingsoftheCaliforniaAcademyof Sciences(CAS) is a skeleton
collectedatMossLandingBeach,MontereyCounty,anda completespecimen
acquiredfrom theSantaCruz Municipal PierAquarium(D. Catania,CAS,
personalcommunication).

Sacramento-SanJoaquindrainage.TheSanFranciscoBay system,comprising
(1) SanFranciscoBay,(2) SanPabloBay, (3) SuisunBay and(4) theDelta,is
hometo thesouthernmostreproducingpopulationofgreensturgeon.In fact,
greensturgeonwereoriginally describedfrom SanFrancisco(Ayres 1854).
White sturgeonarethemostabundantsturgeonin thissystemandgreensturgeon
havealwaysbeencomparativelyuncommon(Ayres 1854,JordanandGilbert
1883). Intermittentstudiesby DFG between1954and1991 havemeasuredand
identified 15,901 sturgeonofboth species.Basedon thesedata,a greensturgeon
to white sturgeonratioof 1:9 wasderivedfor fish lessthan 101 centimeters(40
inches)fork length and1:76 for fish greaterthan 101 centimeters(40 inches)fork
length (D. Kohlhorst,personalcommunication).If it is assumedthatgreen
sturgeonandwhite sturgeonareequallyvulnerableto captureby variousgearand
thattheDFG populationestimatesof whitesturgeon(11,000-128,000,depending
on theyear) areaccurate(Kohlhorstetal. 1991),thenthenumberof green
sturgeonin theestuarylongerthan102 centimeters(40inches)hasrangedfrom
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200 to 1,800fish (D. Kohlhorst,personalcommunication).Thesenumbersshould
be regardedasvery roughestimatesbecausetheaboveassumptionsareuncertain.

Numbersofjuvenilegreensturgeonarepresumablyevenmorevariable
thannumberofadultssincereproductionis presumablyepisodic(characteristic
also ofwhite sturgeon,Kohlhorstet al. 1991). Oneindicationofthis is the
numbersof greensturgeonsalvagedat thepumpsof theSWPandCVP in the
southDelta, whicharemainlyjuveniles.Between1979and1991,6,341 fish
identifiedasgreensturgeonwerecapturedatthetwo facilitiescombined;32,708
white sturgeonwereidentifiedin the sameperiod. Annualnumbersrangedfrom
45 (1991)to 1,476(1983).Otherhigh salvageyearswere 1982(1,093)and1985
(1,377).However,thesedataarenot particularlyreliablebecauseofpoorquality
controlonbothcountsandspeciesidentification(D. Kohlhorst,personal
communication).In addition,juvenilesturgeonareprobablymorevulnerableto
entrainmentat low or intermediateoutflows.

Indirectevidenceindicatesthatgreensturgeonspawnmainly in the
SacramentoRiver. Theyhavebeenreportedin themainstemSacramentoRiveras
far northasRedBluff, TehamaCounty(river kilometer383,mile 238)(Fry
1979). Small, younggreensturgeonhavebeentakennearHamiltonCity, Glenn
County(river kilometer317,mile 197)(Fry 1979). Additionally, fouryoung
greensturgeonwerecollectedattheRedBluff DiversionDam in late October,
1991 (K. Brown, Service,personalcommunication).River guideshavetaken
adult greensturgeonat theAndersonHole, about6 kilometers(4 miles) abovethe
HamiltonBridge(G. Jewell,personalcommunication).A dead,adult, green
sturgeonwasfoundon April 18, 1991,at river kilometer378 (river mile 235)
(approximately5 kilometers[3 miles] southof Dairyville, TehamaCounty), by
Servicebiologists(K. Brown, personalcommunication).Live adult green
sturgeonhavebeenobservedby Servicecrewssurveyingwinter-runchinook
salmon,Oncorhynchustshawytscha,in the16-km reachofriver belowRed Bluff
DiversionDam in 1991 and 1992(K. Brown,personalcommunication).In 1991,
20 largesturgeonweresightedin this areabetweenApril 3 andMay 21. Pat
Foley ofUCD reportedrecentphotographsof greensturgeontakenby sportfishers
in theFeatherRiver, a tributaryoftheSacramentoRiver. It is possiblethatsome
spawningmaytakeplacein theSanJoaquinRiver,becauseyounggreensturgeon
havebeentakenat SantaClaraShoal,BrannanIsland StateRecreationalArea,
SacramentoCounty(Radtke1966)anda singlespecimenfrom Old River is in the
CaliforniaAcademyofSciencecollection(D. Catania,CAS, personal
communication).

NorthCoast. NorthofSanFrancisco,greensturgeonareencounteredwith greater
frequency.Theyarerecordedfrom TomalesBay (Blunt 1980,D. Catania,
personalcommunication)and, while numbersaresmall, theyareroughlyequalin
abundanceto white sturgeon(RichardPlant,personalcommunication).A green
sturgeontaggedin SanFranciscoBay wasrecoverednearBodegaHead(D.
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Kohlhorst,personalcommunication)andsmallnumbersaretakenincidentallyby
anear-shorehalibut fishery centeredat BodegaBay (C. Haugen,personal
communication).Furthernorth, asingle specimenwascollectedfrom theNoyo
River (D. Catania,personalcommunication).

FromtheEelRivernorthward,greensturgeonpredominatein rivers and
estuariesalongthecoastofCalifornia,andit is likely thatmostrecordsof
sturgeoncaughtin rivers betweenSanFranciscoBay andtheKlamathRiver refer
to greensturgeon.However,mostearlyreferencesregardingsturgeonfrom this
areafailedto identify thespeciesandsomereportsindicatedwhitesturgeonto be
moreabundant(Fry 1979). As aresult,muchconfusionhasensuedasto the
relativeabundanceofboth speciesthroughoutthisregion. Historical accounts
from 19th centurynewspapers(“The HumboldtTimes”) providetheearliest
evidenceofsturgeonin theEelRiver drainage.Historically, sturgeonwere
reportedfrom themainstemEel,SouthFork ofEel, andtheVanDuzenRivers
(Wainwright 1965). Lengthandweightsgiven in thesenewspaperaccounts
would be consistentwith adultgreensturgeon.

In themiddle partof thiscentury,two young greensturgeonwere
collectedin themainstemEelRiver andlargesturgeonwere observedjumping in
tidewater(Murphy andDeWitt 1951). Two additionalyounggreensturgeonwere
takenfrom theEelRiverin 1967andarein thefish collectionatHumboldt State
University. Substantialnumbersofjuvenileswere caughtby DFG in the
mainstemEel Riverduring trappingoperationsin 1967-1970(O’Brien et al.
1976): 22 at EelRock in 1967,53 at McCannin 1967and 161 in 1969,221 at
Fort Sewardin 1968, andsmallernumbersat otherlocalities. Greensturgeon
havebeenincludedin listsof naturalresourcesfound in theEelRiver estuary
(MonroeandReynolds1974,Blunt 1980)but therehavebeenno confirmed
recordsof greensturgeonin theEelRiversince 1970. Recent(1993)reportsfrom
DFG personnelindicatethatat leastsomesturgeon--mostlikely greensturgeon--
still occurthere(P. Foley,personalcommunication).It is not known,however,if
theyarespawningin theEelRiver.

Recordsof sturgeonin theHumboldtBay system,comprisingArcataBay
to the northand HumboldtBay to thesouth,arealmost exclusivelygreen
sturgeon.Tenyearsoftrawl investigationsin SouthHumboldtBay produced
threegreensturgeon(Samuelson1973). Recordsfrom ArcataBay aremore
numerous.On August6 and7, 1956,50 greensturgeonweretaggedin Arcata
Bay by DFG biologist EdBest(D. Kohlhorst,personalcommunication).Total
lengthsrangedfrom 57.2-148.6centimeters(22.5to 58.5 inches)with amean
total lengthof 87.0centimeters(34.3 inches)(±20.6 centimeters[ 8.1 inches]
standarddeviation). In 1974,ninegreensturgeonwerecollectedoveratwo-
monthperiodin ArcataBay(Sopher1974). Total lengthof thesefish ranged
between73-112centimeters(29-44inches).

TheCoastOysterCompany,Eureka,pulls anannualseriesof trawls in
ArcataBay to decreasethe abundanceof batrays,Myliobatis cal{fornica. Green

88



sturgeonareincidentallytakenin thisoperation. Eightgreensturgeoncollected
for parasiteevaluationin 1988and 1989hadtotal lengthsrangingbetween78-114
centimeters(30-45inches). Onelargeindividual, 178 centimeters(70 inches)
total lengthand 18.2 kilograms(40.1 pounds),wasreturnedto thebay. Green
sturgeonhavebeenreportedfrom theMadRiver (Fry 1979). Recentevidenceof
theirpresenceis lacking andany greensturgeonin theMadRiver, dueto the
river s small size,would likely be limited to theestuary.

An occasionalgreensturgeonis encounteredin thecoastallagoonsof
HumboldtCounty(T. Roelofs,HumboldtStateUniversity,personal
communication).Big LagoonandStoneLagoonareconnectedto theocean
duringpartoftheyearandmigratingsturgeonmaygainentryat this time. In
June1991,a 120-centimeter(47-inch)greensturgeonwasgillnettedin Stone
Lagoon(T. Roelofs,personalcommunication).

Klamathand Trinity Rivers. Thelargestspawningpopulationofgreensturgeon
in California is in theKlamathRiver Basin. Bothgreensturgeonandwhite
sturgeonarefoundin theKlamathRiverestuary(Snyder1908, Service1980-91)
but white sturgeonaretakeninfrequently,in very low numbers,andarepresumed
to be coastalmigrants(Service1982). A sturgeoninvestigationprograminitiated
in 1979by Servicefoundthatalmostall sturgeonoccurringabovetheestuary
weregreensturgeon(Service1980-83). Thesturgeonprimarily usethe mainstem
KlamathRiver andmainstemTrinity River,buthavealso beenseenin the lower
portionoftheSalmonRiver.

Both adultsandjuvenileshavebeenidentifiedin themainstemKlamath
River. Adults aretakenannually,springandsummer,by an in-riverNative
Americangillnet fishery. Thenumbersaveragearound500 fish peryear(see
below). Theyhavealsobeentakenby sport fishermenasfar inland asHappy
Camp(river kilometer172 [rivermile 107])(unpublishedDFG TaggingData
1969-73,Fry 1979,Service1981). However,theusualupstreamlimit for the
spawningmigrationappearsto be Ishi Pishi Falls,upriver from SomesBar,
SiskiyouCounty(approximatelyriver kilometer113 [river mile 107]). A few
juvenileshavebeentakenashigh up as Big Bar(river kilometer81 [river mile
50]) (T. Kisanuki,personalcommunication),butmosthavebeenrecoveredby
seiningoperationsdirectedat salmonidsin thetidewater(Service,DEG).
Samplingby Servicecaptured7 juvenilesin June1991 and23 in June-July1992
(T. Kisanuki,personalcommunication).

TheTrinity RiverenterstheKlamathRiver atWeitchpec(river kilometer
70 [river mile 43]). Theearliestgreensturgeondescribedfrom theKlamathBasin
camefrom the Trinity River (Gilbert 1897). Bothadultsandjuvenileshavebeen
identified: 211 sturgeon,between7-29centimeters(3-11 inches)total length,
werecapturednearWillow Creek,HumboldtCounty,incidental to a salmonid
migrationstudy in July-September,1968(Healey1970). TheServicehas
collectedjuvenilegreensturgeonin recentyearsfrom theTrinity River: 2 (in
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1989),0 (1990),6 (1991)and36 (1992)(T. Kisanuki,personalcommunication).
Adults arecaughtyearly in aNativeAmericangillnet fishery (Service1980);
basedon theoralhistoryasrecountedby Yurok tribal elders,theNativeAmerican
fisheryhasharvestedgreensturgeonsince“historical” times--atleastsincethe
turnofthe20thcentury,andquite likely earlier(T. Kisanuki,personal
communication).SpawningmigrantspenetratethemainstemTrinity River up to
aboutGraysFalls,Burnt Ranch,Trinity County(river kilometer72 [river mile
45]).

Sturgeonhavealsobeenreportedto usethe SouthForkTrinity River, a
third-orderstreamenteringaboveWillow Creek(river kilometer51 [river mile
32]) (Service1981). Oral historiesfrom old-timeresidentsconfirm this.
However,a largeflood in 1964had devastatingeffectson anadromousfish habitat
in this subbasin(U.S. DepartmentoftheInterior 1985). Millions ofcubicyards
ofsoil weremovedinto SouthFork Trinity River andits tributaries.Channel
wideningandlossofdepthresulted.This event,alongwith otherchangesin
subbasinmorphology,hasapparentlyresultedin lossof suitablesturgeonhabitat.
Thereareno recentsightingsfrom this watershed.

TheSalmonRiver is atributaryto theKlamathRiver,enteringat Somes
Bar (river kilometer106 [river mile 66]). Its wateris generallyclearandbecomes
turbid only duringhighrun-offperiods. Adult sturgeonhavebeenseen
swimmingup thisriver by observersstandingon bluffs overheackThe
approximatelimit to themigrationis atthemouthof WooleyCreek,8 kilometers
(5 miles) upstream.However,juvenileshaveyetto be foundin the SalmonRiver.

Del Norte County. Greensturgeonhavebeentakenduringgillnet samplingin
Lake Earl(D. McCloud,DFG, personalcommunication).LakeEarl is located
alongthecoastofDel Norte County,8 kilometers(5 miles) northofCrescent
City and 11 kilometers(7 miles) southof themouthof SmithRiver. It is
connectedby anarrowchannelto LakeTalawa,a smallerlakedirectly to the
west. A sandspit separatesLakeTalawafrom theoceanandis occasionally
breachedby winter stormsorby humanactivities. Coastalmigrantgreensturgeon
enterat this time andbecometrappedafterthesandspit is rebuilt (Monroeet al.
1975).

TheSmithRiver is thenorthernmostriver alongtheCaliforniacoast,
enteringtheoceanapproximately5 kilometers(3 miles) southoftheOregon
border. Blunt (1980)includedgreensturgeonin an inventoryofanadromous
speciesfoundin theSmithRiver. Theyoccasionallyentertheestuaryandhave
beenobservedin Patrick’s Creek,an upstreamtributary 53 kilometers(33 miles)
from theocean(Monroeet al. 1975). Juvenileshavenot beenfound.

Reasonsfor decline: Thegreensturgeonis reducedin numbersthroughoutits
range,althoughevidenceis limited. In the SacramentoRiver,thereis no direct
evidenceofadecline,but thepopulationis quite small, soacollapsecouldoccur
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undersomeconditionsand yethardlybe noticedbecauseoflimited sampling.
Thereasonsfor consideringthegreensturgeonto be apotentiallythreatened
speciesthroughoutits rangeareasfollows:

(1) Thegreensturgeonis potentiallyin troublethroughoutits range. Rochardet
al. (1990)statein theirreviewofthestatusofsturgeonsworldwide: “Those
[speciesofsturgeon]which do nothaveparticularinterestto fishermen(A.
medirostris,Pseudoscaphirhynchusspp.)are paradoxicallymostat risk, for we
knowsolittle aboutthem(p. 131).” In Japan,Asian greensturgeonhave
apparentlybeenextinct for 40 or moreyears(K. Amaoka,personal
communication);theyoncehadspawningrunsin therivers ofHokkaido (Otaki
1907). In Russia,theAsiangreensturgeonis listed asaCategory4 species
(probablyendangeredbutwith insufficientinformationto be classifiedassuch).
Borodinetal. (1984)notethatis hasbeenlittle studiedbut “appearsto be in great
dangerofextinction.” Fishingfor greensturgeonis now officially forbiddenin
Russia. In Canada,greensturgeonhavebeengiven“rare” status(1987)by the
Committeeon theStatusofEndangeredWildlife in Canada(Houston1988).
Theyareconsideredto be aspeciesofspecialconcernin Californiaby Moyle et
al. (1994).

(2) A numberofpresumedspawningpopulationshaveapparentlybeenlost in the
last25-30yearsin California (e.g.,SouthForkTrinity River,EelRiver) andthe
only knownspawningpopulationsarein theSacramento,Feather,Klamath,and
RogueRivers, all ofwhich haveflowregimesaffectedby waterprojects. It is
highly probablethat thesearenowtheonly spawningpopulationsin North
America.

(3) Thesizeandstructureof theireggsindicatethat greensturgeonareadaptedfor
spawningin cold, low-silt water(S. Doroshov,personalcommunication),
conditionsthatprobablyonceexistedmostconsistentlyin theSacramentoand
otherrivers abovewhereShastaDam is now located. BecauseRedBluff
DiversionDam hasapparentlybeenabarrierto greensturgeonmigrationuntil
recently,it is possiblethattheyhavebeenforcedto spawnin suboptimal
conditionsin the lower SacramentoRiver.

(4) Theexploitationofgreensturgeonin commercial,sport,NativeAmerican,
andillegal fisheriesappearedto havebeenexcessivefor manyyears. It is likely
thatall thesefisheriesdependlargely on sturgeonfrom California. Compilation
ofdatafrom variousfisheriesindicatethatabout6,000to 11,000greensturgeon
werebeingharvestedperyear. Evidenceofdeclineis basedon incomplete
statisticsbut it is highly likely that fishing pressurehasbeenincreasingin recent
years.In addition,theaveragesizeofthe sturgeonbeingcaughtdeclinedin the
Columbia. Thisproblemis lessthanit oncewasbecauseofthe 1993banon the
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sport fishery for sturgeonalongthenorth coast,theeliminationofthetargeted
commercialfisheryin Washington,andthe increasein minimumsizefor sturgeon
in theCaliforniasportfishery.

In theSacramentodrainage,themajorfactorslikely to benegatively
affectinggreensturgeonabundanceare: (1) fisheries,(2) modificationof
spawninghabitat,(3) entrainment,and (4) toxic substances.

1. Fisheries
Sturgeonfisherieswere “mining” astockof large,old fish that was

probablynot ablerenewitselfat annualharvestratesof 8-12percent. Fisheries
that affectedgreensturgeonoccurbothwithin and outsidetheSacramento-San
Joaquinestuaryalthoughrecentchangesin fishing regulationshavereduced
commercialandsportfisheries.Thefollowing areaccountsofthe local fishery
andthetwo principal “outside” fisheriesfor greensturgeon.

Sacramento-SanJoaguinfisheries. Greensturgeonin this drainagearecaught
primarily by sportanglerswho arefishing for white sturgeon.If it is assumedthat
greensturgeongreaterthan 102centimeters(40 inches)(official legal sizeprior to
1990)wereharvestedin proportionto theirnumbersrelativeto white sturgeonand
atthesamerate,thenexploitationrateshadbeengradually increasingsince1954
(Kohlhorstet al. 1991). Kohlhorstetal. (1991)recommendedseveral
managementoptionsto reducefishery mortality of white sturgeon;theaction
actuallytakenhasbeento increasetheminimumharvestsizeto 46 inches(117
centimeters)in 2-inch(5 centimeters)incrementsandto imposea 72-inch(183-
centimeter)maximumsizelimit (D. Kohlhorst,personalcommunication).These
sizelimits alsoallow morewhite sturgeonfemalesto mature,becausetheymature
ata largersizethanmales.Theseregulationsalsoapply to greensturgeonbut are
lessprotectiveofthembecauseamajority ofthe largestand oldestindividualsfall
within the permittedsizerange.

ColumbiaRiver Regionfisheries. Themajorityof greensturgeonharvestoccurs
in this region;theyarecaughtby commercialfishermen,anglers,andNative
Americangillnetters. Sturgeonlandings arerecordedfrom theColumbiaRiver
estuaryandfrom GraysHarborandWillapa Bay, Washington,to the immediate
northoftheestuary.Thereis little orno evidenceof greensturgeonspawningin
riversof this region,andit is likely that fish harvestedheremigratedfrom
CaliforniaorOregon,asindicatedby limited recapturesoftaggedsturgeon.
Furtherevidenceoflackof local recruitmentinto thefishery is thatfewjuvenile
sturgeon(lessthan 1.3 meters[51 inches])arecaught(Emmettet al. 1991).

The commercialcatchin theColumbiaRiver region(ColumbiaRiver
estuary,GraysHarbor,WillapaBay) hasfluctuatedconsiderably,butcatches
seemto haveincreasedin recentyears. Between1941 and1951,catchesaveraged
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about200-500 fish peryear,while between1951 and 1971 catchaveragedabout
1,400fish peryear(Houston1988). In recentyears,anaverageof4,300
kilograms(4.7tons)ofgreensturgeon,about300 - 500 fish, havebeenharvested
eachyearin GraysHarborand14,400kilograms(15.9tons),about1,000-1,500
fish, areharvestedin Willapa Bay (Emmettetal. 1991). Therehavealsobeen
somenotablyhighcatches;in 1986,6,000greensturgeonwereharvestedin the
ColumbiaRiver estuary(OregonDepartmentofFishand Wildlife (ODFW 1991),
and4,900weretakenin 1987(ODFW, unpublisheddata). Thesecatchesoccurred
in adirectedgill net fishery,whichhassincebeenbanned(P. Hirose,personal
communication).Overpastdecades,commercialcatchofgreensturgeonin the
ColumbiaRiver hasaveraged1,440fish (for the 1960s),1,610(1970s)and 2,360
(1980s). Catchin recentyearshasbeen2,200fish (1990),3,200(1991)and2,200
(1992)(ODFW, unpublisheddata). TheColumbiaRiverrecreationalcatchhas
beenconsistentlybelow500 fish peryear(ODFW 1991).Catchin recentyears
hasbeen141 (1988),84 (1989),86 (1990),22 (1991)and 73 (1992)(ODFW,
unpublisheddata). Presently,in theColumbiaRiver,greensturgeonarecaught
almostexclusively(andincidentally)in thefall salmongillnet fisheryin the lower
river,belowBonnevilleDam (ODFW 1991). Overall,fisheriesin Washington
andOregonhavebeentaking about5,000-10,000adult greensturgeonperyear.

While numbersof fish takenby thefishery haveshownno striking trends,
sturgeonbeingcaughthavedeclinedin sizeovertheyears. In the 1960s,mean
sizeof sturgeonin thefishery rangedbetween17 and 19 kilograms(37-42
pounds),while since1980,meanweighthasusuallybeenbetween12 and14
kilograms(26-31pounds)(ODFW, unpublisheddata).

Klamathand Trinity Rivers. A small numberof greensturgeonareprobably
takenin thesport fishery here,but themainharvestis by theNativeAmerican
gillnet fishery.A small butpossiblysignificantnumberarealsotakenin an illegal
snagfishery. Thesefisheriestargetsturgeonastheymoveup theriver to spawn
during springandagainon fish returningseawardthroughtheestuary,during
June-August(Service1990). TheNative Americanfishery capturemainlyadult
sturgeon(greaterthan 130 centimeters[51 inches]fork length;meanlength 179
centimeters(70 inches)fork length in 1988). Dataon this fishery existonly since
1980, andavailableharvestestimates(Service1989;T. Kisanuki,personal
communication)arebiasedlow becausesomegreensturgeonharvestoccursprior
to theannualmonitoringactivitiesoftheService(T. Kisanuki,personal
communication).Also, Servicemonitorsonly thesturgeonharveston theYurok
IndianReservation.Catchesby theKaruk andHoopatribal fishermenin the
KlamathRiver basinareundetermined(T. Kisanuki,personalcommunication).
Thus,adult harvestestimatesfor theKlamathsystemrangebetween158 fish in
1987to 810in 1981,with ameanof349 (Service1989, 1990;T. Kisanuki,
personalcommunication).Adult harvestestimatesfor 1990and 1991 are239 and
309 fish, respectively.The catchofgreensturgeonis likely to increaseas
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increasedrestrictionsareplacedon theharvestofdepletedsalmonpopulationsin
theserivers thus increasingthelikelihood for futuregreensturgeondeclines.

2. Modificationof spawning~ rearinghabitat
The limited informationavailableindicatesthatgreensturgeonspawnin

theSacramentoRiver, in deepwatersomewherebetweenKnights Landingand
RedBluff, which is probablylower in thedrainagethantheyoriginally spawned.
Recentdataindicatesthepossibility that greensturgeonspawnin theFeather
River. If theyarelike white sturgeon,strongyearclassesareproduced
episodically,whenflows in theriver areexceptionallyhigh. Presumably,green
sturgeonhavea specificsetofflow, depth,andsubstraterequirementsfor
spawningandthenfor theearlylife history stagesof theiryoung. Theflows and
channeloftheriver havebeenhighly modified,so it is likely that suitable
conditionsfor spawningandrearingofgreensturgeonoccurlessfrequentlynow
thantheyoncedid (pre-1940s),especiallyduringorafterperiodsofextended
drought. It is alsopossiblethatjuvenilegreensturgeononcerearedin theestuary
althoughthereis little evidenceofthis in recenttimes.

3. Entrainment
Juvenilegreensturgeonandan occasionaladultsturgeonareentrainedon

an irregularbasisin thefish facilities ofthe SWPandCVP. Thenumbersvary
enormouslyfrom yearto year,andit is not knownif thenumbersrepresenta
significantpartofthepopulation. It is likely thatmostgreensturgeoncapturedat
thepumpingplantsandreturnedto theDeltasurvive theexperience,but theactual
survival rateis not known. Thediscoveryof S adultand33 juvenilegreen
sturgeonin Clifton CourtForebayin 1992 is alsoa causefor concernbecauseit is
notknownwhetherornot thosefish weretrappedtherepermanently.

4. Toxicsubstances
Theeffectsof toxic substancesfrom heavymetalsto pesticideson green

sturgeonareunknown. However,thefact that theyspawnandrearin the
SacramentoRiver andDeltaindicatesthat highexposurelevelsarepossible.The
long-livedadultsmayaccumulatecontaminantsthroughthefoodchain,which
could interferewith reproduction.

