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I. Introduction

A. Purpose of the Report

The purpose ol this report is o provide information on the use of the Environmental Water Account
(UEWA)) ﬂjor anadromous smﬂm@nﬁ:&]s (C]l]l]i]ﬂl@@]l& salmon and s[kee]”lneald])). We describe ]EWA ﬂmpﬂemen&a&ﬂ@n pr@ceﬂlmres,
expﬂmn how decisions on the use of EWA waler were made, and describe the assessment of the p@ﬂ:@n&ﬁﬁtﬂ Li@ﬂ@g}flcaﬂ
benelits of EWA actions. The reporl was prepmreaﬂ for the CALFED Science Review Panel and other parlies
fln[[eres[keaﬂ in U:Jlne ]EWA W@ review [[Jlne outcome in 2@@@-2@@“ Mll@ ﬂ:fmsl year wfl[kﬂn Mﬂle ]EWA a]nmﬂ pr@wfmﬂe an

assessment of the mccomphshmenﬂ:s and limilations we encountered. ]F]‘umaMy we describe the information needed

from a science program sﬂmnﬁlp@]’ln& to improve the ﬂmpﬂ@memlah@n and evaluation of the EWA in the fulure and

recommend cﬂmnges in EWA ﬁmpﬂemenlah@n for 2001-2002.

This reporl is ome element of the I]lescrﬂ]ph@mn of the EWA prepmreﬂl for the CALFED science review
process. There are two other reporls, “Summary Rep@rl of the Jume 21. 2001 Salmonid W@rﬂ(sﬂmp for the CALFED
Environmental Waler Account and “Environmental and Institulional Bmcﬂ«gr@unﬂl for the CALFED Environmental
Water Account” ]p]]‘@]p)iu]l‘edﬂ in Seplemher 2001 ]lny the CALFED EWA Science Advisors (Brown and Kimmerer
2001 a. b). We refer the reader to those reports for hacﬂ«grounmﬂ information on the EWA, the environmental
setting and the species [laurg]elem]l for protection using the EWA. T]lney also pr@vﬂlﬂe an acconnl of EWA uses and
discussion of [actors relaled Lo the ]l:m‘lo]l@g]ima]l benelits of EWA aclions.

The use of the EWA for delta smelt in 20002001 15 described in a separale reporl. A]l[k]lmugﬂn a

separale report was ]p)re]paredl for delta smelt, we al]lwaly§ fln[leglrmleaﬂ information on salmon, steelhead and delta smelt

in maﬂdng decisions regmrﬁ]ﬁm&g} use of the EWA waler.

EWA science advisors Drs. Ramﬂly Brown and Wim ]Kﬂmmerer, as well as several other agency ]L:ﬁmﬂ@gﬁs[ts,

revﬁewe«ﬂ an eal]r]l]'le]r «Jl]raﬂjﬂz @ﬂj [kﬂn]'ls u‘ce]p@]r[k ammJl pu‘@wﬂ«ﬂe&l ]lne]lpﬂ:un]l comments.

B. Pur]p)«»se @ﬂ: [H}MB EWA

Tﬂ'ﬁe EWA is ]P)ﬁl]r[k 0[F ﬂ:ﬂ'ﬂ@ (CA]:L]:FIED Bﬂly D@]lﬂ:fﬁl, Pr@gr\ﬁlm Wﬁl“ﬁ@]r mﬁtnﬁlg@m@n& ]p]r‘@g]r‘ﬁlm ﬂn&@nﬂﬂe(ﬂ ﬂ:@ ]p]r‘@wfldl@
environmental prolection [or Bay—De“a ]Es[mary fish in addition to that provided ]By the exisling regunﬂal@ry
baseline including the State Water Resources Control Board (SWRCB) 1995 Bay Delta Waler Quality Control
Plan (1995 WQCP), ]Emﬂang]e]re&] Spr&«:]’les Acts (ESAs) ﬂ)ﬁ@ﬂogﬁcaﬂ opinions relalive lo the ellects of Central VaMey
Pu‘@j}@d (CVP) and Stale Waler Pr@jed SWP) operalions on listed Tish species (@p@rah@n Crileria and Plan
(OCAP) @p]in]i@ns)). and the Cenlral Vﬁl”@y Projed Hmpr@wememl Ac (CVPIA). The 1995 WQCP prescrﬁﬂmes
waler qua]lflly. flow and other standards to prolect the various benelicial uses of waler in the Bay-Deﬂﬂa. The
OCAP opinions specﬁwy lerms and condilions for the operalion of the CVP and SWP facililies upslream and in
the Delta in relation to elfects on four listed species ol lish: Sacramento River winler-run chinook salmon, Cenlral
Va”ey spring-run chinook salmon, Central VaMey sleelhead and delta smelt. The OCAP opinions include
incidenlal lake stalements thal specily “take" limits for each species. The CVPIA is a broad federal law that
includes, in Section 3406(b)(2), the dedication of 800,000 af of CVP water mrmnum”y to be mmnmg}@ﬂl for Tish
andl wﬂ]la”]’lﬂ:e purposes (ﬂ»@) wmlelr)). Tﬂne EWA is ﬁn[hermdlex}l lo pu‘@wﬂ«ﬂe su”ﬁcﬂen& waler, comﬂmﬁne«ﬂ wil[l]ln
implementation ol the CALFED Ec@sys&em Restoration P}mg}ram (ERP) and the existing baseline rreg]u]la[[mry
requirements, Lo address the CALFED fishery prolection and restoralion and recovery needs.

Tﬂne ]EWA is ﬁm&en&l@«ﬂ lo improve waler sun]p]p)]ly re]l]ia]lmi]l]'l[ly ﬂ:«»r CVP/SWP waler users. @m: SQW(E]F&][
occasions in recenl years, unmnl]’m]’lpm[&@ﬁl reductions in CYP/SWP Delta exporl pumping were requflreaﬂ when the
CVP/SWP exceeaﬂe«ﬂ an ]ESA &a]l&e ]lﬂmﬂ F@u‘ a ﬂﬂsle& species. T]lnese interruptions in pumping Jﬁmﬂnﬂsﬂne«l ﬂ]lne waler
suppﬂy from the Delta for CVP/SWP contractors. The EWA is intended to improve waler sunpp]ly re]lmllmiﬂﬂy umy
p]r@\vildlﬂrmg the means to reduce the impact to listed fish at the CYP/SWP al no cost lo project walter wusers, g]lrcea[llly
redlucflng the likelihood that unaln[[ﬂcﬁpalle«ﬂ pumping curltailments will be necessary im the future.



The EWA s part ol a three-lier sel of assels for lish prolection. Tier 1 is the baseline water provided by
existing reg]uﬂm[kﬁmm and @]pera[[ﬂmma]l Hexﬁ}»flh[[y. Tier 2 is the EWA waler combined with the benefits of the ERP
that will allow water for fish without redlucflng deliveries to waler users. Tier I and Tier 2 are, in ellect, a waler
u»ud]g]rel for the environment and will be used to avoid the need for Tier 3. a commilment and ability of the
CALFED agencies lo make addilional waler available in the unlikely circumstance that it is needed. These
specﬁhc circumstances will be delermined ]l»y the fish recg]uﬂm[kory Managemen& Ag}encﬂes with consideration of the

views @ﬂ: amn Jimﬂe]p@mﬂenl science ]paumeﬂ.

C. Elements of the EWA
]I. @rf]gf]n @ﬂ: [kﬂne ]EWA in (CA]UF]E]D)
When the CALFED Bay-Deﬂﬂa Pu‘@gu‘am was ]l»eﬂrmgj «Jleweﬂ@pe«ﬂ. a leam of agency and stakeholder ]lm’l@ﬂ«»g]’ls[ks

referred o as the Diversion Elfects on Fisheries Team identified several deficiencies in the Fish protection pr@vﬂaﬂe«ﬂ
u»y the reg]mlﬂa[lm‘y baseline. The leam e)xp]l@reaﬂ oplions for the CALFED Pr@grﬁm to address these deliciencies.
One opltion was Lo add new @]prerm[[flona]l restrictions for the CYP/SWP Delta water diversion facilities. The EWA
was chosen as an allernalive lo adding new operating rules lo accomplish the CALFED reskoralion/ recovery goals.
The premise is that we can achieve more fish benelils per acre-lool of water used il we can make [[ﬂmeﬂy

Q]permhonﬁﬂ cﬂmng% when risk to Jlgey fish species is ﬂn]’lg}ﬂn. than ﬂny imposing new seasonal restrictions on

CYP/SWP pumping based on g]renermhze&l fish occurrence pallerns in the Delta.
2. EWA ﬁmpﬂemenﬂ:flng enlilies

The EWA s ﬂmpﬂemen&edl c@@pera&ﬂveﬂy ]}Dy the W@M@wﬁm&g agencies:

Nalﬁonmﬂ Marﬂne ]F]’ls]herfles Serw«:e ((NM]FS))

US F]’lsﬂn anaﬂ W]’]M”l]iﬂ:e Selrvfl(‘,e ((US]FWS))
California Depmﬂmen& of Fish and Game (DFG)
US Buu‘eau OW Recﬂmm@[ﬁ@n (HUSBR))

California Depar[[memni of Water Resources (DWR).

NMES. USFWS and DFG are collectively relerred lo as the EWA .‘Malmlmg]emen[t Agem&cﬁes" (MAs).
USRR mmmJl DWR are COHRCHWQ]Iy u‘eﬂjeuﬂre«ﬂ lo as M}le EWA “Pr@jed Agencﬂes" (PAS)) Tﬂne MAS mamnage H}n@ ]EWA

water, and other assels. and exercise their hﬁmﬂ@gﬁcmﬂ jun:&]g}menl lo delermine what SWP/CVP operalional c]lnamxg]res
are benelicial to the Bay-De“a ecosystem and or ]l@ng-[lerm survival of fish species, in:c]ludlﬁmng those listed under the

State and Federal ESAs. The PAs cooperale with the MASs in m&lmﬂmﬂslerﬂng the EWA. acquiring, conveying and
u»almn]l(ﬂm:g EWA waler: and mmﬂdng the @perahonaﬂ cﬂmnges pr@pmeaﬂ ]l»y the MAs.

3. Acquﬂsﬂ&ﬂ@n rusF ]EWA waler

The EWA oblains water by annually purchasing it from willing sellers both upsiream of the Delta (al
least 35,000 al) and in the area §uppheﬁl ]lmy waler pumpe&l from the Delta (150.000 af). Hnﬁ&ﬁmﬂﬂy, anolther
200,000 af of water and storage space are ko be purchased and managed by the EWA over time. An agreement
with SWP contractors to defer :r]]eﬂﬁvery of a porltion of their Delta water §ru1]p]p]ly ((u]p to 100000 af) from the
summer Lo the fall or winler also enhances ﬂ:ﬂexﬂlﬂh&y for Tish protection under some circumslances (source s]lnf]ﬂjh]mg])).

]F]’lnaMy, the EWA expecls lo oblain waler (200,000 af on mverage) from specﬁheaﬂ operahmmxm] and insltilulional

arrangements, in variable amounts each year Jepen&lﬁng} on the ﬂnyﬁlr@ﬂ@gy (variable lools).
4. (Cﬂmngw lo CVP/SWP operalions lo benelil fish

The EWA assets can be used lo augmenl river and Delta [lows and o reduce exporls lo provide fishery
benelits. [n 2000-2001 all EWA uses were for Delta export reductions. [n most cases. inflow was unchang}mﬂ

when exports were reduced: hence, Delta outllow was increased. EWA increased [lows on the lower Yuba River



downstream to the Delta dlmrﬂrmg the summer months when water pumﬂlaseaﬂ [l»y the EWA was released [rom

reservoir storage, [lowed to the Delta, and was diverted into San Luis Reservoir lor the EWA. On one occasion
im Felﬂ‘m@u‘y 2@@]1 [[Jlne ]EWA guaran&ee&l water to support maintenance oﬂj ”@w on Mlle ﬂ@wer Ame]r]’]:camx R]’wer in
the evenl there was nol enmﬂgﬂn b(2) water. however, the cost of this action was ultimately cﬂnmrgmﬂ against b(2).

]Exp@rl reduclions were undertaken based on W]’lsﬂnery moniloring resulls and crileria in a structured
decision maﬂdng process for juvenile salmon and based on a separale decision g]ufldlance document for delta smelt
(decision tree). We attempted to maximize the benelits of EWA use ]By timing the pumping reductions Lo
C@ﬂncfmﬂe wfl[len ]pe]rfl@aﬂs @F ]pceaﬂ( a]lwlmﬂance OF vuﬂm&eraumﬂe ﬂflﬂje stages @ﬂj Jl]is[ke«ﬂ species. ]Fm‘ exampﬂe. ]EWA aclions
were laken when j]unwenﬁ]lfe salmon were detected migrating into the Delta from upstream, or when CVP/SWP
enlrainment @ﬂj jjuwen]’lﬂe §aﬂm@n or aﬂeﬂﬂ:m sme“ was Jln]igﬂn. We aLJl§<(» cmnsﬂ«ﬂereﬂl [[Jlne current rale aumaﬂ cumuﬂmﬂﬂve
seasonal total CVP/SWP entrainment of the threalened and en(ﬂangereaﬂ fish species relalive to “take™ limils in
OCAP opinions. EWA was used. and will be used each year, for part of the SWP pumping reduction aﬂunng the
Bﬂl—ﬂlay (Aprﬂﬂ—May)} Vernalis Am]lm]p[kﬂve Manmgemenl Plan (VAMP). VAMP is a ﬂ@]mg]—[k@]rm evaluation of the
eHech @ﬂj Sa]m J]oaqu]in R]’weu‘ H«»w aumﬂ CVP/SWP pumping rate om jjuw@n]’lﬂe smﬂm@]m Fr@m Mlle Sﬁn H@aqu]’m R]’wer
tributaries, related to the 1995 WQCP and the OCAP opinion for delta smelt. In praclice, the needs of
salmonids and the delta smell provided the primary justificalion for EWA actions, however, benelits for other

Delta fish were expedeaﬂ to occur.
The criteria, decision process, and the aclions and benefils of using EWA are described in this reporl.
b. Acﬂnﬂewng} waler sunpp]ly re]lm]lmihly

The EWA waler is transferred 1o the PAs 1o T@HDH&C@ projeclt smlpphes ﬂmlerrup&eﬂl ]l)y reductions in Delta
exporl pumping called for by the MAs so that the increased fish protection is accomplished withoul effecting the
amount or liming of waler deliveries lo the waler projedsQ conlractors. In this way the EWA achieves the
CALFED goal of increased waler supply reliabilily, al the least cost with respect o effects of fish restoralion and

recovery elforts.

The MAs deem the EWA 1o be noperahmnmﬂ" in any omne year when the 200000 af of stored waler (or
funclional equivalent) has been acquired. and if the annual 185000 af of purchased waler. a source shifting
agreemenl for al least 100,000 al. and the variable tools for @ﬂm&mﬁnﬁng EWA waler are all in place. Up@n
delerminalion thal the EWA is 0]»@11*&&1’1@111@]1. the project conlractors a]mnua]lﬂy will receive the commitment, sml]l»jed
to ]lreg]a]l requirements, that there will be no reductions in CVP or SWP Delta exporls, beyond the existing
regulatory levels, resulling from measures to prolect fish under the Federal and State ESAs.

6. Coordination of EWA with other waler managemenl acltivilies

Hmpﬂemen&mﬁﬂ@n of the EWA requires exlensive coordination among a variely ol water management
acltivities. Coordinalion with the PAs operalors and administralors is needed lo mcc@mphsﬂ‘n the acquisilion,

managemenl (C@nweyance. storage and transler), and accounting of EWA assels. EWA impﬂem@n&mﬂﬂ@n is

coordinated with managemen| of the CVPIA b)) waler [Hlnroucg]]h the b(2) Hmleragency Team. Polential EWA and
b(2) waler use [kﬂm‘@ungﬂn the year is shown as m@nﬂ]ll]ly "pﬂaceﬂmﬂdlers" in CVP and SWP operaltions forecasts for the
coming year. These 12-month lorecasts are updated each month based on new ﬂnyﬂl]m]l@g]ﬂcm]l informalion. The
“pﬂa@eﬂmmers" also are a&ljus[le«l «ﬂepen&l]’lm&g on how much EWA or b(2) waler was used in the previous month and
whal reservoir releases and pumping rales are forecasted for the months ahead. Placeholders corresp@n«ﬂ to time

peu‘]’lmﬂs when EWA use is Jl]iﬂ«ceﬂy based on the life Jlnﬂs[lmry of the lish species and experience im previous years, but
decisions to use EWA are made based on the actual circumstances that arise. The CALFED EWA Coordinator
pﬂay§ a crilical role in overall EWA ﬂmpﬂ@menl{ah@n.

D. ]Expeclali@ns from EWA science review

In the final section of the report we list conclusions and recommendations based on our experience with



[[Jlne ]EWA in 2@@@-2@@1 We aﬂesmrﬂ]l)e [kﬂne accompﬂisﬂnmen&s anaﬂ ﬂ]’lmﬂﬂ:ah@m&s @W Mﬂe ]EWA program, ]p]rowfmﬂe a ]ﬂ§[l
of science-related elements needed to improve our unﬂlerslandﬂng of the ecosystem and lo imcrease EWA

ellectiveness, and propose cﬂnang]es in EWA impﬂemen[{aﬂmn for water year (WY) 2002, We welcome a critique of
our conclusions and recommendalions u:»y the Science Review Panel and other parlicipants im the review process, in
Jl]ig]Jln[l OW Mﬂe ﬂnF@u‘maH@n presenleaﬂ im alJ”] ]EWA reporks anaﬂ ﬂnaseaﬂ on interaction wﬂﬂn us aﬂtuur]'umg Hlne @:c[[@ﬂnelr 2@@][

review sessiomn.



1. Fish Protection Plans and Decision Processes

An aﬁlwan&ag@ ol the EWA is thal it pr@wﬂaﬂes the ih]ll!ﬂﬂ]iﬂ:y to take focused actions to reduce project ellects
Aurﬁng} the most appropriate limes c@mpareﬁl to prescrflﬂmng new rﬂg]ﬂdl @pera[[ﬂmma]l requirements for the CYP/SWP.
This assumes the highest elficiency. in terms of fish benelits per al of waler used for fish protection. will be
allained ]By ma]l{ﬂng] decisions about using the water based on real-lime assessments of [ish pr@]lm]lems each year.
Actions are taken when real-time assessments delermine that the most fish are ab the greatest risk rather than

Aurﬁng a lixed lime period each season, as delermined [rom generahzeﬂl fish migration patlterns.

Decﬁ«ﬂﬁng when 1o use EWA waler 1o cﬂmnge project operalions to achieve the most benefits for salmonids
im Hlne Deﬂ[{a requires ﬂgnmwﬂeaﬂge oﬂj [kﬂneﬂlr movement wfl”nflml Hlne Cenhaﬂ Vaﬂﬂey Rﬂwers aumJl [kﬂne timing oﬂ: lﬂneﬂr
arrival in the Delta. [t also requires that the relative benelils of polential actions are known. M@n]‘l[tmr]ing]
juvenile salmonids is conducted by sampling al many localions either seasonally or year-round. Most the
salm]pﬂﬁng] programs ]l»e]‘lmug] relied on lo describe the movement and distribution of fish within the syslem were parl
of ongoing life history, habital use, and survival studies and have been adapled as necessary ko help meel the real-

lime informalion meeds of Fish protection ]pﬂams and EWA ﬁmpﬂemenlah@m&.

(C]losflng] the Delta Cross Channel (DCC) gales to reduce the number of young salmon from the Sacramenlo

River entering the central Delta, where survival is lower, is an important baseline fish prolection measure. The

1995 WQCP. waler r]ig]l‘nl Decﬁsﬁ@n ﬂ@‘ﬂﬂ (D—H@‘}HU) anmﬂ @(CAP opinions Wor c]lnﬁnoo]lg saﬂm@n (NM]FS H995, NM]FS
2®@H) ﬂ”equﬂﬂﬂ”e ‘l]lle D(C(C g@,ﬂ:@s Il))@ Cﬂ@§@flﬂ ﬂ:]r@m ]F@]l)]l‘mlaul‘y ]I H}l]}"@ugﬂn Mﬁly 2@. ’]I‘]lley ﬂ]lS@ pr@w]‘l(&l@ [F@]r C]l@su]]‘(e ﬂ:@]l‘ up ﬂ:@
46 Alalys (]lurﬁng] November 1 M‘mug}]ln Halmmmry 31 for Fish prolection, al the discrelion of the Fﬂs]hery agencies.
Decisions regmwﬂﬁng} DCC gate operalioms im November — J]ﬁnuary are made ]lny the same pe@p]le maﬂdng decisions
on EWA aclions lo reduce exporl pumping, using some of the same ]l»]‘l@]l@cg]ﬂcm]l informalion. Therelore, both DCC
operations and EWA aclions are included in the prolection ]pﬂmm and decision process. Because the DCC gales are
mﬂways closed from ]Feﬂmumry I- May 2@, no decisions regar«ﬂﬁng DCC operalions were necessary aﬂu}r]’lng} this Lime
period. The DCC gales also are closed by USBR when Sacramento River lows al Sacramento reach 25000 «fs
— 30.000 «fs to avoid causing channel scouring and H@@aﬂﬂng} problems in the inlerior Delta. The gales also may
be closed for up lo 14 I]lays [rom Mmy 21 [l]lnr@ug]]ln June 15 to prolect salmon and other anadromous fish such as

shﬁpe&l bass larvae and j]uvemaﬂ]lces.
A. Sources of dala on relalive abundance. distribution and movement of j]uwermfl]le salmonids
1. M@n]‘lﬂ:@r]’lng upstream of the Delta

USFWS and DFG monitored for j]uvemaﬂ]le salmon and steelhead year round al several mainslem
Sacramento River localions and seasonally in several Lribularies, beginning in the fall and conlinuing through the

winler and spring as slream conditions allowed ((]Fflglmre 1. Table 1.

The primary method of samphng upstream is the rolary screw lrap (RST. a passive samphng} gear that
can be @peraﬂe«l on a near]ly continuous basis and checked peu‘]’lmﬂfl:ﬂa”y. Catch data from [[Mu»u&m‘y streams are used
lo define the onsel and suﬂnsequemﬂl paltern of juvenile salmon migration [rom tribularies Lo the Sacramento River.