Conservationmeasure: Currently,thereis no activemanagementofthegreen
sturgeonpopulationin the Sacramento-SanJoaquinestuary,beyondwhat is
deemednecessaryto protectwhite sturgeonfishery. However,theCalifornia Fish
andGameCommissionin 1993bannedfishing for sturgeonalongtheNorth
Coast,including theKlamathRiver. Theseregulationsdo notapply to theNative
Americangillnet fishery.
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RESTORATION

RestorationObjective

Theprimaryobjectiveis to maintainaminimumpopulationof 1,000fish
over1 meter(39 inches)total length eachyear,including500 femalesover 1.3
meters(51 inches)total length(minimumsizeatmaturity),duringthe period
(presumablyMarch-July)whenspawnersare presentin theestuaryandthe
SacramentoRiver. Therestorationof greensturgeonshouldnotbeattheexpense
ofothernativefishes,includingwhite sturgeon.The1,000numberwas
determinedasbeingnearthe mediannumberof greensturgeonestimatedto bein
the estuaryduring the 1980s. Thetotalsizeoftheadult greensturgeonpopulation
thatusestheestuarymaybe largerthan 1,000becausenon-spawningadultsmay
bein theocean.D. Kohlhorst (personalcommunication)estimatesthatthetotal
populationis around3,000fish over 1 meter(39 inches).

RestorationCriteria

Greensturgeonwill beconsideredrestoredin the Sacramento-SanJoaquin
estuaryoncethemedianpopulationof matureindividuals (over 1 meter[39
inches]total length)hasreached1,000individuals(including 500 femalesover
1.3 meters[51 inches]total length)overa50 yearperiodor for five generations
(10 yearsis theminimumageof sexualmaturity). If populationestimatesare
fewerthan 1,000fish for morethanthreeyearsin arow, therestorationperiod
will be restarted.This definition is subjectto revisionasmoreinformation
becomesavailable. Restorationwill be measuredby determiningpopulationsizes
from taggingprogramsor othersuitablemeans.Thepresentsturgeontagging
programs,whichfocuson whitesturgeon,areinadequatefor determining
accuratelytheabundanceof greensturgeon.Therefore,amedianpopulationgoal
of 1,000fish over 1 meter(39 inches)total length (including 500 femalesover 1.3
meters[51 inches])is achievablewith numbersdeterminedthroughamonitoring
programthat focussesspecifically on greensturgeon.Thus,thefirst restoration
criterionwill be establishmentof an adequatepopulationdeterminationthrougha
monitoringprogram.Oncethatprogramis in place,theminimumpopulationgoal
canbe re-evaluatedandarealistic,presumablyhigher,goalestablished.It maybe
desirableto havethenumbershigh enoughto supporttheremovalof a minimum
of 50 fish over 1 meter(39 inches)total lengthperyearby afishery (assumingan
exploitationrateof 5 percentis sustainable).
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6. SACRAMENTO SPRING-RUN CHINOOK SALMON

Oncorhynchustshawytscha(Walbaum)

Status: Sacramentospring-runchinooksalmon(= springchinook)areconsidered
to be a SpeciesofSpecialConcernby DFG anda SensitiveSpeciesby theUS
ForestServicein California. Submissionby theNaturalHeritageInstituteof its
petitionto theNMFS to list Californiapopulations(KlamathandSacramento)as
endangeredspecieshasbeenheld in abeyanceto allow attemptsto restorespring
chinookpopulationsto precedewithout formal listing (G. Thomas,Natural
HeritageInstitute,personalcommunication).

Restoration potential: Spring chinook are a distinctiverunofsalmonwith a
high degreeofthreatbut alsohigh restorationpotential.

Description: Springchinookarelargesalmonids,reaching80-110centimeters
(31-43 inches)standardlengthandweighing9-10kilograms(20to 22 pounds)or
more.Theyhave10-14majordorsalfin rays,14-19anal fin rays,14-19pectoral
fin rays,and 10-11pelvic fin rays.Thereare130-165lateralline scalesand 13-19
branchiostegalrayson eithersideofthejaw. Thegill rakersareroughandwidely
spaced,with 6-10rakerson thelowerhalfof thefirst gill arch.Springchinookare
silvery in color whenmigratingupstreambut graduallyturndarkerthroughthe
summer. Reproductiveadultsareuniformly olive brownto darkmaroon,but
malesaredarkerthanfemalesandhaveahookedjaw and snoutandanarched
back.Chinooksalmonaredistinguishedfrom otherspeciesofsalmonidsby body
coloration,specificallyspotsonthebackandtail andthesolidblackcolor ofthe
lower gumline. Parr(i.e.,ajuvenilesalmonid,generallythestagebetweenfry and
smolt--thelife stageofa salmonin whichphysiologicalchangespreparethefish
for transitionfrom freshwaterto marinelife) generallyhave6-12parrmarks,
evenlyspacedandcenteredalongthelateralline. Theadiposefin oftheparris
pigmentedalongtheupperedgebutclearatthebase.Theotherfins areclear,
exceptforthedorsal,which maybe spotted.

INTRODUCTION

96



Taxonomic Relationships: The runs of chinook salmonin California are
differentiatedby: (1) thematurityof fish enteringfreshwater,(2) time of
spawningmigrations, (3) spawningareas,(4) incubationtimes,(5) migration
timing andrelatedincubationtemperaturerequirementsofjuveniles. Spring
chinooksalmonareatruestream-typefish, whereasotherrunsin theCentral
Valley areocean-typeeffectivelyisolatingthemfrom otherruns; thus,thetraits
areundoubtedlyinherited. Allozymic (allozymesarepolymorphicproteins
detectedthroughenzymeelectrophoreticmobility that showsgeneticdifferences
betweensalmonin differentrivers anddrainages)differencesbetweeninland
populationsof Californiachinooksalmonalsohavebeenobserved,with various
degreesofdifferentiationbetweenrivers within drainagesand betweendrainages
(BartleyandGall 1990). Therefore,eachrunof salmoncouldbe considered
geneticallydistinct to somedegree,in somecasesevenfrom otherrunsin the
samestream.Thereseemto be two distinct spring-runchinookpopulations
(stocks)in California:(1) a Sacramento-SanJoaquinriver populationand(2) a
Klamath-Trinityriver population. In spiteof thepossibility ofsomemixing ofthe
stocksin theocean,the largedistanceseparatingthespawningstreamsof these
two populationsjustifies theirbeingconsidered,andmanagedas,separate
evolutionarily significantunits (genepools). Populationsthatprobablyexistedin
smallercoastalstreams,suchastheEelRiver, havebeenextirpated.

Distribution: Springchinooksalmonarefound in rivers in: (1) British
Columbia,(2) Washington,(3) Idaho,(4) Oregon,and(5) California,but their
populationsaredepletedthroughoutthis rangeor maintainedby hatchery
production(Shepherd1989). Spring-runchinookalsooccurin substantial
populationsin Alaska(Healey1991),but theirgeneticaffinities with more
southernpopulationsareunclear. In California,spring chinookwereonce
abundantin all majorriver systems.Therewerelargepopulationsin at least26
streamsin theSacramento-SanJoaquindrainage,andatleast20 streamsin the
Klamath-Trinity drainage(DFG 1990). Springchinookarenow reducedto
scatteredpopulationsin theKlamath,Trinity, andSacramentodrainages
(CampbellandMoyle 1991). Small numbers(probablystrays)arefoundon
occasionin the(1) Smith,(2) Mad,(3) Mattole,and(4)Eel Rivers andRedwood
Creek,but thereis no evidenceof recentspawning.

In theSacramento-SanJoaquindrainage,principalholdingand spawning
areaswere in themiddle andheadwaterreachesof the(1) SanJoaquin, (2)
Feather,(3) upperSacramento,(4) McCloud,and(5) Pit Rivers,presumablywith
smallerpopulationsin mostoftheothertributarieslargeandcoldenoughto
supportthesalmonthroughthesummer.The mainpopulationswereall
extirpatedwhendamswereconstructedthatblockedaccessto theholdingareas,
primarily in the1940sand 1950s(but startingin the 1890s). Today,themost
consistentself-sustainingwild populationsin thedrainagearein DeerandMill
creeks,TehamaCounty, with afew fish presentin Antelope,Battle,andBig
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Chicocreeksin someyears(Vogel 1987a,b,Satoand Moyle 1988). Recent
geneticstudiesindicateahighprobabilitythat spring-runchinookarestill present
in theuppermainstemSacramentoRiver. Substantialnumbersofspring chinook
canalso be presentin Butte Creek,butnumbershavebeenhighlyvariable(100-
1,500fish between1982and 1992with about1,500in 1996)andit is not certain
if this is aself-maintainingpopulation. Juvenilesfrom theDFG FeatherRiver•
Hatcheryhavebeenplantedtherein thepast(including 1984and 1985),and
becausePacificGas& Electric (PG&E) divertsFeatherRiver waterinto Butte
Creekfor powerproduction,FeatherRiverHatcheryfish maybe attractedto it.
Spawninghabitatis largelylacking in thereachesaboveCenterville,but thereare
adequatespawninggravelsandholdingpools in the lowerreaches.Natural
reproductionin Butte Creekcanbe disruptedby (1) regulatedflow regimes(the
streamis regulatedfor hydroelectricity),(2) hightemperatures,(3) poaching,and
(4) otherhumandisturbance.Historically, Butte Creekhadvery small runsof
springchinook(Clark 1929). However,in 1989largenumbersof springchinook
occupiedButte Creekandthesefish apparentlywerederivedfrom natural
spawningin thecreek(F. Meyer, DFG, personalcommunication).In theFeather
River, arunoffish labeledasspring-runis maintainedby hatcheryproduction. In
1986,for example,1,433adultswerecapturedand over 1.6 million fingerlings
wereplanted(Schlichting1988). Thesefish maystrayinto theYubaRiver,where
possiblespringchinookhavebeenobservedin thecoldwaterbelowEngelbright
Reservoir.However,coded-wiretagreturnsindicatethatfish labeledasspring-
runandfall-run atthehatcheryaremixed so thereis no reasonto regardthe
FeatherRiver fish asspringchinook(F. Fisher,DFG,personalcommunication).

Habitat Requirements: For springchinookadults,numbersholding in anarea
seemto dependon the(1) volumeanddepthof pools,(2) amountofcover
(especially“bubblecurtains”createdby in flowing water),and(3) proximity to
patchesof gravelsuitablefor spawning(G. Sato,BLM, unpublisheddata).Mean
watertemperaturesin pools whereadult chinookheldduring thesummerof 1986
in DeerandMill creekswere 16 degreesCelsius(61 degreesFahrenheit)and 20
degreesCelsius(68 degreesFahrenheit), respectively.Rearingjuveniles in Mill
Creekhadtemperaturesrangingfrom 13.3-22.2degreesCelsius(55.9-72.0
degreesFahrenheit)(SatoandMoyle 1988).Recordsindicatethat springchinook
in the Sacramento-SanJoaquinRiver systemspendthesummerholding in large
poolswheresummertemperaturesareusuallybelow 21-25degreesCelsius(70-77
degreesFahrenheit)(Moyle 1976).Sustainedwatertemperaturesabove 27
degreesCelsius(80degreesFahrenheit)arelethalto adults(Cramerand
Hammack1952). Poolsin whichthe adultsholdareatleast1-3 meters(3-10feet)
deep,with bedrockbottomsand moderatevelocities(G. Sato,unpublisheddata;
Marcotte1984).In DeerCreek,preferredmeanwatervelocitiesmeasuredduring
1988were60-80centimeters(24-31 inches)persecondfor adults(Satoand
Moyle 1988).Thepoolsusuallyhavea largebubblecurtainatthehead,
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underwaterrocky ledges,and shadecoverthroughouttheday (Ekman1987).The
salmonwill alsoseekcoverin smaller“pocket”waterbehindlargerocks in fast
water. Habitatpreferencecurvesdeterminedby Servicefor adult chinookin the
Trinity Riverindicatethat pool usedeclineswhendepthsbecomelessthan 2.4
meters(8 feet)andthatoptimalwatervelocity rangesbetween15-37centimcters
(6-15inches)per second1(Marcotte1984).

Spawningoccursin gravelbedsthat areoften locatedat tails ofholding
pools. Optimumsubstratefor embryosis amixtureofgravelandrubblewith a
meandiameterof 2.5-30.5centimeters(1-4 inches) with lessthan5 percentfines,
lessthan6.4 millimeters(0.3 inch) in diameter)(Plattset al. 1979,Reiserand
Bjornn 1979). Optimal temperaturesfor developmentare5-13 degreesCelsius
(41-55degreesFahrenheit).Newly emergedfry (thefirst free-swimminglife stage
ofa salmonid)congregatein shallow,low velocity edgewater,especiallyin areas
whereorganicdebrisprovidesabackgroundthat makesthejuvenilesdifficult to
see(Moyle unpublisheddata). Juvenilesin DeerCreekwerefoundto preferruns
orriffles with gravelsubstrates,depthsof 20-120centimeters(8-47inches),and
meanwater-columnvelocitiesof20-40centimeters(8-16inches)per second(Sato
andMoyle 1989).

Life History: In general,springchinooksalmonmigrateconsiderabledistances
up streamsto spawn.Theyentertheriversfrom MarchthroughSeptember,the
periodofsnow-meltflows. Historically, thesemigratingfish wereamixtureof
ageclassesrangingfrom two to five yearsold. Currently,a majority ofthefish
areprobablythree-yearolds. While migratingand holding in theriver,spring
chinookdo not feed,relying insteadon storedbody fat reservesfor maintenance
andfor gonadalmaturation.Therunsalsomaybe bimodal,with somefish
holdingdownstreamto migratelater in thesummer,possiblybecauseof
increasingwatertemperatureslater in thespring(Marcotte1984). Theyarefairly
faithful to homestreamsin whichtheywerespawned,usingvisualandchemical
cuesto locatethesestreams.However,somemaystray,especiallyduringhigh-
wateryears,andascendotherstreams.

Whentheyenterfreshwater,springchinookareimmature:theirgonads
matureduring thesummerholdingperiod(Marcotte1984). In DeerandMill
creeks,spawningoccursfrom late AugustthroughOctober. Eggsarelaid in large
depressions(reddsora spawningnestmadein thegravelbedofa river) hollowed
out in gravelbeds.Theembryoshatchfollowing a 3-5 monthincubationperiod
andthealevins(i.e., yolk-bearingsalmonlarvaeor sac-fry)remainin thegravel
for another2-3 weeks. Oncetheiryolk sacis absorbed,juvenilesemergeand
begin feeding.In DeerandMill creeks,juvenile salmon,duringmostyears,spend
9-10monthsin thestreams,althoughsomemayspendaslong as 18 monthsin
freshwater(F. Fisher,personalcommunication).By theendof summer,theyare
8-10centimeters(3-4 inches)standardlength(Moyle, unpublishedobservation).
Theirmain foodduringthis periodis drifting aquaticinsects. Mostof these
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juvenilesseemto movedownstreamin thefirst high flowsofwinter in November
throughJanuary,althoughsomemaypersistthroughMarch (F. Fisher,personal
communication).Outmigrantsmayspendsometime in theSacramentoRiver or
estuaryto gainadditional sizebeforesmoltingandgoing out to sea,butmosthave
presumablyleft thesystemby mid-May. In the SacramentoRiver,most
downstreammovementseemsto takeplacein December-Februaryasparr(Vogel
andMarine 1991). Oncein theocean,salmonarelargelypiscivorousandgrow
rapidly, reaching80-100centimeters(31-39inches)standardlength in 2-3 years.
Apparently,mostspring-runchinookmatureatage3, which accountsfor their
somewhatsmalleraveragesizeandlower fecundity (about4,000eggs/female)
thanlate-fall-run chinook salmonwhichhavea50:50maturationat3 and4 years
(F. Fisher,personalcommunication,R. Johnson,personalcommunication).

Adult springchinookmigrateup DeerandMill creeksfrom April through
June(Vogel 1 987a,b)andaggregatein theupperreaches(Airola andMarcotte
1985). In DeerCreek,mostholdandspawnbetweenthePonderosaWaybridge
andupperDeerCreekfalls, which apparentlyis abarrierto migratingfish
(Marcotte 1984). In Mill Creek,theyhold andspawnbetweenthe Little Mill
Creekconfluenceand approximately1.6 kilometers(1 mile) abovetheHighway
36 bridge,with about80 percentof thisspawninghabitatbeingwithin theLassen
NationalForestboundary(Marcotte1984).

Theredoesnot appearto be adiurnalpatternto migration,but surgesin
movementsseemto occurafterrainsufficient to causeaslight discolorationin the
waterfollowing a periodof clearweather;surgesalsooccurwhenthereis a
suddenincreasein watertemperature(CramerandHammack1952). When
daytimewatertemperaturesreachabout27 degreesCelsius(80 degrees
Fahrenheit),fish usuallyhold in coolerwaterin deeppoolsand migrateupstream
atnight. Fishhold in deeppools in upstreamreachesduring thesummerand
spawnin earlyfall. Pre-spawningactivity hasbeenobservedby mid-August,and
intensiveredd-buildingactivity andspawningoccursfrom thelastweekof
Augustthroughtheendof October(ParkerandHanson1944;F. Fisher,personal
communication)althoughin DeerCreekspawningis generallycompletedby late
September(Moyle unpublishedobservation).Usually,spawningfirst occursin
theupperreachesof streamswherecoldertemperaturesrequirelongerincubation
andconsequentlyearlierspawning,andsubsequentlyin lower reaches,where
watertemperaturesdecrease(Parkerand Hanson1944). Spawningsalmon
usuallyarewell distributedwithin a streamsection,reducingcompetitionfor redd
sites(CramerandHammack1952). Nestsaverage4 squaremeters(42 square
feet,n 87 ) in area.

Historically,the spawningpopulationprobablyincludedmanylargefish
that werefour orfive yearsold. Today,astheresultofregulationsthat tendto
removethelargestfish, suchfish aremuchlessabundantand runsarenow
almostentirelythree-year-oldfish.
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Abundance: Spring chinook ofthe Sacramento-SanJoaquin River system
historically comprisedoneofthe largestrunson thePacific coast. Commercial
gillnet fishery landingsof springchinookin theCentralValley exceeded600,000
fish in 1883 (CaliforniaFishandGameCommission1885). Runsin theSan
JoaquinRiver aloneprobablyexceeded200,000fish attimes andit is likely that
anequalnumberoffish wereonceproducedby thecombinedspring-runsin the
Merced,Tuolumne,andStanislausRivers. However,earlyhistoricalpopulation
levelswerenevermeasured(DFG 1990). In 1955,DFG estimatedthatwith
properwatermanagementtheSanJoaquindrainagecouldstill produceabout
210,000wild chinooksalmonper year,with fall-runchinookreplacingthespring-
runpopulationslost to damconstruction(DFG 1955). Thelast largerun in the
SanJoaquinRiveroccurredin 1945,when56,000fish madeit up theriver (Fry
1961). TheSanJoaquinRiver springchinookrunhassincebeenextirpated,
primarily dueto thedewateringofthe lower SanJoaquinRiver following
constructionof FriantDam in 1948,aswell asblockageby thedamof accessto
upstreamareas(Warner1991).

After thedemiseoftheSanJoaquinRiver stocks,SacramentoRiverspring
chinooksalmonconstitutedthemostabundantnaturalrunsin theCentralValley.
As in theSanJoaquindrainage,thesespringchinookpopulationswerealso
drasticallyreducedfollowing constructionof barrierdams. Historic runsizesfor
tributariesto theSacramentoRiverwereestimatedby DFG (1990)to be: over
15,000aboveShastaDam (McCloud River,Pit River,Little SacramentoRiver);
8,000-20,000in theFeatherRiver aboveOroville Dam; 6,000-10,000in theYuba
RiveraboveEnglebrightDam;andover 10,000in theAmericanRiver above
FolsomDam. TheSacramentoRiverdrainageasa whole is estimatedto have
supportedspringchinookrunsexceeding100,000fish in manyyearsbetweenthe
late 1 800sand 1 940s(CampbellandMoyle 1991)but theseestimatesmaybe very
low (F. Fisher,personalcommunication).

Thedeclineof spring chinookin theSacramentodrainagebeganwhen
spawningstreamsweredisruptedby gold mining andirrigationdiversions. The
declineacceleratedfollowing closureof ShastaDam in 1945,whichcut off access
to majorspawninggroundsin theMcCloud,Pit, andupperSacramentoRivers. In
recentyearsthe declinehascontinued. Estimatesby DFG of spawning
escapementin themainstemSacramentoRiverrangedfrom 3,600to 25,000fish
between1969and 1980,with an averagepopulationof 17,000fish peryear
(Marcotte1984). However,mostof thesefish probablyoriginatedin theFeather
RiverHatcheryandwerethereforemixedfall andspring-runstock.In Deerand
Mill creeks,estimatesof spawningfish averaged2,300and1,200fish,
respectively(Marcotte 1984). Since1985,combinedyearlytotals for bothcreeks
havebeenfewerthan 900fish, with theexceptionof 1989whentherewereabout
1,300fish (Table5.1).

Spawningpopulationsin othertributarystreamsareconsiderablyless,
with anestimated40-100fish (incompletesurveyin 1983)in AntelopeCreek
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(Airola 1983). Spring chinooknumbersin AntelopeCreekhavedroppedduring
thelast few yearsto fewerthan 10 individualsperyear (CampbellandMoyle
1991; E. Gerstung,DFG,personalcommunication).Up to 100fish haveheld in
Big ChicoCreek(Marcotte1984),but that streamcurrently supportsamuch
smallerrunofprobablyfewerthan20 adults(E. Gerstung,personal
communication).In Butte Creek,numbershavefluctuatedconsiderablyfrom year
to yearand in thepasthavebeenaugmentedby fish from theFeatherRiver
Hatchery.However,about1,300 adultsheld in thecreekin both 1988and 1989.
Thesemayhaveresultedfrom naturalreproduction,but it is alsopossiblethat
theywerefish from theFeatherRiver Hatcheryattractedto thecreekby Feather
RiverwaterPG&E divertsinto thecreekto runtheirpowerhouse.Recentcounts
in Butte Creekhavedroppedto a little morethan300 fish (in 1990),100 (1991),
and300 (1992)(E. Gerstung,unpublisheddata).

During thepre-damperiod,spatialsegregationofrunsby downstreamand
upstreamspawningsitesmaintainedtheirgeneticintegrity. Whenmajordams
beganreleasingcold waterinto lowerreachesof themainrivers, springchinook
beganto over-summerandspawnin what hadbeenexclusivefall chinook
spawninghabitat. As aconsequence,someofthespringchinookin the
SacramentoRiverhaveinterbredwith fall-runfish (Vogel 1 987a,b).

Overallpopulationtrendsfor springchinooksalmonin Californiaare
describedby CampbellandMoyle (1991).Theyreportedthatmorethan20
“historically largepopulations”ofspring-runchinookhavebeenextirpatedor
reducednearlyto zerosince1940. Fouradditionalruns(Butte, Big Chico,Deer,
andMill creeks)haveexhibitedstatisticallysignificantdeclinesduringthe same
period. Theonly substantial,essentiallywild populationsofspring-runchinook
remainingin Californiaarein DeerandMill creeksin theSacramentodrainage
andin theSalmonRiver in theKlamath-Trinitydrainage(CampbellandMoyle
1991). Otherpopulationstendto be supportedby hatcherystocks.

Reasonsfor decline: For springchinook,historicpopulationdeclinesare
attributablemainly to lossofupstreamhabitatdueto dams,difficulty in juvenile
passagedueto lackof instreamflows, diversionin theDeltadue to export
pumping,andharvest,andit is highly likely thatlossesofmigratingfish, both
juvenilesand adults,in theestuaryhavecontributedsignificantly to theirdecline.
Thecausesof thecontinuingdeclinein recentdecadesarepoorlyunderstoodbut
areprobablyrelatedto poorsurvival of out-migrants,especiallyin theDelta;
limited accessofadultsto upstreamspawningareas,especiallyin dry years;
poachingandotherformsofharvest;andotherfactorssuchasdiseaseandgenetic
dilution andintrogressionof wild stocksby interbreedingwith hatchery-reared
genotypes.
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1. Habitatloss

.

Becausespringchinooksrequireaccessto cold upperreachesofCentral
Valley streams,theirpopulationshavebeendecliningsincethe 1 860swhenmany
streamswere alteredby hydraulicmining for gold. Historically, however,the
majorfactorresponsiblefor theextirpationor decimationofspringchinookstocks
hasbeenthelossofspawninghabitatdueto theconstructionofbarrierdams
(DFG 1990). Starting in 1894with the constructionofLaGrange Dam on the
TuolumneRiver, accessto holdingand spawningareaswasincreasinglyblocked
by damsdivertingwaterfor agricultural,hydropower,andurbanuse. Thebiggest
barriersto springchinook in centralCalifornia,however,wereShastaDam,
closedin 1945,andFriantDam,closedin 1948,which togetherdeniedspring
chinookaccessto muchoftheirremainingspawningandholdingareas. Both
damswereconstructedwithout fish passagefacilities andit wasassumedthat
hatcheryproductionwould replacelostnaturalproductionof salmon. This
assumptionhasprovento be false;hatcherieshavemainly succeededin slowing
thedeclineofCalifornia’s salmonpopulationsandin substitutingfall-run(or
hybrid) hatcheryfish for wild springchinook.

Lossordegradationofhabitat,stemmingfrom waterdevelopment,
continuesto beaproblem. Within theCentralValley, waterdiversionsduringdry
yearsmaydewaterthe lower reachesofspring chinooksalmonstreams(e.g., Deer
andMill creeks)during springand summer,therebyblocking bothupstream
migrationofadultsand downstreammigrationofjuveniles(DFG 1990).Low
streamflows canalsoresultin elevatedsummertemperaturesin springchinook
holdingareas. Suchconditionsin theSouthFork Trinity andSalmonRivers
(Klamathdrainage),for example,haveapparentlyleadto increasedadult
mortality anddecreasedspawningsuccess(DFG 1990).

2. Harvest
Spring chinookstocksareharvestedin bothoceanandin-river fisheries.

Although fisheriescapturemainly hatcheryfish, theyarepresumablyalso taking
wild fish at leastin proportionto theirabundancerelativeto hatcheryfish. Given
thesmall sizeofremainingrunsof wild fish, thetakeof evenafewwild fish may
haveasignificanteffect on theirpopulations;it is likely thatasmanyasone-half
ofthewild fish aretakenin fisheries,mainlycommercialfisheries. Sport
fisheriesaccountedfor anaverageof300 fish (annualrange40-900fish) during
1975-1984in theupperSacramentoRiver but it is not knownif manyofthese
werewild fish headedforthetributaries.

Returnsofcoded-wiretagsindicatethatupperSacramentoRiver stocks
andKlamathsystemstockshavedifferentoceandistributions. The formerare
concentratedbetweenPointArenaand Morro Bay andthelatteraremost
abundantnorthofPointArenato CapeBlanco,Oregon(DFG 1990).Accordingly,
Klamathstocksprobablyhavebeenlessaffectedby oceanfisheriesbecauseof
harvestconstraintsplacedon NorthernCaliforniaandsouthernOregonfisheries
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undertheauspicesof thePacific FisheryManagementCouncil. In contrastto
reducedlandingsin theKlamathManagementZone,theharvestrateindexfor
CentralValley chinookstockshasgenerallyincreasedin recentyears,with the
only declineoccurringin 1991 (A. Baracco,DFG, personalcommunication).The
harvest-rateestimatesfor spring-runchinook,basedon fingerling releasesby the
Trinity River Hatchery(for 1976-1984broods),are:oceanfisheries0.30; in-river
fisheries0.12;combinedfisheries0.42(DFG 1990). Harvest-rateestimatesbased
on age-threeoceanrecruits(“potential adults”)indicatethatroughlyhalfof
hatchery-producedadultsareharvestedby fisheries(DFG 1990). Basedon
coded-wiretagdatafrom theTrinity RiverandFeatherRiver hatcheries,spring
chinookareharvestedby theoceancommercialfishery at aratesomewhatless
thanfall-runchinooksalmon. This is becausespringchinookareavailable(i.e.,
legal-sized)for a shorterperiodof time duringthecommercialseason(DFG
1990). However,theytendto mingle in theoceanwith thenow moreabundant
fall-run stocks. In addition, theformerlyunrestrictedoceangillnet fisheryfor
squidandother speciesmayhavereducedspringchinookstocksto an unknown,
butpossiblysignificant,degree.

Commercialfisheriesmayalsobe affectingchinookpopulationsindirectly
throughthe continualremovalof largerandolder individuals. This resultsin
spawningrunsmadeup mainly ofthree-year-oldfish, which aresmallerand
thereforeproducefewer eggsperfemale. Removalof olderfish alsoremoves
muchof thenatural“cushion”thepopulationshaveagainstnaturaldisasters,such
asseveredrought,whichmaywipe out arun in oneyear. Undernatural
conditions,four- andfive-year-oldfish still in theoceanhelp to keepruns
balancedandcanmakeup for fish lost. Underpresentconditions,a lossofa run
in one yearwill resultin very low runsthreeyearslater,andlossofrunstwo or
threeyearsin arowcanpotentiallyeliminatea population.

During thesummerholdingperiodin freshwater,manylargeadult salmon
arecaughtby fishermen,someby poachersbutothersby anglerswho snagthem
accidentallywith spinninglures.

3. Outmigrantmortality
Smoltmortality is probablyamajorfactoraffectingspringchinook

abundanceasit is for all runsof salmonin theSacramento-SanJoaquindrainage.
Conditionsin therivers andDeltaaffect outmigrantmortality. Small numbersof
outmigrantsareentrainedat everyirrigationdiversionalongtheSacramentoRiver
that is operatingduringthemigrationperiod(Novemberto January).Diversion
into theDeltacrosschannelandGeorgianaSloughresultsin greatersmolt
mortalitybecausesmoltsaredivertedinto theCentralDeltawheretheyaremore
vulnerableto entrainmentin SWPandCVP pumpingplantsand morevulnerable
to predationby stripedbass. Thesecalculatedlossesarebasedonexperiments
andobservationswith fall and late fall-runhatcherychinooksalmonandinclude
predation,handling,andtruckinglosses.In theDelta,smoltsareaffectedby a
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largenumberofdiversionsandreverseflows resulting from highpumpingrates
thatextendthe migrationperiodandincreaserisk of lossto SWPandCVP
pumps. Whenpumpingratesarehigh attheSWPandCVP pumpingplants,and
outflows arerelativelylow, springchinooksmoltsare probablyentrainedin large
numbers,areconsumedby predatorsin Clifton CourtForebayandotheroff-
channelareas,orareotherwisedivertedfrom theirdownstreammigration.

4. Hybridizationwith fall chinook
Interbreedingofwild springchinookwith bothwild andhatcheryfall

chinookhasthepotentialto dilute andeventuallyeliminateadaptivegenetic
distinctivenessofthefew remainingnaturallyreproducingstocks(e.g.,Mill
Creek,DeerCreek). Spring andfall-runsof chinooksalmonwere previouslywell
separatedby timeand spawningarea.Constructionof damseliminatedancestral
spawningareasofspringchinookin upperreachesofstreams,forcingthoseruns
to uselowerelevationareasutilized alsoby fall-run fish. Differencesin run
timing alsohavedecreased,therebyincreasingthelikelihood ofgeneticmixing
(DFG 1990). Becausehabitatin theSacramentoRiver is limited by ShastaDam
andotherdams,spacialoverlapoccursand,hence,hybridizationofdifferent runs
in theSacramentodrainage. At theFeatherRiverHatchery,spring-runfish were
keptseparatefrom otherrunsby assumingthat all salmontakentherebefore
October15 were springchinookandfish takenafterthis datewerefall-run fish (F.
Fisher,personalcommunication).Thereis now strongevidencespringandfall
stocksinadvertentlyhavebeenhybridizedat thehatcheryandnow form just one
hatcherystrain. In thewild, hybridizationbetweenhatcheryandwild fish almost
certainlyhasoccurredin theSacramentoRiver,FeatherRiver,YubaRiver, and,
perhaps,Butte Creek(CampbellandMoyle 1991).

Thepotentialthreatofmixed stock springchinookto theremainingwild
springchinookis indicatedby thefactthat in both theSacramentoandKlamath-
Trinity drainages,themajority of “spring-run” chinooksalmonaretheresultof
hatcheryspawning.Productionofpresumptivespring-runchinookjuvenilesat
theFeatherRiverHatcheryrangedbetween2-3 million fish, while annualadult
runsrangedbetween800-7,200fish during 1980-1989.However,mixing of
spring-runandfall-run stocksat thehatcheryhascompromisedthegenetic
characterof “spring-run” fish (DFG 1990).

5. Disease
Theimpactofdiseasecannotbe ruledoutasafactorin therecentdecline

ofspringchinook. Bacterialkidneydisease(BKD) recentlywas foundin
hatchery-rearedsmoltsthat werereleasedfrom theTrinity RiverHatcheryandhad
beenin residencein theTrinity River for severalmonths,althoughtherewasno
evidenceofdiseasein thehatcherystockitself (P. Higgins,personal
communication).BKD andperhapsotherdiseasessuchasinfectious
hematopoieticnecrosis(Il-IN) couldseriouslycurtailtheability ofhatchery
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operationsto bolsterproductionif hatcheryfish areequallysusceptibleaswild
fish to infectionafterreleasein thewild. Disease(s)originatingfrom hatchery
fish mayalsobeafactorin depressingwild stocks.Whetherornot diseaseis
affectingwild springchinookin theSacramentosystemis not knownandshould
be investigated.

Conservationmeasures: Thereis intenseinterestin springchinooksalmonon
thepartofagencies,environmentalgroups,andcommercialfishermenbecauseof
its historicalabundanceandbecauseformally listing it asanendangeredspecies
wouldhaveseverenegativeeffectson thesalmonfisheryin general. As a result,
considerableefforts arebeingmadeto managethis runatthepresenttime,
althoughadditionaleffort will beneededfor restoration.

Recentstockassessmentandrestorationefforts for springchinooksalmon
are conductedby theStatewhichrecentlydesignatedthemasa monitoredspecies
(DFG 1990). Thoseefforts includeannualsurveysof runs,a newly instituted
habitatrestorationprogram,enforcementoffishingregulations,installationand
maintenanceof fish screensandfish ladders,anddevelopmentandcoordination
of appropriatewater-useplansfor specificareas.Within the SacramentoRiver
system,efforts to negotiatechangesin watermanagementhaveresultedin
expandedspawningand rearinghabitatin Butte Creek,andsimilareffortsare
reportedlyin progressfor Mill Creek,DeerCreek,andtheYubaRiver. DWR’s
4-PumpsFishAdvisory CommitteerecentlyapprovedaMill Creek-type
conjunctiveuseprojectfor DeerCreek.

Themostimportantremainingnaturalpopulationsin the Sacramento
drainagearein DeerandMill creeks.Duringwetornormalyears,naturalflows
aresufficient to enablesalmonto surmountdiversiondamsin the lowerreachesof
thesestreamsandreachholdingpools. In dry years,however,diversionsof water
for irrigation maydecreaseflows in thelowerreachesto suchanextentthat adults
areunableto negotiatedams. Becausediversionsareon privatelandand
representlong-heldwaterrights, this problemcanonly be solvedwith cooperation
oflocal landownersor by water-rightsacquisition. Since1989,anagreement
betweenDWR,Los Molinos WaterCompany,TheNatureConservancy,and DFG
hasprovidedwaterpumpedfrom wells on theDyeCreekPreserveto Tehama
Countyfarmers,sothatlesswaterwould be divertedfor agriculturalirrigation
from Mill Creek.Thisstrategyappearsto havebeenhighly successfulin
maintainingflows in Mill Creekfor salmon(A. Weinstein,TheNature
Conservancy,personalcommunication;DFG,April 1, 1992memorandumfrom S.
Capelloto S. Ford,DWR).

In theDelta,therecent(May 1992)decisionby DFG to halt stripedbass
plantingandcurrenttrial efforts to do apredatorremovalprogramin Clifton
CourtForebaywill probablybenefitspring-runchinookpopulationsby reducing
predationon outmigrants.
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At thepresenttime, a SpringChinookWork Group,consistingof
representativesof variousagencies,commercialfishermen,farmers,andothers
affectedby springchinookconservationefforts areattemptingto devisea
recoveryplanfor springchinookin theupstreamhabitatsofthe Sacramento
drainage(L. Davies,UCD, personalcommunication).It is assumedthat if this
groupcanagreeto recoverymeasures,themeasureswill be adoptedby the
agenciesconcerned.Restorationmeasuresbeingconsideredinclude:
(1) providingpassageofadultsto holdingand spawningareas,(2) protecting
adultsin theholdingpools,(3) creatingadditionalhabitatby improving accessto
Antelope,Begum,and SouthFork Cottonwoodcreeks,(4) improving
managementofButte Creekfor wild salmon,(5) providingpassageflows for out-
migratingjuveniles,(6) providingbetterinstreamhabitatforjuvenilefish,
(7) reductionin takeby fisheries,(8) reducingeffectsofhatcheryfish on wild
populations,and (9) increasedprotectionin theDelta.

RESTORATION

RestorationObjective

Theobjectiveis to restorewild populationsof springchinooksalmonto
optimumlevelsthat canbe supportedby holdingandspawninghabitatin tributary
streamsto theSacramentoRiver (especiallyin Deerand Mill creeks)by
improving outmigrantconditionsin theDelta. Any improvementsupstreamor in
oceanfisheryregulationswill be greatlynegatedif protectionsin theDeltaarenot
implementedconcurrently,especiallyduringNovemberthroughJanuarywhen
DeerandMill creeksmoltsmigrate. Therefore,theobjectiveofthis plan is to
restoresurvival ratesofoutmigratingsmoltsto levelsthatexistedbeforethe
constructionof thepumpsof theCVPand SWPin thesouth Delta. Measures
takento protectmigratingadult andjuvenilespringchinooksalmonshouldnot be
madeattheexpenseofmeasurestakento protectothernativefishesin the system,
includingotherrunsofchinooksalmon.

RestorationCriteria

Sacramentospringchinookwill beregardedasrestoredwhen(1) self-
sustainingpopulationsin excessof500 spawnerseacharepresentin bothDeer
andMill creeks;(2) thenumberofwild spawnersin SacramentoRiver tributaries
reachesameannumberof 8,000fish anddoesnotdrop below5,000fish, for 15
years,threeofwhich aredry orcritical yearsand(3) whenthesmoltsurvival rates
betweenSacramentoandChippsIsland approachpre-projectlevelswhenthe•
numberofadultsin thetributarystreamsis fewerthan5,000. Restorationwill be
measuredby threeinteractingcriteria: (1) presenceofself-sustainingspawning
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populationsin Deerand Mill creeks;(2) total numberofspawnersin Deer, Mill,
Antelope,Butte,Big Chico,Begum,SouthFork Cottonwood,andClearcreeks
and(3) smoltsurvival ratesthroughtheDelta. Thenumberof spawnerscanbe
estimatedby carcassandreddcountsandcounting from weirsatdamson Dear
andMill creeks,butsmoltsurvival cannotyet be satisfactorilyestimated.These
restorationgoalscanbe achievedonly if thereis simultaneouslyimprovementin
conditionsin spawningandrearingstreams,in theDeltafor passageofjuveniles
andadults,andimprovedmanagementofthefishery to allow for increased
survivorshipofadultsduring periodsof low populationsize.

Deer and Mill creeks: Thesetwo streamsarelargely unregulatedstreamsthat
supportthe largestremainingpopulationsofunquestionedwild spring-run
chinook. Thusthesetwo populationsmustbe maintainedasself-sustaining
entitiesto providea minimumlevel ofprotectionfor thewild fish. Basedon
historic (pre-1976)records,thenumberof salmonin eachstreamshouldnotdrop
below 500 fish, with athree-yearrunningaverageof no fewer than 1,000fish
(Table6.1). While afairly substantialpopulationofsalmonexists in Butte Creek,
long-termsustainabilityofthepopulationin aregulatedstreamis questionable,as
is its relationshipto thehatchery-maintained“spring” runpopulationin the
FeatherRiver.

Number of spawners:Springchinook will be regardedasrecoveredwhenthe
numberofspawnersin tributarystreamsto theSacramentodrainageexceeds
5,000fish eachyearovera 15-yearperiod(five generationsX three-yearlife
cycle),with 3 ofthe 15 yearsbeing dry orcritical years. Theaveragenumberof
naturalspawnersofwild origin over the 15-yearperiodmustnotbe fewerthan
8,000fish. If theYubaRiver provesto still haveanaturalrunof spring chinook,
this populationgoalshouldbe raisedby whatevernumberof spawnersit is
estimatedthatthestreamcansupport. Thetotal populationgoal assumesan equal
(ornearlyequal)sexratio andthat90 percentor moreofthefemalesareage3 or
older. It doesnot includefish foundin theFeatherRiver or mainstemSacramento
River orthosetakenby theFeatherRiverhatcheryfor artificial spawning.This
numberis atiny fraction ofthe500,000to I million springchinookthatonce
spawnedin theCentralValley but representsareasonablenumberof spawners
that canbe supportedin SacramentoRiver tributaries(F. Fisher, personal
communication).

Smolt survival rate: The principal meansfor measuringsuitability ofhabitat
conditionsforjuvenile chinooksalmonin theDeltais to havesmoltsurvival rates
betweenSacramentoand ChippsIslandbe equivalentto what theywereprior to
thepresentconfigurationoftheCVP and SWP(i.e., 1940slevel ofdevelopment,
Service1992).The 1994Bay-DeltaAccord shouldprovidebeneficialactionsthat
benefitsalmon. Accuratelymeasuringsmoltsurvival ratesis extremelydifficult,
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sothis cannotbe usedasacriterionfor restorationuntil adequatemethodsof
estimatingsurvival aredeveloped(somethingwhich shouldbe doneaspartofthe
restorationprocess).Ideally, thesurvival rateshouldbe basedon mark-recapture
studiesofsmoltsofsimilar sizereleasedduringtheprincipaloutmigrationperiod.
BecausemanyDeerandMill creekoutmigrantsentertheDeltaasyearlings
duringNovemberthroughJanuary,this time periodwill be themostimportantto
evaluate.However,hatcheriesdo not releasespring-runduringthis time period,
so late fall-runhatcheryproductionmayneedto be usedasasurrogatefor the
mark-recapturestudies. Until reliablemeasuresofsurvival ratesaredeveloped,
theprincipalmeansfor measuringrestorationwill be distributionandnumberof
spawningadults. Oncethecriterion is developed,it shouldbeusedprimarily in
conjunctionwith adultcriteria.Whenadult numbersdropbelow5,000,smolt
survival ratesthroughtheDeltathefollowing yearshouldbe higherthanwould be
permittedwhenadultnumbersarehigher. If possible,a sliding scaleofminimum
survival ratesbasedon adult numbersshouldbe developed.
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Table6.1. Populationcountsandestimatesof springchinookfrom DeerandMill
creeks.(Databasedon countsatdiversiondamladdersandspawningsurveysconducted
by theCaliforniaDepartmentofFish andGameandUS ForestService.)

Year DeerCreek Mill Creek

1954 NE 1,789
1955 NE 2,967
1956 NE 2,233
1957 NE 1,203
1958 NE 2,212
1959 NE 1,580
1960 NE 2,368
1961 NE 1,245
1962 NE 1,692
1963 1,702 1,315
1964 2,874 1,539
1965 NE NE
1966 NE NE
1967 NE NE
1968 NE NE
1969 NE NE
1970 2,000 1,500
1971 1,500 1,000
1972 400 500
1973 2,000 1,700
1974 3,500 1,500
1975 8,500 3,500
1976 NE NE
1977 467 563
1978 1,200 925
1979 NE NE
1980 1,500 500
1981 NE NE
1982 1,500 700
1983 400 200
1984 NE 191
1985 300 291
1986 543 291
1987 200 90
1988 371 572
1989 77 556
1990 458 844
1991 448 319
1992 209 385

‘NE no estimate
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7. SACRAMENTO LATE FALL-RUN CHINOOK SALMON

Oncorhynchustshawytscha(Walbaum)

INTRODUCTION

Status: TheSacramentolate fall runchinooksalmon(late fall chinook)hasno
specialprotectionalthoughMoyle et al (1993)recommendthat it be listedby
DFG as a SpeciesofSpecial Concern.

Restorationpotential: This run is regardedashavingamoderatedegreeof
threatbut low restorationpotential.

Description: Late fall-runchinooksalmonaremorphologicallysimilar to spring-
runchinook. Theyare,on average,the largestofthefourrunsofchinooksalmon
in the SacramentoRiver, reaching80-110centimeters(31-43inches)standard
lengthandweighingup to 9-10kilograms(20-22pounds)ormore. Theyhave
10-14majordorsalfin rays,14-19analfin rays,14-19pectoralfin rays,and10-11
pelvic fin rays.Thereare130-165lateralline scales. Branchiostegalraysnumber
13-19oneithersideof thejaw. Thegill rakersareroughandwidely spaced,with
6-10rakerson the lower halfofthefirst gill arch. Reproductiveadultsareusually
uniformly olive-brownto dark maroon;malesaredarkerthanfemalesandhavea
hookedjaw andsnoutandanarchedback. Somereproductivelymaturefemales
havebeenobservedto retaintheirsilvery (ocean)colorationevenduring
spawning(K. Marine,personalcommunication).Chinooksalmonare
distinguishedfrom otherspeciesofsalmonidsby bodycoloration,specifically
spotson thebackandtail andthe solidblackcolorofthe lowergum line. Parr
generallyhave6-12parrmarks,evenlyspacedandcenteredalongthelateral line.
The adiposefin of the parr is pigmentedalong the upper edgebut clear at the
base.Theotherfins areclear,exceptfor thedorsal,whichmaybespotted.

TaxonomicRelationships: The runs ofchinook salmonin California are
differentiatedby thematurityoffish enteringfreshwater,time ofspawning
migrations,spawningareas,incubationtimes,incubationtemperature
requirements,andmigrationofjuveniles. Allozymic differencesbetweeninland
populationsofCaliforniachinooksalmonhavealsobeenobserved,with various
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degreesofdifferentiationbetweenriverswithin drainagesandbetweendrainages
(Bartley andGall 1990). Therefore,eachrunof salmoncouldbeconsideredto be
geneticallydistinctto somedegree,in somecasesevenfrom otherrunsin the
samestream.

Distribution: Late-fall chinookarefoundmainly in theSacramentoRiver, and
mostspawningandrearingofjuvenilestakesplacein thereachbetweenRed
Bluff andRedding(KeswickDam). Accordingto Vogel andMarine(1991),
however,up to approximately15-30percentofthetotal late-fall-runcanspawn
downstreamofRedBluff when“waterquality is good”. R. Painter(DFG,
personalcommunication)indicatedthat apparentlate-fall chinookhavebeen
observedspawningin BattleCreek,CottonwoodCreek,ClearCreek,Mill Creek,
YubaRiver andFeatherRiver, but theseareatbestasmall fractionofthetotal
population.BattleCreekspawnersarepresumablyderivedfrom anartificially
maintainedrunfrom theBattleCreekFishHatchery. Thehistoricdistributionof
late-fall-runis not known,but it probablyoriginally spawnedin theupper
SacramentoRiver andmajortributariesin reachesnow blockedby ShastaDam.

Habitat Requirements: Thespecifichabitatrequirementsoflate-fall chinook
arelittle known,but aresimilar to otherchinooksalmonruns(seespring chinook
account)andfall within therangeofphysicalandchemicalcharacteristicsof the
SacramentoRiver aboveRedBluff. Late fall-run salmonspawnat atime when
flow fluctuationscanbemostdamagingto reddsby dispersingthemfrom
appropriatehabitatandby allowing reddconstructionin highterracesduring
floods which subsequentlywill be exposedaswaterrecedes.

Life History: Thegreatmajority oflate-fall chinooksalmonappearto spawnin
themainstemoftheSacramentoRiver(R. Painter,personalcommunication),
which theyenterfrom OctoberthroughApril (Vogel andMarine 1991). In the
past,thesemigratingfish wereamixture ofageclassesrangingfrom two to five
yearsold. At thepresenttime amajority ofthefish arethree-andfour-yearolds.
While migratingandholding in theriver, late-fall chinookdo not feed,relying
insteadonstoredbodyfat reservesfor maintenance.Spawningoccursin January,
FebruaryandMarch,althoughit mayextendintoApril in dry years. Eggsarelaid
in largedepressions(redds)hollowedout in gravelbeds.Theembryoshatch
following a3-4monthincubationperiodandthealevins(sac-fry)remainin the
gravel for another2-3weeks.Oncetheiryolk sacis absorbed,the fry emergeand
beginfeedingonaquaticinsects.All fry haveemergedby earlyJune.Sacramento
Riverlate-fall runsalmonsmolt in theestuary.Parrmoveinto theestuaryand
lowerriver to rear. Juvenileshold in theriver for aboutsix monthsbeforemoving
downto theDelta in OctoberthroughDecember.Theymayhold in theDeltafor
varyinglengthsoftime, emigratingto theoceanin DecemberthroughMarch (F.
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Fisher,personalcommunication).Oncein theocean,salmonarelargely
piscivorousandgrowrapidly.

Becauseoftheirrelatively largesize, late-fall-runchinookhavethe
highestfecundityofanyoftheSacramentorunsof salmon,with females
averagingaround6,000eggs(F. Fisher,personalcommunication).

Abundance:Thehistoric abundanceof late-fallchinookis notknownbecauseit
wasformally recognizedasdistinct from fall-run chinookonly afterRedBluff
DiversionDam (RBDD) wasconstructedin 1966. To getpastthe dam,salmon
migratingup theSacramentoRiver hadto ascendafish ladderin whichthey
couldbe countedwith someaccuracyfor thefirst time. Thefourchinooksalmon
runspresentin theriver (fall, late-fall, winter, spring)wererevealedaspeaksin
thecounts,althoughsalmonpassedoverthedamduringeverymonthoftheyear.
Like winter-runandspring-runchinook,theirnumbershavedeclinedsince
countingbeganin 1967. In the first 10 yearsof counting(1967-1976)therun
averagedabout22,000fish; in the last 10 yearsof counting(1982-1991)therun
averagedabout9,700fish (DFG, unpublisheddata). Therehavebeenno counts
of20,000fish ormoresince1975,although16,000fish were countedin 1987.
Therunin 1991 was7,089fish (Service1992). Countsfor 1992and 1993 arenot
availablebecausethegatesat RedBluff DiversionDamhavebeenopenedto
allow freepassagefor winter-runchinookadultsandsmolts. Consequently,
countingadult migrantsis no longerpossible.

Reasonsfor decline:Late-fallchinookhavedeclinedfrom historic numbers
largelyastheresultoffactorsin upstreamareas,but restorationof therunwill
dependon highsurvival ratesofbothadultsandjuvenilesastheypassthroughthe
Delta. Thecausesof theirpopulationdeclinearepoorlyunderstood,but
presumablyaresimilar to thoseof winter-runchinook(Williams andWilliams
1991)and spring-runchinook(this recoveryplan).Theprinciplecausesof decline
seemto be (1) passageproblemsover--andunderasat RedBluff Diversion--
dams,(2) lossofhabitat,(3) poorsurvivalofoutmigratingsmolts,(4) excessive
harvest,and(5) otherfactorssuchasdiseaseand pollutants.

1. Passageproblemsoverdams

.