Data from main-stem mmphng locations are used to track progress of downstream migralion towards the Delta.
2. Monitoring in the Delta

Relative abundance and temporal distribulion of juvenile salmon and steelhead on the lower Sacramento

River were measured using a beach seine al reﬂcg]]h[t samphrmg stalions al siles on the Sacramento River belween

Ver@nm aunmﬂ (Galml'lm Ben«ﬂ ((Ta]hﬂe ]1 ]Fﬂg]luure 2))

Kodial ﬂrmwﬂﬂng was done near Sacramenlo al the enlrance lo the north Delta. three «Jlﬂys per week, to
eslimale the relalive abundance and [tem]p@ral]l distribulion of j]unwermfl]le salmonids. On the San H@amﬂmﬂm& River at

Mossdale (RM 56). ten twenly-minule tows were done with a Kodiak trawl, three aﬂmys per week, to estimale



juven]’lﬂe saﬂm@n movemenf ﬂ:lr@m Hlne Saum J]maqufl]m waeu‘ syslem ((]Ff]guu‘e 2))

Midwater [krawﬂﬂng] was also done in Suisun ]B;ay al (CJlnﬁp]m [sland to estimate the &emp@rmﬂ distribution of
salmon ]laeawﬂng the Delta and continuing their migralion lo the Pacific Ocean.

3. CVP/SWP fish facilities moniloring
The CVP and SWP waler diversions in the southern Delta both have Fish saﬂvmge facililies designed to

screen lish from the Delta water diverted for expork. In addition to saﬂwag]’lng} fish, the Fish saﬂwag}e facilities are a
g]@@Al moniloring device, al”@wﬂng] the collection of important Lﬁ@ﬂ@gﬁcmﬂ information. The saﬂvage Tacililies operale

whenever the projects are pumping water.

The PAs conduct this moniloring lo ]heﬂ]p estimate the direct adverse impact of the Delta exporl facilities
on W]’llen ﬂ:@r mitigation, andl Fm‘ ]ESA r@guﬂaﬂﬂ@n.

B. Saﬂm@n Decﬂsﬂon Pr«»cess

A proce«ﬂuu‘e for C@nsfmﬂerﬁng relevant u»mﬂ@g]ﬂcaﬂ informalion was established and spe«:]‘lhc criteria for
pﬂnysfmalﬂ and ﬂ»ﬁ@ﬂ@gﬁcmﬂ moniloring dala were Jeveﬂ@peﬂl Wrmm historical ﬁnf@rmm[ﬁl@n. T]hﬂs pr@wﬂdlef]l an
undlers[kan&ling oﬂj ]lmw amﬂ on w]lml [lmsm Alecﬂsﬂ@ns W@:UM ]he mmdle regar&ing D(C(C gale cﬂ@sunres aumntﬂ use @P ]EWA
and b(2) for reductions in CYP/SWP exporl pumping. The criteria were Aeweﬂ@pe«ﬂ to ]}ne]l]p Lﬂ@ﬂ@gﬂs[&s ﬂ:&]en[l:flﬁy
sﬁgnﬂﬂjﬂcmml fish migration events [rom monitoring resulls and delermine when fish protection actions should be
laken. The crileria were a}]eveﬂope«ﬂ pr]’lmmr]’lﬂy [rom observalions of salmon migralion from 1995 [Hlnr@uag]]h 2000.
All of these years were characterized ]lmy grealer than average precipitalion and re]la[lfwe]ly ]lnﬂgﬂn flows in Cenlral

Va”ey rivers and the Delta. However, in 2000-2001 [ows were n@[l:mﬂ»]ly lower and Delta condilions were

suﬂmslanﬂﬂaﬂ]y «Jl]iﬂ:ﬂ:erenl Fn‘@m [[]lm']s earheu‘ ]ln]is[k@r]'lca]l ]IBE][‘]'[@«JI wﬂn@]m saﬂm@n migra[ﬁ@n ]lnau]l u))een m@nﬂﬁ@redl.

The liming and characleristics of the EWA fish prolective aclions were based on a decision tree for the
@c[to]hrer [Hh]rmug]]h J]amuary perﬁmﬂ and a m@&l]‘lheﬂ decision [kree/pr@«:ess [For the Ipellmrumry - J]umxe ]pe]rmaﬂ. T]lne
decision trees used specﬁhc crileria as lriggers for EWA actions. Chinook salmon ﬂargew than 70 mm fork ﬂeng&ﬂn
were the focus of salmon moniloring in the fall and winler. From the fall [Hln]mug]]h aboul the end of March,

sa]lm@n 70 mm amﬂ ﬂm‘ger, reF@rre«Jl to as "OMQE c]lnﬂmm@ﬂ(". comprise a mix o‘F Hale-ﬂja” rumn, yearﬂflng spring run, anﬁl

winler run. By the end of Mamh the “@;Mer a:]lnﬁmmmﬂ«" declined in abundance and some Y@Y spring-run and fall

run chinook reached 70 mm and Legan to appear in the Delta and at the CYP/SWP. In very wel years spring
run and fall run chinook fry (less than 70 mm) occur in the Delta in January and February.

1. Deweﬂ@pmen& of Lﬁ@ﬂogﬁcmﬂ erileria from historical imformalion
a. October — J]almnﬁury

Bﬁmﬂogﬁcaﬂ and ]hy«]lro]l@g]]‘ma]l crileria (([Lrﬂg]gers) were eslablished and wsed lo iniliate DCC gale operalions
and the EWA actions. The Decision Process (lermed Prolection Plan) lor initialing fish protective aclions for
October 2000 - J]m]mualry 2001 is described in, ]F]ig]urw 3 and 4. The Protection Plan includes the crileria
u»m]l@gm[ls used lo delermine if @]pelra[h'l«»nal]l cﬂwmrgjes for chinook salmon protection im the Delta were warranted.
The focus of the criteria «ﬂeweﬂ@pmen[{ and Prolection Plans is on older J’]uvenﬁﬂe chinook salmon. We assumed
aclions laken for salmon prolection would provide some benelils for any juvenile steelhead in the Delta al thal

lime.

The Protection Plan was @rgan]’lze«ﬂ 1o follow the migralion of juvenile chinook rom Iribulary streams
until Mﬂey leave the Delta. The status of migralion in the tributaries was estimated using RSTs in the mouths of
tributaries (Deer and Mill Creeks) and h]’lﬂ»u[km]ry flow conditions. When _]juwfe]mfl]lre salmon ((cg]real[ke]r than 70 mm)

were observed al the Iribularies mouth or an increase in daily tributary flows of greater than 50% was a [first
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alert to take polen&mﬂ protective action was imitiated. When Sacramento River flow rose [by 20% then a second
alert was exceeded. Under these bwo alerts we assumed j]uvermfl]le salmonids were migraling down the Sacramento
River toward the Delta where additional moniltoring at ]Kmflg]ﬂn[ks lamﬂflng and mear Sacramenlo occurred as moled

earﬂfler.

Three primary criteria were used between October and J]almmmry lo initiate actions in the Delta: the
]Kmn’lg]Jln[ls ]Laum:[ﬂﬂng] (C&[LCJLI ]I]I]MJLE}K (UK]L(C]D) Mﬂe Sacramen[[o (Ca[chln ]Lmﬂae)x ((S(C]D) an&l cﬂnﬂn@@ﬂ« ﬂ@ss al Mne QVP/SWP
The prewaﬁﬂﬁng} JinHow/rexp@rl level was a factor in Ale«:fmhng if export reductions were approprialte when catch
indices were grealer than 10.  Waler qualily conditions (salinily al key Della localions) also were considered in
Aecﬂmhng] whether calch indices below 10 should result in the closure of the DCC gales. Cﬂosflng the DCC gales
reduces the flow of lower mﬂf]nﬂ[&y Sacramento River waler Lo the central Delta. Thus. il waler quaﬂﬂly was poor or
Aeg}rmﬁlflng}, we did nol always recommend that the DCC gales be closed or remain closed when the KLCI and SCI
were belween 3 and 10.

Tﬂne S(C]I crileria were «Jlewell@peaﬂ ﬂ:u"@)m a review @ﬂ: Mn@ ﬂ:]'we grapﬂns @F cm&cﬂn aﬂa[ka Fr@m ]1995-2@@@ in
Appendlﬂx 1. The [me)—aﬂmy SCI ﬂnc@mp@rakeaﬂ both the beach seine and trawl information. Calch standardized to
ten twenty-minule tows per «Jlaly al Sacramento and 8 beach seine hauls per «Jlay belween Verona and Garcia Bend
on the Sacramento River was g]ralp]heaﬂ mﬂ@ng} with percenl Hlaﬂ]ly How c]lnalmxge al Colusa belween Seplemher I and
F@u»ru@lry 28 [F@]r ]1995-}1996 ‘lJll]]"@ug]’]l 1999-2@@@. Tﬂﬁe ]D)\ﬁ\[kﬁl ASS@SSm@n& ’]I‘@ﬁlm (DAT) Sﬂﬂm@n g]]r@u]l]p. m-ﬂldl@ up @ﬂ:
experienced slale and federal agency stall and stakeholders, nsed these g]]rap]hs lo delermine triggers based on
historical calches. Calch indices belween O and 3 [ish per «Jlay a]p]peare(ﬂ lo be Lacﬂ«gr@umﬂ levels in all years.
Because these umc]kgr@unﬂl levels were often observed [L]lnroug]]lnou[k the season they were nol interpreled as sﬁgnﬁhcmn&
pulses of juvenile salmon. Cateh indices grealer than 3 and less than or equal lo O were considered lo be above
u»ac]lgg]roummﬂ levels and were delermined lo warranl consideralion of prolection ((]pn:ssilﬂ»]lre DCC gale closures).  Calch
indices above 5 and less than 10 in these reference years &[p]p@mlreaﬂ lo be signﬂﬂjﬂcmnl ]Mll]l§e§ of salmon that
warranled prolecltion (bccC gale closures). Calches above 10 per aﬂmy were considered indicalive of major salmon

mﬂguﬂmh@n perﬂ@aﬂs in m” years an«l warrmnleaﬂ maxXimum pr@leclfl@n (UD)(C(C g]m[[e c]l@sume aumﬂ exp@rl re&luch@ns).

The KLCI was based on examination of the historical catch data in RSTs deployed al Knights Landing
since H995 Tﬂ‘ne index value was the [Lwo—aﬂaly running average oﬂ: chinook salmon calch per lrap Hlaly. 'Hnese index
values were ]pﬂ@Heaﬂ for Aug}us& ﬂ]hu"@ug]ln March of 1995-1996 1o 1998-1999 ((]Fl'lcg]m"% 5-8) and used to establish
values indicalive of the three levels of downstream salmon movement described above for the SCI. The KLCI and
S(C]I were «ﬂerfwe&l Wﬂ‘@m «Jl]'l”elren[t gear lypes mmm]l samp]l]’lng] strategies mmmJl were c«»mpuﬂe&l in «Jl]'lHjelrem:ll ways.
Nevertheless, the calch index values thal best described umchr@unA levels and the two ]lnﬁg]her levels of salmon
migration past Knighls Landing were. coincidentally. the same numerical index values established from the

Sacramento area saump]lﬂlmg dala, te. calch index values 3. 5 and 10,

Chinook loss at the SWP/CVP of grealer than 25 per day was identified as a sﬁgnﬁhcanﬂ: level based on
examinalion of the October-January salmon dala from the SWP and CVP [ish salvage facililies since 1995

((]F]igurw 5-8). Our inlenl was lo ﬁ(]len[kﬂfy patterns in the saﬂvage record to help hﬁoﬂ@gﬁsh recognize the time
peu‘]’l@(ﬂs w]lmmx exporl cmrlmﬁﬂm@n&s wom]laﬂ ]l)e mosk ce”@c[h’we. Tﬂne mmgnﬂ&ud‘e. Frequemmy aumJl aﬂuu‘ah@n oﬂj pem]l(s im
salmon enlrainmenl were examined lo delermine whal loss threshold should be used to g]uﬁaﬂe decisions on when and
for how long to reduce exporls ko achieve the grealest relalive benelils. During Oclober — January, in these years,
the Amﬁﬂy chinook loss rmngeaﬂ from O o over 200 per Hlay. with pea]l« enlrainmenl permﬂls [Lypﬁcm”y F@M@wﬂng
chinoolk migration puﬂses associated with [low increases in the Delta watershed streams. A aﬂm]ly loss threshold of
50 salmon per aﬂmy would ﬂc&lenhﬂjy the same g]enerm]l permﬂls of ]preaﬂ« chinook salmon entrainment as a threshold of
20 salmon per Alﬁly. The lower threshold lends 1o a]p]p]ly a lew «Hays earlier and later than the ﬂn]’lg]lm]r one, thus
Aehnflng} shg]]ln[l:ﬂy ]l@m:g]rer periods ol concern. Several epﬂs@dles ol ]lnﬂg]]h entrainmenl in the historical dala were
C@m]plr]is@dl pu‘]’lmau‘]’lﬂy @F saﬂm@n u‘eﬂeaseqﬂ ﬂjr@m [kﬂne M@ﬂ(eﬂumne R]’weu‘ Hmﬂ:cﬂn@ry. ’]Mnese are i&len&ﬂﬂjﬂeaﬂ on [[Jlne ﬂ:ﬂgmres
to Alﬂslﬁnguﬂs]ln them from ﬂn]‘lg]]ln entrainment epfls@aﬂes presume:&] to be late-fall run. yearhng} spring run or winler run

cﬂnflmm@ﬂ( saﬂm@n Fr@m Mﬁe Sacramenﬂ:@ R]’wer ]l])iilsli][!l.

The export/inflow ralio of 356% was chosen bo guide decisions on whether exporl reductions were necessary



il calch indices were greater than 10, To protect fish and wildlife beneficial uses of the waters of the estuary, the
1995 WQCP limits SWP/CVP diversions to 35% of Delta inflow belween ]Fe]hmmry and June. There is an
excep&fmn m“@wﬂng} up to 45% to UJ)@ «Jl]ivrer[leaﬂ in }Fe]lm‘ua]ry W@M@wing a very «Jl]ry J]mnua]ry. Du]r]'umg @c[[@ﬂnelr -
J]ammmry the SWP/CVP may exporl up to 65% of inflow. When the exporl pumping is less than 30%. exporls are
reﬂm&]’weﬂy Jl@w andl/@r ]D)e“m ]in”@ws are reﬂa&iveﬂy Jlnﬁgﬂn. Tﬂne 35% exp@r&/ﬂn“@w ﬂ]’lmf]& omn exp@rl pumping ]p]rowﬂaﬂes
some conslraint on the Aeg}ree to which exporls allect the [low patterns and the survival of migraling juvenﬁﬂe
salmon in the Delta. When we observed a salmon migratlion paltern or emlraimment loss rate defined to be

pr@}»ﬂemm[ﬂm umy the calch index and loss criteria, an exporl reduction is assumed lo be more benelicial when the

percent of inflow being diverted is greater than 36% than when it is less than 30%.

@[Hlne]r criteria ﬂaﬂenl]’lﬂ:fledl in [[Jlne Decﬂsﬂ@n Pu‘@ce% W@]r @cﬂo]lmer 2@@@ - ]]aumuaury 2@@]1 were not e)xp]l]icﬁuy
used o recommend an aclion. Specﬂhc groups ol coded wire [hﬂgg]eaﬂ Cwmn juvenﬂ]e late-fall run chinook salmon
H:]]‘@m C@Jl@mfﬁtn N@lﬂ:ﬂ@nﬁlﬂ ]:F‘]iSJl]l Hﬁl‘l@ﬂ'ﬁ@ry ((CN]FH) were ]r@Jl@ﬁlee(Jl neanr [Hl‘]l(e (C,N]:FH in N@Vemh@r. D@Cemh@r ﬂn(ﬂ
J]amnuwmy as “sunrr@ga[kes" to represenl emigraling juvenile spring rumn chinook. Within ]l@gﬂs[l:ilca]l constraints. these
releases were limed lo coincide with observed emigralion of yearling spring run chinook from Mill and Deer
creeks. These fish were tracked via upriver RSTs and delta seine and trawl moniloring and al the CYP/SWP
fish saﬂwuge facilities. [ the cumulative number of older chinook lost to the system al the Delta exporl facilities
(loss) of grealer than 0.5% of a §pec1‘1h«: CWT release group occurs al the CYP/SWP facilities a decision was
made as lo whal prolective action if any was warranted. Dala of CWT late fall From past years indicated thal the
trigger of grealer than 0.5% cumulalive loss has only occurred in three of 23 CWT release groups belween WY
19942000 (Table 2). During 20002001 period Lhese Lrigger levels were nol exceeded and thus loss of

surr@g}m[[es" was nol msed lo junshWy any of the actions taken in the year.

Kodiak [krawﬂﬁmxg al Mossdale was uselul 1o Jidlenhﬂ:y the migralion liming of fall run chinook salmon on
the San Joaquin River. In addilion, the lengths of fall run caplured in the Mossdale trawl were compared with
Sacramento and Wacﬁﬂﬁly ]le]mg[l:]ln distribulions lo ]lneﬂp delermine the source of winler run sized salmon observed.
(@ccasi@naﬂ]y. San H@aquﬂn ]lmsﬂ]m ﬂij run migrale at a ]laurg]e]r size a]nmﬂ owce]rﬂa]p W]i[l:]ln Mne winter run size range on
the Sacramento River) No specﬂhc calch index or aclion crileria were established for the Mossdale moniloring
site. Tﬂnﬂs ﬁnﬂj@rmm&ﬂon was us@(]l lo «ﬂeﬂermﬂne wﬂnen saﬂm@n F]r@m Saum J]@aqun]’lmn R]’wer [krﬁ]lmullarﬂes mﬂgﬂn& 1»@

ﬂ»eneh“ﬂng from an action, bul nol lo pr@vflﬂle the sole jus[l:ilh«:ahmm for an aclion.
b. ]F@:[Bruary — June

The decision process ﬂma]‘l[k]‘lm”y covered Oclober l]lnroug]]ln March. Malmly of the jushhcm[ﬁ@mxs for decisions
made in the @m&@]lneu‘-]anmau‘y ]perﬂml described above, al]p]pﬂy to the ]Feﬂm]ruary [[]lnr@ug]]ln March perim]l. with a lew
cﬂnmnges described below.  The DAT Aleve]ope&l a modificalion of the Oclober — Hanuary decision process for
]Fel»rumry and March ((]Fflg]ure 9). Modilications were needed for the F@H@wﬂng} reasons: the DCC gales were lo be
closed [rom ]Feﬂ»ruary I [Hlnroug]]h May 20 under the exisling Bﬁ@ﬂ@gﬁcmﬂ @p]‘mmns, there were unusua“y ]lnﬁgﬂn salmon

losses occurring al the CVP/SWP diversions, and desire to incorporale crileria lo minimize losses of juvenile

steelhead and adult delta smelt.

The DAT developed the Fehruary—Mmr«:ﬂn decision process in response lo a few weeks of Huﬂg]ln salmon loss
«Jle]nmf][h’]es ((F]is]ln per aﬂ: @ﬂ: waler aﬂﬂwerleaﬂ). a cﬂﬂm]lm’nmg cunmu]laﬂﬂve winter run c]lnflmm@ﬂ( &m]l&e. al]maﬂ a W]’lnﬂe amounl @ﬂ:
EWA assets. When ﬁmpﬂemenﬂ:ﬂmg the aclual exporl reductions with EWA waler Alu]r]i]mg] ]lnﬂag]]h ]l@ss—«]]emxsﬂ[[y perﬁmﬂs,
DAT considered whether otherwise-scheduled exporls or exporl reduclions would meel Lhe MAS exporl reduclion
g]ma]l for Fish proleclion, and. how much EWA waler the MAs had allocaled for Della smelt prolection from Ap]rﬁﬂ
[l]lnr@ug]]ln June. Thus, DAT defined the expork reduction levels in the decision bree as g]e]mer&]l g]@al]ls and did nol
follow them s[krﬂc“y.

Winter and spring rum salmon, steclhead and Delta smelt take limils were criteria for reinitialing
consultation under the ESA. The PAs and MAs used the criteria to altempl to avoid reaching or exceeding the
lake limils, and lo delermine when to use EWA water for this purpose. The DAT monitored the Hlaﬂ]ly and

cumulalive salvage and loss levels frequently and compared them to ESA take limits to determine when to use



EWA watler to avoid adverse [ish impacks and o anticipate whether a concern level would be exceeded.

The DAT Aeweﬂ@peaﬂ a decision process for ]Feﬂnruary [l]lnroug]ﬂl March used as g]mlﬂ(ﬂatm:e for the rest of the

winler and spring months. The ]Fel»rualry lﬂnr@mgh March decision process had basic alert and action crileria
similar lo the October — January decision process, bul with changes including the following, by region:

(m Ups&remm — Sacramento. San J]@aqum

DAT replaced the juvenile salmon emigralion from their natal tribularies crileria with criteria related to
emigralion lﬂnr@ugh the lower Sacramento River. DAT assumed winler and spring run chinook had left or were
about to leave their nalal tribularies, and were in the mainstem Sacramento River closer to the Delta, and

therefore closer to the Delta exporl pumps.

DAT used the RST at Glenn-Colusa Hrrﬁgah@n District (GCID) as an carly warning emigralion crilerion

on [[Jlne mainstem Smcramem&l@ ]R]’welr. (G(C]HD) was aﬂ@wnﬂream oﬂj winlter an«ﬂ spring run chnﬂn«»@Jl« spawning areas iil.]lMJl

was an appropriale localion lo delermine ear]ly signs of emigralion.

DAT revised the criteria for KLCI and SCI from triggering pumping reductions al indices of grealer
thanlO salmon/day o “concern alerls al grealer than 9/day in February and less than 15/day in March. In
Hanma]ry, we rec@gn]’lzeaﬂ that with a dry year emigration pattern and some juvenile salmon scattered [E]h]r@ug]hmﬂl the

Sacramento River and Delta, we were not a]lways able lo accuu‘mleﬂy p]reaﬂfld when salmon numbers would increase

al the CYP/SWP using cabches al ]Kmxﬂg]]h[[s ]meﬂflng] and Sacramenlo.
Durﬂng} the Firsl two weeks in A]p]r]i]l, and prior to the VAMP. the DAT monitored the YOY fall run

emigranls from the Sacramento and San Joaquin basins to delermine if the YOY needed protection prior o the

VAMP. DAT did nol (]lrewe]l@p quantilative salmonid criteria for this lime permﬂl.
(2 Delta moniloring

DAT omitted the DCC closure criteria from the decision process because Lhe gales were lo be closed until
May 2@ unaﬂer an existing @CAP Lﬂ@ﬂ@gﬂcaﬂ opinion ﬂj@]r winter run.