WhenShastaandKeswickDamswerebuilt in the 1 940s,theyblocked
accessby late fall-run chinookto upstreamspawningareaswhererun-offand
springwateroriginatingfrom Mt. Shastaandotherareaskeptwatertemperatures
cool enoughfor successfulspawning,eggincubationandover-summersurvivalof
juvenilesalmon. TheeffectsofRedBluff DiversionDam(RBDD) were more
subtleandnotrecognizeduntil fairly recently(Williams and Williams 1991).
Thisdamdelayedpassageto upstreamspawningareasandalso concentrated
predators,increasingmortality on out-migratingsmolts. KopeandBotsford
(1990)documentedthattheoverall declineofSacramentoRiver salmonwas
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closelytied to theconstructionof RBDD, althoughthe endof construction
coincidedwith increasedDeltapumpingasthesouthDeltapumpswenton line.
However,late-fallchinooksalmonpopulationshavefailedto respondto raisingof
thegatesofRBDD, despitetheirhighfecundity (F. Fisher,personal
communication).Raisingthe gatesat RBDD startedin themid-1980’s,and
correspondswith adecreasingability to estimatelate-fall runsalmonescapement
becausetheladdersare removedduringadult migration(R. Johnson,personal
communication).This hasresultedin difficulty in assessingtheresponseduring
this 10-yearspan.

2. Habitatlossordeterioration

.

Largedamson the SacramentoRiver andits tributarieshavenotonly
deniedsalmonaccessto historic spawninggrounds,but theyhavereducedor
eliminatedrecruitmentofspawninggravelsinto river bedsbelowdamsand
alteredtemperatureregimes.Lossofspawninggravelsin theSacramentoRiver
belowKeswickDam is regardedasaseriousproblem,andlargequantitiesof
gravelareperiodicallytruckedto theriver anddumpedin, mainly to provide
spawningsitesfor winter-runchinookbut havingabeneficialeffect for all runs.
However,it is likely that late fall-run alsousethesegraveldeposits(R. Painter,
personalcommunication).High temperaturescanbeaproblemin thisreach,
mainly duringdroughtyearswhenflows arereducedto savewaterin Shasta
Reservoir.Also, thereducedreservoirvolumeduringdroughtyearsandthelack
of ameansto tapcolderlevelsofthereservoirhavemeantthat waterreleased
belowthedamis oftenwarmerthandesirable.April is thecritical monthfor late
fall runsalmonfor temperature.NMFS’s CVP-OCAPwinter-runsalmon
biological opinionrequiresminimumflowsof 3,250cfs throughApril 30.
Incubatingeggsin April couldstill be exposedto hightemperaturesatthese
minimumflows. Theseeffortsto providecoolersummerflows for winter-run
chinookshouldalsobenefit late fall-run chinook.

3. Outmigrantmortality
Smoltmortality is probablyafactoraffectinglate-fall chinookabundance

asit is for all runsofsalmonin theSacramento-SanJoaquindrainage.Small
numbersof outmigrantsmaybe entrainedatevery irrigationdiversionalongthe
SacramentoRiver that is operatingduring themigrationperiod. At thesametime,
extensivebankalteration,especiallyrip-rapping,reducestheamountofcover
availableto protectthe outmigrantsfrom stripedbassandotherpredators.
Diking, dredgingandfilling in theDeltahasreducedmarsh,floodableand
shallowhabitatusedby outmigrantsandcontributesmortality. Whenpumping
ratesarehigh attheSWPandCVP pumpingplants,andoutflows arelow, late-fall
chinooksmoltsmaybeentrainedin largenumbers,consumedby predatorsin
Clifton CourtForebayandotheroff-channelareas,andotherwisedivertedfrom
theirdownstreammigration.
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4. Harvest
Studiesofjuvenilelate-fall chinookwith codedwire tags(from Coleman

NationalFishHatchery)indicatethatoceanharvestofthesefish is intense.
Harvestratescanbeestimatedfrom coded-wiretaggedfish. Hatcheryfish are
releasedinto BattleCreekand subsequentlyreturnwith approximately4 percent
strayinginto themainstemSacramentoRiver. Adult spawnersaretrappedat
KeswickDamfor hatcheryuse(R. Johnson,personalcommunication).However,
the limited dataindicatethatover 80 percentof late fall-run fish areharvested(F.
Fisher,personalcommunication).This is notsurprisingbecauselate-fall chinook
tendto matureat olderages,tendto be biggerthanotherrunsat similarages,and
havealate migrationtime; thus theyarevulnerableto theoceanfishery at all
times.

Commercialfisheriesalsomaybe affectingchinookpopulationsindirectly
throughcontinualremovalof largerandolderindividuals.Thisresultsin
spawningrunsmadeup mainly ofsmaller,threeandfour-year-oldfish, which
thereforeproducefewer eggsperfemale. Theremovalofolder fish alsoremoves
muchofthenatural“cushion”thepopulationshaveagainstnaturaldisasters,such
asseveredrought,which maywipeout arun in asingleyear.Undernatural
conditions,older fish residingin theoceanhelpto keeprunsbalancedandcan
buffer runsif fish arelostdueto catastrophes.Underpresentconditions,a lossof
arunin oneyearwill resultin very low runsthreeyearslater,andthelossof runs
two or threeyearsin arow caneliminateapopulation.

5. Pollution
A potentialproblemis the likelihood of amajorspill of waterladenwith

toxic chemicalsfrom theIron Mountainmine site, if theSpringCreekretention
reservoirspills orbursts. Thesewastescouldwipe outeithermigratingadultsor,
morelikely, juvenilesholding in theriver.

Conservation measures: At present,lessmanagementis doneto directly benefit
late-fall chinookthananyotherrunin theSacramentoRiver,mostlybecausethe
leastis knownaboutit. Fortunately,this runshouldbenefitconsiderablyfrom
measuresbeingmadeto enhancewinter-runandfall-runchinookpopulationsin
theriver. Restorationwill require:(1) providingfor passageof adultsthroughthe
Deltato holdingandspawningareas,(2) improving spawningsuccessthrough
habitatimprovementsandprotectionof adultsfrom harvestonthespawning
grounds,(3) providingpassageflows for out-migratingjuveniles,(4) providing
habitatforjuvenilefish in the river; (5) improving survival ratesthroughthe
Delta; (6) reducingcatchin oceanandstreamfisheries,(7) reducingtheeffectsof
hatcheryfish on wild populations, and, (8) constructionofreddson highterraces
duringflood eventswhicharesubsequentlyexposedwhenflood flows recede.
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RESTORATION

RestorationObjective

Theobjectiveis to restorewild populationsoflate-fall chinookto
optimum levelsthat can be supported by the remaining holding and spawning
habitat in the SacramentoRiver by improving outmigrant conditions in the Delta.
Any improvements upstream, or in oceanfishery regulations, will be greatly
negatedif protections in the Delta are not implementedconcurrently, especially
duringOctoberthroughDecemberwhensmoltsmigrate. Therefore,theobjective
ofthis plan is to restore survival rates of outmigrating smoltsto levelsthat existed
before the construction ofthepumps ofthe CVP and SWP in the south Delta.
Measurestaken to protect migrating adult andjuvenile late-fall chinook should
not be made at the expenseofmeasurestaken to protect other native fishesin the
system,includingotherrunsof chinooksalmon.

RestorationCriteria

Sacramentolate-fall chinook will be regarded as recoveredwhen (1) the
number of wild spawnersin the SacramentoRiver reachesa meannumber of
22,000fish and doesnot drop below 15,000fish, for 15 years,threeofwhich are
dry orcritical yearsand(2) whenthejuvenilesurvival ratesapproachpre-project
levelsfollowing yearswhenadultpopulationsare fewerthan 15,000 fish in the
SacramentoRiver. Thenumberofspawnerscanbeestimatedby carcassandredd
countsorenumeratedthroughdamcounts,while smoltsurvivalcannotyetbe
satisfactorilyestimated.The Teamrecognizesthattheserestorationgoalscanbe
achievedonly if thereis simultaneouslyimprovementin conditionsin the
spawningandrearingstreams,in theDeltafor passageofjuveniles,andimproved
managementofthefisheryto allow for increasedsurvivorshipofadults.

Number of spawners:Late fall-runchinookwill be regardedasrestoredwhen
the numberofspawnersin theSacramentodrainageexceeds15,000fish eachyear
over a 15-yearperiod(five generationstimes three-yearlife cycle), with 3 ofthe
15 yearsbeingdry orcritical years. Theaveragenumberofspawnersoverthe 15-
yearperiodmustnotbe fewerthan22,000fish (the1967-1976average).The
total populationgoalassumesan equal(or nearlyequal)sexratio andthat90
percentormoreof thespawningfemalesareage3 orolder. It doesnot include
thosefish takenby the ColemanNationalFishHatcheryfor artificial spawning.
This numberis a smallproportionoftheseveralhundredthousandlate-fall
chinookthat oncespawnedin theupperSacramentoRiver drainagebutrepresents
thenumberoffishthatprobablyexistedin river at thetime RedBluff Diversion
Damwasconstructed(F. Fisher, personalcommunication).
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Smolt survival rate: The principal meansfor measuring the suitability of habitat
conditionsforjuvenile chinooksalmonin theDelta is to havesmoltsurvivalrates
betweenSacramentoandChippsIslandbeequivalentto whattheywereprior to
thepresentconfigurationoftheCVP andSWP(i.e., 1 940slevel ofdevelopment,
Service1992).Accuratelymeasuringjuvenilesurvival ratesis extremelydifficult,
sothis cannotbeusedasacriterionfor restorationuntil adequatemethodsof
estimatingsurvivalaredeveloped(somethingwhich shouldbedoneaspartofthe
restorationprocess).Ideally, thesurvival rateshouldbebasedonmark-recapture
studiesofjuvenilesof similar sizereleasedduringtheprincipaloutmigrationor
Deltaresidenceperiod. Until reliablemeasuresofsurvivalratesaredeveloped,
theprincipalmeansformeasuringrestorationwill bedistributionandnumberof
spawningadults. Oncethecriterion is developed,it shouldbe usedprimarily in
conjunctionwith adult criteria.Whenadultnumbersdropbelow 15,000,juvenile
survival ratesthroughtheDeltathefollowing yearshouldbehigherthanwould be
permittedwhenadult numbersarehigher. If possible,asliding scaleof minimum
survival ratesbasedonadultnumbersshouldbe developed.
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8. SAN JOAQUIN FALL-RUN CHINOOK SALMON

OncorhynchustshaMytscha(Walbaum)

Status:TheSanJoaquinfall-runchinooksalmon(= SanJoaquinfall chinook)
doesnothaveany specialdesignationalthoughDFG recognizesit asa distinct
stock.

Restorationpotential: Thedegreeofthreatto SanJoaquinfall-runis high, but it
alsohasahighdegreeofrestorationpotentialbecauseof its increased
reproductivesuccesswhenflow conditionsarefavorable.

Description: Chinook salmonare large salmonids,reaching 75 to 100
centimeters(30-39inches)standardlength,andweighing10 kilograms(22
pounds)or more,althoughindividualsweighingmorethan8 kilograms(18
pounds)in theSanJoaquinRiver arerare. Theyhave10-14majordorsalfin rays,
14-19analfin rays,14-19pectoralfin rays,and 10-11pelvic fin rays. Thereare
130-165lateralline scales,and 13-19branchiostegalraysoneithersideof the
jaw. Thegill rakersareroughandwidely spaced,with 6-10rakerson the lower
halfofthefirst gill arch. No distinctivemeristicandmorphologicalcharactersfor
SanJoaquinfall-runchinookareknown. Reproductivechinooksalmonadultsare
uniformly olive brownto darkmaroon,butmalesaredarkerthanfemalesand
haveahookedupperjaw andanarchedback. Chinooksalmonaredistinguished
from otherspeciesofsalmonidsby spotson thebackandtail andby the solid
blackcolor ofthegumline ofthelowerjaw. Parrgenerallyhave6-12parrmarks,
evenlyspacedandcenteredalongthelateralline. Theadiposefin is pigmented
alongtheupperedgebutclearatthebase. Theotherfins areclear,exceptfor the
dorsal,which maybe spotted.

TaxonomicRelationships:Therunsofchinooksalmonin Californiaare
differentiatedby (1) thematurityof fish enteringfreshwater,(2) timeof
spawningmigrations,(3) spawningareas,(4) incubationtimes,(5) incubation
temperaturerequirements,and(6) migrationtiming ofjuveniles. Differencesin
life historieseffectively isolatefall chinookfrom otherruns; thus,the traitsare
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undoubtedlyinherited. Allozymic differencesbetweeninland populationsof
Californiachinooksalmonhavealsobeenobserved,with variousdegreesof
differentiationbetweenriverswithin drainagesandbetweendrainages(Bartley
andGall 1990). Therefore,eachrunofsalmonshouldbeconsideredto be
geneticallydistinct to varyingdegrees.Thegeneticevidencefor separationof
SacramentoRiverfall chinookandSanJoaquinRiverfall chinookis weak
(Bartley andGall 1990)andadultstaggedasjuvenilesin Sacramentodrainage
hatcherieshavebeentakenattheMercedRiver Hatchery(F. Fisher,DFG,
personalcommunication),indicatingsomemixing of thestockstakesplace.
Historically,DFG plantedSacramentoValley chinooksalmonin theSanJoaquin
drainage,furtherobfuscatingthe issue. Nevertheless,physicalcontrasts(e.g.,
flow, watertemperatures,degreeof habitatalteration)betweenthetwo drainage
systems,thepresentsmall populationsizeof theSanJoaquinRiver stock,andthe
factit is theonly remainingrunof salmonin theSanJoaquindrainage,justify
treatingtheSanJoaquinfall-runasadistinct stockfor managementpurposes.
This is alsotheconservativecoursegiventhepaucityof geneticdata.

Distribution: Fall chinooksalmonarefoundin riversfrom Californiato Alaska
andarepresentlythemajorrun in CaliforniaCentralValley streams.In the San
JoaquinRiver system,SanJoaquinfall chinookis theonly salmonrun remaining
becausespringchinookwereeliminatedfrom thesystemby theconstructionof
impassibledamson majortributaries;thefinal extirpationtook placewith the
closureofFriantDamon theupperSanJoaquinRiver. At presentSanJoaquin
fall chinookarerestrictedto thethreemajortributariesofthe(1) SanJoaquin
River, (2) Stanislaus,(3) Tuolumne,and (4) MercedRivers. Within theseriver
systems,spawningis confinedto theupstreamreachesbelow thefirst major
dams.

Habitat Requirements: SanJoaquinfall chinookrequiresuitablehabitatfor
upstreammigrationofadults,spawning,andrearingandoutmigrationofsmolts.
Requirementsofupstreammigratingadultsincludesufficientwaterflows to
attractfish into spawningstreamsandfor upstreampassageto spawningareas.
Duringupstreammigration,watermustbecool enoughandhavesufficient
dissolvedoxygenconcentrationsnot to stressadult fish. Adult fish maydelay
upmigrationif theserequirementsarenotmet. Spawningadultsrequiregravel
bedswith gravelofa sizethatthefish canexcavate(optimumis 2-11 centimeters
[1- 4 inches]). Eggsandalevins(sac-fry)requireintragravelwaterflow while in
thegravel,which is createdwhenwatervelocitiesover thegravelare3 0-90
centimeters(12-35inches)per second(Jensen1972). Watershouldcontainhigh
concentrationsofdissolvedoxygenandbe relatively cool,5-13 degreesCelsius
(41-55degreesFahrenheit),for properdevelopmentofembryosandsurvivalof
alevins(Vogeland Marine 1991). Juvenilerequirementsincludesufficient food
andlow enoughtemperatures,6-8degreesCelsius(43-64degreesFahrenheit),to
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allow growthandsmoltification.In the lower SanJoaquinRiver, out-migrating
smoltsarefoundin awide varietyof shallow-waterhabitatsbut disappearfrom
thesehabitats(throughdeathandmigration)whentemperaturesexceed18
degreesCelsius(64degreesFahrenheit)(McFarlandandWeinrich 1987).
Sufficientoutflows andwatertemperaturesarenecessaryto assuresurvivalduring
outmigrationof smoltsto theocean,yet both areoftenlacking in the lower San
JoaquinRiverduring theoutmigrationperiod.

Life History: Thelife historyof SanJoaquinfall chinookis similar to thatof
other fall-run salmon. SanJoaquinfall chinookgenerallybeginarrivingin the
systemin early fall. SalmonusuallybeginenteringSanJoaquinRivertributaries
by mid-Octoberandarethroughspawningby mid-December.In theTuolumne
River,mostspawningtakesplacein November,buthasbeenobservedfrom the
lastweekin Octoberthroughthelastweekin December(EAEST 1992). The
majority ofSanJoaquinfall chinookreturnasthree-year-oldfish, but in some
yearstherunmaybe dominatedby two-yearolds (‘jacks”), bothmaleandfemale
(EAEST 1992). In theTuolumneRiver, thepercentageoffemalesin recentyears
(1971-1988)hasrangedfrom 25 percentto 67 percentandthenumberandsizeof
femalesis regardedasa majorfactorlimiting salmonproduction(EAEST 1992).

Femalesselectsuitablespawningsiteson thebasisof (1) depth,(2) water
velocity, and(3) gravelcomposition. In theStanislausRiver, spawningoccursat
meandepthsof about52 centimeters(20 inches)and atmeanvelocitiesof about
49 centimeters(19 inches)persecond(Aceituno1993). Femalesexcavatenests,
or redds,andeggsarefertilized while beingdepositedin thenest. Spawning
activities generallyproceedin an upstreamdirectionsuchthateachsuccessiveegg
pocketwithin a reddis coveredby gravelfrom subsequentexcavationactivities.
SanJoaquinfall-run chinookfemalesaveragefecunditiesof2,800 to 6,700eggs
dependingon ageand size,with the estimatedaveragenumberofeggsproduced
by a 3-yearold femalebeing4,458; theequationfor estimatingfecundityis 109.4
times fork length(in centimeters)minus3,200.2(EAEST 1992).

Eggsincubatein thegravelfor 10-12weeks,dependingon temperature.
Alevins or sacfry thenhatchbut remainin thegravelfor an additionalmonth
until theyolk sacis absorbed.Juvenilesthenemergeandfeedon aquatic
invertebratesfor an additional 8-12weeksuntil reaching75-100millimeters(3-4
inches)fork length. From mid-MarchthroughearlyJune,juvenilesundergo
physiologicalchanges(smolting)necessaryfor thetransitionfrom afreshwater
existenceto asaltwaterexistenceandmovedowntributaries,into theSanJoaquin
River,andthroughtheSacramento-SanJoaquinestuaryto theocean.In the
StanislausRiver,small numbersofjuvenilesmayremainthroughthesummerand
appearto emigratein OctoberorNovember(DFG 1 992a).

Survival ratesof outmigratingsmoltsfrom thethreetributariesare
relatively low dueto a combinationof factors(EAEST 1992).In therivers,
predationby exoticspecies(centrarchidbasses,etc.)canbe a majorproblemin
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the lower reaches,especiallyif flows arelow. Whenflows increase,outmigration
time is morerapidand waterclarity andtemperaturesarelower, which decrease
theeffectivenessofpredators.In theSanJoaquinRiver, (1) hightemperatures,(2)
low oxygenlevels, (3) inadequateshallowwaterhabitat(cover),and,(4) exotic
predators(e.g.,stripedbass)all contributeto highmortality rates. In the
Sacramento-SanJoaquinDeltathesingle biggestcauseof mortality is thepumps
ofthe CVPandSWPthroughdirect entrainment,increasedpredationrates(e.g.,
in Clifton CourtForebay),andmovementofsmoltsto unfavorablehabitats,
delayingoutmigration.

Abundance: Pre-waterdevelopmentpopulationlevelsofSanJoaquinfall
chinookareunknown. In 1955,DFG estimatedthatwith properwater
management,theSanJoaquinRiver drainagecouldstill produce210,00wild
chinooksalmona yearwith fall chinookasthemajorrun(DFG 1955);however,
productionhasneverapproachedthatlevel sincerecordshavebeenkept. Annual
populationsurveyshavebeenconductedon all tributariessince1953andon some
tributariessince1940(Table7.1). Overthis period,populationshavefluctuated
in abundance.Higher returnsofadult fish arestronglycorrelatedwith wetyears.
Similarly, low adultreturnsare correlatedwith normal,dry,andcritically dry
wateryears. Prior to 1990,spawningpopulationsin theSanJoaquinRiver
drainagefell below2,000fish justthreetimes (1962,1963,and 1977). Theselow
adultreturnsfollowed previousdroughtperiodsthat extendedfor no morethan
threeconsecutivebroodyears. The 1987-1992droughtresultedin adultreturnsof
fewerthan2,000 fish beginningin 1990(1990- 941 fish; 1991 - 717; 1992 -

1,377)but returnsexceeded2,000(2,607)in 1993 (Table7.1). Thegeneraltrend
in numbersof SanJoaquinfall-run chinookhasbeendownwards(Figure7.1)
althoughlargefluctuationsin numberscanmaskthetrendfor anumberof years
(e.g.,1981-1985).

Reasonsfor decline: Declinesin SanJoaquin fall chinook populations can be
attributedto anumberoffactors. Within theSanJoaquinRiver drainage,the
main factorsarelossof accessto upstreamhabitatbecauseof constructionof
damsandreducedsuitability of remaininghabitatdue to changesin landand
waterusepractices,especiallyin combinationwith drought. Poor survivalof
outmigrantsboth in river andthroughthe Sacramento-SanJoaquinDeltaalso
appearsto beasignificantfactor. Poachingandlegal harvestmayalsobe factors,
but areprobablylessimportantthanmigrationpassage,habitat,andsmolt
survival. Otherfactorssuchasintrogressionwith hatcherystocksandthe
presenceofpesticidesandincreasedconcentrationsofnaturallyoccurring
chemicalsdueto agriculturalpracticesmayalso be contributingfactors.
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1. Habitatloss

.

Althoughthereareno long-termrecordsfor pre-1 950spopulationsofSan
Joaquinfall chinookit seemslikely that significantdeclinesbeganin the 1 860s
dueto the detrimentaleffectsof hydraulicgold mining operationsonspawning
grounds. Populationsmight haverecoveredfrom mining if not for the
constructionof damsthatblockedaccessto upstreamspawningareas.Thefirst
wasLa GrangeDam on theTuolumneRiver, completedin 1894. FriantDam on
theSanJoaquinRiver, completedin 1948,wasthelastmajor dambuilt with a
majordetrimentaleffect on salmonpopulations. In additionto blocking upstream
access,waterreleasesfrom FriantDam wereinsufficientto provideupstream
accessto returningadultsalmon,exceptin wet years(Moyle 1970),or to flush
smoltsdownstream(Warner1992). Thus,unlike thedownstreamtributary rivers,
theSanJoaquinRiverno longersupportssalmonbelowthedam.

2. Suitability ofhabitat

.

Damconstructionwasundertakenfor anumberofreasonsbut primarily
for irrigation, flood control,andurbanwatersupply. As aconsequence,dam
constructionoccurredat thesametimethat majorchangesin landandwateruse
tookplace. Diversionsofwaterprimarily for agriculturaluseresultedin changes
in hydraulicandtemperatureregimes.Theresultingchangesin physical
conditionsinclude: (1) sedimentationof spawninggravels,(2) inadequateflows to
attractreturningadultsto spawningstreams,(3) elevatedtemperatures
inappropriatefor egg incubationandjuvenilesurvival,(4) inadequateflows for
movingjuvenilesout ofthesystemquickly, and (5) reductionsin waterquality
dueto inputsof manufacturedandnaturallyoccurringchemicalsresulting
primarily from agriculturalpractices. Manyoftheseconditionsareexacerbated
duringdroughtyearswhenlittle wateris availablefor (1) attractionflows, (2)
flushingflows, or(3) pollution dilution.

3. Survivalofoutmigrants

.

Survivalofoutmigratingsmoltsis affectedby presentconditionsin a
numberofways. Thealteredflow conditionsbelowdamshavefavoredsome
predatoryfishes,suchassmallmouthbass(Micropterusdolomieu),thatprey on
smoltsduringoutmigration(EAEST 1992). Entrainmentofsmoltsby small
agriculturaldiversionswithin theDeltais probablya factor,thoughprobably
minor. OperationoftheSWPandCVP pumpsarelikely amoreimportantfactor,
especiallywhenSanJoaquinRiver outflows arelow. Smolt lossesincludedirect
entrainmentandalterationsin hydrologicconditionsthatcausediversionsof
smoltsfrom normaloutmigrationandprolongtheoutmigrationperiod. The
divertedsmoltsareexposedto Deltamortality factorssuchaspredationfor a
longerperiod. Studiesof outmigrantsurvival indicatethatmorethan80 percent
ofSanJoaquinsalmonsmoltsdiewhile migrating from thethreerivers through
the SanJoaquinRiverand theDelta(DFG 1991). It is difficult to assessindirect
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effectsofthe pumps,whichmaybe six timesgreaterthandirecteffects,but at
least3 8-47percentofthesmoltmortality is associatedwith CVP andSWPpumps
in the southDelta(EAEST 1992).

4. Harvest

.

Whenpopulationsarelarge,harvestlikely doesnothavea majoreffecton
SanJoaquinfall chinook. However,atthepresentlow populationlevels,the loss
of evena small numberoffish canrepresentamajorportionofreturningadults.
Onemajorproblemis thattheSanJoaquinfall chinookmix with Sacramentofall
chinookin theocean;therefore,thereis no way to limit harvestof SanJoaquin
chinookwithout reducingharvestof the largerSacramentoRiver stocks. In any
case,therateof oceanharvestingincreasedsteadilysincetheearly 1 940s
(Reisenbichler1986),althoughrestrictionson oceanharvestarenow in place.
Poachingmayalso havea majoreffect whenpopulationsaresmall, especially
whenpoachingoccurson thefewadultsthat actuallyreachthespawninggrounds.

5. Hatcheries

.

At presentthereis only onesalmonhatcheryin theSanJoaquindrainage,
theMercedRiver FishFacilityoperatedby DFG. FishareraisedattheMerced
RiverFishFacilityandreleasedat variouspoints in thedrainage.Only eggs
collectedfrom within thebasinareused. Codedwire taggedMercedhatcheryfish
sometimesmakeup a significantportionofadultescapement.In 1990, 110 ofthe
estimated941 adultsreturningto thebasinoriginatedfrom thehatchery(DFG
I992b). No comparisonsof thegeneticsof hatcheryandnaturallyspawningfish
havebeenconductedsoit is unknownif differencesexist. Low numbersof
Sacramentobasinfish areroutinely recoveredfrom SanJoaquinBasinstreams.
For examplein 1990,five fish from Sacramentohatcherieswere recovered(DFG
I992b).

6. Waterquality

.

Thereis no strongevidencethatpesticidesorothersubstancesresulting
from agricultureorotherhumanactivitieshaveadetrimentaleffecton salmon
during outmigration. Saiki etal. (1992)demonstratedthatagriculturaldrainage
watercouldcausemortality andreducedgrowthofchinooksalmonin laboratory
bioassays.However,detrimentaleffectsonly occurredathigh concentrationsof
drainwater,andit is unknownif sucheffectsareimportantat the low
concentrationssmoltsexperienceduringoutmigration. Thedetrimentaleffects
observedwere attributedprimarily to high concentrationsof someions,
particularlysulfate,in ratiosatypicalofsurfacewaters.

Poorwaterquality including (1) high temperatures,(2) highsalinities,and
(3) low dissolvedoxygenin theSanJoaquinRiver andDelta,mayalso delaythe
movementofadult fish into theirspawninggroundsor causedirectmortality.
Adult femalesexposedto stressfulenvironmentalconditions,especially
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temperaturesgreaterthan17 degreesCelsius(63degreesFahrenheit),mayhave
reducedsurvivaloftheireggs(Marine1992).

Conservationmeasures:Thereis longstandinginterestin improving runsofSan
Joaquinfall chinook. Attemptsto improvepopulationshaveincluded:(1) testing
ofanelectricalfish barrierandaphysicalbarrierupstreamoftheconfluenceof
theMercedRiverto preventstrayingof adultfish, (2) constructionand
rehabilitationof spawningriffles, (3) constructionof atemporarybarrierat Old
River to prevententrainmentofoutmigratingsmolts,andwhenpossible,(4)
coordinationofwaterreleasesto provideattractionoroutmigrationflows. These
effortshavebeenfundedby awide rangeofFederal,Stateandprivateagencies.

For theTuolumneRiver, reauthorizationofNewDon PedroDam by the
FederalEnergyRegulatoryCommissionwill resultin improvedconditionsfor
spawningfall-run chinooksalmonandfor theirearlylife history stages.Theexact
natureofimprovementsarenotyetdecided,but interim standardsestablishedby
DFG haveresultedin extrawaterbeingreleasedto benefitthesalmon(T. Ford,
Turlock Irrigation District, personalcommunication).Interim releases,however,
aresignificantly belowthosedeemednecessaryby the Serviceto restorethe
TuolumneRiver ecosystem(M. Thabault,Service,personalcommunication).
Releasesto benefitsalmonarealsobeingnegotiatedfor theMercedRiver.

TheSWRCB’sDraft Decision1630recognizedmanymeasuresthathave
beensuggestedfor recoveringSanJoaquinfall chinookincludingoperational
changesat CVP andSWPpumpsto createnetdownstreamflow during
outmigration,pulseflows, improvedscreening,andanupperOld River barrier.
Similarly, theDecember15, 1994Bay-DeltaAccordcontainsprovisionsthat
shouldprotectSanJoaquinfall-run. TheupperOld Riverbarrier,if installed,
would only be usedin acoordinatedapproachwith loweredexportsand increased
flows to limit its negativeeffectsondeltasmeltandwinter-runsalmon. The
CVPIA makesprotectionoffish one ofthegoalsoftheCVP andcallsfor a
doublingof anadromousfish populations.Presumablysomeofthewater
dedicatedto this purposewill be usedto enhanceSanJoaquinfall chinook.
DWR, throughthe4-PumpsFishAdvisoryCommittee,hasrecentlyapproveda
physicalbarrierneartheconfluenceoftheMercedandtheSanJoaquinRiversto
preventstrayingofadultfall-run chinookintoMud and Saltsloughs.However,
physicalbarriershaveproblemsassociatedwith themincluding: (1) changesto
hydrology;(2) attractionof predators;and,(3) blocking of movementofnon-
targetspecies.Pollution point-sourcecontrol,increasedflows,andcurtailmentof
diversionshavebroaderandmorefocussedbeneficialeffects.
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RESTORATION

RestorationObjective

Theobjectiveofthis portionoftheDeltaNativeFishesRecoveryPlanis
to restorenaturallyspawningSanJoaquinfall-runchinooksalmonto theoptimal
numbersthatcanbe supportedby spawningandrearinghabitatavailablein the
Stanislaus,Tuolumne,andMercedRivers by improving smoltsurvival through
theDelta. Thegoal is to restoresurvival ratesofoutmigratingsmoltsto levels
that existedbeforetheconstructionoftheCVP andSWPpumpsin thesouth
Delta,becauseconditionsin the Sacramento-SanJoaquinestuarymustnot be an
obstacleto therestorationof thesalmonafterrestorationmeasuresarein place
upstreamandin theoceanfishery. If flows areprovidedto theSanJoaquinRiver
belowFriant,thentheobjectivenumbersshouldbe increased.Themeasures
takento protectmigratingadultandjuvenileSanJoaquinfall-run chinookshould
be balancedagainstmeasuresrequiredto meettheenvironmentalneedsof other
nativefishesof theDelta,includingotherrunsofchinooksalmon.

RestorationCriteria

SanJoaquinfall-run chinooksalmonwill be regardedasrestoredwhen(I)
thenumberofnaturallyspawningfish in theStanislaus,Tuolumne,andMerced
Riversreachesamediannumberof20,000fish andthethree-yearrunningaverage
doesnot dropbelow 3,000fish, for 15 years,threeofwhich aredryor critical
yearsand(2) whenthesmoltsurvivalratesapproachpre-projectlevelswhenadult
numbersdeclineto fewerthan3,000naturallyspawningfish. Thenumberof
spawnerscanbe estimatedby carcassandreddcounts. A modelhasbeen
developedfor estimatingsmoltsurvival throughtheDelta. Thesmoltsurvival
indexis acalculatedvariable(Service1992),basedon on-goingtaggingstudies,
that is presumedto havea strongpositive relationshipto actualsmolt survival
rates. Themodel relieson therelationshipbetween(1) salmonsmoltsurvivaland
flows in theSanJoaquinRiver, (2) ratesof diversionintoOld River,and (3)
exportratesat theCVP and SWPpumps. Themodel to set smoltsurvivalcriteria
(Service1992)wasconsidered,but rejecteddueto lackofsufficientprecisionto
setspecificcriteria. A revisedmodel incorporatingmoredatais now available
andshouldbeconsidered(P. Brandis,Service,personalcommunication).These
restorationgoalscanbeachievedonly if thereis simultaneously(1) improvement
in conditionsin thespawningandrearingstreams,(2) improvementin conditions
in the lower SanJoaquinRiver andin theDelta,and(3) improvedmanagementof
thefishery to allow for increasedsurvivorshipofadultsduringperiodsof low
populationsize. Salmontakenby hatcheriesfor artificial spawningwill notbe
countedtowardmeetingcriteria.
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Number of spawners: The criterion for number ofspawnersis composedoftwo
parts:(1) amedianpopulationsizeand (2) aminimumpopulationsize. A median
populationsizeof20,000spawningfall chinooksalmonshouldbe maintainedin
the Stanislaus,Tuolumne,andMercedRiverscombined. This 20,000figure is
basedon two independentestimatesoftheoptimalnumberof spawnersbasedon
stock-recruitrelationships(Reisenbichler1986; EAEST 1992). Thispopulation
sizeassumesanequal(ornearlyequal)sexratioandthat90 percentor moreof
thefemalesareage3 orolder. It doesnot includefish takenby hatcheriesfor
artificial spawning.

A medianwasuseddueto thehigh degreeof scatterin thedata. Thedata
containsmanyhigh andlow numberswhicharenotaddressedwell throughuseof
amean.Theminimumpopulationsizeis basedon an analysisofthethree-year
running averageof SanJoaquinfall chinookfor theperiod1951-1972.This
periodwaschosenbecauseanycontributionfrom pre-FriantDamSan,Joaquin
River fish is excludedand it only includesyearswhenpumpingratesatthe SWP
wereabsentor low andpresumablyhadminimal influenceon thepopulations.
Theminimumthree-yearrunningaverageduringthisperiodwas1,143 fish, but
this includedthe 1961-1963period,which includesthetwo lowestcountsin the
periodofrecord.Excludingthesetwo yearsandtreatingtheremainingyearsasa
continuousdataset gaveaminimumrunningaverageof 4,560fish. An
intermediatevalueof 3,000fish wasselectedasappropriatebecauseit allows for
significantvariability in populationsize while protectingagainstextremelylow
populationlevelsthathavebeenassociatedwith droughtsunderpastandpresent
conditions. Within theperiod 1951 to 1993,thepopulationhasonly failedto
meetaminimumthree-yearrunningaverageof 3,000spawnersduring theperiods
1963-1964,1978-1980,and 1991-1993.All oftheseperiodsareassociatedwith
droughtconditionsin thedrainage.The 3,000 numberis achievablebecauseof
greaterassuranceofinstreamflows throughregulatoryprocesses.

Boththemedianandminimumpopulationlevelsmustbemetfor aperiod
of 15 consecutiveyearsfor restoration. Thisperiodrepresentsfive generationsof
athree-yearlife cycle. Thechoiceoffive generationsis consistentwith theother
speciesincludedin this andotherrecoveryplans. Threeofthe 15 yearsmustbe
dry orcritical yearsto insurethatthepopulationcanwithstandstressful
conditions. Failureto meettheminimumpopulationlevel in any yearwill result
in the startofa new15-yearevaluationperiod. Themedianlevel canbemet in
anyperiodof 15 consecutiveyears.

Smoltsurvival index: Theprincipalmeansfor measuringthesuitability of
habitatconditionsforjuvenileSanJoaquinfall chinookin theDeltais to have
smolt survivalratesbe equivalentto what theywereprior to theclosureof Friant
DamandthepresentconfigurationoftheCVP andSWP(i.e., I 940slevel of
development).Accuratelymeasuringsmolt survival ratesis extremelydifficult, so
it is not recommendedasabsolutecriterionfor restorationuntil thepresentmodel
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(Service1994) is refinedormoreaccuratemodelsaredeveloped(activitieswhich
areunderway).Until reliablemeasuresof smoltsurvivalareavailable,the criteria
for numberof spawnerswill haveprecedence.Whenreliablesurvivalcriteriaare
developed,theyshouldbeusedprimarily in conjunctionwith theadult criteria. A
dropin adultnumbersto below 3,000fish in any yearshouldrequirehighersmolt
survival rates(near1940slevel) thanpermittedwhenadultnumbersarehigher.
Suchactionshouldhelpavoidfailure to meettheminimumthree-yearrunning
averagecriterionof 3,000naturallyspawningfish. A scheduleofminimum
survival ratesbasedonadultnumbersshouldbe developedif possible.

Table8.1. EstimatesofnumberofSanJoaquinfall chinookreturningto streamsin the
SanJoaquinRiverdrainage(adaptedfrom SJVDP 1990a). The total is simplythesum
ofthe reportedvaluesanddoesnot makeany adjustmentsfor the level of certainty
associatedwith anestimate.

SanJoaquin Merced Tuolumne Stanislaus Total
Year River River River River

1940 - 1,000 122,000 3,000 126,000

1941 - 1,000 27,000 1,000 29,000

1942 - - 44,000 - 44,000

1943 - - 35,000 - 35,000

1944 5,000 - 130,000 - 135,000

1945 56,000 - 56,000

1946 30,000 - 61,000 - 91,000

1947 6,000 - 50,000 13,000 69,000

1948 2,000 - 40,000 15,000 57,000

1949 - 30,000 8,000 38,000

1950 0 - - 0

1951 0 - 3,000 4,000 7,000

1952 0 - 10,000 10,000 20,000

1953 0 <500 45,000 35,000 80,500

1954 0 4,000 40,000 22,000 66,000

1955 0 - 20,000 7,000 27,000

1956 0 0 6,000 5,000 11,000

1957 0 400 8,000 4,000 12,400
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San Joaquin Merced Tuolumne Stanislaus Total
River

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

River

500

400

400

50

60

20

40

90

40

600

500

600

5,000

4,000

3,000

1,100

2,000

2,400

1,900

400

600

2,100

2,800

10,400

3,000

18,200

34,000

16,100

River

32,000

46,000

45,000

500

200

100

2,000

3,000

5,000

7,000

9,000

32,000

18,000

22,000

5,000

2,000

1,100

1,600

1,700

400

1,300

1,200

500

14,300

7,000

14,800

13,700

40,300

River

6,000

4,000

8,000

2,000

300

200

4,000

2,000

3,000

12,000

6,000

12,000

9,000

14,000

4,000

1,200

800

1,200

600

0

50

100

100

1,000

500

12,000

13,300

38,500

50,400

53,400

2,550

560

320

6,040

5,090

8,040

19,600

15,500

46,600

32,000

40,000

12,000

4,300

3,900

5,200

4,200

800

1,950

3,400

3,400

25,700

10,000

33,500

49,700

69,700

Year

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985
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Year

SanJoaquin

River

Merced

River

Tuolumne

River

Stanislaus

River

Total

1986 0 6,200 7,300 5,900 19,400

1987 0 3,900 14,800 6,300 25,000

1988’ 2,3002 3,200 6,300 12,300 24,100

1989 3222 211 1,274 1,543 3,028

1990 2802 73 96 492 941

1991 2002 119 77 321 717

1992 0~ 978 132 267 1,377

1993 0~ 1,765 475 367 2,607

Estimatesfor 1988 to 1990 from DFG (1992b)and from 1991 to 1993 from C. Mayott,

DFG, personalcommunication.Estimatesfor 1993arepreliminaryestimatesonly.

2 Estimatesofstray fish enteringstreamchannelsupstreamoftheconfluenceofthe

MercedRiver.

~In 1992 an electricalbarrierwas in placeand in 1993 aphysicalbarrierwasin place(T.
Ford,TurlockIrrigation District, personalcommunication)
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9. SACRAMENTO PERCH

Archoplitesinterruptus (Girard)

Status: Sacramentopercharebelievedto be extirpatedfrom theDeltaatthis
time. Moyle et al. (1993)recommendthat it be listed asaSpeciesofSpecial
Concernby DFG.

Restorationpotential: The Sacramentoperch is under ahighdegreeofthreat
andhaslow restorationpotential.

Description: TheSacramentoperchhasmorespines(12 to 13) in thedorsal fin
thananyothercentrarchid.It is fairly deepbodied(depthgoes2-1/2 times into
standardlength)with a largeobliquemouth,themaxillary reachingto aboutthe
middleoftheeye. Thespinousportionofthedorsal is continuouswith thesoft-
rayedportion(10 rays). The analfin has6 to 7 spinesand 10 rays. Thereare38
to 48 scalesalongthelateralline, 25 to 30 long gill rakers,andnumeroussmall
teethon thejaws,tongue,androofofthemouth. Theoverall colortendstowards
brown,with 6 to 7 irregular,darkverticalbarson thesides,blackspotson the
operculae(i.e., bony platescoveringfish gills), andawhitebelly. Live fish tend
to havea metallicgreento purplesheenon thesides.

Taxonomic Relationships: Sacramentoperchis theonly memberofthe
centrarchidfamily (sunfish)thatoccursnaturallywestoftheRockyMountains
andis believedto havebeenisolatedsincetheMioceneperiod(Miller 1958).
Dueto its isolationandlackof competitionfrom closelyrelatedspecies,it has
retainedmanyancestralstructuralandbehavioralcharacteristics(Moyle 1976). It
is amonotypicgenus,reflectingits distinctivenessfrom othermembersofthe
family.

INTRODUCTION
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Distribution: Althoughoriginally widelydistributedin the(1) Sacramento,(2)
SanJoaquin,(3) Pajaro,and(4) SalinasRivers,and(5)ClearLake,Lake County,
todaySacramentopercharefoundonly in scatteredlocalitiesin California,
principallyfarm pondsandreservoirsintowhichtheyhavebeenintroduced.The
populationin theRussianRiveris presumablyalsoderivedfrom introductions.
Largepopulationshavebecomeestablishedin (1) SanLuis Reservoir,Merced
County,(2) ClearLakeReservoir,Modoc County,(3) CrowleyLake,Inyo
County,(4) LakeAlmanor,PlumasCounty,and (5) BlueLake,LakeCounty.
Theywere introducedinto Nevada,probablyin 1877,andarenow abundantin
PyramidandWalker lakes,aswell asin otherlocalities(La Rivers 1962). Since
then,theyhavebeensuccessfullyplantedin alkalinelakesin (1) Utah, (2)
Colorado,(3) Nebraska,(4)NorthDakota,and(5) SouthDakota(McCarraherand
Gregory1970). Almost all recentlyestablishedpopulationsarederivedfrom the
populationthat is nowextinct in BrickyardPond(GreenhavenLake),Sacramento
(D. Vanicek,SacramentoStateUniversity,personalcommunication).

HabitatRequirements:Originally, Sacramentoperchwereinhabitantsof
sloughs,sluggishrivers,andlakesoftheCentralValley floor. Perhapsthemost
importantcharacteristicoftheirhabitatwasthepresenceofbedsof rootedand
emergentaquaticvegetation,which servedasspawninggroundsandasnursery
areasfor youngfish. Sincethequality ofthewatersthey lived in tendedto
fluctuatewith floods anddroughts,Sacramentoperchevolvedtheability to
withstandhigh turbidities,hightemperatures,andhigh salinitiesandalkalinities.
McCarraherandGregory(1970)foundthat theycouldsurviveandreproducein
chloride-sulfatewaterswith salinitiesup to 17,000partspermillion andin
sodium-potassiumcarbonatewaterswith total alkalinitiesof over 800 partsper
million. Thesewatersexcludemostotherfish species.

Life History: Growth ratesarevariableand areaffectedby bothbiotic and
abiotic factors. Thedietsof sunfishes(Lepomisspp.)andSacramentoperchare
oftenvery similar in California,but Sacramentoperchgenerallygrow fasterand
largerthanthesunfishes.Age I fish are usually7 to 15 centimeters(3-6 inches)
total length,Age II are 10 to 19 centimeters(4-7inches)total length,Age III are
13 to 24 centimeters(5-9 inches)total length, andAge IV are 18 to 28 centimeters
(7 -11 inches)total length.(McCarraherandGregory1970). Nine-year-oldfish
from PyramidLakerangein sizefrom 35 to 42 centimeters(14-17inches)total
length(Mathews1962). Theseseemto be thelargestandoldestfish recordedin
recentyearsalthoughJordanandEvermann(1896)gaveamaximumlengthof 61
centimeters(16 inches)andLa Rivers(1962)mentioneda3.6 kilogram (8 pound)
perchfrom WalkerLake,Nevada. As in mostfish, growthin older individualsis
mostly in weightratherthanin length. Thus,a 10 centimeter(4 inch) total length
perchfrom PyramidLakeweighedabout15 grams(0.5ounce),a 20 centimeter
(8 inch) perch,150 grams(0.3pounds),a 30 centimeter(12 inch) perch,550
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grams(1.2pounds),anda40 centimeter(16 inch)perch,1,200grams(2.6
pounds)(Mathews1962). Overcrowding,diet, andthesexofthefish will affect
thegrowthrate. Stuntedpopulationscanoccurin underharvestedfarm ponds.
Populationsof large,fast-growingfish occurin lakeswheretheadultsare
primarily piscivorous. Mathewsfoundthat femalesgrow fasterandhavelower
mortality ratesthanmales,sothat largeperchtendto be predominatelyfemales.

Sacramentoperchbreedfor thefirst timeduringtheirsecondor third
summerof life. Thefecundity of femalesis higherthanthat of mostcentrarchids
but varieswith thesizeofthefish. Mathews(1962)foundthenumberof eggsin
sixteenfemales120 to 157 millimeters(4.7-6.2inches)total lengthfrom Lake
Anza, ContraCostaCounty,to rangefrom 8,370to 16,210with ameanof 11,438;
sixteenfemales196 to 337 millimeters(7.7-13.3inches)total lengthfrom
PyramidLakecontainedfrom 9,666to 124,720eggs. Spawningoccursin
California from theendof Marchto thebeginningof August,althoughlate May
andearly Junearegenerallythepeaktimes. Watertemperaturesusuallyhaveto
be 21-29degreesCelsius(69-84degreesFahrenheit)for spawning(McCarraher
and Gregory1970).

Unlike introducedsunfishes,Sacramentoperch,exceptwhenbreeding,
showlittle intraspecificaggressivebehaviorwhenkept in aquariaor small ponds.
Theyalso do notschoolstrongly,althoughtheywill congregatein favorable
localities,especiallyfor breeding. Young-of-the-yearfish eitherremainamong
aquaticplantsor congregatein shallowwater.

Abundance:Today,Sacramentoperchareprobablyasabundantin otherwestern
statesastheyarein California,thanksto their ability to live in alkalinewatersthat
will not supportothersport fishes(McCarraherandGregory1970). Theirdecline
in Californiawasrapid. Rutter (1908)foundthattheywererarein his 1898-1899
surveyofCentralValley fishes,althoughhe alsonotedthattheyweretakenin
“marketablequantities”in theDeltaregion. Between1888and1899, 18,000to
196,000kilograms(40,000to 432,000pounds)were sold annuallyin San
Francisco(Skinner1962). By 1966, Sacramentoperchwererarein theDelta
(Turner 1966). In 1992,a 15-centimeter(6-inch)Sacramentoperchwascaptured
in theDelta,but it unlikely thatan establishedpopulationexiststhere. In Clear
Lake, LakeCounty,theyhavedeclinedsteadilysincethe 1930 fish survey,which
foundthemstill abundant.By the late 1940stheirnumbersweregreatlyreduced,
but theywerestill commonenoughfor Murphy (1948)to observespawningin the
lake. In 1961,an exhaustivefish-samplingprogramin thelaketurnedup only
nineadult Sacramentoperchandno juveniles(Cook andConners1966). More
recentsurveyshaveturnedup only occasionalindividuals.

Reasonsfor decline: Threehypotheseshavebeenadvancedto explainthe
declineof Sacramentoperch:habitatdestruction,eggpredation,andinterspecific
competition. Habitatdestruction,especiallythedrainingof lakesandsloughsand
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reductionofaquaticweedbedsneededfor spawning,is thehypothesisfavorcdby
Rutter (1908)andMathews(1962).The characteroftheDeltahaschanged
considerablywith thecreationof islandsby theconstructionofleveesin the late
1 800s. This drasticallydecreasedhabitatavailablefor Sacramentoperch.
However,the factthat Sacramentoperchdeclinedin areaswheresuitablehabitat
still exists(e.g., ClearLake,sloughsoftheDelta)makesit unlikely that this is the
only reason.

Eggpredation,especiallyby catfishandcarp,asthecauseofdeclinewas
first advancedby JordanandEvermann(1896)and wassupportedby the
observationsof Murphy (1948)that Sacramentoperchdid notdefendtheir
spawningsites. However,observationsofMathews(1965)thatthey in fact do
defendthesitesagainstpotentialeggpredatorstendsto makeeggpredation
unlikely asa primarycauseof thedecline.

Interspecificcompetitionfor food and spaceis anotherimportantcauseof
the declinesince,almostinvariably, local declinesofSacramentoperch
populationshavebeenassociatedwith increasesin numbersof introduced
centrarchids,especiallybluegill. In aquariaand smallponds,bluegill and green
sunfishdominateSacramentoperch,chasingthemawayfrom favoredplaces.
Suchbehaviorin thewild couldforceyoung fish out of shallowweedyareasand
into moreexposedwaterswheretheywould be morevulnerableto predationand
havelessfoodavailableto them. Bluegill couldsimilarly keepSacramentoperch
awayfrom spawningareaseventhoughbluegill build nestsin theclearingsrather
that in thevegetationitself. Theimportanceof interspecificcompetitionis also
reflectedin thefact that Sacramentoperchtoday aresuccessfulmostly in
relatively simple fish communitieswheretheycanoccupythepositionof top
littoral carnivore.

Thedeclineis probablydue to all threefactorsworking together,since
habitatalterationand fish introductionshaveoccurredsimultaneouslythroughout
theCentralValley. No Sacramentoperch,no matterhow aggressive,is likely to
beableto defendits spawningareaagainsta determinedschoolofegg-eating
bluegill or largecarp. Thus,consistentdefeatsin interspecificencounters,
especiallyofyoungfish, may serveto accelerateadeclinestartedby other
factors.

Conservationmeasures:To halt thegeneraldownwardtrend in California
Sacramentoperchpopulations,theCaliforniaDepartmentofFish andGametried
to establishthemin CentralValley farmponds(Fisk 1972). However,their
tendenciesto die out whenothercentrarchidspeciesare introduced,to
overpopulateandbecomestuntedwhenleft by themselves,andto bedifficult to
catchwith standardcentrarchidfishing techniqueshavenot madethis taskeasy.
Sucheffortsshould neverthelessbe continued,andexperimentsshouldbe runto
determinewhatotherfish speciescanbe stockedwith Sacramentoperchto
providemaximumgrowthandpreventstunting.FloodingofDeltaislandsto re-
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establishshallowwaterhabitatis currentlybeingconsidered(i.e. Prospectand
Liberty islands)and is an importantprecursorto re-establishingaviableDelta
population. Sacramentoperchareworth developingasagamefishnotonly
becausetheyarenativeCaliforniansbut alsobecausetheyarescrappyfighters,
growrapidly in theCentralValley climate,and canachievelargersizesthan
introducedsunfishes,theirmainrivals.