DAT revised the salmon and delta smell calches in Delta surveys [rom fish prolection aclion crileria lo
earﬂy warning alerls. (See delta smell report)

((3)) SWP/CVP aﬂﬁversmns

DAT revised the crileria associaled with a Delta exporl reduclion from calch indexes al Knﬂg}]h[[s ]meﬂ]i]mg],
Sacramento, and loss al the CYP/SWP Delta exporl Tacililies Lo lake densily (Fish per acre-fool diverted) al the
Delta exporl facilities @n]ly. We learned from our experience in J]mrmualry thal we were nol able lo ]p]reaﬂﬂd when
chinook would be taken at the Delta exporl facilities based on upstream calch indices once salmon were wflaﬂeﬂy
distributed in the river system and Delta. DAT revised the Delta exporl fish prolection aclion and the loss level
criteria from a one-lier recommendalion to a two-lier recommendalion o accommodate the limited EWA assels and
the unusuﬂa”y ﬂnﬂg]]h chinook take this year. The First tier loss crileria al the exporl facililies was either grealer
than 25 salmon per day or grealer than 8 salmon per thousand al. The first tier fish protection action was to
reduce exporls for three Almys al the SWP 1o 6,000 ols or al the CVP 1o 3.000 A]epenﬁlflng on where the grealest
lake was occurring. The second tier loss crileria was either 100 salmon per Alﬁly or 15 salmon per thousand acre
feel. The second bier prolecltion aclion was lo reduce exporls for 3 dlalys al the SWP 1o 4.000 cfs or at the CVP
lo 2000 cofs at the CVP «Jlepen«l]’lng where the losses or densities were ﬂn]’lg]]lnes[l.



]HHI Hmpﬂemen&a&ﬂ@n in 2@@@-2@@]1
A. Pwocess ﬂ:rus]r (Jlecﬂsfmns on using ]EWA waler

I. Data collection and reporking

The USFWS and DFG collected most of the ]lnﬂ@ﬂmgﬂrcmﬂ data. DWR and USBR collected most of the

operalions and waler q]unal]lﬂ[[y data. Whenever possflhﬂe, the ]l:»]‘l@]l@g]]‘l«:a]l dala was normalized for trapping elfort.
There were many fish moniloring sites and many different fish collecting devices. The data from one site was not
equfwaﬂeml lo the data from another sile in absolule lerms because there were mo e”fmﬁency calibrations. [Field
collection offices transmitted their data in mxealrﬂy “real-lime  lo enable the MAs and PAs lo make decisions in
nreaur]ly “real-time . and to enable more operm[kﬁmmm]l Hexﬂﬂ»ﬁﬂﬁ[&y. Each field office submitted their data lo an
interagency Internet database. ’]I‘Jlney submitted their data either Alaﬂﬂy. or weeﬂ(ﬂy aﬂepemﬂﬂng on the decision makers
needs. The agency and stakeholder lbm]l@gm&s were able lo access a tabulaled summary of the data from the
[nternet whenever needed. Agencfles further summarized. gra]lenechl and ﬂnler]plr@leaﬂ the data to Jlleﬂp make decisions
and disseminated il Hh]mugﬂn email.

2. Data Assessment Team

The CALFED @perm[ﬁ@ms Gr@up (CALFED @ps)) z&]esﬂgnm&eﬁl the DAT coordinate the informalion and
dala needed to help make recommendalions on how lo operale the waler projecls Lo prolect fish. The DAT helped
determine whal kind of ﬂ»ﬂ@ﬂogﬁcaﬂ, waler qum]l]‘l[[y and ]hyaﬂr@]l@g]y dala were needed, and al what Frequency, to Hm’:]lp
manage Lhe waler projecls in “real time. The DAT continually analyzed new and old dala throughoul the season
lo updale and improve our un&lers&mn(ﬂ]’lmg of the syslem and in order lo inlegrale fish prolection, waler qrma]l]i[[y and

waler su]p]pﬂy concerns.
a. Agencies and stakeholders

Tﬂne DAT was c«»mp@se«l OW F]’ls]ln reg]u]lmlrﬂ[ky agencies ((NM]FS USFWS D]FG aunmJl SWRCB) @Hl]l@]l‘ u‘eguﬂml@ry
agencies (United States Environmental Prolection Ag}emmy (EPA) and Western Area Power Au[t]h@rﬂ[ky (WAPA)),
and waler user and environmental stakeholders (Contra Costa Water District (CCWD), CVP Waler Users. State
Waler Conlractors (SWC), Environmental Defense Fund (EDF), and Bay lustitute (BI)). The water PAs operators
participaled as consultants for the waler project information. A wide and diverse group of people parlicipaled in
the DAT. which ]lne]lpeﬁl communicalion, coordinalion and cooperalion within the waler user and lisheries proleclion

communilies.

b. Evaluate data

The DAT convened &ﬂnr@ugﬂn conlerence calls lﬂnr@ughou[[ mosl of Lhe year. There was a regmﬂarﬂy
scheduled conference call once a week when lish were polenﬂl’lm”y ﬁm]pa«l[[e«l ]lmy the water projecks (about November
[L]lnroug]]ln June). There were numerous more conference calls when waler use and [ish proleclion issues were
«Jl]'l“jﬂcu“. T]ln@ summarﬂze&l an«ﬂ auma]lyzeaﬂ «Jlala were mwu]’l]lalu»]le omn H}ne ]I]m[ke]rmle& or “n]mﬂmg]]ln e-mm]’l]l [[]lne morning @ﬂ: “:ﬂll@
conference call Tor the DAT 1o discuss and evaluale.

c. Recommend aclions
By the end of every conlerence call, DAT either concluded no aclions were necessary al thal lime, or
«Jlewe]l@]p@m]l one or more action recommendations, or identified additional information needed to make a
recommendalion. The DAT summaries ]p]row«ﬂe documentalion of the rep@r[[emll informalion, the alternalive

«Jl]iscussmlms. mmﬂ Mne rec«»mmemﬂah@ns.

3. Re«:@mmemﬂaH@ns/mpprowah

10



The DAT action recommendations were to be ﬂmpﬂemen[&eﬁ] u:»y the PAs. II the PAs participants on the
call were able to agree on ﬂmpﬂemen&m&ﬂ@n ol a recommended aclion, the DAT was able lo reporl the outcome of

the conference call 1o the management level.
a. CALFED @perah@ns and Fish Forum (OFF) involvement

If the recommendation caused a sflgmxﬂhcank impact to the PAs or waler users, then the DAT conference
call discussion and recommendations were forwarded to the CALFED @p@rmﬂmns and Fish Forum (OFF). The
CALFED @ps Gr@up ﬂlesﬂg}nmled‘ the OFF as a forum for the waler users lo discuss waler operalions and z&]eﬂﬁvery
issues relaled lo fish prolection and regulalion. The OFF was analogous lo the DAT, but their emphasis was
waler operalions, whereas the DAT's emp]hasﬁs was Tish. When fish prolection and waler su]p]pﬂy issues were
cu&mpﬂﬂcﬁlﬂ@&l anaﬂ dl]i”]'lcmlﬂ[h ]ln@[”ln Mne DAT mn&l @]F]F parhcﬂpmﬂe«ﬂ in joinlk c@nwerence caMs. Wﬂn]’lcﬂn grem“y ﬂm]p]r@veaﬂ

communicalion and cooperaltion, and ]lne]lpeaﬂ make the decision pr@cesse«ﬂ more ellicient.

b. Water @perah@ns Managemeni Team (WOMT) appr@vaﬂ based on confirmation
that EWA waler available

IF the participants im the DAT and OFF were nol able o agree on a consensus conclusion, the issue and

discussions were elevaled lo the Waler @pera[kﬂmms Managfememxl Team (WOMT). The WOMT was a managemenl-
]l@\ve]l g]]r‘@lulp @ﬂ: ll:]l']le (CA]:L]:F]EID Mﬁl]ﬂﬂlg@menuﬁ BLH(J[ Pr@j@cuﬁ Ag@m@ﬂ@s. T]Ll@ W@MT was J@Sﬂgnﬁl&@&l ]l])y Mlle CA]:L]:FIED
Managemen& (Gr@up lo Lee]p up on the fish proleclion and waler reﬂﬁahﬂﬂﬂ[[y issues and make decisions rapﬁ«My. The
W@MT §C]}n@(ﬂu]@&l a ]l‘@glul]la]r‘ m@e&ﬂng once a W@e]l(. quSlUlﬁLMy &ﬂ:&eﬁ“ ﬂ:ﬂ"ﬂ@ DAT C@]ﬂ]ﬂj@]remlce C@.]”]. 'al]md] ﬁl]ls@ C@nwen@(ﬂ

addilional meelings when necessary.
R. Generm]l aﬂescrflphon o[F WY 2@@]1

1. Seasonal ﬂnyﬂlr@ﬂ@gy

There was very little rain in the Central VaMey from October lﬂnrmmgﬂn J]almluary in WY 2001 (October 1.
2000 - Seplemh@r 30, 2001). @nﬂy two storms n@[h’lcem]ln]ly allected Sacramento River inflow lo the Della.

Seasonal runoll was 25% and 30 % of normal in Sacramento and San J]@alq]uﬂm: \vaeys, respec&ﬁveﬂy, l]lnroug]]ln

Hanuawy.

Sacramento Yalley precipilalion was al or below average in ]Fe]l»rumry. March and April with only three
briel perﬁmﬂs with modest increases in river and Della flows. Seasonal runoll in the Sacramento River region was
7]1 m]’le]@]m aﬂ ll]lnroug]]ln A]p]rf]ﬂ or 55 percenl 0ﬂj n@rmaﬂ. ]I]m [[]lne Sam: J]@aqun]’lmn waer region sems@nmﬂ runo” ﬂ]lmr@ugﬂn
April totaled 1.9 mal, also aboul 55% of average for this period (DWR Bulletin 120-4-01). The WY s 0”1’1@1’1&]”1&7
classified as aﬂry for both the Sacramento and San J]@iilqulml vaHeys a@c«»m]l]ing] lo Stale Waler Resources Conlrol

Board criteria.

Because precipilation and runofl in the Central V@Mey was lar below mormal. Delta inflow and culflow

was r@]lal&]'lve]ly ]l@w m” year ((]Fflgunre ]IZ)) Tﬂne ]las[k year wﬂ]ln ]lnyaﬂr@]l@g]y sﬂmﬂﬂmu‘ to WY 2@@]1 was WY ]19941
]F]‘lg]u]res 10-12 show, for WYs 1993 to the present. some of the variation in ]hydl]ro]l@g]y that can occur. WY 1998

was one ol the wellesl years on record, and 1994 was one of the driest. It is fairly common o have minimal
precipilation and no substantial increase in runoff until late December or J]alnumry. However excepl in very aﬂry

years, ﬂncu‘@mse&l river aumﬂ D@ﬂ‘lﬁl ﬂ:ﬂows Alu]l‘]i]l]lg] J](ﬁi]ﬂ!ll}li}l][‘y - Mﬂ][‘&ﬂﬂ’!l are @XP@C":@AI. ]I]Ul very W(E‘[k yeal][‘s ]]’ll]ig]]lﬂ H@ws

continue lﬂnr@mgﬂn the spring and. rarely, lﬂnr@mgﬂn the summer (WY 1998).

Very low river flows with a few shorl-term flow puﬂses of moderate magnﬁ[maﬂe in WY 2001 influenced

the migration palttern for juwen]’l]le chinoolk.

2. J]mwemn’l]le sa]lm@m:ﬂaﬂ mﬂg]]r‘a[h’l@n
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a. Salmon run identification and [Lermﬂn@]l@g]y

Belore aﬂes@rflﬂ»ﬂng the g]enrerm]l fish migration patlerns observed in WY 2001, we need 1o hr]‘leHy describe
Jln@w we «Jle[[ermﬂmne len]icﬂn @ﬂ: [[Jlne F@ur rumns Mn@ J]M\ve]m]'lﬂe smﬂm@n @]l)se]rvedl in our monitoring ]lneﬂ«»]mg] to aumﬂ expﬂm]’ln
some lermﬁn@ﬂogy we use in this reporl.

We Il(n@w Hln@ juwen]’lﬂe §aﬂm«»n cap[hmre«ﬂ in Mne ﬂjm”l im M]’l”. ]D)ee]r andl Bu“e creeﬂ«s are yeau‘ﬂﬂng sprimg rum
chinook based on life ]h]’ls[kory studies conducted in these streams (DFG, 1998). S]’lmﬁﬂarﬂy, we know the j]uvem:ﬂ]e
salmon cmplmredl in the upper Sacramento (Balls ]Fe]r]ry)) in Auguﬂsﬂ — October are winter run chinook. However as
these salmon mﬂﬁsperse downstream and become mixed, and later when other jmwenﬁ]lre salmon appear in the river, we
lose the abilily to make inferences aboul the run designation of an individual fish based on when and where we

observe il.

[n 1989. the DFG ]l»eg]an I]lewe]l@pmen[k of a method 1o c]lassfl[ry j]uvenﬂ]le salmon ]By run based on lime of
spawning an&l juwenﬂﬂe g]]r@w[kﬂn rales (]F]’llenelr ]1992)) ]F]'llemz]r assume«ﬂ [kﬂne ﬂj@\uur rumns s]p)awneaﬂ Almrﬂmugj «Jl]'lshn«:[k time
perﬁ@aﬂs and therefore an emergence lime interval for each run could be estimated based on incubalion time. By
appﬂy]‘mg a gr@wﬂﬂn function to salmon ery from the discrete emergence ]pre]rfl@dls assumed for each run, curves were
Aeweﬂ@peﬂl and used lo dlﬂshncg]uﬁs]ln juvenﬂﬂes of the four chinook runs based on their size and the date (Table 3).
Several relinements of the Fisher length al dale ("size criteria’) model have been made in the past decade. We
recognize that for a number of reasons the method does nol. and in facl cannol, resull in c@mpﬂe[[e]ly accurale run
classification of juvenile chinook. however the method is still used. even as another method using genelic

characlerislics is ]l»e]ing refined and apphe&l.

We somelimes use the terms “older chinook™ or “]lmrrg]rer chinook” to describe the salmon grealer than aboul
7@ mm ﬂjmr‘]l( M&la[l are cm]p)h]]re«ﬂ al §amp]l]’1ng Il@cahons Mn]r@ug]]ln@u& Mne system im H}ne ﬂal”l aunmﬂ realrﬂy winter. We ﬂna&l
used 7@ mm as [t]he minimum size in previous years im earlier versions oﬂ: our currenl salmon prolection p]lan
spe«:]’lﬂ:fmey targeling yeau‘ﬂf]ng sprimg rumn wﬂn]’lcﬂn emigrale ﬂ:u‘om M]’lH ill]IMJl Deer :mreae]l«s al a]lm@unl 7@ - ]15@ mm
(CALFED, 1998). In the Sacramento basin in the fall and carly winler months the observed chinook grealer than

7@ mm may ﬂncﬂuaﬂe m” ﬂjmm‘ rumns ﬂaH rumn yearﬂflngs. sprimg rumn yearhng}s. ]la[[e-ﬂm” Tun sm@hs mn&l winter run

j]uwermfl]lres)) (Table 3, ]F]‘lg]u]re 13).

Note that yearﬂﬁng spring rumn chinook, from Mill and Deer creeks in particular, cannol be rec@g}nﬂzeﬁl
using the ]engﬂn al date method because the environmental conditions «Jlm‘]i]mg] incubation and rearing z]lcepmlrﬂ
suﬂmlanhaﬂy from the assumplions of the Fisher method. Due lo low waler lemperalure unique lo the ﬂn]ig]]ln
elevation spawning habitat used ]l»y spring run chinook in these bwo streams, emergence is «Jle]layeaﬂ and jjuwe]m]’l]le
g]rmw[t]h rale is slowed (DFG 1998). Yearhng} spring run [rom Mill and Deer creeks are conm‘lslen[ﬂly much smaller
(65 -150 mm) than the length al dale crileria would suggest for these salmon emigrating in Oclober — January,
the progeny of spawning thal occurred aboul one year carlier. [In Jacl they are in the same size range as late-fall
amxdl winter rumn c]lnfln@o]l& anaﬂ cannol ]l])e aﬂm&inguﬂshedﬂ ﬂjrmm J’]uwenf]ﬂes oﬂj H}nese O[H}II(E]F rumn wﬂn]’lc]ln &]ls@ are presenl in
the Sacramento River and Della in the fall and winler months.

We use H}ne term Y@Y lo uﬂeﬂjer to l]lne spring rum aumﬂ F&H rumn ﬂ:ry. jmwe]m]’l]l@s mn&l §m0“s as aﬂm[h'lngu]'ls]lneaﬂ
[rom the “older” yemrhng. late-fall run and winler run chinook menlioned above. S]p]r]i]mg] run (from the
Sﬁlcn‘amem&l@ R]’lver ]lmsﬂmx)) mmldl Wa“ rum (Sa@rmmen[l@ aumJl Sa]m J]@aqu]in u»asﬂmxs)) ﬂ:]ry may appear imn Mne Deﬂ&a im
Ha]mmry or ]Fe]hmmry in very wel years, but cg]enrerm”y the migrating juvemxﬂﬂw ]Bregfln to appear in March and pea]l«
emigration is im A]p]r]i]l mn&l May. We ]lnawe u‘eﬂjeuﬂreaﬂ to winter rum mﬂmn@@]l& @]lme]rweaﬂ im Mme Sm(‘,rmmenﬂo Rﬁwer iil]lMJl
Delta as ]l:»reﬂmag part of the “older chinook” group because of their a”ﬂnflﬂ:y with the other older j]uwenﬁ]lfe salmon in
the reg]u]laﬂory/manmgemenﬂ conlext, even [[]lmug]]ln lﬂney are YOV Ffish.

b. Uppe]r Sacramento River and tributaries

Rase(ﬂ on RST cawlnw im [kﬂne waMey H@@r reacﬂnes @W Mu” amﬂ Deer Creeﬂw. smaM mﬂm]l»ers @W juwemﬂe

chinook umegaxmn migraling from these tribularies lo the Sacramento River in eanr]y October. Brief pea]l(s in

«Jl@wns[kremm movement coﬂncflaﬂe(ﬂ wf]U:Jln minor ﬂ@caﬂ storms aumJl [l»]r‘]'leﬂj pemﬁ@«ﬂs @W ﬂncu‘easedl H@w in N@Wemﬂmeu‘ aumJl
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Decemher. Peaﬂ&s in caﬁcﬂl ﬁﬂs@ @ccurre«ﬂ aﬂlul]r‘]’nmg ep]’ls@dles @ﬂj ﬁncremselﬂ stream H@w in mid- amﬂ ﬂale-ﬂanuary
((]Fflgure 14). These salmon are assumed lo exil the tribularies within a few aﬂmys because sampling locations are
@nﬂy a lew miles from the confluence of these respective Iributaries with the Sacramento River. In Butle Creek.
lwo distinct ]pcemﬂ{s in the downstream migralion of spring rum yearﬂflngs were observed in J]mmlualry al a samphng
Jl@ca[h'l«»]m near (Cﬂn]ico ((]Fﬂgure ]14)) Tﬂnese saﬂm@m& muslk §[H1J”] migrate many mﬁﬂes U:Jlm‘@ugﬂn Mlle ﬂ@wer Buﬂ:[{e Creeﬂ<
basin and the Sulter Bypass system lo reach the Sacramento River ﬁmmremha[[e]ly downstream of ]Knﬁgﬂn[ks lmm&«hng.
]Imn genermﬂ we ollme]rveaﬂ yearﬂflng spring run migrating ﬂ:u"@m “nesre lh‘]i]l»uﬂmlr]ies ﬂa[kelr im WY 2@@]1 Mnan im WY

2000 (]F]‘lg]u]re 15).
Catches al the Glenn-Colusa ]Irr]‘lg]m[l:]‘lon District (GCID) diversion near Hamilton (Cﬂy (RM 205)

flndl]icale wﬂnen J’]uwenf]ﬂe saﬂm@n are moving «Jlownsh‘eam im Hlne Sacuﬂamen&@ R]’wer. @Jlaﬂelr «:Jlnflmm@ll( ((g]]rrea[ke]r Mnaml 7@
nm ]F]L)), assumed lo include lale-fall run and yearﬂﬁng spring run based on their earlier presence upstream, were
observed al low levels through December. with several shorl term peaks in movement associated with minor storms
and [low increases. Peak movement of older chinook occurred in J]amxumry ]:(»M@wﬂmlg two low spfl]l{es of moderate
mmgn]’l[{u&le ((]Fflg]unre ]I(G))J Tﬂne num]lmer @F winter rum cﬂnin@@ﬂ« moving pask (G(C]HD) was Jln]igﬂnesl im Sep&@mﬂ»er ﬁUIMJI eaurlly
Oclober as winter run [Frry spremﬂ from the spawning area [E]h]mugﬂmuﬂ the upper and middle Sacramento River
((]F]igmre H?)) J]mwemn’lﬂe winter rum cm[kcﬂn was ﬂ@w :[ﬂunr]'nmg N@vem]lnelr - J]mmnum]ry aumaﬂ ﬂncreaseaﬂ im ealrﬂy ]Fel»rum]ry.

Ag}mﬁn [F(»M@wﬂlmg modest flow increases in mid- to lale-

J]amnuwmy fall run [ry were abundanl al GCID in eaur]ly ]Feﬂwuamy. The peak calch of Tall run smolls was in lale
Apﬂ‘ﬂﬂ a]mll ear]ly Mﬁly.

. Lower Sacramento River and Delta

Further downstream at ]Kn]igﬂnh ]Lamﬂﬂrmg (RM 89.5) the pattern of jjmwe]mfl]le chinook movemenl as
indicaled u»y calch in two RSTs was similar to that at GCID ((]Fﬂcg]ure 16). Peaks in calch appearfeﬂl to ]lalg] GCID
u»y a Wew aﬂmys. Smm” num]lnem @ﬂ: spring rum yemrﬂﬂngs (p@ﬂ@n&ﬂaﬂ occurrence was kmse&l on cem]r]l]'leu‘ @Lserwahons
upsheam)) and lale fall run salmon were caug]h[t in November and December. Calch of older chinoolk. ﬁncﬂuﬂﬁlﬁng
winter run was su]lms[lanha]lﬂy ﬂn]’lg]]lnelr im ]]anum]ry an&l ]Feﬂn]rualry wf][kﬂn two aﬂfm[h’lmm[l ]pemﬂw im (‘,m&cﬂn in J]aummlau‘y andﬂ
anolher in ﬂm[ke—]Fre}»rualry ((]Fﬁgurre ﬂ@) Rase«ﬂ on their size and on earlier observalions 0ﬂ: salmon in upslream areas,
[[]lne sm]lm@n migrating past ]Kmn’lg]]ln[[s ]Lamaﬂ]’lng] in J]mmnuaury aumJl ]Feum]rualry were awume&l to ]lme a mix mﬂ: spring rum

yemrhngs, late-fall vun and winler run chinook.