RESTORATION

RestorationObjective

Theobjectiveofthispartof theDeltaNativeFishesRecoveryPlanis to
investigatethepossibility of restoringSacramentoperchto theDeltaecosystem.
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10. RECOVERY ACTIONS

INTRODUCTION

Implementationoftherecoverytasksoutlinedin this sectionareneededto
achievethespecies’recoveryobjectivesspecifiedabove. Managementactionsin
thenarrativeoutline wereselectedon thebasisofbiological benefitsandability to
implement. Potentialactionswith uncertainor low biological benefitandthose
with substantialfeasibility constraintswereconsideredbutnot includedas
necessarycomponentsof therecoveryprogramfor theDelta. Feasibility
constraintsincluded(1) costs,(2) likelihood ofactionbeingdone,(3)
enforcement,and(4) permittingproblems.

Definitions and abbreviations

Priorities in parenthesesin thefollowing stepdownnarrativeareassignedas
follows:

1. Priority 1 - An actionthat mustbe takento preventextinctionor
to preventthespeciesfrom decliningirreversibly in theforeseeable
future.

2. Priority 2 - An actionthatmustbetakento preventa significant
declinein speciespopulation/habitatquality orsomeother
significantnegativeimpactshortofextinction.

3. Priority 3 - All otheractionsnecessaryto meetrecoveryor
restorationobjectives.

Keyto abbreviationsusedin StepdownNarrative~ ImplementationSchedule

:

ACE - U. S. Army Corpsof Engineers
CCWD - ContraCostaWaterDistrict
CVP - CentralValley Project
DFG - CaliforniaDepartmentof FishandGame
FERC - FederalEnergyRegulatoryCommission
FWS- U. S. FishandWildlife Service
NMFS - National MarineFisheriesService
PG andE - Pacific GasandElectric Company
Private- Privatewaierrights holders
USBR- U. S. BureauofReclamation
SWP- StateWaterProject
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SWRCB - StateWaterResourcesControlBoard
USEPA- U. S. EnvironmentalProtectionAgency
USCG - U. S. CoastGuard
USDA - U. S. DepartmentofAgriculture
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NARRATIVE OUTLINE FOR RECOVERY OF DELTA NATIVE FISHES
IN THE SACRAMENTO-SAN JOAQUIN DELTA

1 Enhance/restoreaquaticandwetlandhabitat

.

Recoveryof listed speciesin theSacramento-SanJoaquinDeltawill requirean
integratedprogramto reestablishspawninghabitat,migrationcorridors,and
rearingareasin upstreamareas,theDelta,andSuisunBay andMarsh. TheDelta
hasbeenprofoundlyalteredby humanactivity (CrossandWilliams 1981). This
alterationbeganwith hydraulicgoldmining operationsin the 1 800sthatledto
downstreamdepositionof sedimentsin theestuary.At aboutthesametime,
dredgingand leveebuilding within theDeltachangedexisting tidal marshintoa
seriesofislandsseparatedby rivers andsloughs. In morerecenttimes,the
additionaleffectsofdam construction,thediversionofDeltawater,and other
human-inducedalterationshaveresultedin extinctionof thick-tail chubandSan
Joaquinspring-runsalmonandextirpationof Sacramentoperch. Thesechanges
havealsocauseddeclinesin othernative fish throughchangesto migrationroutes,
destructionofshallow-waterhabitat,reducedDeltainflows andoutflows,and
entrainment.Active managementfor theforeseeablefuturewill be requiredto
enhanceandrestoreaquatichabitatto reversedeclinesof nativefish andrecover
numbersanddistributionsto historicallevels.

11 Improvein-Delta anddownstreamof Deltahabitatconditions

.

Habitatwithin theDeltais usedby fish for spawningandrearingand asan
upperestuarymigrationcorridorby anadromousfish. Habitatdownstream
of theDeltais usedasadownstreammigrationcorridorto thebaysand
oceanby anadromousfish, andasarearingareafor manynativefish.

111 Increasefreshwaterflows

.

Freshwaterflows passingthroughtheDeltaimprovein-Delta
habitat, providetransportandattractantflows for anadromousand
nativefishes,andproduceoutflows thatmix with saltwaterand
providesuitablerearinghabitatin SuisunBay. Existingwater
storageanddelivery systemsconstraintheability to increaseflows
abovecurrentlevels. As watercontracts,licenses,andwaterrights
expireorarerenewed,an opportunityexiststo modifyprovisions
to benefitDeltafishes. Manyof theserenewalprocessesare
subjectto consultationundersection7 oftheAct, which will assist
Federalagenciesin carryingoutprogramsfor theconservation
(recovery)oflisted species.
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1111 IncreaseDeltainflows to improveih~ quality~nd
availability ~fhabitatwithin theDelta(priority 3).

Pastoperationsof thewaterprojectsaswell asotherwater
diversionshavedecreasedDelta inflows atcritical times
whenhabitatqualityand availability is necessaryfor fish.
Theeightfishesof concernbenefitfrom increasesto Delta
inflows betweenOctober1 andJuly 31. Table9.1 shows
thespecifictimeperiodswhenDeltainflows shouldbe
providedto benefitthesefish.

1112 Providetransportinflows andoutflowsfor larval
and iuveniledispersalfrom theSacramentoRiver
(priority ill.

Historically, stormeventsandrun-offfrom snowmelt
providedtransportflows that movedlarval andjuvenilefish
to downstreamrearingareasandoutmigratinganadromous
fish to theocean.Thesetransportflows wereshort-term
pulseflows oroflongerduration. Throughdammingof
rivers anddiversionof flows, thesetransportflows have
beendiminished. Additionally, spring-runchinooksalmon
needflows from SacramentoRivertributariesto transport
smoltsto theocean. Figure 10.1 showsthetime intervals
whentransportflows shouldbe providedfor theeight fish
species.

1113 Provide!r~n~Qrt inflows andoutflows for larval
andiuveniledispersalfrom theSanJoaquinRiver
(priority .L~.

SeveraloftheresidentnativeDeltafish spawnon theSan
JoaquinRiver side. Additionally, SanJoaquinfall-run
salmonneedflows to moveoutmigratingsmoltsto the
ocean.

1114 IncreaseDeltaoutflowsto improve!h~ quality and
availability~f habitatwithin SuisunBay

.

SuisunBay is usedasarearingareafor severalnativeDelta
fish. Theinteractionof flow, tides,andbathymetrythat
resultsfrom suitableplacementofthe2 partsperthousand
isohalineis keyto providingadequateshallowwaterhabitat
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for thesefish. Placingthe isohalineatthreeareasfor
varyingamountsoftime will mimic historic hydrologic
variability andproviderearingbenefitsfor nativeDelta
fish. Thenumberofdaysfor placementofthe isohalineat
eachlocationwill dependtheamountofprecipitation
within theyear. In wetyears,moredayswill be requiredat
the mostdownstreampoint, Roe Island. Placementat Roe
Islandwill helprestorelongfin smeltanddeltasmeltand
otherfish to varyingdegrees.In dry years,the isohaline
will be placedfor moredaysattheupstreampoints,the
confluenceandChippsIsland. Placementat Chippswill
helprestoredeltasmeltand otherfish to varyingdegrees.

11141 Placeth~~ partsper thousandisohalineat
RoeIsland(priority .1.).

Theplacementofthe2 partsper thousandisohaline
at RoeIslandwould havelargebenefitsfor longfin
smeltanddeltasmeltandalsowould benefit
Sacramentosplittail. Thesebenefitscomefrom the
wide geographicareaatRoeIslandwhereshallow
waterhabitatcanbe foundandthestrengthofthe
entrapmentzoneandresultingproductivity is high.

11142 Placethe2 partsperthousandisohalineat
ChippsIsland(priority I).

Placementofthe2 partsperthousandisohalineat
ChippsIslandwould havelargebenefitto delta
smeltandSacramentosplittail. Thesebenefits
would be thesameasplacementat RoeIslandbut to
a lesserextent.

11143 Placethe2~artsperthousandisohalineat
theconfluenceoftheSacramento-San
JoaquinRiver at Collinsyille (priority 1.).

Placementofthe2 partsperthousandisohalineat
theconfluenceoftheSacramento-SanJoaquin
RiveratCollinsyille wouldhavesomebenefitsto
rearingdeltasmeltandSacramentosplittail. These
benefitswould be lessthanplacementat RoeIsland
orChippsIslandbecauseof decreasein strengthof
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entrapmentzoneandshallowwaterhabitatplus
tidal movementthatwouldplacerearingfish within
thezoneofinfluenceof theCVP andSWPpumps
about50 percentofthetime.

112 Developadditionalshallow-waterh~kit~L, riparian
vegetationzones andtidal marsh

.

Diking anddredgingof marshes,islands,sloughs,andriver
channelsin theDeltaandSuisunBayhaveresultedin decreasesin
shallow-waterhabitat,intertidal freshandbrackishmarshes,and
riparianvegetationzones. Thesedecreaseshavesimplifiedhabitat
structure,eliminatedcoverfrom predators,curtailedspawningand
rearinghabitatandreducedproductivity. It is anticipatedthat
restoringshallowhabitatswill helpto reducethedeclines.

1121 Developadditionalhabitatandveuetationzones
within theDelta (priority 2).

TheDeltaprovideshabitatfor spawningadultsanda
migrationcorridorfor upstreamanddownstreammigrants.
Providingadditionalshallow-waterhabitatandvegetation
zonescanbe expectedto increasethe availabilityof
spawningareasand increasethegeneralproductivity. The
following spawningandrearingareasshouldbe considered
for restorationasshallow-water,vegetatedhabitat: (1)
ProspectIsland,(2) HastingsTract, (3) Liberty Island,(4)
New HopeTract, (5) BrackTract,and(6) Terminous Tract.
Studiesneedto beconductedto examinethefeasibility of
restoringtheseareasandto identify additional sites.

1122 Developadditionalshallow-waterhabitatand
vegetationzoneswithin SuisunMarshandSuisun
Bay

.

SuisunBay and SuisunMarshareareaswherenativefish
spawnandrear. Theseareasalsoprovidea corridor for
upstreamanddownstreammigration. Thedevelopmentof
additionalshallow-waterhabitatandvegetationzones
shouldincreasetheavailability andproductivityofthese
areas.In SuisunMarsh,theseareasshouldincludefresh
andbrackishwaterhabitatfor spawningdeltasmelt, longfin
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smelt,andSacramentosplittail andtidal areasfor larval and
juvenilefish to rear.

11221 Restoreadditionalshallow-waterspawning
habitatin upstreamfreshwater~ (priority
2).

Additional shallow-waterhabitatin upstreamareas
shouldbe restoredto providespawninghabitatfor
deltasmelt, longfin smelt,andSacramentosplittail.
TheseareasarewestofMontezumaSloughin
SuisunMarsh.

11222 Restoreadditionalshallow-waterrearing
habitatin tidal areas(priority 2)

Additional shallow-waterhabitatin tidal areas
shouldbe restoredto providerearinghabitatfor
deltasmelt, longfin smelt,andSacramentosplittail.
Theseareasshouldincludehabitatnorthof Suisun
Bay in SuisunMarsh.

12 Reduceentrainmentlossesto waterdiversions

.

Entrainmentlossesresultingfrom waterdiversionsis an importantcause
ofdeclineof nativefishesin theDelta. Federal,Stateandprivate
diversions,andmorethan1,800agriculturaldiversionsentraineggs,
larvae,juvenileandadultnativefishes. In manycases,entrainmentresults
in lossesof fish, eitherdueto immediatemortality or dueto removalfrom
Deltahabitat. Active managementfor theforeseeablefuture is anticipated
to reduceeffectsofentrainmentandreversethedeclineofnativefish.

121 Changeoperations~ipublic facilities to reducelosses

.

Federal,Stateandmunicipal facilities havesomeof the largest
effectson entrainmentlossesofnativedeltafishes. Thesefacilities
maybe managedin waysthat decreaselossesandthusmayreverse
thedeclineofthesefish.
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1211 RestrictCVP andS.WRPumpingPlantdiversions
from theDelta

.

TheCVP andSWPPumpingPlantshavea “zoneof
influence”that includesmuchoftheDelta. Restrictionof
thesediversionswill decreaselossesofnativedeltafish.
Theserestrictionswill actin concertwith transportflows to
lessentheeffectsof entrainment.Figure 10.1 showsthe
time intervalswhenrestrictionson CVPandSWPpumping
would benefittheeight species.A timeintervalof
FebruarythroughJunewasusedin theBay-DeltaAccord to
protectlisted species.However,otherfish speciesarenot
protectedwith this time interval.

12111 Provideflows andrestrictpumping(priority
1:1.

A combinationofflows andpumpingrestrictions
shouldbe usedto transportlarval fish spawnedin
theDeltato suitablerearinghabitatin SuisunBay.

12112 Providetransportflows to protect
SacramentoRiversalmonsmolts(priority
i~:i.

Salmonsmoltson theSacramentoRiver shouldbe
protectedduring their outmigrationthroughthe
Deltato theocean..

12113 Providetransportflows I~ protectsalmon
smoltson theSanJoaquinRiver (priority I).

SanJoaquinRiveroutmigratingsalmonsmolts
shouldbe protectedthroughuseofan appropriate
SanJoaquinsalmonmodel to restrictpumpingand
provideflows in MarchthroughMay.

1212 Improvefish handlinQandsalvage~i Ih~ CVPand
SWPFishFacilities

.

Entrainmentlossesdueto CVP andSWPPumpingPlants
wererecognizedasaproblemshortly afterconstructionof
theFederalplant. A Federalfish salvagefacility was
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constructedin theearly 195Os,and a StateFishFacility was
constructedconcurrentwith constructionof theSWP
PumpingPlantin the late 1 960s. Thesefish salvage
facilitiesarenot 100percenteffectivein reducinglossesof
fish. However,newproceduresthat improvefish handling
andsalvageareanticipatedto reducelossesofsomenative
fish species.

12121 Changeoperationsoffacilities to reduce
lossesand facilitatefish movementwithin
theDelta(priority 3).

Severalchangesto operationofthefacilities are
anticipatedto reducelossesof nativedeltafish.
Thesechangesincludeoptimizingsalinity in
transporttankwater,shorterresidencetime in
holdingtanks,andotherproposedchangesto
physicalstructuresin thefacilities. Locationof
Deltarelease-pointsfor fish needto bechangedto
facilitateupstreamordownstreammovement.This
would be determinedseasonally,andby presenceof
variouslife-stageswithin thesalvage.

12122 Removegreensturgeonfrom Clifton Court
Forebavandtransportto downstreamarea
(priority 3).

Greensturgeonhavebeenfoundin Clifton Court
Forebaywheremost likely theyareunableto leave
anddo not havesuitablehabitatfor spawningor
rearingof young. Trappinganddownstream
transportoffish to SuisunBay would returnfish to
amoresuitablearea.

1213 Reduce~4~Iion within the State’sClifton Court
Forebay~fl4within otherCVP and SWPdiversions
(priority 2).

Predatoryfish, includingstripedbass,havebeenfound to
accumulateat highnumbersin Clifton Court forebay.
Removingpredatorsthroughnettingwill reducenumbers
and subsequentlyreducepredation.
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1214 ScreendiversionsattheCCWD Rock Slough intake
(priority 2).

RecentmonitoringofRock Sloughhasdemonstratedthe
presenceoflisted andnon-listedspeciesof nativeDelta
fishesthat would be susceptibleto entrainmentby CCWD
intake. Screeningthis diversionwould reducelossesof
somelife-stagesoffish entrainedatthis intake.

1215 Restrictdiversionsk~ th~ CCWD when eggs

.

larvae orjny~njlesare resentn~ingg~n~r4ized
“windows” orrecent-timemonitoring(priority 3).

Eggs,larvae,andjuvenilefish arefoundnearContraCosta
WaterDistrict’s intakes. Entrainmentlossesoftheselife-
stagesarenot easilyreducedthroughscreening.Restricting
diversionsto timeswhentheselife-stagesarenot present
would reduceentrainmentlosses.Recent-timemonitoring
determinespresenceofeggs,larvae,andjuvenile fish. This
techniqueprovidesaccurateandefficient meansof
restrictingdiversionsduringonly thoseperiodswhen
critical life-stagesaredetected.Figure 10.1 shows
“windows” whensensitivelife-stagesof theeight fish
speciesarepresent.These“windows” couldbe usedto
restrictdiversionsto reducelosses.

1216 Restrictdiversionsto theNorthfi~y Mn~4nctwhen
eu~s.i~rx~ or juvenilesarepresentusing
generalized“windows” or recent-timemonitoring
(priority 3).

Eggs,larvae,andjuvenilenativeDeltafish havebeen
foundin theBarkerandCacheSlough areawheretheNorth
Bay Aqueductis located. Sincescreeningofthis intakeis
not adequateto reducelossesofthesecritical life-stages,
diversionsneedto berestricted.
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1217 Evaluatediversionof SanJoaquinsalmonfrom
th~ir migratoryrouteat Old River andother
strategiclocations(priority 2)~

PastoperationofCVP and SWPPumpingPlantshas
resultedin entrainmentof SanJoaquinfall-runjuveniles
andstrayingofadults. Placementofa structural barrieror
operationalmethodsmayreduceentrainmentandstraying
of salmon.

1218 CloseDeltaCrossChannelg~i~ whenj~y~1lesare
presentusinggeneralized“windows” (discretetime
jnI~yal for example.JanuarythroughApril) ~r
recent-timemonitoring(priority 2).

TheDeltaCrossChannelis ahydraulic connectionbetween
theSacramentoRiver andthecentralDeltathat wasbuilt to
providehigherquality waterto theCVP andSWPPumping
Plants. Closureof theDelta CrossChannelgateshasbeen
foundto reducestrayingoffish into thecentralDelta
whereentrainmentlossesat theCVP andSWPPumping
Plantsandagriculturaldiversionsarehigher. Timing of
theseclosuresshouldreflectintervalswhencritical life-
stagesarepresent.For example,winter-runchinook
salmonsmoltsarepresentfrom JanuarythroughApril.

1219 Reducemovementoffish into GeorgianaSlough

.

GeorgianaSloughis anaturalwaterwaythat connectsthe
SacramentoRiverwith thecentralDelta. Migrating fish
thatstrayinto thecentralDeltaaremoresusceptibleto
entrainmentlossesdueto agriculturaldiversionsandCVP
andSWPPumpingPlants. Reducingmovementof fish
into GeorgianaSloughis anticipatedto decreasethese
entrainmentlosses.Two experimentaltechnologies
currentlyarebeingevaluatedto reducethismovement.

145



12191 Evaluatereductionoffish movementinto
GeorgianaSloughthroughu~ of
hydroacousticbarrierordeflector(priority
2).

Variousforms ofphysicalbarriershavebeen
suggestedto deflectfish awayfrom theentranceto
GeorgianaSlough.Deflectorswouldpartiallyblock
theentranceto theSloughbut wouldnot impede
waterflow. Thehydroacousticbarrieris an
experimentaldevicethatcurrently is beingtestedon
chinooksalmonto startlefish awayfrom Georgiana
Slough. If thesedevicesaresuccessful,strayingof
fish into thecentralDeltamaybe diminished,thus
reducingentrainmentlosses.Completetesting
would be necessaryto determinethe effectiveness
in reducingstrayinganddeterminingany negative
effectsto waterquality or centralDeltahydrology.

122 Changeoperations~!privatefacilities to reducelosses

.

A largesecondarysourceofnative Deltafish entrainmentand
impingementlossesresultsfrom privatediversionsin theDelta and
SuisunBay. Larval andjuvenilefish rearin SuisunBay
throughoutmostoftheyearsothat thepotential for lossesof
critical life-stagesis high at largescreeneddiversionssuchastheP
G andE powerplantintakes. More than 1,800unscreened
agriculturaldiversionsscatteredthroughouttheDeltadivert all
life-stagesoffish.

1221 Reduceentrainment~ impingementlossesatthe
PG and E PittsburgandContraCostapowerplants
andotherindustrialdiverterswhen~gg~ larvae or
iuveniles&~ present(priority 2).

Becauseexisting screensarenoteffectivein decreasing
entrainmentaseasonalwindowor recent-timemonitoring
programis neededto reduceongoing losses.

1222 Reduceentrainment~i agriculturaldiversions

.

Thelargenumbersof unscreenedagriculturaldiversions
throughoutthe Deltacauselargeentrainmentlossesof
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certainlife-stagesofvariousDeltanativefishes. Somelife-
stagesaremoresusceptiblethanothers,andcertainspecies
moresusceptiblethanothers. Eachofthesediversionsis
uniqueandrequiresdifferentapproachesto reducelosses.
Experimentalstudiesareneededto determineeffectiveness
ofdifferentmechanicalandoperationalsolutions.
Reducingtheselossescanbe expectedto helpreversethe
overall fish decline.

12221 Screenagriculturaldiversionsin theDelta
andtributaries(priority 3).

Mostof the 1,800agriculturaldiversionswithin the
Deltaand tributariesarecurrentlyunscreened.
Screeningthesediversionswould reduce
entrainmentofadult fish. Eggs,larvae,andjuvenile
fish would remainunprotected.

12222 Consolidateagriculturaldiversionsin the
Deltaandtributaries(priority 3).

Someof theagriculturaldiversionswithin theDelta
andtributariescouldbe consolidatedto reduce
entrainmentlossesof all life-stagesof nativeDelta
fish. Thefeasibilityofcombiningdiversions
requiresinvestigation.

12223 Restrictagriculturaldiversionswhencritical
life-stages~ffl~j.~j~ present(priority 3).

Eggs,larvae,andjuvenilefish maynot be protected
throughscreeningof intakes. Thus,entrainment
lossesofcritical life-stagesofnativeDeltafishes
mayonly be substantiallyreducedthrough
restrictionofagriculturaldiversions. These
restrictionsmaybe implementedseasonallyusinga
timescheduleasshownin Figure 10.1 (for example,
FebruarythroughJune)or througharecent-time
monitoringtrigger.
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13 Reducetheeffectsofdredging

.

Dredgingdestroysspawninghabitat,mobilizessedimentscontainingtoxic
substances,blocksfish movement,andreducesthequalityandquantityof
shallowwaterhabitat. DredgingcontinuallyoccursthroughouttheDelta
andtributariesand in SuisunBay andSuisunMarsh. Themagnitudeof
the adverseeffectsofdredgingaredependenton time ofyearandlocation
within theDeltaorSuisunBay.

131 Requirebestmanagementpracticesto minimize
mobilizationofsedimentsih~I might containtoxins

.

Manyof thesedimentsthroughouttheDeltaandtributaries,andin
SuisunBay containtoxic substances.Thesetoxic substances
includemercury,tributytin, andselenium. Bestmanagement
practicesshouldbe usedto minimize themobilizationofthese
toxin ladensediments.

1311 Time dredgingLQE periodswhenthereis minimal
tidal movement(priority 3).

Tidal actionwithin anestuaryis an importantforce in
movingwaterand suspendedparticles. Tidesvary in
magnitudemonthly andseasonally.Tidal directionvaries
twicedaily, andmovesthemixing zoneupstreamand
downstream.Dredgingshouldbe timed to minimize the
movementof contaminatedsedimentsintoareascontaining
critical life-stagesofnative Deltafish.

1312 Usesilt curtainsor suctiondredgesi~ localize
sedimentmovement(priority 3).

Movementofsedimentsmobilizedby dredgingmaybe
localizedthroughuseof silt curtainsorsuctiondredges.
Thesetechniquesshouldbeusedto minimizetheeffectsof
sedimentson critical life-stagesof nativeDeltafish.

132 Whenconsideringproiects mitigatefor all functionsand
valuessothat~ net lossofshallow-water(lessthan3
meterdeep’ habitatoccurs(priority 1).

Shallow-waterhabitatis critical for spawning,rearing,andrefuge
from predatorsfor manynativeDeltafish. Whenshallow-water
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habitatis destroyedthroughdredging,it shouldbereplacedsothat
thereis no net lossofhabitatlessthan 3 meters(9 feet)in depth.
Thismitigation ratio is anticipatedto increasetheamountof
shallow-waterhabitat.

14 ReducetheeffectsQfcontaminants

.

Toxinshavean immediatelethal effecton variousfish life-stagesanda
chroniceffectthat resultsin increaseddiseasesusceptibility,teratogenic
effects,and behavioraleffects. Toxinsmaybecomeboundin sediments
andreleasedafteryearsofresidencetime. Sourcesoftoxic substances
includeagriculturaldrainage,andmunicipal andindustrialby-products,
andsewage.

141 Reduceinput~fcontaminantsfrom agriculturaldrainage

.

Agricultural drainagecontainsinsecticides,herbicides,fertilizers,
andselenium.Thesetoxic substanceshavethepotentialfor acute
and chroniceffectson all life-stagesofnativeDeltafish.
Reductionofinput ofthesesubstancesis expectedto reduce
adverseeffectson fish.

1411 Changeapplicationpracticesfor insecticides

.

h~ikki~~, andfertilizers(priority 2).

Levelsoftoxic substancesin agriculturaldrainwatermay
be reducedthroughchangesin applicationpracticesfor
pesticidesandfertilizers. Timing, mode,andratesof
applicationmaybechangedto reducedrainwaterlevels.
Investigationsareneededto determineefficacyof changes
to currentpractices.

1412 Changeresidencetimesofinsecticides.h~bici4~1,
andfertilizers(priority 2).

Residencetimes (thelengthoftime that chemicalsare
activein theenvironment)of pesticidesandfertilizersmay
be alteredthroughvaryingthecompoundsused(chemical
breakdown),andirrigationpracticesthatremovetoxic
substances.Investigationsareneededto determineefficacy
ofchangesto current practices.
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1413 Retireagriculturallandswherelargequantitiesor
concentrationsofcontaminantsdrain into theDelta
(priority 2).

SomeareasoftheSanJoaquinValley havesoilshighly
contaminatedwith selenium.Agricultural land retirement
maybe an effectivemeansofreducingtoxic drainwater
enteringtheDeltaand increasingDeltaoutflow. Land
retirementmayresolvetheseissues.

1414 Control pointsourcesoftoxic substances(priority
2).

Somedrainsseasonallyhavehighlevelsoftoxic
substances.TheColusadrain is anoft-citedexampleof a
point sourcecontaininghigh levelsofdiazinon,carbofuran,
andmolinate. Controlof suchpoint-sourcesmay
substantiallyreducelevelsofcontaminantsthat affectall
life-stagesof nativeDeltafish.

142 Reduceinput~f toxic substancesfrom industrialdischarges
andmunicipalsewagetreatment

.

A sourceofcontaminantsinto theDeltaand SuisunBay is
industrialdischargesandmunicipalsewage.Reducingtheseinputs
shouldhelprecoveryor restorationofnativeDeltafish by reducing
acuteandchroniceffectsand indirecteffectson foodorganisms.

1421 Separateindustrial from municipal sewage(priority
3).

Industrialsewagecontainshighlevelsof metals,organic
andinorganiccompoundsthathavespecializedneedsfor
disposalandtreatment. Separationfrom municipal sewage
allows thesespecializeddisposalandtreatmentneedsto be
realized.

1422 Providetertiarytreatmentof sewage(priority 3).

Toxic substancesoftenare allowedto enter the Delta and
tributariesandSuisunBay without adequatetreatment.
1’ertiary treatmentof industrial dischargesandmunicipal
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sewagewill preventthesesubstancesfrom havingan
adverseeffect on nativeDeltafish.

143 Reduceinput~f toxic substancesfrom urbannon-point
sources

.

Urbanuseofpesticides,fertilizers,oil distillatesandothertoxic
substanceshasledto high levelsofthesecompoundsin drainage
waterthat spillsuntreatedinto theDeltaand SuisunBay.
Although themagnitudeof this problemis unknown,thepotential
adverseeffectson nativeDeltaspeciesarehigh.

1431 Monitor and evaluateth~ magnitudeofurbannon

-

point sourcesofcontaminants(priority 2).

To assessthemagnitudeoftheproblemofurbannon-point
sourcesof toxic substances,amonitoringandevaluation
programneedsto be established.

1432 Educatepublic ~n4privatesectorsoneffectsof
toxic substanceson fish andhabitat and onmeans
ofcontrollinginput (priority 2).

Oncethemagnitudeof theurbannon-pointsourcesoftoxic
substancesis known,anoutreachprogramneedsto be
developedto educatepublic andprivatesectorson the
effects.A list ofguidelinesneedsto be disseminatedthat
allows thepublicandprivatesectorsto changeusepatterns
anddisposalpracticesofthesesubstances.

2 Reducetheeffectsofharvest(over-utilization)

.

With thedeclineofstocksofnativeDeltafishes,harvestfor commercialor
recreationalpurposesmaybe asignificantsourceofaddedlosses.Selectiveways
ofminimizing theadverseeffectsof harvestis necessaryfor someofthenative
Deltafish.

21 Control andreducerecreationalharvestof SanJoaquin all-run
chinooksalmon

.

Recreationalharvestofwild runsoffish in theSanJoaquinRiveris a
sourceoflossesfor fall-run chinooksalmon. Controlling andreducing
thisharvestwill help in recoveringthesefish.
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211 Institutea selectivefisherv for SanJoaquinRiver fall-nm
chinooksalmon(priority 3).

Targetingandmarkinghatcheryfish shouldbe usedto minimize
adverseeffectson wild fish. UsemarkedSanJoaquinfall-run
chinooksalmonhatcheryfish to takefishingpressureoff wild fish.

212 Changeanuling re~rulationson the~ JoaquinRiver
(priority 3).

Angling regulationsshouldbe changedthat allowonly hatchery
fish to be caught.This would allow wild chinooksalmonto escape
angling.

22 Halt all fisheriesf.QL greensturgeonuntil moreis learnedaboutthe
biology~ abundanceQf!h.~ species

.

Commercialandrecreationalharvestis thelargestthreatto greensturgeon.
Recreationalfishersdo not distinguishbetweengreenandwhite sturgeon.
Becausegreensturgeonaresmallerthanwhites,slot limits designedto protectthe
largestwhite sturgeonspawnersallow thelargestreproductivegreensturgeonto
be taken.

221 SportfishingfQr greensturgeonshouldbehalteduntil
speciesrecovers(priority 2)~

222 Anglersshouldbe educatedto distinguishbetweengreen
andwhite sturgeon(priority 2.)..

Greensturgeoncanbe distinguishedfrom white sturgeonby the
presenceof 1-2 scutes(bonyplates)behindthedorsalandanal
fins.

223 Initiate~ program~ftagging greensturgeonin the
SacramentoRiver and ~ (priority 2)..

A taggingprogramto seewhatcontributiongreensturgeonfrom
the Deltamaketo thefisherieselsewhere,especiallyin Washington
andOregon,will provideneededinformationanddetermine
exploitationrates. This would alsoanswerthequestionasto
whetheror not theSacramentoRiver stockis distinctfrom other
greensturgeonstocks.
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23 Controlandreduceillegal harvest(priority 2).

Harvestof listed speciesandfish caughtat thewrongsizeor season
shouldbereducedto minimize adverseeffectsto nativeDeltafish. This
maybeaccomplishedthroughincreasedenforcement.Fundingand
increasesofpersonneland equipmentshouldbe includedaspartof local
projectmitigation, fish licensing,andtaxes.

24 Controlandreducecommercialharvest

.

Commercialharvestofwild runsof nativeDeltafish is anothercauseof
the decline. Controlling andreducingthis harvestshouldhelpthe
recoveryorrestorationof thesespecies.

241 Institutea selectivefishery (priority 2).

Targetinghatcheryfish maylimit adverseeffectson Sacramento
andSanJoaquinRiverchinooksalmonruns.

242 Eliminateharvest(priority .1).

Regulationsshouldbe changedto eliminateharvestofgreen
sturgeonandwild runsof chinooksalmonuntil populationsarere-
established.

25 Improvehatcherymanagement

.

Hatcherymanagementcanbe improvedso thatfish stocksmaybe
augmentedto takefishing pressureoff wild fish. This would allow wild
stocksto recover.Hatcheryproductionmaybe improvedin anumberof
waysto allow additionalstockingoffish. Improvedpropagation
methodologyandexpansionofhatcherysizewill resultin increased
hatcheryproduction.Relianceon hatcheriesshouldbe restricted,
however,to applicationsthatwill allow wild stocksto recover.

251 Developartificial propagationtechniquesI~ providefish
for conductingresearch(priority 3).

To conductresearchon native Deltafish, artificial propagation
techniquesneedto be developed.
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252 Mark all hatcheryfi~li ~iiheasilyrecognizabletags~r
marks (priority 3).

Hatcheryfish canbe usedto takefishing pressureoff wild fish. To
accomplishthis, it is necessaryfor anglersto beableto easily
recognizehatcheryfish. Easily recognizabletagsormarks(e.g.,
adiposefin clip) should beplacedon hatcheryfish for this purpose.

3 Reducetheeffectsof introducedaquaticspecies(predationor disease)

.

Introducedspeciesmaybealargecauseof thedeclineof nativeDeltafish.
Reducingtheadverseeffectsoftheseintroducedspeciesis an importantelement
to the recoveryof nativeDeltafish.

31 Regulateship ballastwaterdischargesi~ eliminateor reduce
introductionsofexotic species(priority 2).

Ship ballastwaterdischargeshavebeenasourceofsomeofthe most
detrimentalintroducedspecies,including theAsiatic clam
(Potaniocorbulaamurensis).Theseship ballastwaterdischargesshould
be regulatedto minimize theintroductionsoforganismsthat maycompete
with orpreyuponnativeDeltafish.

32 Controlexisting harmfulintroducedspecies(priority 3).

Speciesthat havebeenintroducedin thepastandhavebecomeestablished
in theDelta,tributariesand SuisunBay currentlycauseadverseeffectson
native Deltafish throughcompetitionand predation. Someexamplesof
thesespeciesinclude(I) yellowfin goby, (2) Shimafurigoby, and(3)
Asiatic clam. Thesespeciesneedto becontrolledwheneverpossible.An
exampleofcontrolmight be useof freshwaterDeltaoutflows over
multiple yearsto controlexpansionof Asiatic clam.

33 Halt introductionsof newexoticspecies(priority 2).

Federal,State,andprivateentitiesshouldnot introduceadditionalexotic
speciesinto the Delta,tributariesor SuisunBay. Effectsof introductions
aredifficult to assess,socompleteprohibition is necessary.

4 Change~ improveenforcement~fregulatorvmechanisms

.

Inadequateregulatorymechanismsandlackofenforcementhavehadasubstantial
adverseeffect on nativeDeltafish andhavecontributedto their decline.
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Changingregulatorymechanismsto betterreflectcurrentunderstandingofspecies
needsalongwith improvedenforcementofexistingmechanismsis anticipatedto
helpreversethe declineofnativeDeltafish.

41 Setandenforcewaterquality~ flow standardsIQprotectnative
fish.

TheSWRCBhassetwaterqualityandflow standardsthatreflectnew
understandingofthebiology andhydrologyofthe DeltaandSuisunBay
meantto benefitDeltafish species.However,enforcementofthese
standardshasnotbeenuniform. TheSWRCBis currentlyseekinga
methodologyto allocateresponsibilityto all majorwaterdivertersfor
implementingthesestandardssoall streamsandtributariessharein
biological benefits.

411 Allocateresponsibilityfor theDeltato providehabitatand
transportflows an maintainappropriatesalinity~n4
temperature

.

TheSWRCBis seekingaallocationmethodologyfor flows that
attemptsto providehabitatandtransportflows for Deltafishand
provideappropriatesalinitiesand temperatures.Proposed
allocationmethodologyis neededto substantiallyreversethe
declineandencouragetherecoveryofnativeDeltafish.

4111 Meetwaterquality andflow standardsfor public
waterprojects(priority 2).

Federaland Stateagenciesthat store,license,orcontrol
waterwould shareresponsibilityin meetingstandards.The
sizeandscopeoftheseprojectsarelargeenoughby
themselvesto substantiallyreversethedeclineofnative
Deltafish andhelp in theirrecovery.

4112 Privatewaterrights holdersprovidewaterto
implementstandards

.

Theprivatewaterrightsholderscouldsignificantly increase
theability ofthepublic waterprojectsto meetwaterquality
standards.This would speedthereversalofnativeDelta
fish declineandhelpin theirrecovery.
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41121 Implementwaterconservationpracticesthat
makemorewateravailable(priority 2).

Privatewaterrightsholderscouldmakemorewater
availablethroughimplementationofwater
conservationpractices. This additionalwatercould
be usedto meetwaterquality standards.

41122 Time waterdistricts’ flood releasesto benefit
Deltafish (priority 2).

Flood releasesin yearshavinghighprecipitation
shouldbe timedto benefitnativeDeltafish.
Coordinationwith thepublic waterprojectswould
be necessaryfor maximumbenefitto thefish.

42 P~rio4jcnll reviewall unlisted~~ies in this ~i~nto determine
needfor listing (priority 3).

Periodically,thesevenunlistedspeciesin thisrecoveryplanshouldbe
reviewedfor theneedfor listing.

43 Improveimplementationandenforcement~fsection404 of Clean
WaterAct andsection10 oftheRiversandHarborsAct of 1898.

TheCleanWaterAct andtheRiverand HarborsAct of 1898provide
protectionfor nativeDeltafish. Permit termsandconditionsspecify
actionsneededto minimizeactioneffectsandprovidemitigation for
adverseeffects. Implementationandenforcementof theseActswill help
to recoverDelta fish.

431 SetdredgingIiin~ windowsI~ protectcritical life-stagesof
fish

.

Dredgingis asourceof habitatdestruction,mobilizationof
contaminatedsediments,andgeneraldisturbanceto nativeDelta
fish. Settingseasonal“windows” whendredgingcanoccurthat
minimizeeffectson critical life-stagesof Deltanativefish would
help in recovery.
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4311 Restrictdredgingactivity within theDeltato the
periodbetweenSeptember1 throughNovember31
(priority 3).

Critical life-stagesofnative Deltafish aretransportedto
rearingareasanda“window” will protecttheselife-stages.
Restrictingdredgingto theperiodSeptember1 through
November31 would protectspawningdeltasmelt, longfin
smelt,andSacramentosplittail, andwouldgive some
protectionto upmigratingand outmigratingsalmon.

4312 Restrictdredgingactivity within SuisunBay and
Marshto deepwatership channelmaintenance
(priority 3).

Critical life-stagesof nativeDeltafish spawnandrearin
SuisunBay andSuisunMarsh.Restrictingdredgingto
deepwatership channelmaintenancein theseareaswill
provideprotectionto thesespecies.

432 Increaseenforcementof U.S. Army Corps~fEngineers
permits(priority 3).

Currentenforcementof permitsis limited by inadequatestaffing
levelsandfunding. Increasedfunding targetedat enforcement
would remedythis situation.

44 Developalternativeleveemaintenancepractices(priority 2.)..

Conventionalleveemaintenanceusingrip-rap,ascurrentlypracticedby
local reclamationboardsandU.S. Army CorpsofEngineers,eliminates
shallow-waterandvegetatedaquatichabitats.Theselossessimplify
habitatstructure,reduceproductivityoffish habitat,curtail spawningand
rearinghabitat,andeliminateescapecoverfrom predators.Alternative
leveedesignsareneededto incorporatenatural river bermssetbackfrom
currentleveealignmentsthatallow growthofvegetatedshallowsalong
low gradientbermslopes.
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5 Conductmonitoringandresearchto increaseunderstandingofbasic
biology~ndmanagementrequirements

.

CurrentunderstandingofthebasicDeltanativefish biology,ecology,and
ecosystemmanagementrequirementsto promoterecoveryis limited. Monitoring
andresearchis neededto increasethis understanding.

51 Monitor for locationandnumbersof fish throughouttheDeltaso
thatrecovervobjectivesmayh~ implementedanddecisionsmade
onsuccessof implementation(priority 2).

Determinationofthe locationandnumbersofnative Deltafish throughout
the Deltaduringdifferentlife-stagesis key to understandingtheir
biologicalneedsandwhat managementactionsshouldbe implementedto
promoterecovery.

52 Developscreeningcriteriaf~~4j~ijt~,juveniles,andlarvae(priority

2).

Screeningcriteriaarecurrentlyknownfor very fewfish species.These
criteriaareusuallyapplicableto only adult andadvancedjuvenilefish. To
benefitotherfish species,individual speciescriterianeedto bedeveloped
andcriteriathat screenlife-stagesshouldbe determined.Most ofthese
criteriaarealreadyknownfor salmon.

53 Conducttoxicologicalinvestigationsto determinesusceptibilityof
fish to variousmetalsandpesticides(priority 3).

Toxicological investigationsneedto be conductedboth in thefield and
laboratoryto determinesusceptibilityofnativeDeltafish to toxic
substances.

54 Studyeffectsof introducedspecies(priority 3).

Theeffectsof introducedspecieson nativeDeltafish areonly partially
understood.Studiesshouldbe implementedthat increasethis
understandingandleadto decisionson managementactionsthat decrease
effectsof introductions.
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55 Study greensturgeoniif.~ history~ ecologicalrequirements
(priority 2).

Little informationis currentlyknownconcerning:(1) numbers,(2)
distribution,(3) life history,or(4) ecologicalrequirementsofgreen
sturgeon.A monitoringprogramis neededto providethis informationso
that managementactionsmaybe developedthatwill enablethis speciesto
be recovered.

56 Develop~rimprovemodelsrelatingnumbers~fspring-run,late
fall-run andSan !~g~ninfall-run chinook~~n~rs to smolt
survival ratethroughIj~ Deltain variouswateryeariyp~ (priority
3).

Thereis astrongstock-recruitmentrelationshipwith chinooksalmon.
However,informationcurrentlyavailablerelatingspawnernumberswith
smoltsurvival throughtheDeltaneedsimprovement.Theserelationships
will vary with water-yeartypesincewatertemperatureandtransportflows
aredependenton rainfall. Models needto be developedor improved
allowing theserelationshipsto be defined.

57 Monitor for SacramentoRiver late fall-run chinook(priority 3).

Similar to greensturgeon,little is knownconcerningnumbersand
distributionof late fall-run. A monitoringprogramthat wouldprovide
informationonnumbersanddistributionwould enablemanagement
actionsto be developedthat would helprecoverthis fish.

58 Conductsurveys.monitoring.~ studiesto betterunderstanddelta
smelt

.

Deltasmeltareoneof themostsensitivefish to habitatloss,diversions,
andotheradverseconditionswithin theDeltaandSuisunBay. Surveys,
monitoring,and studiesthat give thegeographiclocationof deltasmelt
during varioustimes oftheyearandthat showhow thefish respondto
transportflows, outflows,and locationof the2 partsperthousand
isohalineshouldbe doneto gainabetterunderstandingfactorsapplicable
to anumberofnativeDeltafish.
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581 Conductsurveysfor adult deltasmeltin theSanJoaquin
River andtributarysloughsfrom DecemberthroughApril
(priority 2).

To determinethepresenceof spawningadultdeltasmelton the
SanJoaquinRiver andtributarysloughs,surveysshouldbe done
betweenDecember1 andApril 30.

582 Monitor the locationof the~parts~r thousandisohaline
andrelateto Delta 14-dayrunningmeanoutflow and DFG
surveysthatdeterminedeltasmeltabundance(priority 2).

TherelationshipbetweenDelta 14-dayrunningmeanoutflow and
the2 partsperthousandisohalineandDFG surveyedabundanceof
deltasmelt is importantin determiningtransportflows andhabitat
maintenanceflows to rearinghabitatin SuisunBay. A monitoring
programshouldbe institutedthatallows this relationshipto be
determined.

59 Investigatefish useofshallowwateri2~kIt~i~.. floodedvegetationandtidal
marshes(priority 2.)..

510 Investigatefeasibility~frestoringDeltaislandsasshallowwater
habitat(priority 2)~

Restoringshallow-water,vegetatedhabitatwould addressmanyof
thethreatsthat constrainrecoverypotentialofnativefishesby
improving spawning,rearingandmigratoryhabitats,providing
slackwaterandrefugial habitatandreducingpredation.Shallow-
water,vegetatedhabitatwill also reduceentrainmentby CVP and
SWPby amelioratingalteredflow patterns.

511 Investigateih~ feasibility~freintroducingSacramentoperchin~
theDeltaecosystem(priority 3)~

6 AssesseffectsofDeltanativefishesrecoverymanagementactions
(priority 2).

Effectsofthemanagementactionsdoneto recovernative Deltafish needto be
assessedfor effectiveness.This maybe donethroughuseofresultsof surveys,
studies,andmonitoring describedabove. Whenthis assessmenthasbeendone,
managementactionsshouldbe modified,newactionsaddedasnecessary,and
subsequently,priorities shouldreassessed.Thestatusof speciesofconcern
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shouldbe assessedannuallyto determinetheneedto federallylist themas
endangeredorthreatenedundertheAct.

7 Increasepublic awareness~f importanceofDeltanativefishes

.

Public ignoranceoftheeffectsof currentagriculturalpractices,urbanexpansion,
commercialexploitation,andhabitatalterationhasfacilitatedthedeclineofnative
Deltafishes. To successfullyreversethis declineandrecoverthesefish, improved
public awarenessis neededconcerningtheimportanceof thesefish to theDelta
ecosystem.An outreachandpublic educationprogramshouldbe developedthat
addressesinformationgapsandmisperceptionsconcerningDelta nativefish and
theirecosystem.

71 Assesspublic attitudeson recoveringDeltanativefishes(priority
3).

Prior to publiceducation,an assessmentof currentattitudestowardDelta
nativefish andtheirhabitatshouldbe conducted.This assessmentwill
allow outreachto be focussedon informationgapsand misperceptions.A
telephoneor form surveyshouldbe donethat allows thepublic to indicate
knowledgeof nativeDeltafish andfeelingstowardrecoveryandhabitat
improvement.Publicmeetingsto discusstheresultsofthis surveyshould
bescheduledto enableadditionalinput andinitiateplanningofthe
outreacheffort.

72 Develop~public outreachandeducationprogramthatincreases
public awareness~fpositiveeffectson healthyfisheriesand
aquatichabitats(priority 3.j.

Usingtheresultsofthepublic assessment,an outreachprogramshould be
developedthatincreasespublic awarenessofpositiveeffectson recovery
ofnativeDeltafishes.A implementationschedulefor this outreach
programthat coincideswith recoveryactionsshouldbe developedto
enablemaximumcooperationfrom bothpublic andprivatesectors.
Publicssuchaspartyboatoperatorsshouldbe targetedfor educationin
identifyingDelta nativespeciessusceptibleto angling. Pamphletsare
neededto aidthepublic in identifying fishesto thespecieslevel. This is
especiallyimportantfor greensturgeon,which is oftenmisidentifiedas
white sturgeon.
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Species Principal Occurrences In The Delta
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RecoveryPlan Implementation Schedulefor Sacramento-SanJoaquin
Delta

Prior- Task Task Task Respon- Total
itv # # Description Duration sible Cost* Cost est. ($1,000,000)

(Yrs) Party FY95 96 97 98 99

Increasefreshwaterflows

11112 Providetransport
inflows-outflows
SacramentoRiver

1113 Providetransport
inflows-outflows
SanJoaquinRiver

11141 Place2pptat
RoeIsland

11142 Place2pptat
ChippsIsland

111143 Place2pptat
confluence

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

CVP/ 30
SwP
FERC,ACE, Private

CVP/ 10
SwP
FERC,ACE, Private

CVP/ 2.5
SwP
FERC,ACE, Private

CVP/ 0.5
SwP
FERC.ACE, Private

CVP/ 0.5
SwP
FERC,ACE, Private

6 666

2 222

0.5 0.5 0.5 0.5 0.5

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

Reduceentrainmentlossesto waterdiversions

12111 Provideflows
andcontrol

Ongoing

pumping

12112 Provideflows
on Sacramento
Riverto protect
salmonsmolts

Ongoing

CvP/
SwP

10

CVP/
SwP

22222

0.2 0.2 0.2 0.2 0.2

112113 Provideflows on
SanJoaquinRiver
to protect
salmonsmolts

Ongoing 0.2 0.2 0.2 0.2 0.2CVPI
SwP

Costestimatesweremadewithout reviewby an economistandhaveahigh degreeof uncertainty(±50
percent).Costs reflectrecoveryandrestorationefforts for eight speciesthru FY 1999(theanticipated
recoveryfor thedeltasmelt).