Phases of Jjuwe]mflﬂe chinook salmon migration have been described ]lmy Snider and Titus R000). The [irst

pﬂnase ﬁnwr@]lvil]mg H}ne ]ldﬂ:@-ﬂjﬁl]”l rum, yemr]l]ing] spring rumn, a]mll j]uvemxﬂ]e winter rumn cﬂnflmm@ﬂ( (([[]lne N@M]elr cﬂnﬂno@ﬂ("
menlioned prevﬁmﬂsﬂy) [typﬁcm“y occurs in November or December and is s[l:r@mngﬂy linked to the initial flow
increase of the season. Due lo the lack of precipitalion, river flows were relalively low and stable until January
2001, Withoul river condilions conducive lo downstream movement. older chinook, ﬁncﬂuﬂ&lﬁng} the yemrﬂﬂng sprimg
run thal had ]lmegjlmn ]leawﬂng] Mill and Deer creeks earlier in the fall, apparenuy did nol move very far downstream
to the Delta until ]lnﬂcg]]herr flows later in J]mmnmary. Ymﬂng} winler run chinool appeare&l lo have spreac&l oul lﬂnrmmg}ﬂn
[[]lne upper a]mJl mﬂ&l-gﬁcrﬁlmenﬂ@ Rﬁwer in [l]lm Wﬂ]”] mon[[]lns ((]Ff]guu‘ae ﬂ?) T]lnem’e W]’ls]ln «Jl]i&l nol appear in [l]lne ]l@waer river

in substantial numbers until re]lalhwe]ly lale in the season compared lo recenl, m@s[k]ly weller, years ((]Fflgure 16 and

F]’lgures 5-8))

Farther downslream near Sacramento. calches of older chinoolk (yeaur]l]’lng spring rum, winler rum, and late-
fall run salmon, grealer than 70 mm lork ]le]mg[l:]ln in October —J]m]muary)) in the Sacramenlo area beach seine were
sparse unlil the first significant slorm evenl in mid-January, where calches climbed above background levels
((]Fflg]ure Hg)) Two more pemﬂ«s were observed im mid- and ﬂale—ﬂmnuary. T]lne last pea]l( in calch @W older chinook
was observed on ]Fe]l»rum‘y 22. 2001. The lirst pea]l& in the Kodiak lrawl al Sacramenlo was nol delecled unlil
]Feﬂ»rualry 16, 2001. A second. ]h]ig]}mr pemﬂ« occurred on ]Feﬂ»ruary 26, 2001. At Sacramenlo. the majorily of the

older chinook salmon were cap[{mﬂeaﬂ in mid lo ﬂa&e-Feﬂ»rumry. somewhat later than pasl years (]F]igmm 18 and

Appenﬂlﬂx H))
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When Sacramento River [low exceeds about 23.000 cfs near Colusa. some Sacramento River water [lows
over weirs upstream of the ]Knﬁgﬂn[ks ]Lm]m]l]i]mg site into a Homﬂway, the Suller Bypmss. This water relurns to the
Sacramento River belween Knights Landing and the mouth of the Feather River. providing a pathway for some
downslream migrating [ish around the Kn]’lgﬂuls ]meﬂﬂmng mmpﬂ]i]mg site. In some wel years, a ]laurg]re [raction of the
river [low enters the Suller Bypass. however, this only occurred o a very limited degree (small discharge and for
on]y a lew aﬂalys)) in March 2001, after most of the older chinook had aﬂremﬂly mmﬂg}ra[&eﬂl pasl Kmxﬂg}]h[[s lmmﬂ]’lng.
Sacramento River waber al times [lows over a weir downstream of Knights Landing into another floodway. the

Yolo Rypass, prowf]lﬂrmg a roule for emigraling salmon o the Delta around the Sacramento lrawl and beach seine

sites. This did not occur in WY 2001.

Catch of Tall run salmon at Mossdale on the San H@ﬁquﬂm& River (southeastern Delta) occurred m@s“y
belween earﬂy—Aprﬂ] and earﬂy—ﬂune ((]Fﬁgurre 19). With the exceplion of several yearﬂﬁmlg] sized salmon cmp[ture«]] in
mﬂaﬂ-]l—"‘ehrumry. @mnﬂy F]ry/j]uwenf]ﬂe sﬁzedl §a\ﬂm@n “ew ﬂ:ﬂ']lﬁl]m 7@ mm)) were Cap&ureaﬂ prior to mﬂaﬂ-Machln (]F]'lg]u]re 2@))

Smﬂm@n ]l)@[lweemn 7@ ﬁl]IMZ[I ]15@) mm ca]p[hu]]re«ﬂ ﬂeaw]’lm&g lllne Deﬂﬂ:a al (Cﬂn]ip]p§ ]Isﬂandl §}n®w Mn]ree «ﬂfm[ﬁumd
abundance ]pu]lses ((]Fflgunre 21)) An inilial pun]lse ow sm]lmon in J]mm:uatry. most ﬂﬁl{eﬂy late-fall tun aum]l yeaurﬂﬂmxg spring
run: anolther ﬂalrg]elr puﬂse in ]Fe]l)]l‘m]ﬂl]l‘y and March C@mpﬂ‘]ﬁsedl m@sllﬂy of winler run: and a much ﬂargew ]pmlJlse of
young of the year sprimg rum and fall run in A[pnrfl]l and May. These results indicate the presence of three distinct
migration puﬂses @ﬂ: smﬂmon Jleawf]ng] Mlle De“m. Fﬂg}uu‘e 22 sﬂn@ws Hlne Hlau'lﬂy cm[hclln @ﬂ: winter rum S]iZ@IJl smﬂm@n
(excﬂu«ﬂﬁng the older salmon in the late-fall run size range and the YOY spring and fall run shown in ]Fﬁgurre 21
was ]ln]igﬂnresl im ]lalce-lpe]lwumlry aumJl Mau‘ch T]lne ]l@waer cm[[cﬂn @ﬂ: winter rumn §ﬁzeaﬂ sa]lm@]m aﬂtuur]'nmg ]]aumnwry aumJl eaur]ly
]Feu»rumry indicales smaller numbers of salmon were migraling oul of the Delta then. These could be winler run
salmon, spring run salmon Lhal are nol A]ﬁs&ﬂnguﬂs]he:&] [rom winler run ]]J)y the ]emgﬁh-aﬂ-ﬁlale crileria or a mix of
fish from both rums. Previous seasonal caplure distribulions al (C]lnﬂpps [sland have recovered winler run sized

sa]lm@n as @m‘]y as Decemumelr aanl as ]lﬁl[]:@ al Ap]l‘]i]] wf][kﬂn ]pemﬂw im Fe]lwuﬂmlry. Mamﬂn. andl A]prfl]l.

]F]r@m ﬂ]ll]is ﬂnwou‘mahwn mmm}l ]linﬂe]r (]lcesc]r‘]’l]pﬂ:ﬂ@ns @ﬂ: [[]lne Deﬂl{a ﬂjﬂsﬂn moniloring Hlahu a]nmﬂ cﬂnr@noﬂ@gy @F ﬂ:ﬂs]ln
proleclion aclions, il is apparenl that WY 2001 ﬂny«ﬂr@ﬂ@g}y influenced when substantial numbers of emigraling
j]mwemn’l]le saﬂm@n reacﬂne&l U:]lne D@Mm aunmﬂ w]lnemx D(C(C gale cﬂ@smre 131]1]!(]1 ]EWA aclions re&lucﬁng exporl pumping were
mosl appropriale. The salmon migralion pallerns observed in WY 2001 may be [ky]p]ircalﬂ of whal ﬂmppen§ in aﬂry
years. Il is imporlant Lo remember thal this was the first dry year we have experienced since we pul this
extensive fall/winler season salmon moniloring and lish prolecltion ellort in pﬂmce. We also note that water project
operations ﬂnecomes ﬂncremsﬂngﬂy «Jl]'l”f]cu“ im «]llry years. CVP/SWP export pumping is @Hen crusnsﬂrmflneaﬂ ]l)y H}ne ]launﬂ&
of natural inflow into the Delta m]lu]rﬁng] the winler months and umy the lack of waler in upstream reservoirs lo

release and pump in the lale spring and summer.

C. Cﬂnr@noﬂ@gﬂcmﬂ accounl of EWA actions and DCC gale operalions

This section provides a marralive descriplion of each EWA Tish action (and sub-action). The reader
should reler to ]F]‘lg]u]res 23 1o 20 that provide a g]rm]p]h]’maﬂ representation of the c]lnron@]l@g]y of hy&]roﬂ@gy, fish
abundance (calch indices), waler qualily. delta inflows. CVP/SWP exporls, crileria for considering or laking an
aclion ((hﬁggrer)) (T). and individual Tish aclions taken (A By Fo”@wﬂng these ﬂ:ﬁgruur(es the reader will be able to
see how the pre-action condilions c]lnarmg@«]l to warrant the recommendalion lo take action, when the action occurred
over lime, the genermﬂ cost of the aclion, and the condilions F@Mowﬂng the aclion period. The individual Fish
aclions are Jescrﬁﬂ»eﬁl ﬂjuu‘ﬂz]lzue]r in Ap]pendlﬂx 2 ]I]m [l]lm F@”@wﬁng narralive [l]lm F@u‘ma]l mlum]lne]r]i]mg system F@u‘ some @ﬂj
the fish aclions were refined lo include sub-actions (Ia, Ib, elc.) Lo more rc]leaur]ly describe the action. The detailed
nature of this section rellects the :C@mpﬂex nature of mmﬂ«ﬂm&g EWA decisions on a «Jlﬁui]ly or weeHy basis as
u»ﬂ@]lﬂ)g]ﬂcm]l, ﬂnyﬂlr@ﬂ@gﬂcmﬂ, and ]p]lnysﬂcm]l conditions in the Delta c]lmm:g]ce.

1. October - December, 2000
No EWA lish proteclive actions were ﬂmpﬂemen[ke&l in WY2001 Alurﬁng] October. November and December

reHecHng the lack of signﬁﬂjﬂcan& fish movement or p@puﬂﬁ“@lﬂl risks (see above fish abundance data).

14



No EWA assels were used lﬂnr@mgh December 2000.
2. J]mnualry, 2001

The DCC gales were closed Tor 17 days in January. The gates were closed on January 14 (Ala) Tor four
«Jlay§ based on a SCI on J]mmuary 13 of 12 (total grealer than 10) (T1a) ((]Fﬂg]ulre 23). On 1/17/02 the KLCI was
6 (T1b) thus the gales were kept closed until the 1721701 (ATL). The gales were @pem&eﬁl on 1/23/01 because

calch indices were less than 5 and water operators wanled Lo DCC gales to maintain the best waler qum]ﬂﬂy
p@ssﬂﬂmﬂe while maximizing exporls aﬂu}r]’lng} the spring tide and low chinook catch. The operalors expec&edl that
]&e@pﬁng the gales closed aﬂuu‘]’lng} this time could have had an adverse effect on water quaﬂﬂﬂy (ie. increasing ocean-
derived sahnﬂy) zr]ltulr]‘umg the spring lide and up lo 2/1/01, when the gales would be closed under the Waler
Quﬂﬁlﬂﬁ&y C@n‘lr@ﬂ PJlﬁlml. Tﬂ'ﬁe g\ﬁl[k@§ were Cﬂ@s@ﬂ:ﬂ ﬁlgﬁl]‘l]ﬂl F@l‘[‘ ﬂ:fﬂ)uﬂr lﬂﬁtys omn ‘lJl]e m@rning O‘F |l:ﬂ']1@ H/Z@/@H. ]l'l’fﬁt§e(ﬂ on a S(C]I
of 6.7 on 1/25/01 (T2a) (A2a). Aﬂ‘lﬂmugh the operalors expec[tem]l the gales to remain closed [L]lmroug]h the end of
the month due to Jlnfnglncer Mlows. a SCI grealer than 10 (T2b) on the 1/27/01 also [hmiggelreaﬂ (A2b) the gales

remaining closed Wm‘ the W]’umalﬂ Wmﬂr aﬂmys im J]anunaury.

Exports were reduced for 10 in January. Combined exporls were reduced to G000 cfs for live days
starting on 1/17/01 (Alc) as a result of the SCI being 13 (Tle) on 1/15/01. On 1/18/01 exports were further
reduced to 3000 ofs for 3 days (AT at the request of the MAs 1o enable the USFWS 1o track the movement of

]I‘Hl(tﬂflfﬂl lagg}e&l juwenf]ﬂe saﬂm@n undler a ﬂ@w exporl «:@naﬂ]’lh@n (@]lnse]rvm&ﬂ@]ms Jl]lalIJl ]plrewfl@usﬂy ]lmeen ma(ﬂe aﬂtuur]'nmg a Jln]igﬂn
exporl perﬂm”. Baseﬂl on ]h]igﬂu older juvenﬁﬂe chinook loss ((TZC)) over several Hlays a second ﬂ:ﬂve—aﬂay export
reduclion lo G000 cfs was impﬂemen[le&l between 1/27/01 and 1/31/01 (A2c). The need for the exporl reduction
was reassessed on 1/29/01 with DAT ﬂnﬁ@ﬂogﬁs&s supporling the conlinued reduction for the remaining lwo Almys due
to ]Kmn’lg]]ln[ls ]La]mr[ﬂﬂng] and Sacramenlo calch indices of grealer than 10.

In January 2001 69.000 af of EWA assels were used.
3. February 2001

]Emwﬂronmen[ta]l Wa[{er Auﬁ@un[{ aclions «]lurf]mxg [[]lm'm time were prﬂmarf]ﬂy targeling [H}MB ﬂaurge ]mumﬂme]r @ﬂ:
yemrhng sized chinook salmon enlering the Delta from Km&ﬂcg]]h[[s lmmldl]i]mg]. USFWS mmpﬂﬁng} ellort in the Delta
changed as of 2/1/01 due to stall limitations. A new SCI was considered due to this change.

DAT ]lnﬂ@ﬂ@g]’ls[ks n‘ec«»mmen«l@«ﬂ ramping up exporls lo 8@@@ cﬂs ﬂj«»r 2/}1/(@]1 anaﬂ 2/2/@]1 ((A4la1)) «Jlue lo
Aecreasﬂng calch al ]Knﬁgh[ks ]Lamh]mg and Sacramento (T4a) ((]Fﬁgunre 23). Oa 2/1/01 DAT umﬁu]logﬁs[ts
recommended aH«»wﬂng combined exporls al 8000 «fs ﬂ]lnu“@ugﬂn 2/6/01 (A4b) because calch indices alp]pcealre«ﬂ to be
Aecreasﬁng (T4b) (Upflgunre 24).  The SCI increased from 7.6 on 2/1/01. The index was 4.6 on 2/2/01. No
exporl reduclions were recommended on 2/6/01. ]Exp«»rl reduclions necessary lo meel waler qualily slandards were
anlicipaled for the next several Almys. No exporl c]hamges were recommended on &/6/01 or 2/13/01 based on low
calches al Knights Landing and in the Della. There was, however. a pulse in steelhead in the Della sampling and
im sa]lvalge noled on 2/13/01 Sm]lwmg]e ol n@n—c]ﬂppe«ﬂ steelhead reached a ]lnﬁgﬂn of 72 on 2/11/01 and a ﬂn]‘lg]]ln of
141 of clipped steelhead on 2/12/01. Delta smelt salvage also increased lo a peak of 367 on 2/11/01. The
authorized take level for della smelt was a ]Ml—ﬂlay running average of 400 smelt saﬂﬂvmgeaﬂ per day (("yeme ]l]‘lg]]ln[["))
and a m@nlﬂnﬂy lolal sm]lwalg]e of 10910 in a d]ry year ('red ﬂﬂgﬂn&“). Sa]lwaugje of Coleman late-fall also was lower
than the ye”@w ]l]ig]]ln‘l of 0.5% lor upslream releases and 1% of Della releases. E/T ralio was mmahrcﬁpm[te& lo be 45%
on 2/14/01 and would start CO]I][[I:E‘@][]I]ing] operaltions. (Because ]mnu&ry was very dllry. the allowable percent diverted
lor ]Feu:»rualry was 40% instead of 35%.) Dmrﬂng this time DAT Lﬁ@ﬂ@gﬁsh ]Begaln lo base their recommendaltions on
salvage and loss al the CVP/SWP lacilities. A new salmon protection plan for the ]Feﬂmrualry — April period was
laler developed o rellect this c]lmmage.

The recommendalion was made on 2/15/01 1o reduce combined exporls from 9500 to 7.000 on
Z/HG/@H ﬁl]IMJl 2/]17/@1 ((Af)’)a)) umatseaﬂ on a «Jl@ml»]l]’lng] @F ﬂ@ss @ﬂ: winler u‘un-]le]mg[l]ln cﬂnﬂn@@ﬂ& al U}ne SWP (Tﬁm) ﬂ:r@m
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156 on 2/]13 to 36]1 on 2/]141 Tﬂne ﬂ(())§§ @ﬂj cﬂippeaﬂ cﬂnfln@mﬂ{ &Jls@ ﬂncreaseaﬂ to 7@ omn 2/]13/@]1 N@n-cﬂflp]peaﬂ
steelhead sa]lvalge increased and clipped steelhead saﬂ\vmge stayed the same. Sa]lvalge lor delta smelt was over
2@@/¢Jla1y for the fourth aﬂay in a row. Della smell saﬂwage was 300 on 2/13/01 and 371 on 2/14/01. The export
reduclions were lo occur al the SWP. Since SWIP winter-run loss per acre-lool diverled («]lrensﬂ[ky)) remained above
[0/tal (T5b) then combined exports remained at 7000 cfs on 2/18/01 and 2/19/01 (ASL). On 2/20 DAT
u»ﬂ@]lu)gﬂs[l:s rec@mment&lﬂm&g H«eepﬂng} exporls reduced lo 7000 cfs [kﬂnrrmng]h 2/23/01 (Abe) 1o re-evaluale the low-
«Jle]nmfl[ky [hrcencdl ((T5c)) Hlne next aﬂaty. @]m Z/ZZ/@H [[Jlne DAT ]h]i@ﬂ@g]]’lsh recommen&le«ﬂ terminating Mnae exporl redluchon
u»eg]ilnnﬁrmg] on 2/23/01 due to chinook losses and densities and adult delta smelt sa]lvaug]e rates dlecrealsﬁng] and
EWA assels runmning low and to reserve some EWA assels for March. ]Expm*[l capacily was lo be reached for the
CVYP on 2/23/01 and for the SWP on 2/24/01. Combined exporls were expec[teﬂl to be 7.600 ofs on 2/23/01
and 11700 cfs on 2/24/01 and 2/25/01. Actual exports were 12060 on 2/24/01 and 2/25/01.

On 2/26/01 the DAT biologists requested the SWP reduce exporls from the planned 8500 «fs to 4,000

ols for 2/27 and 2/28. The reduction was recommended al the SWIP because most of the chinook loss and a
majorily of the steelhead salvage and delta smell salvage were al the SWP. This recommendation was based on the

h]’lg}ﬂn%l yeﬁur]lilrmg size chinook losses and loss densities al the SWP in the last 5 years. (Grenelic characlerizalion
resulls indicated thal there were many genelic winler run among the losses oceurring during the second week of

Fehruary.

I ]Fe]lmrumrry, 2001 the managing agencies (USFWS. NMES. and DFG) pr@p@seaﬂ the p@len[l:mﬂ use of
EWA assels to maintain Hlows in the lower American River al approximalely 1500 cubic feel per second (cfs) 1o
prowﬁle increased habilal for spawning steelhead troul and fall-run chinook salmon redds and rearing salmon ﬂjry.
This ]plro]posaﬂ was summarized as EWA Fish Aclion 73 (Appemﬂ]’lx 2). The steelhead started spawning in late
December and most of the fall-run chinook salmon spawned during November, December and early January in
H«»ws ranging Fr@m a]p)]pu‘@xﬂmmﬂe]ly 2@@@ ch lo 3@@@ cﬂs. Becmuse [H}MB inHrmw inlo ]F@ﬂs@m Reserwmu‘ ﬂna«l
decreased due lo aﬂry hyﬁlroﬂogﬁc condilions in Oclober [Hlnr@ucg]]h Decem]ber, lower American River releases from
Nimbus Dam had declined to 1500 fs ﬂ»y mﬁﬁ]-ﬂamﬂmwy. Without the p@[len&m]l use ol EWA assels. or other
environmenlal waler (such as CYPTA (b)2) waler). il was ]p]mj]recc[l:e«]l thal lower American River releases would
conlinue to be reduced from 1000 fs to 1100 cfs or less in ]Fe]lwunm]ry. adversely allecling incubaling steelhead

m]m]l FmM—ruml chﬁn@o]l« sa]lm@mn rrelis.

Suﬂquuen“y, the managing agencies and the PAs mg]reeaﬂ lo account for the waler thal was used lo
maintain the releases to the lower American River for the purposes described in EWA TFish Action 73 as
(L)) waler and notl EWA assels. However, in the fulure EWA assels may be used on Central Vaerey streams lo
p]r@wl’ldle mﬂequa&@ Mows for anadromous fish spawning., rearing. and migration: for habital restoration purposes, to
eliminale lo the extenl possible losses of anadromous fish due to How fluclualions, and Lo increase reservoir slorage

to protect the cold waler ]p@@]l and ﬂne]l]p meel downstream water lemperature @Ljechwes.

In ]Fe]lwunm]ry. 69.000 af of EWA assels were used.
4. March, 2001

The DAT ]l)]i@]l@g]]isﬂ:§ recommended continuing the SWP exporl reducltion lo 5.000 cfs (AGa) for 3/1/01
[Hlnroug]]h 3/2/01 due to the continued chinook loss. (TGa) ((]Fﬂcg]ure 26).

The DAT ]Bm]l@gﬂsks recommended aMowfmg exporls Lo increase lo pumping capacily pumping on 3/6/01
as they wanled Lo reserve some EWA waler for lale March. r]ﬂney also predicled a pulse of yearling sized chinool
observed in the Sacramento River would be in the Delta soon and vulnerable to exporl elfects IJ[M]I‘]']]DIQ] the
following week. I was anlicipaled that the authorized take level of 2% ol the juvenile winler run populalion in

the Delta Cred ﬂﬂcg]]h[[")) would be exceeded soon.

The winter-run “red ﬂﬁg]h[k" was exceeded on 3/5/01 (T6b). The aﬂm]’lﬂy loss at the SWP on 3/6/01 was
978. Under this circumstance, the MAs recommended an exporl reduction al the SWP 1o 5000 «fs (AGD).
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On 3/6/01 the DAT u:m‘lo]l@g]fmls recommended maintaining SWP exporls alt 4.000 cfs [L]h]mug]h 3/11/01

(ABGe) as Jl@m:g as winter-run loss remained Jln]igjﬂn (T6c). The crilerion lo increase SWP pumping back to capacily

was a Alensflly of yearﬂﬂng/wﬂnler run-sized Chinook of 15 or less for two consecutive Alalys.

As of 3/13/01 the EWA assels reserved for chinook in the winler seasom was &epﬂe[&e&l. The MAs

T@C@mmendl@al DWR flﬂ@ @V@Ty&ﬂﬂﬂng ]iﬂ: C@U}lﬂdl [k@ ]T(EHIM]C@ Wﬂn&@r-ru]ﬂ ﬂ@§§@§. Tﬂn@y ﬁlﬂs@ T@C@mm@nﬂ:ﬂe(ﬂ @Vﬂﬂu@luﬁ]‘lng} [Hl‘]l(e
factors involved in estimalting the adult escapement, the j]unwenﬁ]lfe pr@aﬂuch@m&. and the loss al the facilities to

«Jle[[ermﬂm:e wﬂnelﬂn@r lﬂnere were amny sﬂgnﬂﬂ:ﬂcanl mn%u‘eseen errors in Mﬂe caﬂcuﬂaﬂ:ﬂ@m& @F j]uwem:f]ﬂe ]p)r@aﬂmcﬂﬂ@]m or ﬂ@ss.

On 3/20/01 the DAT ]l)ﬁ@ﬂ@g]ﬂsll:§ conferred but recommended no operalionmﬂ cﬂmm&ge& Dm]’lﬂy loss of
winter run chinook had declined suﬂnslan[ﬁm”y.

By the end of March the zr]]m]ly loss of winter run chinook had declined to re]la[l:fwe]ly low levels and the
Clulmtlﬂlliilhwe ﬂ@§§ ﬂ'ﬁ@,s ﬂfew@]@dl @F]j ﬁl& He@,rﬂy 2@.@@@ Cﬂnﬂn@@ﬂ(.

]Iml MﬂlH‘CJl]l 65.@@@ iil,ﬂ: @ﬂ: ]EWA asse[ks were US@A]-
b. April. 2001

On 4/3/01 DAT discussed the s]‘lgn]’lhcanﬂ increase in spring run YOV chinook losses, from classification
based on Hemng[k]h criterion over the previous lbwo weeks. Loss of fall run YOY had increased sﬁgm&ﬂhcan[ﬂly too and

]l]iﬂgeﬂy maAle up l]lne maj@rﬂ[y (pﬂj ﬂ@ses simce Fa”-run spawner numﬂ»ers exceeaﬂeaﬂ U}n@se OW sprimg run.

On 4/4/01 stall re]p@r[ledl that the combined loss of YOY spring run size chinook had been about 1000
on 41/]1//@}1, (T7) (]Fﬂcg]u]re 26). The combined losses decreased to 630 fish on M@mmﬂmy and increased lo 863 Fish
on Tu@saﬂay. Non-clipped steelhead salvage (cumulalive lolal since December 2000) exceeded the 2% take level of
2.600 in the interim OCAP Bﬁ@ﬂ@gﬁcmﬂ @pﬁnﬂ@n for the year (T7). The DAT ]lmﬁ@ﬂogﬁs[ts recommend reﬁlucﬁng
exporls al the SWP by 2.000 fs from 4/6/01 through 4/9/01 (A7) 1o provide addilional protection for YOV

spring-run chinook. steelhead. delta smell larvae, and San J]@ﬁqu]i]ﬂl fall-run chinook. DAT ﬂ»ﬁ@ﬂogﬁs&s also
recommended Lhal during the exporl reduction the operalors reduce releases and hold some waler in their reservoirs

lo lessen the waler cost if there would be no harmful effects of re«ﬂumﬁng} Hlow downstream.

On 4/10/01 it was estimated that the EWA had 100 taf of waler left based on pr@jedeaﬂ uses in Lhe aﬂry
year 0pera&1’1@n.s forecast (90% forecast). There was no EWA waler allocated (placeholder) for April and May

because low exporls were forecasted. OFf the 100 taf remaining. 67 1al was surface waler, and the resl was source
s]lm']“ mn&l gr@um&aﬂwaler ((wﬂn]icﬂn c@u]l(ﬂmn.l u»e ex[{racﬂ:e«”. T]ln@ DAT umﬁ@]logfls[[s recq»mmenaﬂeaﬂ increasing SWP pumping
as soon as pmsﬂ»ﬂe lo gain some pumping credil for the EWA. The operalors evalualed this pr@pmsaﬂ and

concluded that because increasing exports 400 cfs either 4/11/01 or 4/12/01 would cause require exporks be
reduced on 4/13/01 or 4/14/01, there would be no net gaim in EWA assels.

VAMP was conducted belween 4/20/01 and 5/20/01.  Under the condilions sel forth within the San
Joaquin River Agreement and the VAMP experimental design, the largel exporl rale was 1500 cfs. The actual
average combined CVP/SWP exporl rale was 142@ ccfs (]lurrﬁrmg] this perflmﬂ. ]Fﬂow al Vernmﬂﬂs was increased as per
the VAMP lrom approximalely 2500 «fs to 4500 cfs for the Bﬂ-aﬂay period. No exporl reductions relaled lo
EWA were ﬂmpﬂemen&eﬁl Alruur]i]mcg] this per]‘l@«ﬂ.
I April 29000 af of EWA assels were used, 21000 af prior to VAMP and 8000 af for VAMP.
6. May. 2001

As the end of the VAMP on May 20 was mppr@a«:ﬂnng. juwenﬁﬂe chinook were still ]l»e]‘lng cmug]ln‘l in screw
traps om the San J]@atqufln tributaries and the catch of juwenﬂﬂe chinook al Mossdale on the San J]«»aqu]’nm River
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increased.  Della smell in the south Delta also were a concern. The ]14-&1&3' running average delta smelt take

exceeded 400 ((yeM@w ]l]igﬂ‘nl limit as defined in the NMFS 1995 OCAP @pﬂnﬁ@n). and the expamﬂeﬂl «]laui]ly saﬂ\vmge
of delta smelt had increased §ﬂmrpﬂy (exceeﬁlﬂng} 2000). The MAs ]I‘eqlm]@sﬂ:(EAI the VAMP export rate of 1600 «fs
be maintained from May 21 lﬂnrmﬂgﬂ‘n May 27 to reduce entrainment of delta smelt and to pr@wflﬁle ﬂmpr@vedl
migration u»ncrﬂf]&f]@mns W@u‘ saﬂm@n sm@ﬂ&s migrating U:Jlnr@ug]ﬂn Hlne s@mlﬂnern De“a Fr@m Mlle Sﬁt]]]l ]]@a\qlmiln R]’wer

tributaries. The term “shoulder’ on the VAMP describes a reduction in exporl pumping just prior lo or, im this
case, just afler the Bﬂ-lﬂay VAMP period. Breaching the temporary barrier al the Head of Old River was delayed

until May 26.
A series of DAT calls and Delta Smelt W@r]l(ﬂmlg] (Grmn]p sessions ool p]lm«:re in the last 10 Almys of Maly

and numerous recommendalions were made reg]mlrdlﬂmng temporary barrier operations (see cﬂnr@m&@ﬂogy in delta smelt
reporl for more detail on temporary barrier operahons) and exporls. CVP/SWP exporls were maintained at 1500
cﬂ:s ﬂﬂnr@ugﬂn May BH ]D)qur]i]mg maintenance al Ban]&s PP on Mmy 3][ andl J]u[me H no waler was [[aﬂ«en into (CJl]'lH@]m
Court ]F@]re]lmy lﬂnr@mg}ﬂn the radial gales.

In May. 49.000 af of EWA assels were used. 34.000 af for VAMP and 15000 af after VAMP.
1. June, 2001

On May 31 the MAs reques[[e«ll moderation of the ]pﬂalnmleaﬂ increase in pumping W@M@wﬂng} the “shoulder”
on VAMP. A sc]heaﬂuﬂe was «Jlewe]l@]peﬂl W@]r (CVP amxdl SWP exporls Lo increase in stepwise ﬂ:ms]hmml over seweu‘a]l
Aays. nol lo exceed a combined 3.000-4.000 cfs [L]h]r@ugﬂn June 5. The purpose of this aclion was lo reduce

enlrainment of della smell and allow Lthem lo grow and migrale downstream lo Suisun Bay. Salmon smolts still

migrating [rom the San J]@alq]unﬁn basin [k]h]mug]h the southern Delta also would benelil from this action.

By mid-June salmon losses al the CYP/SWP were neghg}ﬁMe and delta smell smﬂwage had declined to

mﬂnﬂma]l ﬂeveﬂs ]lny Mne emmJl OW J]u]me. No Fu]r[[]lnelr exp@]r[[ re&luch@m&s were u‘equesleaﬂ ﬂ:@sr ﬂﬂsﬂn pr@ﬂecﬂ:ﬂ@n. Agu‘fwuﬂ[{uu‘mﬂ

barrier operalions were resumed l»y June 14. Vrery little water was diverled at the Banks PP aﬂu}r]’lng} repair of a
]leaﬂ& in [[]lne Ca]l]’lﬂ:@rm]'la Aquﬂedluc[k. Pump]’lng al Traucy PP rang@&l Fn‘@m 44@@ Cﬂjs - 46@@ ch.

]I]l‘ll J]umle. 2@@]1 9.@@@ aﬂ: @ﬂ: ]EWA assels were IUIS(EGJ].

For the season, a total of 200,000 al of EWA assels were used lor exporl reductions in the south Della
((]Filg]ure 26).
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V. Biological Basis and Assessment of Benelits of EWA Actions

The [ollowing section deseribes the actions implemented under the EWA and some of the known lactors
that may alfect the survival of juvenﬁﬂe salmon as the emigrale lﬂnr@mgﬂﬂ the Delta. The relative imporlance of
various environmenlal effects and associaled m@rllah[ky mechanisms for juvemﬂe salmon is nol Wtu understood.
Based on our presenl Ln@wﬂeﬁlge and c@mncephm]l model of factors m”ec[ﬁng survival in the Delta the W@M@wﬁng

aclions were usedl lo improve llﬂn@ survﬂvaﬂ @ﬂj jjuwen]’lﬂe smﬂm@n mflg]]ra[hi]mg lﬂnrougﬂn Mne Dehm: [[Jlne D(C(C ga[he cﬂ@smre

and CVP and SWP exporl pumping reduclions.

As expﬂaﬂmxeﬂl earlier in Section II, DCC gate closure does mol involve the EWA unless the DCC gate are

closed for fish protection for additional days beyond those provided in the regulatory baseline and the additional
closure leads to waler qua]lﬂy and, Jimﬂﬁrec[kﬂy, waler suppﬂy impacks. Gate closure umeyrwmmﬂ whal is pr@vﬁ«ﬂeaﬂ in the

baseline requirements did not oceur in WY 2001

A. C@ncepﬂuaﬂ m@«Jl@Jls oﬂ: ﬂ:mdl@u‘s ]inﬂuencmg] juwenﬂﬂe smﬂmmnﬂaﬂ S]Ul]I‘WﬂWHLﬂ in [kﬂne De“a

As juwenﬂﬂe salmon Irom the Sacramenlo basin migrate ﬁﬂnr@ug}n the Delta towards the Pacific Ocean lllney
encounter mumerous junctions in the river and Delta channels. Two such junclions are located near Walnut Grove
at the DCC (& man-made channel with an operable gale al the enlrance) and Gem‘g}ﬂmnm Sﬂ@mgﬂn (a natural
channel). Both channels carry waler [rom the Sacramenlo River into the Central Delta. The re]lm[tﬂwe]ly ]h]’lg]h
qualily Sacramento River waler [lows into the central Delta, mixes with water from the east-side tribularies
(M@ﬂwﬂuﬂmne, Cosumnes and Calaveras rivers) and the San J]omquim River. This mixture which much of the lime is
predominantly Sacramento River waler is pumped oul of the Delta by the SWP and CVP or Hows westward
[Hlnroucg]]h the esluary.

S]‘lg}nfl]:ﬁcamal amounts of flow and, we assume, many juwemﬁlﬂe salmon from the Sacramenlo River enler the
D(C(C ((w]lnelm Mnce gales are @]p)em:) mmm]l Ge@rgﬂana Sﬂ@ugh M@rlaﬂi[{y @F juwenf]ﬂe sa]lmon enlering “:ﬂll@ C@Mﬂ:ﬂ"ﬁtﬂ Deﬂﬂm is
]h]ig]]ﬂer than for those conlinuing downstream in the Sacramento River. We hypothesize this dilference in
m@rlahly is due bo a combination of factors: the ]l@mugjer roule ﬂ]lmr«»ug]ln the central Delta to the western Delta.
]h]ig]]ﬂerr waler lemperalures, ]lnﬂg]]her predalion. more mg]r]‘mu“urm]l diversions, and a more complex channel
cumﬂjﬂgura&i@n mm]l(ﬂrmg it more difficult for salmon to find their way lo the western Delta and the ocean. In
addilion, upon remchﬂng the mouth the Mokelumne River the emigraling juvenile chinook are often exposed Lo nel
upstream ((u‘ewcerse)) H@ws on ll]lne ]l@wae]r San ]]@aqlun]’m Rﬂwer. @Ml an«l Mﬂaﬂ&lﬂe Rﬂveu‘s wﬂ]ln waler moving lo H}ne s@ulﬂn
lowards the pumping ]pﬂmmﬂls.

Waler is drawn from the central Della &ﬂnr@ug}]ln lower Old River to the exporl pumps when combined
CVP/SWP pumping exrceeaﬂs Mne H@w @ﬂ: Sa]m J]@mqufnm Rf]wer waler Al@wn U:]lne upper reacﬂn OW @MI R]’weu‘ andl M]'NJ[(M@
rivers.  Lhis situation. with nel reverse flow in the southern Delta channels. increases the risk of j]unwermfl]le salmon
mistakenly migraling lo Lthe south Delta and perhaps being entrained al the SWP and CVP lacilities. Even if
migraling salmon are mol enlrained, reverse flow may increase their residence lime in the cenlral Delta, increasing
the exposure to other m@r[lin]l]’l&y factors and Mnemumy «Jlecu‘easiumgj survival lo the ocean. The unlavorable reverse [low
condilion can be ﬁmpr@wec&l either ]}Dy reﬂlucﬂng exporls or increasing Delta inflows. Decreasflng} exporls Lo eliminale
nel upstream Mows Cor, il net Mlows are downstream, cause an increase in posilive downstream [lows) is ﬂnyp@lﬂnesﬂze«l
lo reduce the chances of migraling juvenile salmonids moving up lower Old River towards the CYP/SWP export

ﬂ:acf]ﬂflhes.

Juvenile salmon. steelhead and other species of fish in the south Delta are directly entrained into the
SWP and CYP exporl waler diversion lacililies. Mamly J’]uvenﬁﬂe salmon die from predlm[[mn in Clifton Courl
]Fm‘ce]lwy before they reach the SWP lish screens. Salmon from the San Joaquin basin, and those migraling from
the Sacramento River or east Delta lribularies lﬂnr@mgh the central Delta are more dlﬂ]redﬂy exp@se«ﬂ lo allered
channel flows due to exporls and Lo enlrainment because their main migration route to the ocean puls them in
proximily Lo these diversions. Some j]uvemlfl]le salmon migraling down the mainstem Sacramento River pasl

Ge@rgﬂana SHDMQ]JLI may [‘ZT@LW@H &Jlnr@ug]Jln Tﬂnree-mﬂﬂe Sﬂ@ugﬂn or aur«»umxdl Sﬂnermam& HSJlﬁl]I]MJl andl (e]l]ldl up im ﬂ:ﬂ'}l@ S@Uﬂﬂ:ﬂ'}l@]{‘]ﬂl
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D(Ell&ﬁl. TJl]le]re is C@mS]iAler@,]hﬂe JlﬁlCJl( OF undlerS&ﬁlnﬂ:'l]ing @h@u& ﬂ'ﬂ@w or WJlly Sﬁl]m@n @lndl §‘l@eﬂJl‘]l@ﬁl«Jl ﬂj]rfﬁlm &Jl‘]l@ ]IM)]F[H}]I D@Jl[kﬁt
end up al the diversions in the south Delta. par[tﬂcu]lm*]ly regarmhng} the influence role of the export pumping.
Nevertheless it is clear that once juvenile salmon are in the vicinily of the pumps, Mney are sun]hjecl to u»eﬂng] drawn
inlo the exporl facilities with the water ume]incg] diverted. We assume thal entrainment of fish and therefore loss or
“lake  of these fish is reduced hy r@«ﬂucﬂng the pumping rate. Il reservoir releases are mot reduced sﬂmu“ﬁne@usﬂy.

then the net flow patlerns in Delta channels is cﬂmngeaﬂ. presumably to the benefit of emigraling salmonids and
other fish.

B. Evidence supporking biological benefils of EWA aclions

The scientilic Jlny]p@ﬂﬂwsw and data geneu‘aleaﬂ to supporlt the benelit to leV@n]iJl@ salmon of cﬂ@sﬁm&g the DCC
gales and re«ﬂmmﬁng CVP/SWP pumping is described below. Much of the data used lo delermine the elfects on
salmon of cﬂmflng the cross channel gales and re«ﬂucfmg exporls are based on mark and recaplure experiments
conducted Alu]rﬂng] the pasl 25 years using coded wire laggmﬂ (CWD juvenile hatchery salmon. While this
methodology has proven uselul. it also has many limilalions. Field experiments of this Lype have proven ko be
very cﬂﬂa”eng}ﬂng because of limils on the control of environmental variables ]}mflng evaluated, intra- and inter-
annual variabilily in other factors, difficulties of sampling in a large agualic system, limited availability of CWT
salmonids, and uncerlainly as lo how Lo describe qumn[kﬁ[l:m[l:]iwe]ly the environmental variables ﬂ»eﬁng} evalualed.
Measumng survival also is pro]lnﬂemahc since the system is ﬂm‘g}e and the number of &ag}geaﬂ salmon recap&ure«ﬂ is

re]la[tﬂveﬂy small.
1 Delta Cross Channel Gate operalions

a. ]Emp]irﬂcm]l evidence from mark and recaplure studies

We hyp@&hesﬂzedl that juvenﬂﬂe salmon survival was lower in the central Delta than on the mainstem
Sacramento River. We further hypothesized thal. overall, the survival of the juvenile salmon populalion migrating
down the Sacramento River lﬂnr@mgﬂ‘n the Delta will increase il the DCC gales are closed because more salmon will
stay in the river and fewer will enler the central Delta. These hypotheses were lested using several mark and
recaplure experiments where marked fish were released al various localions in the Delta and recovered al (C]lnﬁ]p]ps
]Is]laum«ﬂ. All surviving juven]’lﬂe mﬂm@n pass lﬂnr@ug]ln Hhe reﬂaﬂﬂveﬂy conﬂjﬂne«l area @ﬂ: [l]lne western De“a near (C]lnfl]p]ps
]I§]lamﬂ as lk]hey migrale lo the ocean ((]Fﬂg]ure 27)) Mmr]l«eaﬂ j]uwenﬁ]le salmon were recovered near (C]hflpps ]Isﬂamﬂ using
a ]lm]rg]e vessel and mid-water trawl nel (mouth opening 10" X 30) towed al the surface (Brandes and McLain.
2001). Indices of survival were estimaled ]By expmnﬁlﬁng} the number of marked fish recovered by the fraction of
time an&l a:]lnmn]m@]l cross-seclion §amp]le¢]l an«l aﬂfwﬂaﬂflng} ]lny M}le num]lmer u‘eﬂeaseaﬂ. Smrwﬁvaﬂ &]ls@ was ﬁn&]epenaﬂen“y
estimaled from CWTs recovered in sampﬂﬁng salmon landed ]By the commercial and recrealional ocean salmon

W]is]lnelr]ies.

T@ Lest Wﬂn@[l]lnelr [l]lne su]rvf]wmﬂ mﬂ: j]mwe]m]i]le §mﬂm0]m migraling “nroug]]ln H}ne Deﬂﬂ@ was ]ln]igﬂne]r wf]ﬂ:]ln [[]lne D(C(C
gales closed, fall run Hnm[[ccﬂnrery smolls were released on the Sacramento River upskream (Courtland) and downstream
of the DCC and Ge@rgﬂanm S]l@ug]]ln ((Ryaﬂe)) ((]Fflgxuure 27). The two release locations were appw«»xﬂma&eﬂy 6.5 milles
apark. The results of these experimenls were thalt smolls released upstream of the DCC and Georgﬁanm Sﬂ@ugﬂn
survived lo (Cﬂm[p]ps [sland at a §ﬂgn]‘1ﬁ]‘1cmn[{ﬂy lower rate than those released downstream. S]’lg}nﬂﬂjﬂ@ﬁlmuy lower
survival lo (Cﬂnﬂ]p]ps [sland was observed for the groups released upstream both when the DCC gales were open and
when &Jlney were closed (Tables 4 -5). This data suggests poor survival of the salmon ﬂrmweﬂﬂng down Ge@mgﬂana
Sﬂ@ugﬂn and lﬂnrmﬂgﬂn the DCC when the gales were open. Smolt survival estimales derived from calches in the
ocean hsﬂneu‘y showed g]enelraMy the same trends but were less consistent and dilferences were not §[la[h'1sh@a“y
sﬂgnﬁﬂ:ﬂcmnl (Table 6 and 7). The difference in survival belween the upstream and downstream groups was grealer
when the gales were opened, bul the effect of gale stalus on these dilferences was nol stalistically significant using

either the (C]hflp]ps [sland indices or ocean recovery estimales.