163



RecoveryPlanImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon- Total
ity # # Description Duration sible Cost* Costest.($1,000,000)

(Yrs) Party FY95 96 97 98 99

Reduceeffectsofdredging

132 Eliminate loss
of shallow-water
habitat

0.1 0.1 0.1 0.1 0.1

Reduceeffectsof harvest

DFG 0.1242 Eliminate
harvest

Developadditionalshallow-waterhabitat,riparianvegetationzones,andtidal marsh

2 1121 DevelopDelta
habitatand
vegetationzones

2 1122 DevelopSuisun
MarshandSuisun
Bayhabitatand
vegetationzones

2 11221 Restorespawning
habitatin up-
streamfreshwater
areas

2 11222 Restorerearing
habitatin tidal
areas

Ongoing

Ongoing

Ongoing

Ongoing

SwP
ACE
PG+E

SwP
ACE
PG+E

SwP
ACE
PG+E
DFG

SwP
ACE
PG+E
DFG

2.5

2.5

2.5

2.5

0.5 0.5 0.5 0.5 0.5

0.5 0.5 0.5 0.5 0.5

0.5 0.5 0.5 0.5 0.5

0.5 0.5 0.5 0.5 0.5

Reduceentrainmentlossesto waterdiversions

2 1213 Reducepredation Ongoing CVP/ 0.5 0.1 0.1 0.1 0.1 0,1

at Clifton Court
Forebayandother
diversions

Ongoing 0.5C~P/
SwP
ACE

0.1

sw~
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RecoveryPlan ImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon-Total
ity ~ Description Duration sible Cost* Costest.($1,000,000)

(Yrs) Party FY95 96 97 98 99

2 1214 Screendiversions
at RockSlough

2 1217 Evaluatediversion
of SanJoaquinsalmon
atOld River

2 12181 CloseDeltacross
channelgateswith
recenttime moni-
toring or asea-
sonal“window”

2 12191 EvaluateGeorg-
ianaSlough
hydroacoustic
barrieror
deflector

2 1221 Reduceentrain-
mentat PG+E
andother
privatediver-

Ongoing

Ongoing

Ongoing

Ongoing

CvP/
SwP
DFG

CvP
DFG

CvP
DFG
ACE

PG+E
DFG
FWS

0.5

5

0.2 0.2 0.2 0.2 0.2

0.1 0.1 0.1 0.1 0.1

I 11 1 1

0.2 0.2 0.2 0.2 0.2

ters

Reduceeffectsoftoxic substancesfrom urbannon-pointsources

2 1411 Changeappli-
cationprac-
tices

2 1412 Changeresi-
dencetimes

2 1413 Retireagri-
cultural
lands

5

5

5

USEPA
USDA

USEPA
USDA

FWS

0.5

0.5

10

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

22222

Ongoing 2CvP/
CCWD
DFG

I I
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RecoveryPlan ImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon-Total
ity # # Description Duration sible Cost* Costest. ($1,000,000)

(Yrs) Party FY95 96 97 98 99

Reduceeffectsof contaminants

2 1414 Controlpoint
sourcesoftoxic
substances

2 1431 Monitorurban
non-point
sources

2 1432 Educatepublic
andprivate
sectors

Ongoing

5

5

USEPA! 0.5
SWRCB

USEPA
SWRCB

FWS
USEPA

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.10.5

0.5 0.1 0.1 0.1 0.1 0.1

Reduceeffectsof harvest

2 221 Halt greenstur-
geonsportfishing

2 222 Educateanglers
to recognize
greensturgeon

2 223 Taggreen
sturgeon

2 23 Control
illegalharvest

2 241 Institute
selective
commercialfish-
eryfor chinook
salmon

5

5

5

5

5

DFG 0.5

DFG 0.5

DFG 0.5

DFG 0.5

DFG 0.5

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

Reducetheeffectsof introducedspecies

2 31 Regulateship
ballastwater
discharges

2 33 Prohibit exotic
speciesintro-
ductions

USCO 0.1

2

0.1

0.1 0.1USDA
DFG

0.2
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RecoveryPlan ImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon- Total
ity ~ Description Duration sible Cost* Costest.($1,000,000)

(Yrs) Party FY95 96 97 98 99

2

Changeandimproveenforcementof regulatorymechanisms

2 411 SetDelta
waterquality
standards

2 4111 Public water
projectsimple-
mentwaterqual-
ity standards

2 4112 Privatewater
rightsholders
provide water

Ongoing

Ongoing

USEPA
SWRCB
CvP/
SwP

0.5

SWRCB I

0.1 0.1 0.1 0.1 0.1

0.2 0.2 0.2 0.2 0.2

2 41121 Implementwater
conservation
practices

2 41122 Flood releases
to benefit
Delta fish

2 44 Developalter-
nativelevee
maintenance

Ongoing

Ongoing

Ongoing

SWRCB 0.5

SWRCB 0.5

ACE 0.5

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

Conductmonitoringandresearch

2 51 MonitorDelta
for locationand
numbersof fish

2 52 Developfish
screening
criteria

2 581 Surveyfor delta
smeltin San
JoaquinRiver

2 582 Monitor location
of 2 ppt isohaline

Ongoing

3

CVP/
SwP
DFG

CvP/
SwP
DFG

Ongoing

Ongoing

CvP/
SwP
DFG

cv~i
swP
DFG

0.5

0.3

0.5

0.5

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

USEPA
SWRCB

0.2 0.1 0.1
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RecoveryPlanImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon-Total
ity # # Description Duration sible Cost* Costest.($1,000,000)

(Yrs) Party FY95 96 97 98 99

2 59 Investigatefish
useof shallow-water
habitat,floodedvegetation,
tidal marshes

5 DFG 0.5 0.1 0.1 0.1 0.1 0.1

2 510 Investigatere-
storingDelta
islandsasshallow-
waterhabitat

Assesseffectsof Deltanativefishesrecoverymanagementactionsandre-assessprioritizationof actions

2 6 Assessandre-
prioritize
recoverymanage-
mentactions

Increasefreshwaterflows

3 1111 IncreaseDelta
inflows

Reduceentrainmentlossesto waterdiversions

3 12121 Changefacility
operations

3 12122 Removegreen
sturgeonfrom
Clifton Court
Forebay

3 1215 RestrictCCWD
diversionswith
recent-time
monitoringor a
seasonal‘window”

3 12161 RestrictNBA
diversions
with recent-
time monitoring
or aseasonal
“window”

Ongoing DWR
DFG

0.5 0.1 0.1 0.1 0.1 0.1

5 DFG 0.5 0.1 0.1 0.1 0.1 0.1

FWS
DFG

0.1 0.1

Ongoing CvP/
SwP

I 0.2 0.2 0.2 0.2 0.2

Ongoing CVP/
SwP

0.5

5

0.1 0.1 0.1 0.1 0.1

SwP
DFG

1 0.2 0.2 0.2 0.2 0.2

Ongoing 0.5CyP
CCWD
DFG

0.1 0.1 0.1 0.1 0.1
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RecoveryPlan ImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon-Total
ity # # Description Duration sible Cost* Costest.($1,000,000)

(Yrs) Party FY95 96 97 98 99

Reduceentrainmentatagriculturaldiversions

3 12221 ScreenDelta Ongoing ACE
agricultural NMFS
diversions FWS

3 12222 Consolidate 5 ACE
Delta agri-
cultural

3 12223 RestrictDelta 5 ACE
agricultural DFG
diversionswhen
fish arepresent

Reducethe effectsof dredging

3 1311 Timedredging Ongoing ACE
for minimal DFG
tidal movement

3 1312 Usesilt cur- Ongoing ACE
tainsor suc-
tion dredges

Reduceeffectsof industrialandmunicipaldumpingoftoxic substancesin Delta

3 1421 Separateindus- 5 USEPA
trial from SWRCB
municipal sewage

3 1422 Providetertiary 5 USEPA
sewagetreatment SWRCB

Reducethe effectsof recreationalharvest

3 211 Institute selective 5 DFG
SanJoaquinrecreational
salmon fishery

3 212 ChangeSanJoaquin I DFG
Riverangling
regulations

5 1 11 1 1

0.2 0.2 0.2 0.2 0.2

I

0.5

I

0.2 0.2 0.2 0.2 0.2

0.1 0.1 0.1 0.1 0.1

0.2 0.2 0.2 0.2 0.2

0.2 0.2 0.2 0.2 0.2

0.2 0.2 0.2 0.2 0.2

2

0.1

0.4 0.4 0.4 0.4 0.4

0.1

169



RecoveryPlanImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon-Total
ity ~ Description Duration sible Cost* Costest.($1,000,000)

(Yrs) Party FY95 96 97 98 99

Improvehatcherymanagement

3 251 Developartificial
propagationtech-
niques

3 252 Mark hatchery
fish

5 FWS
DFG

Ongoing

0.2 0.2 0.2 0.2 0.2

0.2 0.2 0.2 0.2 0.2FWS
DFG

Reducetheeffectsof introducedspecies

3 32 Control existing
harmful intro-
ducedspecies

Changeandimproveenforcementof regulatory

3 42 Reviewunlisted
speciesto determine
needfor listing

Setdredgingtime windows

3 4311 Managedredging
in Delta

3 4312 Manage
dredging

in SuisunBay and
SuisunMarsh

3 432 IncreaseACE
enforcement

Conductmonitoringandresearch

3 53 Conducttoxi-
cological
investigations

Ongoing

mechanisms

Ongoing

Ongoing

Ongoing

5

5

CvP/
SwP
DFG

2 0.4 0.4 0.4 0.4 0.4

FWS 0

ACE 0.5

ACE 0.5

ACE
FWS

CvP/
SwP
DFG
FWS

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

0.4 0.4 0.4 0.4 0.42

2 0.4 0.4 0.4 0.4 0.4

3 54 Study intro-
ducedspecies

Ongoing CvP/
swP
DFG

0.5 0.1 0.1 0.1 0.1 0.1
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RecoveryPlan ImplementationSchedulefor Sacramento-SanJoaquinDelta

Prior- Task Task Task Respon- Total
ity # # Description Duration sible Cost* Costest.($1,000,000)

(Yrs) Party FY95 96 97 98 99

3 56 Developor
improvesalmon
models

3 57 Monitor for
SacramentoRiver
latefall-run
chinook

3 511 Investigatefea-
sibility of
reintroducing
Sacramentoperch
into Delta

5

S

5

DFG 0.5

DFG 0.5

DFG 0.5

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1

Increasepublic awarenessof importanceof Deltanativefishes

3 72 Developand
implementout-
reachand
educationpro-
gram

5 FWS 0.5 0.1 0.1 0.1 0.1 0.1
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Appendix A: Summaryof the Agencyand Public
Commenton the Draft RecoveryPlan for
the Sacramento-SanJoaquin Delta Native
Fishes

I.Summary of the Agencyand Public Comment
on the Draft RecoveryPlan for the
Sacramento-SanJoaquin Delta Native Fishes

In January,1995,theServicereleasedtheDraft RecoveryPlanfor the
Sacramento-SanJoaquinDeltaNative Fishes(Draft Plan)for a 60-day
commentperiodendingon March 7, 1995 for Federalagencies,stateand
local governments,andmembersofthepublic (60FR 2155-56).Chuck
HansonandDonStevenswererequestedto makepeerreviewsoftheDraft
Plan.

This sectionsummarizesthecontentof significantcommentson theDraft
Plan. A total of eight letterswerereceived,eachcontainingvarying
numbersof comments.Many specificcommentsre-occurredin letters.

This sectionprovidesasummaryofgeneraldemographicinformation
including thetotalnumberof lettersreceivedfrom variousaffiliationsand
states.It alsoprovidesasummaryofthe 15 majorcomments.A complete
indexofthecommenters,by affiliation, is availablefrom theU.S. Fishand
Wildlife Service,EcologicalServices,SacramentoField Office, 2800
CottageWay, RoomE-1803,Sacramento,California95825-1846.All
lettersofcommenton theDraft Planarekepton file in theSacramento
Field Office.

Thefollowing is abreakdownofthenumberof lettersreceivedfrom
various affiliations:

Stateagencies 2 letters
local governments 1 letter
businessindustry 1 letter
environmental/conservationorganizations 2 letters
academia/professional 2 letters
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II. Summary ofCommentsand ServiceResponses

Introduction

Comment: Steelheadtrout are absentin the RecoveryPlan.

Response:As was stated in the Introduction, “The speciesselected
had the following characteristics: They were known to be in decline
andwerepotentialcandidatesfor threatenedorendangeredstatusin
thefuture. ThischaracteristicexcludedSacramentofall-run
chinook, and steelheadwhich while in decline, wereabundant
enoughto supportcommercialfisheries”.

Comment: Ecosystemmodification has beencausedby upstream
reservoiroperationssuchasCVP, SWP,andFERC licensed
projects. Why weretheseupstreamoperationsnot includedin the
RecoveryPlan?

Response:The RecoveryTeamextensivelydiscussedthe
geographicareato be addressedwithin theRecoveryPlan. The
final decisionwas to limit the areaunder discussionto the Delta and
SuisunBay. As wasstatedon page5 in thediscussionofthe
PhysicalEnvironment:“The eightfishesofprimaryconcerndepend
on theentireestuary,but theDeltais themosthighly alteredpartof
thesystemwheremostproblemsfor fish exist. Hence,management
efforts for recoveryof fisheswill necessarilyfocuslargely on
reducing problems in the Delta and secondarily in SuisunBay,
immediatelydownstreamfrom theDelta”.

SpeciesAccount

Comment: The data in someofthe speciesaccounts shouldbe
updated:(1) deltasmelt shouldbeupdatedwith information
indicating that geographicvariation in habitat quality exists(i.e.,
November18, 1994surveysshowstatisticallysignificantincreases
in delta smelt condition from fish collectedin SuisunBay in
comparisonto fish collectedin either the lower SanJoaquin or the
lower SacramentoRivers); (2) newsurveysofsplittail have
provided newinformation on the distribution ofthis fish; and (3) a
Kodiak trawl should be usedto sample for delta smelt sinceit has
recently proven more successfulin capturing fish comparedto the
FMWT or the summertownet.
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Response:Updatingspeciesaccountshasbeenaddressedin the
following ways:(1)November18, 1994surveydatawereincluded
within the speciesaccountfor thedeltasmelt;(2) asinglesetof
survey’sunderconditionsuniqueto awetwateryeartypeneedto be
placedin thecontextofaccumulatedhistoricaldataanduntil that
contextcanbedefined,interpretationofdatacannotbe madeandso
thedatawerenot includedin the speciesaccount;and,(3) the
FMWT andsummertownethavebeenusedfor almost20 yearsand
asetof indicesgeneratedwith knownreliability, while theKodiak
trawlhasbeenusedfor two yearsandhasunknownreliability and
relationshipto othersurveys. Therefore,theKodiaktrawl wasnot
includedasthesamplingtechniqueofpreferencefor deltasmelt.

Comment: TheDeltaNativeFishesRecoveryTeamshouldmeet
periodicallyto reviewnewinformationandmakerecommendations
basedon thatinformationto modify recoveryactions.

Response:TheService’sRegionalDirectorhastheresponsibility
for “establishingandterminatingteamswhenappropriate;”. The
DeltaNativeFishesRecoveryTeamwasestablishedto analyzethe
latestavailabledataon Deltafishes,generaterecoverycriteria,and
submitadraftRecoveryPlanto the SacramentoField Office (SF0)
for review. TheTeamwasterminatedshortly aftertransmittingthis
draft RecoveryPlanto theSF0. TheSF0will takethe
responsibilityof reviewingnewinformationandchanging
appropriatesectionsoftheRecoveryPlan. TheRegionalDirectorat
his discretion,however,mayreestablishtheRecoveryTeamif new
informationwarrantsthis action.

The following languagefrom thePolicy andGuidelinesfor
Planning~ CoordinatingRecovery~fEndangeredandThreatened
Speciesprovidesguidancein regardto reviewingapproved
RecoveryPlans:

(1) An approvedplanshouldbereviewedperiodicallyto
determineif updatesorrevisionsareneeded.

(2) Update--This involveschangesin theImplementation
scheduleor otherminor revisions(e.g.,identificationof
recoverytasksthathavebeeninitiatedsincethelastprinting
andareeitherongoingorhavebeencompleted).Tasksthat
havebeencompletedshouldbe indicatedassuchin the
commentscolumnoftheImplementationSchedule,along
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with actualcosts(for example,“completeFY 1989” or
“ongoing$20KFY 1989with Section6 funds”). The
Division ofEndangeredSpecies(DES)will be informedof
anUpdateby theSpeciesRecoveryStatusReportthat will
besentto theAssistantDirector - FishandWildlfie
Enhancementon anannualbasis. Copiesof theupdated
pagesshouldbe forwardedto cooperators.No public review
andcommentis requiredfor updates,but the leadRegional
Directormaychooseto solicit suchcomment.

(3) Revision--Thisinvolvessubstantiallyrewriting some
portion(s)oftheplan. A revisionis necessarywhen
significantchangesareneededin PartsI or II, and/orwhen
majorconceptualchangesarerequired.Existing approved
plansneednotberevisedmerelyfor reformattingto these
guidelines;however,whena revisionis undertaken,the
opportunityto conformtheplanshouldbe taken.

In somecases,revisionsor updatescanbe handledby
replacingwholepagesin theoriginal planwith new
versions.Suchpagesshouldbe datedto indicatethetime of
revision/update.

Significantrevisionsofapprovedplansrequireareviewwith
public involvement. TheRegionthat preparedthe
original recovery plan is responsiblefor preparing the
revisedrecoveryplan, unlesstheaffectedRegionsagree
otherwiseor theDirectorprovidesotherinstructions.

All updatesandrevisionsshouldbecarefullyanalyzedto
ensurethatthetaskprioritiesarevalid. As in theoriginal
plan,thenarrativedescriptionin PartII for anypriority 1
taskin a revisedplanshouldincludeexplanationofwhy the
actionis necessaryto preventextinction. A revisedrecovery
planmustbeidentifiedassuchon thetitle sheetandcover
alongwith thedateoftheoriginal approvedrecoveryplan
andtherevision.

Comment: Revisionshavebeenmade to the Draft RecoveryPlan
that werenot initiatedor reviewedby theRecoveryTeam.

Response:A RecoveryPlanis a Servicedocumentthatis reviewed
andrevisedto reflectServicepolicy andinformationcontainedin
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Servicefiles. TheRecoveryTeamwasestablishedby theServiceas
anadvisorygroupwith a missionto developadraft documentfor
explicit useby theService.Teammemberswereprovidedwith
copiesoftheDraft RecoveryPlanandtheircommentswere
consideredwhenpreparingtheFinal RecoveryPlan.

Comment: Thereis a lackofdepthto thediscussionoftheeffects
ofentrainmentoftheeight fish speciesfrom both inadequately
screenedand unscreeneddiversions.

Response:Ongoingstudiesaredevelopinginformationconcerning
theeffectsof inadequatelyscreenedandunscreeneddiversionson
all fishspeciesin theDelta. This informationis preliminaryand
cannotbequotedwith any accuracyorrigor. This informationis
alsonot targetedspecificallyattheeightspeciesunderdiscussionin
this RecoveryPlanand so hasgapsfor certainspecies.

Comment: Recentelectrophoreticwork seemsto indicatethat the
possibility of hybridizationbetweenwakasagiand deltasmelt is
higherthanwhat hadbeenpreviouslythought.

Response:This recentelectrophoreticwork andfield observations
haveindicatedthathybridizationhasactuallyoccurredin theDelta.
Thespeciesaccountforthedeltasmelthasbeenupdatedto reflect

this newinformation.

RecoveryActions

Comment: Section11 (ImplementationSchedule)doesnot
specificallyaddressadversemodificationofhabitatcausedby
operationoftheCVP and SWPpumps.

Response:Section7 oftheAct prohibitsagenciesfrom destroying
oradverselymodifying designatedcritical habitatfor a listed
species.Federalagenciesconsultwith the Serviceon actionsthat
mayadverselyaffect a listedspecies. In thisprocessthe Service
determineswhetheraFederalagencyaction(including funding,
permitting,andlicensing)is likely to adverselymodify critical
habitat.An actionthatwasin compliancewith arecoveryplanfor a
specieswould notadverselymodify critical habitat.
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Thefinal RecoveryPlandiscussesdeltasmeltcritical habitatin
detail. Manyoftherecoveryactionsforthe eightfish specieswill
enhancetheconstituentelementscontainedwithin thedeltasmelt
critical habitatdesignationincludingalteredhydraulicconditions
andeffectsofCVP andSWPexports.

Comment: Sections1112and 1113do notprovideparticularson
quantitiesandtiming of transportflowsneededto recoverspecies.

Response:The RecoveryTeam discussedin detail the particulars on
quantitiesandtiming oftransportflows neededto recovertheeight
species.TheTeamrecommendeddeferringto thevariousagency
processesunderwayby theSWRCB,theCVPIA, andtheEPAto
definetheseparticulars.TheServicemadeadeterminationto
follow this recommendation.

Comment:Therearesignificantindirectfish lossesdueto CVP and
SWPpumping.Why werethesenot dealtwith throughrecovery
actions?

Response:Thesesignificantindirect fish lossesdueto CVP and
SWPpumpinghavebeenstudiedin detail for stripedbass.The
eightspeciesdiscussedin theRecoveryPlanareverydissimilar
from stripedbassandsoavailableinformationis not applicable.
Until studiesaredoneto qualifyandquantifytheseindirectfish
lossesfor theeightspecies,recoveryactionscannotbedealtwith.
Thesestudiesaredescribedundertasknumber5.

Comment:Habitatmaintenanceflows (i.e. X2) shouldhavea
contributionfrom theSanJoaquinbasin(25 percent)andfrom the
Sacramentobasin(75 percent)asif flow percentageswere
unimpaired.

Response:Many agenciesarecurrently involved in discussions
with the SWRCBon assigningresponsibilitiesfor habitat
maintenanceflows from theSanJoaquinand Sacramentobasins.
Until thesediscussionsareresolved,arealisticdeterminationofthe
respectivecontributionsfrom variousbasinscannotbemade.

Comment: Thereis no or inadequateactionsrecommendedto
alleviatetheproblemofinadequatelyscreenedor unscreened
diversions.
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Response:Recoverytasks122 and52 bothdealwith screening.
Additionally, screeningof diversionsis beingaddressedin anumber
offorumsandtheRecoveryTeamdeferredto theseforumsfor
recommendedactions.

Implementation Schedule

Comment: Theschedulefor implementingrecoveryactionsandthe
costsassociatedwith thoseactionsmaynotbe accurate.

Response:Theseestimatesmaynotbeaccuratebutrepresentbest
availableinformationfrom variouseconomicanalysesthat estimate
costsfor implementingrecoveryactions.
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GLOSSARY

ACE - U.S.Army CorpsofEngineers

Alevins - Yolk-bearingsalmonlarvae.

Allele frequencies- Numberofgenesthatcodefor a particularsequenceofproteins.

Allozymes- PolymorphicproteinsdetectedthroughDNA analysisthat showgenetic
differencesbetweensalmonin differentriversanddrainages.

Amphipods- Small crustaceansusedby fish for food.

Anadromous- Describesfish that arebornin freshwater,migrateto sea,andreturnto
freshwaterto spawn. Examplesincludesalmon,sturgeon,shad,andsmelt.

Autocorrelation- Interactionsamongmeasurementsthatmakerelationshipsbetween
measurementsdifficult to understand.

Bathymetry - Describesthebottomconfigurationofbodiesof water.

Biomass- Totalmassofall membersofa givenpopulation,community,or otherstudy
group. It is ameasureoftotalbiological quantity,withoutregardfor detailssuchasage,
gender,or species.

BKD - BacterialKidney Disease.A serioussalmoniddiseasethatcancausedeathor
seriousimpairment.

BLM - BureauofLandManagement

Branchiostegalrays - Pairedstructuresoneithersideandbelowthejaw thatprotectthe
gills. Countsofbranchiostegalraysareusedby taxonomiststo identify fish.

CCWD - ContraCostaWaterDistrict

Cladocerans- Small crustaceansusedby fish for food.

Cline - A gradualchangeinphysicalandgeneticcharacteristicsovera geographic
transect. Forexample,thenortherndineoflongfin smelthaveshorterpectoralfins than
theirsouthernneighbors.

cfs- cubicfeetper second

179



Copepods- Small crustaceansusedby fish for food.

Chroniatophore - Cellularorganellecontainingpigment.

CVP - CentralValley Project

Delisting - Theprocessofremovinganendangeredor threatenedspeciesfrom the
endangeredspecieslist.

Demersal- Sinksto thebottom. Refersto atypeof fish eggthat sinks,ratherthanfloats.

DFG - CaliforniaDepartmentofFishandGame

DWR - CaliforniaDepartmentofWaterResources

Entrainment - Movementoffish by currentsproducedby diversions..

Euryhaline- A speciesthattoleratesawide rangeofsalinities.

FERC - FederalEnergyRegulatoryCommission

FMWT - Fall midwatertrawl survey,conductedby DFG since1967.

Fry - Thefirst free-swimminglife stageof asalmonid.

Heterocercal- Shark-liketail, with theupperlobelongerthanthelower lobe.

Hydrograph - A recordof river flow overtime.

IHN - InfectiousHematopoieticNecrosis.A serioussalmoniddiseasethat cancausedeath
orseriousimpairment.

Introgressivehybridization - Hybridizationthat involvesexchangeofgenesinto the
parentalgenome,resultingin analterationoftheparentalstock.

Isohaline- An artificial line denotingchangesin salinity in abody ofwater.

Meristic - morphologicalcharacters

Mixing zone- Theareain anestuarywhereseawaterandfreshwatermeet. Themixing
zoneis characterizedby highproductivityandsalinitiesof around2 ppt.
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mS/cm - MilliSiemenspercentimeter,a measureofelectricalconductivity(amountof
ions) in the water. Often usedas a surrogatefor salinity.

NMFS - NationalMarineFisheriesService

Nuchal hump - Protuberanceon thefishes’nape.

ODFW - OregonDepartmentofFishandWildlife

Operculae - Bony platescoveringfish gills.

p - A statisticalabbreviationfor theprobability ofananalysisshowingdifferences
betweenvariables. A p <0.05meansthat thereis lessthanafive percentchancethat the
relationshipbetweenvariablesis randomandnotexplainedby thestatisticalcorrelation.

Parr - A juvenilesalmonid,generallythestagebetweenfry andsmolt.

Pelagic- Living in openwateraway from thebottom.

PG and E - PacificGasandElectric Company

Phytoplankton - Microscopicalgaethat form thebaseoftheaquaticfoodchain.

Planktivores - Fishthateatplankton,eitherzoo- (animal)orphyto- (plant)plankton

Piscivore- Fishthat eatotherfish.

ppm - partspermillion

ppt - partsperthousand

r - A statisticalabbreviationfor thecorrelationcoefficient,ameasureofthe linear
relationshipoftwo variables. Thecloseranr valueis to 1.0, thegreaterthe linear
relationshipandthehigherthecorrelation.

- A statisticalabbreviationforthecoefficientofdetermination,thesquareof the
correlationcoefficient. This term is usedwith regressionanalysisandis theproportionof
a totalsumofsquaresthat is attributableto anothersourceofvariation. As with r, the
closerr2 is to 1.0, thehigherthecorrelationbetweentheregressedvariables.

RBDD - RedBluff DiversionDam

Redd - A spawningnestmadein thegravelbedofariver by salmonor steelhead.
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Rotifers - Microscopiccrustaceansusedby fish for food.

SBI - StripedBassIndex,developedby CDFG to trackchangesin thestripedbass
populationin theDelta.

Sniolt - Thelife stageofasalmonin whichphysiologicalchangespreparethe fish for
transitionfrom freshwaterto marinelife. Usuallymarkstheonsetofactivedownstream
migration.

SL - Standardlength,measuredfrom tip ofthesnoutto hypuralbone(approximately
origin ofcaudalfin).

SRI - SacramentoRiverIndex

Swimbladder - A gas-filledorganthatallowsfish to maintainneutralbuoyancy.

SWP - StateWaterProject

SWRCB - StateWaterResourcesControlBoard

TL - Total length,measuredfrom tip ofsnoutto endoftail.

USBR - U. S. Bureauof Reclamation

USCG - U. S. CoastGuard

UCD - UniversityofCalifornia,Davis

USDA - U. S. DepartmentofAgriculture

USEPA- U. S. EnvironmentalProtectionAgency

USFWS - U. S. FishandWildlife Service

USGS - U. S. GeologicalSurvey

X2 - The distancefrom theGolden GateBridge to thepoint atwhichdaily averagesalinity is
2 partsperthousandat thebottom.

Zooplankton - Microscopicanimalsthatarefood to manyDeltafish.
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