We tested the ]hypo“ﬂesﬂs that salmon smolts migraling inlo the central Delta have lower survival ]}Dy

comparing the survival of fall run smolls released into Gem‘g}ﬂmnm Sﬂ@mgﬂn and. simullaneously. into the main-stem
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Sacramento River either al Ryaﬂe or Isleton, in the spring. The survival indices and ocean recovery rales obtained
for smolts from the two release locations indicated that fall run smolts survived at a sﬁgmn‘lﬂjﬁcmn[t]ly ]}nﬂcg]]her rale when
released al Ryde or Islelon than inlo Ge@rg]’mm&a Slough (Tables 8 and 9). Similar relalionships also were
observed when using late-fall +un hatchery fish released zr]lurilng December and J]aumualry, despite the cooler waler
temperatures aﬂmr]’lng migralion andl [kﬂne ﬂarger size «»ﬂ: [[Jlne ﬂ:]islln r@ﬂahve to Mne Fa“ rumn use«ﬂ in Mlle sprimg ((Apll‘]iﬂ-

May) experimenls (Tables 10 and 11,

The ]lny]p@[t]lnesﬁs that survival of juvenﬁﬂe salmon is grealer im the mainstem Sacramento River than in the

interior Della s further supported by the resulls of experiments that released fall run hatchery smolts al numerous
locations in the interior Delta. Smolts released in the South and North Fork of the Mokelumne River. the lower
M@ﬂ(@ﬂmmmne R]’wer anaﬂ in ]L«»we]r @M] R]’l\ver Jlnaaﬂ Jl@welr suu‘wﬂwaﬂ lo (Cﬂnﬂ]p]ps Hsﬂanaﬂ H}Mﬂn §m@ﬂ&§ reﬂeaw«ﬂ al ]Rydlre.

Survival indices were similar lo or lower than for salmon released al Courtland in other experimenls ((]Fﬂcg]\uure 28).

These studies suggest that some of the smolts released upstream were diverled into the central Delta via
[[Jlne D(C(C ((lenelm Hme gales were @pem&)) aumJl Ge@rgﬁana S]@ug}ﬂn andl ﬂﬂnal Mne]’ur §u:l]rw1'1va1ﬂ is ﬂ@we]r ﬂ:ﬂ']lﬂl]m ﬂj@]r sm@“s
migrating downstream via the mainstem Sacramento River. The studies also indicale relative mortality is ]h]’lgﬂner im
Ge@rgﬂana Sﬂ@ug}ﬂn and other areas of the central and south Delta for fall and late-fall juwenﬂﬂe salmon migraling
[Hlnroug]]ln the Delta in the fall, winter and sprimg months. From these results we infer there are survival benefils
for Sacramento River salmon from cﬂ«»sflng the DCC gales if «H@]’lng so reduces the proporlion of salmon enlering the
cenlral Della.

]Krm@wﬁng the percent of downslream migraling juvenile salmon thal migrales inlo the interior Delta via
the DCC when the gales are open is key lo understanding the benelil of closing the DCC gates. Studies conducted
lo dale indicale the numbers diverted may be related to the flow and tidal conditions when individual smolts pass
the junction ((Vog]e]l. per. comm. and Pierce, per comm.). Sludies lo eslimale the percenl of juwenflﬂe salmon
diverled into the DCC and/or Ge@rgﬁmna Sﬂoug}]h have nol produced consistent resulls. Schallter (1980) found that
the densities of salmon in the Sacramento River above the diversion channels at Walnul Grove were similar 1o
those in the DCC suggesling that fish are diverted in proportion to the How. USFWS (1990) lound that densilies
were §ﬂgn]iﬂ:]icatn[lﬂy ]@wer in U:]lzue ]D)C(C [Hlnan in U:]lzue mainstem Sacu‘mmen[&@ R]’lver excepl Alu]rf]mxg H@@(ﬂ lﬂ&l@s. Haums@]m
(Hanson. pers. comm.) estimaled Lhal aﬂu}r]’lng} ebb tides the percenlage of salmon enlering Ge@rg]’lmna S]lmng]h was
correlaled lo the corresponding Hlow split. bul the relationship was nol directly proportional. Al lower Hows
((]Filg]ure 29) and on Hood tides (Oltmann. pers. comm.) a grealer proporlion of Sacramento River waler and
pre§ummum]ly juwenfl]le salmon are diverled inlo the DCC and Ge@u‘g}]’lmna Sﬂ@ugﬂn. It seems clear that c]l@sﬂrmg the
DCC gales would reduce the percentage of Sacramento River waler and presumably fish moving into the interior

Delta.

Lower smolt survival in the Central Delta relative to that on the main-stem Sacramento River has been
hypol]}msmeﬂl as keﬁng relaled to the amount and direclion of nel flow in the lower San J]@auqluﬁn river, the H@nger
route to the western Delta for smolts migrating Mmr@ugﬂn the central Delta, and increased wu]lneuﬂm]lmihly to the
effects of exporls. A posilive nel How indicales thal waler Hmwﬁncg] from the interior Delta is maLﬁng il lo the
western Delta.  Tidal Hows are much grealer than the nel flows. bul if juvenile salmon wse nel flows Lo help orient
them towards the western Delta and Pacific Ocean, nel upskream flows in Delta channels may ]hamper this process.

The results of mnaﬂy§ﬁ§ of the p@lenﬂmﬂ H‘eﬂﬁh@nsﬂnﬂp of posilive mel flow to the survival indices (to (Cﬂm[p]ps Island).
of Tall run smolls and late-fall run yearhngs released inlo Ge@rgmnm Sﬂ@ugﬂn, show no relalionship belween posilive

nel H@w a]nmﬂ smrvfwa]l.

A longer route through the Della could account for the increased mortalily observed in the inlerior
Delta. A Hong}er roule would expose the lish Lo various m@rlmﬂﬂy factors ((e.cg]. predalion) for a ]l@m:ger period of
time. However. the dilference in distance, assuming the most direct roules to Chipps Island for both groups. is only

37 percenl grealer for the Ge@rgmna S]l@mg]]ln group (White, 1998). The Ryaﬂe groups survived belween 1.5 and 22
times that observed for the (Ge@lrg]mnm Sﬂ@mgﬂn groups (Table 12). Dillerences of belween 1.3 and © limes are
observed in the ocean recovery rale data but some of the most recent releases have nol been recovered in the ocean

fishery yel (Table 13). Increased distance alone could account for only the smallest of these differences in survival
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between the two groups. The role of exporls on smolt survival is discussed in the next section.
ﬂ». ]Evﬂaﬂemme Fr@m m@dl@hng] sunrwvmﬂ @ﬂj [kﬁgg]e«ﬂ sm@ﬂﬂs

Models generated using the marked lish (coded wire tag) data oblained in the Sacramento Delta also
support the conclusion thal closure of the DCC gales will improve survival for smolls originaling from the
Sacramento Basin, emigralting Mm‘@ugﬂn the Delta. Kjelson, Greene and Brandes (1989) lound that the greatest
m@rlaﬂﬂly for smolts belween Sacramento to (Cﬂn]p]ps [sland was that in the central Delta and that survival could be

improved if the gales were closed.

Ken Newman. Statistician [rom the University of Idaho has three additional stalistical analyses evalualing
factors important to smoll survival [Hlnr@ug]]h the Sacramento Delta using the coded wire tag data (CWT).  The
model he developed with John Rice was a generalized linear model Lo estimale the effects of various parameters on
salmon smoll survival [L]h]r@ug]h the Delta. Tﬂney found that mortalily was ]lnﬂcg]]her for smolts released in the inlerior
Delta relative lo those released on the mainstem Sacramento River (Newman and Rice, 1997). The open cross
channel gate also was associated with lower survival for releases om the Sacramento River (Newman and Rice,
1997). In the second analyses, using a Baysian framework, Newman found thal smolls released al Sacramento
survived al a much ﬂn]ig]]lner rale than these released in the interior delta when the DCC gale was closed. (He also
found that smolts released in the interior delta do sﬂﬂgﬂnﬂﬂy better when the gales are open with both the Baysmn
and GLM m@&lehng) (Newman and Remﬁng}l@n, 2000). The third appr@mc]h used pm]’lreﬁl release dala lo eslimale
and model absolute survival lﬂnr@mgﬂn the Delta (Newman, 2000). He found using this melﬂnmﬂ@ﬂ@g}y that the open

cross-channel gale had a negalive effect on the survival of smolls migraling [L]lmroug]h the Delta in both a product
muﬂﬂﬂnomflaﬂ mmmJl quasﬂ-ﬂﬂﬂ(ehﬂnood m@dle]l.

All of the analyses Lo dale appear lo support the conclusion thal closing the DCC gales will improve the
survival of smolls, originaling from the Sacramento basin. migraling [Hlnroug]]h the Delta. It should be noted that
even wilh the DCC gales closed Sacramento River waler still ows inlo Ge@rgflana Sﬂ«»ug]ln and some, bul

presummﬂ»ﬂy fewer Sacramento salmon still travel thal route inlo the inlerior Della.
2. (CVP/SWP exporl pumping eﬂec[&s on survival @W j]uvemaﬂ]le salmon

This discussion on the effect of exporls is focused om juwenﬁﬂes originaling from the Sacramento basin.
g g
EWA exporl reductions implemented Lo help prolect listed fish species emigraling from the Sacramento basin are

expecled Lo have benelils for any juvenile chinook and steelhead thal are migraling from the San J]omqufln and easl

sﬁ&le Deﬂ&a h‘]’l]l»u[[arﬂaes (M@ﬂgeﬂumne. C@sumnes aumll (Ca]lawe]ra§ ]R]iwe]rs)).

Given the limilalions ol each of Lhe anm]yses described below, the pieces of evidence pu“@w]’lee«Jl support the
conclusion thal re&lucﬁng exporls will improve the survival and reduce the losses relalive lo exporl ellects of
juvenile salmon in the Delta.  Wilh reduclions in exports. direct losses, entrainment and indirect losses relative lo
hy:&lrmﬂynamﬂc c]lnamxges would all be reduced and survival for Sacramento smolls diverled into the central Delta
W«»MM u))e ﬂmpr@ve«ﬂ.

a. Evidence from mark-recaplure studies

A redluc[kmrm in exports is ﬂnyp@lﬂnesﬁze«l lo improve H}ne su]rvf]waﬂ @ﬂ j]mwe]m]i]l@ §mﬂm®n rusF Wﬂn]’lc]ln are «Jl]'we]r[le&l
inlo the inlerior Della via Georgﬁmnm Sﬂoug]h or the open DCC. For mark and recaplure experimenls im
December and January, we released juvenile late-fall salmon inlo Ge@rgmna Sﬂ@ug}]ln in the central Delta and al
Ry&le on the mainstem Sacramento River. Reg}ressﬂ@n and correlalion anaﬂyses of these data (1993-1998) indicale
that the survival of smolts released into (Geolrg]mnm Sﬂ@mgﬂn is increased as exporls are reduced, relative to the
survival of salmon released sﬂmuﬂ&mneousﬂy al Rydle ((]Fflgunre 30). These W]’lndlﬂrmg]s are the basis for re«ﬂucﬁng exporls
to Furﬂneuﬂ protect J’]uwenf]ﬂe saﬂm@n migraling [[Jlnr@ug]ﬂn Mn@ Deﬂ[{a.

Results from the 1999 experiments with late fall chinook releases al Ry«]]e and in Georgﬁana Sﬂ@ug}h do
not fit within this reﬂa&i@nsﬂnﬂp. When the data from 1999 are added. the sﬂope and sﬁgnﬂﬂjﬂcance of the
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relalionship are reduced ((]Fflgure 1. It is unclear why the 1999 data do nol fit belter with previous data. bul
one ]ﬂﬂ«eﬂy exp]lalnalh@n is thal instead of ﬂ»eflng held constant «Jlur]‘umg] the experiment, CVP/SWP exporls (and the
status ol the DCC gales) varied throughoul the ]I?-aﬂay period when salmon were al large and being recovered.

Tﬂne [hre]mJl @ﬂ: increasing survﬂwaﬂ al ﬂ@welr e)xp@]r[[s is S[HIJ”] m]p]paureml[l wﬂnen U:Jlnae u‘cesu“s 0F §1'1m1'1Jlaur expce]r]'lmen[ls
with fall run chinook are combined with the late-fall run chinook results. however. the Jrre]lalhons]lnﬁp of exporls and
suwvﬁwaﬂ is not §[la[h’1sh@a”y sﬂgm&ﬂhcanﬂ: ((]Ff]cg]uu‘e 32)

Survival of yearﬂ]‘lngs released into Ge«»rgmm&a Sﬂ@ugﬂn relative to those al Ryaﬂe ﬁ]p]pealrceaﬂ to be more
variable al the exporls less than 6000 cfs ((]Fﬂgurre 30). Thus exporl pumping was reduced to G000 cfs and

generaﬂﬂy nol ﬂ@welr in recognﬁh@n @F U:Jln]is uncerlaﬂnly aumﬂ lo exlhendl [kﬂme aﬂura[ﬁmn @ﬂj redluc[kf]@mns given a ﬂjﬂnﬂﬂ@

EWA umucrﬂg]e&.

Newman and Rice (1997) and more recent work ]lmy Newman suggesks that redlumrmg exporl pumping wnM
increase the survival for smolts migrating ﬂﬂur@ugh the lower Sacramento River in the Delta.  Newman and Rice's
upﬂlmle«ﬂ 1997 extended qumsn—]l kelihood model (Ken Newman. per. comm.) prowﬂles some evidence thal increasing
[[Jlne percenﬂ: @ﬂ: De“a ]inH@w (Jl]iw@rleaﬂ (rexp@rl to ﬂnﬂ:ﬂmw ((]E]DJ u"a[h’]@)) u‘eaﬂmcw Mn@ sun]rwflvm] @ﬂ: groupps @ﬂ saﬂmon
migraling down the Sacramento River, but the effect was s]lﬁg]]lni and mol slalﬂs&ﬁca”y sﬁgnﬁhcmn[&. [n Newman's

ex&en&]eaﬂ quam-ﬂﬂﬂ(ehh@od m@dle]l using ][Dﬁlﬂ]l‘@(]l «Jlmﬁa. “nre]re was a sﬂg]n]’lﬂ:lican[l exp@rl e”ed on suu‘vﬂwa]l (approxﬂma&e

P-value of 0.02 for a 1 sided test) (Newman, 2000).
3. Effects of net Mow in Delta channels

Tﬂne ﬂ:oM@wﬂng is a briel summary oﬂ a more c@mpre]he]msﬂve discussion @F Deﬂ[l:a hy&lr@d‘ynamﬂcs that is

ﬁncﬂuaﬂe«ﬂ in M}le ]EWA Bmcﬂ&gr@un&l Re]p@u‘ﬂ (( Br@wm& aumﬂ K]’lmmerer 2@@)}11»))

]Fﬂ@w in [Hlnae ]D)ehm is a u‘esu]lﬂ: @ﬂ: riwer-&eriwe&l nel How aumJl Haﬂaﬂ movement. T]lne reﬂaﬂ:fwe magn]’l[{udl@s @F
nel and lidal flow depend on localion and river Hlow with grealer lidal dominance loward the west and al lower
river ﬂMH@WS. Tﬂne presence x»ﬂ: cﬂnaumneﬂ ]hﬁl][‘][‘ﬂ(e]l‘S al specflﬂﬂc Il@cah@ns ]lna§ a major ]i]rn”uemme in ﬂ:ﬂ@w A]ynamflcs. T]’l&lmﬂ
flows oscillate, however, because of the c@mpﬂex geomelry of the Delta H}ney can prmﬂmce nel [lows Ji]maﬂeprendlenl of
river H@w mmmll can cause extensive mixing. ]D)ulrflng] ﬂnﬂg]]ln H@w peu‘]’l@aﬂs. waler H@ws into M}le De“a ﬂjr@m Vaﬂﬂey
streams and exils the Delta as nel Delta outflow. ]D)u]r]i]mcg] low low periods. Hlow in the San J]oaq]ufln River is lower
than exporl flows in the southern Delta so waler is released from reservoirs to ]plrovfmﬂe How for exporl and o meel

smhnflﬂ:y and flow standards in the Delta.

Particle ham]l«ﬁng] models, using dala from direcl measurement of Hlow velocilies and volume bransporl al
various Della localions, have given us our mosl recenl view of nel flow in Della channels. The general lrend of
model resulls seems lo be thal a palch of parlicles released in the Delta will move g]enermMy in the direction of
nel flow bul the patch spreads extensively due o lidal dispersion. The exporl pumps and Delta island agricultural
diversions impose a risk thal the particle will be lost o the syslem. This risk increases with grealer diversion [low.
imitial proximilty of the ]p&]r[[flcﬂe lo the diversion. and duralion of the model run. The absolute malg]nfl[kuaﬂe of project

exporls was the best ]pm]reaﬂﬁc[t@r of enlrainment al the exporl pumps while the cmmpu[&e&l reverse [low in the weslern

San J]@@qufln River (QWest) had. al most. a minor elfect.

Tidal How measurements allow caleulation of tidally averaged nel flows. Resulls indicate thal lidal effects
are imporlanl in mel tramsporl, i.e. mel flow to the pumping p]lmrmls is mol g]]rem[[ﬂy allected ]}Dy the direction of nel

H@w in Mne weslern u@wer) Saum J]@aqumf]m: R]’wer.

If the above view of net Mlow is correct then in respect to fish movement. re]la[liweﬂy passive life stages as
delta smell larvae should move ]lm]rg]re]ly under the influence of nel flow with increasing behavioral component of
molion as ﬂ:flsﬂn aﬂeweﬂ@]p. ]Lm]rgelr. strong-swimming saﬂm@n sm@“§ are more capa]l)]le @ﬂj moving ﬁn&]epenaﬂen“y ]l»uﬂ may

be alfected Lo some dleg]r(ee u:»y nel flow.



a. Beﬂnmvﬂ@u‘ f()ﬂ: radlﬂ@-lagg]@&l juwenf]ﬂe saﬂm@]m in response to exporl pumping

As part of Action Al Gie. Al d) during January 18-20", 2001, total project exporls were reduced for
three aﬂays o 3000 cfs. Du]rﬁng] this time perﬂ@ﬁl rmho—[kmggedl juvenile late-fall salmon were released in lower Old
River lo evaluale their behavior al low exports and with or minimal reverse Hlows in lower Old River
((]Experﬁmen[k 3 and 4). In December 2000, the same experiment was conducted when lotal exporl levels were ]lnﬁg]h
(8.000 to ML.OOO cfs) causing net Hows in lower Old River to be reversed, i.e.. upsiream loward the CYP/SWP
intakes ((]Experﬁmenl 1 and 2). P}r@ﬂ]’lmﬂnary resulls indicate thal more radio lagge«ﬂ salmon released under Hnﬂg]]ln
expork c@ndl]i[hi@]ms m@weaﬂ upstream [k@wamﬂ Hlne pumping ]p)Jlaum[ls wﬂn]’lﬂe maore u‘eﬂeasexﬂ al Jl@w exportks remaf]nedl in ﬂJlne
channel where [k]hey were released (Table 14) (Natural Resources Scientists Ine. dralt reporl Lo USFWS, Sep&emﬂmer
2@@” Tﬂn@se ﬂjﬂm:dlfnmgs ﬂn«ﬂﬂca[{e le[l as exports dlecrease aumﬂ reverse Hmw im [kﬂme water conveyance cﬂmnm&eﬂs mﬂs@
decrease, radio [tmg]g]eaﬂ juvenile salmon remain in thal channel and are more likely to move downstream Loward the
ocean. For migratory salmon this lalter behavior must be considered advantageous for their survival compared to
behavior observed with ]large nel reverse (ups[krealm)) Hows in these chanmels. With reverse flows. more of the
raaﬂf]@- [kagg]e(ﬂ juven]’lﬂe saﬂm@n m@welﬂ ra]p]iaMy ll@wm]mﬂ Mne CVP/SWP dl]iwersmns. aumﬂ “upsﬂzream" away ﬂjr@m [kﬂne
ocean. Lhis behavior is counter o their natural behavior aﬂum’lng} this stage of their life (‘y«:ﬂe and pr@ﬂ»mﬂ»ﬂy

detrimental to their survival.

Based on the conlrasting behaviors observed for juvenile salmon during the two phases of the evalualion,
we ﬂnyp@“‘nesﬂze ﬂmpr@ve&] survival [or thuwe]mfl]le salmon in the cenlral and southern Delta when condilions are like
those during the low export (3000 cfs) phase compared to the high export (8000 to 11000 cfs) phase with nel
upskream flow. We presume migralory salmon survival would lend lo be ]lnﬁghrer whenever nel flows are
downstream compared lo when nel flows are upsiream. The change in nel flow needed lo produce consistent and
substantial differences in migralory behavior and survival is unknown. Neither do we know jusl what flow
condilion may be needed to avoid e]l]'lcflhng] what we presume is undesirable upstream migratory behavior ]hy
juvenile salmon thal are lrying to smccessh”y migrate to the ocean. Nevertheless, the studies in 2001 suggest mel
How alfects juvenile salmon behavior and therefore EWA actions to change [low pallerns in Della channels may
be benelicial for these migraling fish.

C. Quﬂmnhlahwe Assessmenl of EWA Benelils

1. lncremental reduction in entrainment of salmon and steelhead (direct loss)

A direct benelil of rmﬂucﬁng} Delta exporls using EWA Tor lish in the immediale vicinity ol the intakes
was “ne re&luce«]l enlrainment. We presume W]’ls]ln enlrainmenl is u‘ceaJlunced] im pr@p@rh@n lo Mne re&lucﬂ:ﬂ@n in «Jl]iwe]rsil@]m

rale.  We assumed Lhal some of the fish nol enlraimed move away from the intakes. avoid enlrainment a“ogelﬂmr

and be saved.
A sﬂmp]l@ way lo qunm]mhﬂ:y the benelit to salmonids of using EWA waler lo reduce SWP and CVP Delta

exporls is lo calculate the reduction of the number of salmonids dl]’lrrerc[[]ly laken al the exporls. Few assumplions are
involved. We assume we can accuralely and precisely measure the number of fish taken al the Delta export
facililies. We also assume we know how much waler would have been diverled il there were no EWA action. To
estimate the beneflit to salmonids of exporl pumping reductions using EWA waler we C@mpﬁlﬁ“@(ﬂ the estimated
number of salmon laken each Hlay mﬂurﬁmxg an EWA exporl reduction ko the number thal would have been taken
under the Base Operalion Plan. The Base Operation Plan is the operalion thal would have occurred withoul the
EWA action. We assume the number of lish per acre-fool diverled each aﬂaly is the same in both cases. The
equation is: Number Saved = (Actual Number Taken * (Base ]Exp@r[ks/Ac[hna]l ]Expm‘ﬂs))) - (Actual Number Taken).

T]lue num]l)elr @ﬂ: winter-run c]lnflml@o]l(. alH “@;Mer cﬂnﬁm@@ﬂ&". amﬂ slcee”nemﬂ sawe&l on a aﬂm]‘l]ly ]lmsfls «ﬂuu‘]’lng}

individual EWA actions 1 [L]h]r@ug]h 6 are tabulaled in Appemﬂflx 3 and summarized in Table 15.

This estimate of benefit is the reduction of direct m@r[tah[ty al the SWP diversion ﬂamﬁﬂﬂ[ky where all the
EWA pumping reductions occurred. In real-time it will aﬂwmys be ﬂmp@ssiﬂ»ﬂe for the DAT know when to use the
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EWA water lor the maximum benelit of the emigrating population within one season. Alter the season is over.
we can use this assessment lo delermine if the available informalion was a&lequa[te to ]heﬂ]p us pre«ﬂﬁd the maximum

u»elmeﬂ:]il occurring wﬂ[kﬂn]i]m Mﬂe seasomn, ﬁmeJl appﬂy Hlna[[ u‘esu“ to improving ﬂmhnrre (checﬂsfl@m:. ]Fﬂcg]luure 33 is an

illustration of the winter run loss, loss zr]]ensﬂly and cumulalive z&]ensﬁ[[y for 20002001, EWA actions [L]h]mug]h

March 11 saved 6.000 winler run. Record densilies of winter run chinook ]pcersfls[keaﬂ al the SWP ﬂ:ﬂtrtflﬂfl[ky alter the
amount of EWA waler reserved for protecting salmonids in March was dlepﬂe[tem]l. Winter run lake reached almost

Mnree limes [Hlne “uﬂeaﬂ Il]igﬂn[k cheweﬂ , or Ilnf]g]Jh concermn Jleveﬂ ]lmy U:Jlne mfldla”@ @ﬂj Marcﬂn. Tllne winter run [lalﬂge F]’lm&aﬂﬂy
abaled u:»y the end of March.

]F]‘lg]u]re 34 is an illustration of the 2000-2001 steelhead sa]lvalg]e and cumulalive sal]lvalge. Agaﬁln,

ﬁﬂﬂmugﬂn EWA aclions saved 675 steelhead. the quantily of EWA waler reserved for salmonids was exhausted well
before the main steelhead emigralion perflmﬂ ended in mﬂﬂl—Apr]‘lﬂ.

2. [neremental survival improvemenl for emigraling salmon

An analysis was conducted to evaluate the beneflit of Environmental Water Account Actions ((Jraed]unrcﬁng]
exports and cﬂ@simg the DCC to juwenﬂﬂe. late-fall and h‘]’l]lm[kary spring rum and winter run salmon survival «Jlu]rﬂng]

emigralion lﬂnr@ugh the Delta.

Two sﬂmphshc spremﬁlsﬂnee& models were constructed lo estimale survival for j]unwenfl]le salmon migraling
[l]lnr@ug]]lu l]lne Dehm. T]lne F]’lrs[k was ﬂ:@]r junwe]m]i]le smﬂm@]m migraling Mn]r@ungﬂn Mme De“a Lelween N@vem]lme]r ]1 a]nmﬂ
Hanuary 31 and was «ﬂeweﬂ@puﬂ lo index the survival of late-fall and [Erﬂﬂmulalry spring run ((j]uvemail]les between 70
and 150 mm). The second was for winler run sized j]]uwemn‘l]le salmon migraling lﬂnr@ugﬂn the Delta belween

]Fel»rualry I and Mfur«:ﬂ‘n 31[ ]Eau:]ln survival model was run using aﬂﬁ”eren& @]pera[[ﬂmmm]l condilions — the base
conditions (no cﬂmnges due to EWA) and EWA condilions.

Survival through the Delta for the cach juvenile populalion was estimaled by summing the daily estimales
of survival muﬂ[l:]‘lp]ﬂe«]l l»y an estimate of the percenlage of the popu]la[tﬂ@n presenl on that «]laly. Each Alﬁuiﬂy eslimale
of survival was based on the percenlage of juwenﬂﬂe salmon diverted inlo the interior Delta (((Georg]]iamm Sﬂ@ugﬂn or
DCC relative 1o the percentage diverled inlo Steamboal or Suller Sﬂ@mgﬂns or staying in the mainstem Sacramenlo
River and an estimale of survival in each reach. The percentage of the p@puﬂah@m& migraling l]lnroug]]ln the Delta on
any one Almy was eslimaled l»y Jﬁwﬂ&lflng the Hlaﬂ]ly calch per cubic meler u:»y the sum of the «]Lm]i]ly calch per cubic
meler for the entire lime period (November 1 lo January 31 or ]Fe]lmrumry 1 to March 31D. Although sampling was
nol conducled Hlau‘l]ly il was assumed calches represenﬂ:eﬂl the paltern of the pmpuﬂmﬂ:]‘lon migraling inlo the Delta.

The aﬂm]’lﬂy calch per cubic meler was derived using the catch of j]uwermfl]lre salmon divided u:»y the cubic
melers of waler sampled in the midwaler and kodiak trawl, al Walnul Grove or Sacramento, respeclively. The

Walnut Grove estimates did not incorporale a lime ﬂalg whereas those from Sacramento ﬂnc@rp@rm[[e«ll a lwa—dlay ]lalg.

The percenlage of the aﬂm]’lﬂy p@puﬂaﬂ:ﬁ@n that was diverled into the dilferent reaches of the Delta with the
DCC gales open and closed (inlerior Delta or Steamboal or Sulter Sﬂ@ug]lm)) was assumed lo be the same as the
percenl of waler diverted and determined using How equalions puhﬂﬁsﬂneﬂl ]}Dy DWR. The unaccounted proporltion of
the waler was assumed lo slay in the mainstem Sacramento River. Daily Mow and DCC gale slalus were used lo

eslimale the percenlage of Mlow and juvenile salmon thal were diverled inlo cach reach on a dlﬁl]i]ly basts.

Survival was assumed to be 0.8 for smolls enlering Steamboal and Suller Sﬂ@mgﬂ‘ns and lor those staying in
the mainstem Sacramento River. Previous studies suggest survival is relalively high in these areas (Brandes and
MecLain, 2001). Survival in the interior Delta was based on the on the reﬂmh@nsﬂnﬂp belween the survival of lale-
fall Jlm[k«:ﬂnelry smolls released into Ge@u‘gflana Sﬂ«»ugﬂn relative to those released at Ry«ﬂe versus CYP .SWP exporls.
Georgﬁana Sﬂ@ug}]h survival relalive to Ry&le survival was requalﬂ o (0.62-(00003 * CVP . SWP exporls in cfs)).

The resulling estimale was then multiplied by 0.8 (estimate of Ryde survival) to get the ralio of Gemrgﬂana
Sﬂ@ugﬂn Lo Ryaﬂe survival into absolute Ge@rgﬁana Sﬂ@ug}]ln survival.
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Daflﬂy estimates oﬂj survivmﬂ were caﬂcuﬂmﬂe&l ]lny mu“:f]]pﬂy]ing] Mnae percent «»ﬂ: J’]uwenf]ﬂe saﬂm@n im [kﬂne mainstem
and Sleamboal and Suller S]lmng]hs u»y the survival there (0.8) and a«Mﬁng} il to the pro«ﬂu«:[t of the percenl of
juv@n]’lﬂ@ saﬂm@n aﬂﬁwer&eaﬂ into Mne interior D@Ma aunmJl an estimate @F interior Deﬂ[{a sur\vﬁvaﬂ. Tﬂne ﬂ:@ﬂﬂ@wﬂng

equalion was used o estimale Alalﬁﬂy survival [L]lnr@ucg]]h the Delta:

(((0.8 * (I-% diverted into GS and DCON(E diverted into GS and DCC * ((0.52 - (0.00003 * CVP .
SWP exports))*0.8 ))))

Survival estimates for the lwo j]mvre]mflﬂe p@puﬂaﬂmms were g]e]mera[[edl for the different conditions Gwith and
without EWA actions). For the late-fall and tributary spring run model estimales were generaled‘ with base
exporls and no DCC gate closures, with DCC gale closures and with DCC gate closures and export reductions. For
the winler run estimales. the closure of the DCC gales were mol estimaled since the gales were closed for the enlire
period due to regulalory mandales. Estimates for the benelit relative to winter run were made under base export
conditions and with exporl reductions due to EWA. Survival estimales were then c@mpmre&] across condilions lo

estimate the benefils due lo the change in operational condilions.

]Eshma[ke§ ®ﬂj surwﬁvaﬂ ﬂ@r [kﬂne ﬂmle FaM andl ﬂrﬂﬂmulmry spring rum p@puﬂaﬂﬂ@ns undler [kﬂne Mn]rere c@naﬂﬂh@m&s

between November 1 and J]m]mualry 31 were 0.55 (no DCC closures or export curtailments). 0.66 (for DCC
cﬂosmres) ﬁl]IMZ[I @67 ﬂ@u‘ D(CC cﬂ@suu‘es andl exp@rl curlaﬂﬂmenls). Tﬂn]’ls is anm increase @ﬂ: 2@% wﬂﬂn [kﬂne D(C(C
closures and a 22% increase with both the DCC closures and exporl curlailments.

Estimates of survival for the _]juwrenfl]le winler run salmon p@puﬂmh@n were 0.09 with base exporl condilions
and 0.70 with the EWA exporl curtailments - a cﬂnmnge of appr«»xﬂmalle]ly 1 percenl. ]Exp@u‘ﬂ reductions in this
model affected a smaller proportion of the p@puﬂm&ﬁ@m because the DCC gales were closed. re:&]uﬂcﬁng} the number of

j]mwemn‘l]les enlering the central Delta and Leneﬂ:ﬂﬂhng [rom the exporl reductions

Several ]l&ey assumplions drive these resulls. Two of the most important assumplions are the percentage of
fish diverted into the interior Della and the percenlage of the p@pmﬂahon affected u»y the cﬂmng}e in condilions. In
the analyses I conducled I assumed that the juvenile salmon split in direct relalion to flow. As the percenlage of
fish diverted inlo the imterior Delta increases the estimaled benefil of reaﬂucfmg exporls would increase. IF the
proportion of the populalion thal was exposed lo the changes in condilions was overestimaled then the benelil

WOMHJ ﬂne ]l@wer. T]lne converse WO\UIH(]I BLHSO ﬂ»e lrue.

This anmﬂyses shows thal survival [L]h]roug]h the Delta 15 always ]lnﬁg]hes[t when the DCC gales are closed.
Survival is further improved by reducing exports. The percenlage increase due lo exporl reduclions is increased
when the gales are open because a grealer percenl of the p@pun]lalhon is exp@seﬂl lo the improvement but the
absolule survival is less than when the gales are closed. (C]l@w'lng] the DCC gales and reducing exporls for as much
of the lime as possible Alu]rfumg] the period of Lime the fish are migraling would further increase the survival of the
population through the Delta. (Curlaﬂﬂﬂrmg exporls withoul closing the DCC gales will be less effective al

prolecting the population than cﬂosflng the gales alone or cﬂ@sﬁng the gales and cur[kaflhncg] exporls.

What the benelit of the survival increase in the Delta is to the overall adult popuﬂm[tm]m is uncerlain, and
is dependent upon the link belween the relationship of the juvenile population to the adull population. I you
assume survival is aﬂensﬂy independent in the ocean. a 1 o 22% increase in survival [L]lnroug]]ln the Delta, would
crusrmsp@ndl lo a | lo 22% increase in the adull p@]pu]la[h’l@n. Over time the benelits to the adult ]p@pun]lalhon may
c@mp@unﬂl such that the benelils would be grealer lo future adult p@puﬂm&ﬁ@ms as the increase in Delta survival is

]le\vileaﬂ lo ]laurge]r j]mwemn’l]le p@pu]aﬂﬂ@n&



V. ]Issmum arising ﬂ]r«»m ﬂ:flsﬂn ]pro[kechmn «checflsfl@ns aumJl oulcomes in 2@@@-2@@][
A. W]’ln[&eu‘ rumn cﬂnfl]m@@ﬂ& Jl®§ses al U:Jlnae CVP/SWP

Tﬂne Jlnf]ngn winter rumn cﬂﬁﬂn@mﬂ& ﬂ@ss al Ulne CVP/SWP «Jl]'lwcers]ions in [[Jlne s@uﬂﬂn Deﬂﬂ:m was MMB Fisﬂneu‘]’les/]EWA
issue of greatest inlerest aﬂum’lng WY 2001 The «]lmﬁﬂy losses for much of ]Fe]l»rualry and March and cumulative
seasonal loss of winter run chinook at the CYP/SWP were very high relative to both historical observalions in
the 1990s and expectations for 20002001 based on the incidental take limit established using the standard
methods and dala sources. The loss (lake  in ESA ]pm‘ﬂaumce)) was an estimaled 20,000 juvenile winter run
chinook, or 5.4 % of the 370.000 expedeﬁl to migrate into the Delta this year based on the traditional method of
estimating juvenile winter run production. Both the daily losses and the density (Fish per acre-fool of waler
diverted) of winter run chinook were ]h]ig]]lner than ever before observed. This oulcome raised many questions both
«Jlu]rﬂng] andl aﬂjﬂzeu‘ [Hlne winter run cﬂnﬁno@ﬂ( migralion seasom. ]I]m amn eﬂ:ﬂ:@rl to expﬂm]’ln andl unaﬂem&an(ﬂ Mnf]s
un]p]rece&lren[[e«ll and unan&ﬂcﬂpmle«ﬂ oulcome, some of Lhese quesltions and briel summary responses from our perspective

are ]plrcescen[ledl here.

]I. Was U:Jlnae ﬂ@ss mﬂ: j]]uwe]m]iﬂ@ winter run in 2@@@-2@@][ exﬂ:rm@r&lflnarﬂﬂy ﬂn]’lglln?

Under the OCAP hﬂoﬂ@gﬂcmﬂ opinions for winter run chinook, spring run chinook and steelhead. the
NM]FS aumll ]D)]F(GI sel mnnmm]l numerﬁcm]l ﬂ]’]mﬂs omn H}ne la]l(e OT j]unwe]m]i]lae winter run, yeau‘ﬂf]ng sprimg rumn, aunmﬂ j]unwe]m]i]le
steelhead thal is authorized due lo operalion of the SWP and CVP Delta exporl facilities. The purpose of the
take levels is to avoid signﬂﬂjﬂcan& impaclt lo these listed species [rom the Delta exporl facilities. The PAs operate
their facililies Lo try lo avoid the authorized lake levels. I these limils are exceeded. the PAs must reopen
consullalion o delermine whal if any addilional measures are needed. Use of EWA by the MAs 1o reduce
pumping from the Delta Hue]lps lo reduce the take of listed fish species.

For winler run Chinook. two levels of lake are described. These levels are 1% and 2% of the Juvenile
Production Estimate (JPE)., an estimate of the number of juvenile winler run salmon thal will reach the Delta
each year. The winler run chinook JPE is calculaled from information aboul the spawning popu]la[tﬂ@n and
assumplions aboul survival rales for eggs, fry and juveniles. The 2000-2001 (brood year 2000) JPE was
370221 salmon and the 1% and 2% take levels were 3.702 and 7404 salmon. rwpechwe]ly ((]Fﬂcg]ure 35).

The 1% level is the early warning concern level (often referred lo as the “yeM«)w ﬂﬁg]h[k")) and the 2% 1s the
]ln]igﬂn concern level (red ﬂﬂg]m"). The term “red ﬂﬁg}n[k“ ﬂnc«»rredﬂy suggests that SWP/CVP pumping stops when the
2% lake level is reached.

S]’lmme [[]lne ﬂ:]irs[k winter rum kﬁ@ﬂ@gﬂcaﬂ opinion wf]“n a num@rﬂcaﬂ &mﬂ«@ ﬂ]’]mﬂﬂ was ﬂssm@&l in 1993 [[]lne PAS
have avoided reacﬂnng the “red ]lﬂg]]ln[[" lake level in most years, excee«hng it ]lmy a shg]]ln[[ amounl in lwo years

(Table 16). Additional measures (pumping curlailments) were necessary lo achieve those resulls in several years.

A Al]is[kﬁnc[k]ly dilferent oulcome was observed in 20002001 when the winler run chinook lake reached 20.008.
Tﬂn]’ls m:um]lme]r OW winler run [kﬁ]l(emn is 541% @F U:]lzue J”P]E aumJl 27 limes Mma 2% Nu‘e&] ]l]igﬂnl" ]l]'lm]il.

How does this level of take elfect compare with the effects on the other juvenile salmonids occurring in
the Delta at the same lime as winter run Chinook? We re]ly on ]lnm[kcﬂnery late-fall run salmon released aﬂur]’lng the
y@arﬂ]’mg spring run emigralion as surrogates W@u‘ [[Jlne sprimg rumn saﬂm@n lelﬂ:chn cannol ]l»@ ﬁ&lenhﬂjﬂeaﬂ im Mne Deﬂ[{a
using the ﬂemlg][”ln—m[[—d]alle crileria. The fale of the surrogales is presumed lo mirror the fate of the yearﬂﬁng spring
run. In N@vemher - J]mrmuary. groups mﬂ Jhawlnelry ﬂmﬂe-ﬂ:m“ rumn saﬂm@m&. §1’1m1‘1Jlaur in size to Mne spring run, are
released in the upper Sacramento River ((ﬂmnc]luaﬂﬂng the ]laurg]e npro«ﬂudﬂ@n" release) and in the Delta (for salmon
suu‘vﬂwaﬂ experﬂmenﬂs). Tﬂne lmﬂ(e Jl]imﬂls ﬂj«»r yearﬂﬁng spring run al [[Jlne CVP/SWP are ﬂ@sses @ﬂ: @5% aumaﬂ H% OF Mlle
hah]lmry late-fall run released upstream, and 1% and 2% of the ]lmlc]lnery late-fall run released in the Delta.  Since
&Jlne @(CA]P opinion ﬁ@r spring run chnﬂmmJl« amﬂ s&eeﬂﬂnemﬂ was hrs[& ﬂ§sueaﬂ im ]I998 Hlne PAs Jlmwe awmﬂleaﬂ excee&lﬁmg
the yemrhmg spring run surrogale 2h take level every year, ﬂncﬂuﬂlflng 2000-2001 (Table 17). H]‘lg}]ln@]r percentages

of several surrogate groups were taken in earlier years.
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CVP/SWP losses of ]lm[k«:ﬂne]ry winter run chinook released in the upper Sacramento River in 1999, 2000
andl 2@@]1 ]pnr@vfmﬂe an@lﬂner ref@rem&ce F@u‘ assessing winlter rum ﬂ@§§e§ al Mn@ CVP/SWP im 2@@@-2@@“ ]L@ss 0F
}mh]hery winter run chinook at the SWP/CVP in 2000-2001 was 0.03 %. lower than in 1999 or 2000 (Table

]17)) aumﬂ mucﬂu Jl@wer U:Jlnaum [[Jlne a]p]pwrem:l percem&lmge @F A‘ﬁn-wﬂwer-proaﬂucmﬂ" winter run laﬂ(em& in Z@@H

The high take of winker run salmon relative to the JPE-based 2% take limit is not consistent with the
apparen‘kﬂy low level of take of ]lm[[rcﬂmry winter run and late-fall run serving as surrogales for spring run. Of
course the validily of using marked halchery fish as surrogales depends on the surrogale fish and the targel fish
both experiencing the same conditions and resp@mmhng] in a similar way. Thus. surrogale results must be
interpreted cauliously. Some regulatory agency fish biologists think the halchery winler run may not be an
ac&]e«uum&e surrogale for “in-river winler run because the hatchery winler run are released in lale J]alnumn*y or laler
and “in-river winler run are in the system several months earlier (Stern, pers. comm.). The same concern exists
for the late-fall run as surrogates for the sprimg run, m“ﬂmug}h use ol multiple surrogate groups released over hime
pﬂ"@vﬂ({l@s mUCJl]l more ﬂnﬂ:@rm\ﬁl[hllfon. ]:F@]r @Xﬁlmpﬂe. Jl®§§ @ﬂ: @.38% fﬁL]nl(Jl .@.341:% [F]r@m ﬂ:W@ ]]iiln]l]]ﬂl]]"y Jlﬁl[t@-ﬂ:fﬁtﬂﬂ rum ]I‘QHP,‘HLS@
groups may nol indicale a grealer CVP/SWP impacl on these [ish c@mparedl to the November and December
groups W]i[tlln ﬂ@ss rates @ﬂj O.11% andl @2]1% ]Imls[keadl. [[Jlne aﬂ]’]“cerencre may inaﬂﬁcmﬂe &Jlnaﬂ: maore ﬂjﬁsﬂn Fr@m Mne J]mm:uary
groups survived lo reach the Delta than fish from the November and December groups, as sugg}eskeaﬂ by calches of
salmon rom these respective groups al Sacramento and (Cllnfl]p]ps Island ((]Fflgure 36). A Jln]ig]ﬂn@r percentage loss may

indicale beller survival upslream or grealer pumpﬁng—reﬂale:&l impaclt in the Delta.

A comparison lo steelhead lake is nol as memnﬂngfuﬂ because the lake limil is nol based on an annual
abundance assessmenl. Sleelhead lake is based on the number saﬂwageaﬂ. with no conversion to the number lost as

is done for salmon because requflrec&l informalion s mol available. The take limit for juvenile steelhead was 3.600

al the exporl facililies in 1999/2000. A two-liered ﬂppr@acﬂn was used in 2000/2001: 2250 steelhead was the
"yreM@w ﬂﬁg]h[t" concern level and 4500 was the “red ]l]ig]]ln‘l" ﬂn]‘lg]]ln concern level. Aboul 23% more wild steelhead
were baken in 20002001 than the year belore. Take of steelhead slightly exceeded the “red ﬂf]g]m“ level in
1999-2000 and in 2000-2001 In both years, the limil was nol reached until near the end of the emigralion
season (]Fﬁg]ulr% 37 and 34). The CYP/SWP saﬂwmg]e of ﬂw[[cﬂn@ry steelhead was about 50% ]lnﬂg]lner in 20002001

than in 19992000 bul to delermine the meaning of this difference we will have lo consider the number of
hatchery steelhead released each year.

2. Was Mlle ﬂﬁlﬂ(@ @ﬂ: juwenﬂﬂe winler run ]lnﬂg]]he]r M}lan expec[{e«l umecmtmse more winler run
salmon spmwneﬂl in 2000 than we supp@seaﬂ when caﬂcuﬂmﬂ:fmg the JPE and. in turn.

more juvenile winler run reached the Delta than expedcedl?

Tﬂne J”P]E iis caﬂcuﬂﬁ&eaﬂ using a ﬂjormuﬂa mn&l ]inﬂ:@]rma[[ﬂ@]m on M}le spawner p@]p)un]lahon pr@vfl«ledl umy D]F(GI
based on counling adult salmon passing the Red Bluff Diversion Dam. Because the dam gales have been raised in
recenl years during most of the winler run adull migralion season to facilitale fish passage. we no longer have the
m]lmi]lﬂy lo count all the salmon migrating upslream. We must make an assumplion aboul the percenlage of salmon
passing the dam before we counting them can ]l)@g]i]l]l in order lo pu‘@ﬂluce a winler run spawner escapemenl eslimale.

A Tixed percenlage is used even [Hln@ugh we know the fraction of the run historically passing Red Blulf Alu]r]i]mg] the
presenlt counling permﬁl was quile variable. We estimated 1,300 adult winter run paswaﬂ Red Blull in 2000 and
used Lhis number Lo caleulate the JPE (]F]‘lg]u]re 35). Two percenl of this number of juvenﬁﬂes becomes the 2000-
2@@][ ﬁncﬂﬁlen[{aﬂ [ka]l&e ]l]imf][k ﬂ@r winter run al Mne CVP/SWP «Jl]'we]rsil@]nm im Mme Deﬂ&a.

Since 1996 we also have estimaled the winler run spawning p@puﬂmh@n [rom a carcass survey conducted
ﬂ»y DFG and USFWS in the reach of the Sacramento River where most winler run spawning occurs. [n the 2000
carcass survey we handled 1954 winler run salmon carcasses. more than the number of winler run spawners
estimated from the RBDD counts. ﬂnﬂlﬂca[&ﬂmxg the eth]p@ﬂm[kmrm from the RBDD counts underestimated the spawner
populalion in 2000. The Petersen, Schaeler and J]@My-Se]lner models were used ko estimale the spawner populalion
in 2000. The Petersen formula m]p]pﬂfleﬁl lo dala from fresh adult salmon carcasses y]’leHe«H an estimate of ©.492
adults +/- 4% (SE). The Schaefer and J]@My-Se]lmer formulas yielded estimales of 5505 and 4227 adult winter run
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cﬂnﬁn@@ﬂg, r@specﬂ:ﬂweﬂy ((Snfmﬂe]r el aJl. 2@@]1)) ]I]m aaﬂ«ﬂﬂﬂﬂ@n. in [[Jlne J]P]E cmﬂcuﬂa[ﬁ@n we a%ume&l a ]I]I sex ratio ﬂ:rus]r
adult salmon and estimated that 503 adult female winter run ac[[uaMy spawne&l. The minimum number of adult
female spawners from the carcass survey estimales is 3.508 (J]o”y-ge]l»er)). or seven Limes the elfective spawner

p@]pun]lahon determined using the JPE formula.

From these dala il seems clear thal more winter run spmwm&eﬁl than we assumed when cmﬂcmﬂahng} the JPE
andl ﬂJlne 2% CVP/SWP winter run &mﬂ«e ﬂ]’]mil[[. Tﬂﬂs suggesks Hlne ntmm]her @ﬂ: juwenﬂﬂe winter rumn acﬂua“y reacﬂﬂng
the Delta may have been pr@p@rh@naleﬂy ﬂn]ig]]lnerr than we estimaled because more spawning female salmon wall

]p)]rmﬂuce more eggs. ﬂ:ry. leV@n]iJleS and smolts, absent any aﬂem&sﬂy aﬂe]p@mﬂem:l m@r&aﬂﬂy for any of these life stages.

The JPE calculation uses a survival rate of 25% from egg lo emergent [ry and a survival rate of 59%
from emergenl Wry lo smolls arriving al the Delta ((]Fflg]ure 36). Conslant survival for these life stages year alter
year seems unﬂﬂﬂ«eﬂy. We wouﬂ&l expect reﬂahweﬂy ﬂf]Hﬂe ﬂnﬂer-mnnmaﬂ variation in Mlle suu‘wfwaﬂ OW ﬂncuﬂ»mﬂﬂng eggs
and pre-emergent ﬂ]ry because water flow and temperalure are cﬂ@se]ly mmnage&l aﬂruur]i]mcg] this ]prerflo«ﬂ. We m]ig]]ln‘l
expect more year-lo-year varialion im the rearing and migration habitat conditions and in survival rate between
the spawning gr@unﬂls and the Delta due to wide varialion in hyd]roﬂ@gy, weather and other factors. Hnappr@prﬂaie
assumplions for any step im the calculation may alfect the accuracy of the JPE, pmlen[{m”y in either direction.
Poor assumplions aboul survival could either exacerbate or offsel the underestimale in j]uvemaﬂ]le abundance caused

u»y the low spawner p@puﬂa&ﬂ@m& estimate.

We assessed the ]pmsilﬂmflﬂﬂ[ky that the ]ln]igﬂn lake of winler run in 20002001 was due lo an excepﬂmnawy

]lmrg]re number of juvenile winler run reacﬂnng the Delta by comparing the caleulated JPE with two other estimales
of juvenile winler run abundance upstream and downsiream of the Delta. The first estimate is caleulated from the
calch of juvenile winter run in RSTs at ]Krmflg]]ln[l:s Lamﬂﬁm&g, expanded for gear e”ﬂcﬂem&cy and samphng ellort (Snider
an«l T]’llus 2@@@ aumﬂ Snﬂ&leu‘ pers. comm. Sep[{. 2@@1) Tﬂne sec«»naﬂ is ﬂjrom [brawﬂ ca[hc]lnes al (C]lnﬂ]p)ps ]Isﬂmlmﬂ im H}ne
weslern Della, expamﬂeﬂl for percenl of channel cross section and lime sampﬂeﬁl. Catch at these localions represenl

salmon entering and ﬂeawﬂng the Delta, respechweﬂy ((]Filg]ulre 2).

]Excaeph@nm”y ]lnﬂgﬂn vaﬂtmes in 2@@”@11‘ j]uvemxﬂ]le winter run estimates ﬂjrom eﬂﬂ]he]r smmp]l]’lng] ﬂ@«jmhon im
comparison lo recemnl years would indicale a reﬂahveﬂy ﬂaurag]e number of winler run were subjected Lo polential

enlrainment al the CYP/SWP intakes in 2000-2001, p@rﬂmps accounting for the very ﬂn]‘lg]]ln take. No stalistical

mnaﬂysﬂs was done.

Even using the low spawner abundance estimale [rom Red Blull counts, the 2000-2001 JPE was the

second ]lm'lg]ﬂn@s[k ever xn@mpmler&], so lake of more winler run in 200Tthan in mosl recenl years would not have been
unexpec[[mﬂ (Table 18). I the ﬂn]’lgﬂner and ]l]i]l(eﬂy more accurale elfeclive spawner abundance estimale from the
carcass survey were used, lake of more winler run than ever experienced might have been expecled based on the

p@]:en[kﬂa”y ]hﬁg]ﬂner prmﬂuchon of _]juwrenﬁﬂes.

o six years we have sampled al ]Krmflg]]ln[[s ]Lm]mrr]]ﬁng], s]l]ig]]ln[l:ﬂy more winter run were estimaled lo have passed
the sile in lwo years than passed in 2000-2001. Sampﬂflng} indicales many fewer winler run passed the sile in the
other three years. This would indicate the p@len[l:mﬂ for winler run take in 2001 al the CYP/SWP 1o be at the
]ln]igﬂn en«ﬂ @ﬂ: [HLI(E recenl ﬂn]’lsl@rf]cmﬂ range il juwenf]ﬂes were ]lmeinmg emn[hra]’nmeaﬂ generaHy in proportion to [kﬂnefur
abundance in the Delta. However, we would nol expecl losses lo be almost three Limes the ]lnﬁg]hes[t lake level
observed in this ]p@rmﬂl.

M@]re j]uve]mﬂ]l@ winter rum alppalren&ﬂy m]’lgu‘aleaﬂ pasl (C]lmi]p)]p§ ]Isﬂauml in F]’lve «»ﬂ: [[]lm ]lalsl six years U:]lnaum im
2000-2001; on]y in ome year, 1993, was the apparenl number of J‘]uwenfl]lre winler rum ﬂemwﬂng the Delta
suﬂmslanﬂﬂm”y ]l@we]r ﬂ]lwum 2@@@-2@@][ T]lm Leﬂ@w-mwerag@ estimale @ﬂ: juven]’l]le winter rum ]lceawﬂmxg [l]lm De]lﬂ:a is mol
consistenl with the reﬂmhveﬂy ﬂn]‘lg]]ln number of emigraling winter run that the JPE would lead us 1o expect or with
a number of winter run salmon enlering the Delta in the }nflgﬂn end of the recent historical range al ]Kn]’lgﬂnh
lamﬂﬁmxg}. Below average abundance al C]h]ip][m [sland compared to relatively ﬂm’lg]ln abundance upstream suggesls thal
m@rlaﬂﬂly may have been quite Jl]]igﬂ’!l belween Kn]‘lg}ﬂn&s Lamﬂﬂng and the western Delta. Il we consider the Jln]ig]ﬂner
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carcass smrvey-hase&l estimate of spawner abundance ﬂﬂﬂ(eﬂy means Jlnﬂngnelr Fry prmﬂucﬁ@n. the catch of jMWEHﬂJl(ES al
]Kmlflg]]ln[ts ]me]lﬁng] suggesks re]la[ﬁve]ly ]h]’lgh m@r[km]l]‘l[l:y between the spawning area and the Delta. Hﬁg]h m@r&ah‘ly
«Jlu]rﬂng] rearing and downstream migration would be consistent with p@&enﬂﬂaﬂﬂy poor river habital conditions in a

Ary year. H]‘lg]ln mor[kalﬂﬁ[ky in the Delta would be consistent with the ]lnﬂg]]h take at the CYP/SWP. Further

ﬁnmﬂysm cﬂemrﬂy is warranled.

DFG., NMFES. USFWS and others are «Jl]‘lscusming] issues related Lo estimating winlter run spawmer abundance

and j]uvem:ﬂ]le abundance and expﬂ@rflng ways of improving our Ln@wﬂeﬁlge of Tactors a”ec[ﬁng winter rum Aurﬁng
their freshwater existence. Modifications of Jlnm[l@]rlicm”y used methods will be considered and appropriate cﬂnanges

ﬁmpﬂemen&eﬂ.

3. Was the take of winler run ]h]’lg]]ln because all the juvenile/ chinook salmon identified as
winter run al Hlne (CVP/SWP were mol mcﬁuaﬂﬂy winter ]rumn?

The MAs use ﬂeng&ﬂn-m&-«ﬂa&e criteria, based on run-specflﬂ:fm spawning ]pe]rﬂmﬂs. size al emergence and

suﬂ»sequenﬂ: cg]maw[kﬂn rale, lo try to «]lﬁs[tﬂrmgunﬂs]h juvenile winter run from the other three Central VaMey chinook runs.

The ﬂeng&ﬂn-a&-aﬂaﬂe criteria were «Jleveﬂ@]pe&l ]lmy DFG in 1992 (Fisher 1992) (Table 3). The criteria were modilied
u»y USFWS in 1996 (Picrce 1996) 1o belter characlerize winler rum size chinook in the Delta. The tabulated

ceriteria have been mﬂm]pleaﬂ to ]pnrmﬂmce size curves thal grapﬂnﬂcaﬂﬂy represent the boundaries belween rums as defined

by this method ((]Filg]urre 38).

We recognize that every salmon is mol «:@rrec“y classified as Lo run ﬂ»y the ﬂenglﬂn—a‘l—dla[te criteria.  The
method can never be peu‘wed because, given the varﬂa]l»fl]lfl&y in the Lﬂ@ﬂ@gﬂcaﬂ factors that define the boundaries. no
maller where the lines are drawn separaling two rums, individual fish from both runs will fall on each side of the
boundary. ]F@M@wﬂ]mg modificalion of the crileria in 1996 lo account for faster Della growth, the same crileria
have been appheaﬂ each year. (C@nseq]unen[k]ly it is difficult to conclude that the excephoany ]lnﬂcg]]h lake in WY
2@@][ is (]lue to errors in rum ﬁ&lenhﬂjﬂcaﬁ@n «:auwaﬂ ]l)y [l]lne ]l@ng]“n-al-dlm&e crileria. W]Luen U}ne m@(]l]’lﬂ:ﬂe&l growﬁﬂn
crileria are app]lﬂe«]] lo the dala prior lo 1996, the CVP/SWP winler run loss in 1994/1995 and 1995/1996
would have been less than instead of slightly greater than the “red light " Jevel.

[n 1997, the PAs proposed a second, independenl method to identily winler run based on genelic
characteristics. Genelic characlerizalion has proven ko be reﬂahweﬂy ellective [or Jﬁshng}uﬁsﬂnng winter run chinook
from the other runs (]F]‘lg]mnre 39).  The take of salmon identified as winter run based on genelic characleristics is
consistently lower than the lake based on Heng&h—a&—«ﬂale crileria.  From 28% Lo 80% of the winler run sized
cﬂnflmm@ﬂ( ]}nawe ]lmmﬂ winter run genetic cﬂnauﬂm:ﬂ&erﬂs[ﬁcs ((]Fflgunres 40 aumJl 41D wﬂ[kﬂn Mlle ﬂarges[{ proportion in 2@@@-
2001

The MAs look at the resulls of both classificalion methods when ewaﬂuahng lake of winler run al the
CVP/SWP «Jlﬂvemfl@mns. ’]Nlne sﬂze-ﬂ»ase«ﬂ :[ﬂe[keu‘m]’lnah@n is sU:]']H usedl as [Hlnae primary reﬂ:eu‘ence ﬂj@r juaﬂg]’lng C«Bmp]ﬂance
with the take limil. Rec@g}nﬁzflng} thal per]lna]ps on]ly aboul hall of the winler run sized chinook were winler run
based on genelic characleristics, the “red ﬂﬂg]lnﬂ" take limil was increased from the orﬂgﬂmaﬂ value of 1% lo 2 % in

1995 (NMFS. 1995).

ne explanation lor variation im e percentage ol genelic winler run among winter run sized salmomn is
One explanation [ 1 the percenlage of genelic winl g winl d sal
[[]lm presence @F varying num]lmelrs @ﬂj spring rum yemrﬂﬁngs in U}ne sys&em W]iﬂ:ﬂ’!l [leue winter run eam]ln year. T]lmw
yemrhngs are the most likely to be in the winker run size range and occur in the Sacramento River and Delta al
the same time as winter run. Recall these spring rumn yearhng}s are nol represenle&] hy the ﬂeng&lﬂ-a&-dale crileria

ecause ey are [rom e high-elevalion, co water spawning and rearin abital in il an eer creeks.
b they from the high-eleval Id waler sp g and g habital in Mill and D L
Reﬂa[{]’we]y Jl.aurgae]r num]lme]rs 0“ yearhng} spring run cﬂnﬂn@@ﬂ« wﬂ“ redluce Mne percenl{ag@ @F winter rum sflzeaﬂ saﬂm@n
with winter run genelic characteristics.  The percenlage of genelic winlter rum did nol appear lo c]halng]e belween
two-week intervals dlmrﬂrmg the permﬂl of Jln]igﬂnesl winter run losses ((]Fﬂgtuure 40). No consistent pattern is apparent
Wr@m revious years ((]Fn ure 4“1))

P Y g
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G]’wre]m Hlle ﬂn]’lg}ﬂnes& «ﬂ@cumenﬂ:e«ﬂ percenlage (8@%) 0T genelic winter run among Hlne winter run size saﬂmon.
the unprece&len[&eﬂ ]lnﬂg]h CVP/SWP take of winter run chinook in 2000-2001 cannot ]l]i]l(@ﬂy be expﬂmneuﬂ u:»y
extensive errors in classilication of salmon using the ﬂenglﬂn-a&-mﬂa&e criteria.  The loss of winker run size chinook

was nremr]ly three limes the previous ]lnﬁ(g]]h. however, the loss of genelic winler run was more than six times the

previous ﬂn]’lg]Jln ((’]Fa[hﬂe ]16))
4. Was the take of juvenile winter run at the CVP/SWP Ilnﬂg]ﬂlelr than @X]}D@C&E&ﬂ because of

unrealistic assumplions in the conversion of the number saﬂvagedl lo the number lost?

The DWR and USBR maintain [ish sm]lwalg]e facilities al the SWP and CVP 1o reduce the impact on the

fish. These lacilities are localed just upstream of the pumping pﬂa]m[ks and opera&@«ﬂ lo separate as many fish as
p@ssflﬂmﬂe from the waler ]pum]peﬂl from the Delta. The “sm]lvatg]cedl" fish are [er]mspmr[keaﬂ and released al other localions
in the Delta, away from the export pumping facilities.

There is Tish molr[[aﬂﬂﬂy Mnroug]ﬂmuﬁ the saﬂwag]’lng} process and the screens are mol 100% eflective. so DFG
caleulales the number of fish “lost lo the sys[tem" (loss) based on the number of fish saﬂvage«ﬂ and the m@r[km]l]i[l:y
lactors. There are two morlalily factors in the loss calenlation that the Management and PAs assume introduce

sﬂgnﬂﬂ:ﬁcamxl error and/or valrrm]lmﬂﬂflly.

The ﬂarges‘l m@r[tm]lfl[l:y factor is the "]prre—sa:reen" mmr[tax]lﬂ[ty al the SWP where water is first laken inlo a
]lalrge ﬂjorelmy ]]J)y opening intake gales om ﬂnﬂg]]ln tides. Waler is ]pmlm]pe«]l oul of the W@re]hay ﬁﬂnr@mgﬂn fish screens on
a pallern delermined ]l»y delermined u:»y system demand for water and dlalfl]ly variation in the value of the e]lrec[trfmflly
lo run the pumps. The USBR pumps waler directly from the Della channels on a conlinuous basis. The large
"]prre—screem" mor&mﬂﬁly al the SWP s ]p]r]imm]r]i]ly from s[trﬂpeﬂl bass and bird preﬂlah@n in the ﬂjorel»my. The DFG
conducled predalion rale experiments in the SWP forebay belween 1976 and 1993 (Gingras 1997). T]hey
conducled eﬂg]ln[l: marﬂ(—recap&ure experimenls and estimaled preﬁlmh@n rale ralngeaﬂ from 63% 1o 99%. For a
mitigation agreement, ]D)]F(G aumﬂ DWR agree&l Lo use 75)%; m@]r[kaﬂﬂ[ky im H}ne ﬂ:@reumay in [l]lne ]l@§s cmﬂcuﬂmh@n. D]FG
assumes Lhe pre-screen prmﬂah@n rale is 10% al the CYP. Al the SWP, in any sflng]le year, the calculated loss
could be significantly overestimaled or underestimaled il there were substantial varialion in the SWP forebay

pre&lmh@n rale.

The second ﬂarges[[ m@]r[tm]l]‘l[ty factor is the primary screen efficiencies al both the SWP and CVP. The
primary screens are aclually louvers and are a behavioral barrier. The fish avoid the turbulence created by waler
passing [Hlnroug]]h the louvers, and are guﬂaﬂeaﬂ into the sal]lvalge facilities. The oplimal louver e”flcﬁency oceurs when
the water Ve]l@@]’l[ly is 3.0 Teel per second. Al the SWP. there are seven gales that DWR operales lo oplimize the
waler velocily lﬂnr@mg}ﬂn the louvers. There are mo operable galtes al the CVP. therelore USBR cannol control the
waler velocily and the louver elficiency as well as DWR can al the SWP.

[n 20002001, 94% of the winler run size j]mwe]m]i]lce chinook loss was al the SWP ﬁmcﬂﬂﬁ&y. Some parlies
speculaled the ]laurg]e dilference belween the SWP and CVP was nol real and the ]h]’lg]h loss al the SWP was due to
an overestimate of the pre-screen mm‘ﬂa]ﬂﬂy al the SWP. DFG and DWR have nol measured the pre«ﬂmﬁ@r
p@punﬂahon in the SWP ﬂ@reﬂmy or the preaﬂm[&ﬂ@n rale in the last three years. Aﬂ[t]houg]h there is no evidence thal
cither changed in the last three years. the NMES and DFG are considering the value of conducling more

assessments.

Lower apparent salmon loss al the CVP could be due o other factors. ﬂncﬂuﬁlflng inaccuracy ol our
assumptions aboul screen cemﬂcﬂency for salmon. [ a smaller percentage ol salmon are ]l»eflng screened [rom the

exp@r&e&l waler than we assume. then a smﬂwage&l fish represents the loss of more fish that were not screened than

the loss caleulalions indicale.  CALFED lish Tacilities studies are investigaling this and other related issues.
Aside from the uncerlainty associaled with caleulating loss al the SWP and CVP, there is another issue

associated with localion and timing of enlrainment. [n some silualions, if exporls are reduced al one me’lhly, but

concuwen&ﬂy increased at the other ﬂjﬁcﬂﬂﬂ&y. the fish saved al one Wam’lﬂflly may sﬂmpﬂy move the one-mile distance
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lo the other facility and become entrained. II exports are reduced for a period of time followed by a makeup
perrmHl of ]l]uig]l‘ner exporls, the Fish may still be in the vicinily of the diversion and still be enlrained.

I summary. we have no evidence that ]large imacenracies in the loss calculalion contribuled to the Hng]]ln
lake of winter run in 2000-2001. however. we will have lo consider all these laclors in ewaﬂua&mg the ellect of

reduced exporls on salmon. steelhead and other fish loss.

b. What is the sﬁgm&ﬂhcance to BY 2000 winter run popuﬂm&ﬂ@n of ﬂ@sflng 20.000 j]uvemxﬂ]les
at the CVP/SWP in 2000-2001?

We have not completed full evaluation of the effect of the loss of 20,000 juveniles ab the CVP/SWP on

the brood year 2000 winter run p@puﬂah@m&. Nor have we c@mpﬂe[[eﬁl our evaluation of the benefils of reﬂlucﬁng}

winter rum ﬂ@sses hy 6@@@ juwenf]ﬂes or @[[Jlnelrwflse improving Mne §tuurw1'1waﬂ OW emﬁgraﬁng saﬂmon using ]EWA waler.

An assessment of the significance of the salmon loss in the Della due to CVP/SWP pumping or the
number saved ]By fish proltection actions «]le]premﬂs on the abundance of the spawner p@pu]lm[[m]m, the upskream
survival of young salmon, the reﬂah@nsﬂnflp between the number of j]uvermﬂﬂw successﬂ:u“y migrating lﬂnr@ugﬂn the
Delta and the abundance of adult salmon in the ocean and relurning lo spawn. The annwal take limit is tied to

the abundance of winler run spawners, so in years when more juveniles are produced the higher take thal might

]l@g]ﬂcmMy be axmahrcﬁpm[l:e«]l is anthorized. The point of the winler rum lake limil established u:»y NMES (1993) is 1o
keep the CVP/SWP losses Irom increasing above Lhe level commensurate with CVP/SWP salvage estimales from
the 1980's and eaurﬂy 1990s.  Combined with the reasonable and p]rtuldlen[l: allernative for the upstream operalions
of the CVP, this level of loss would avoid j]e@]pm]r&ly to winter run from combined operations of the CYP and SWP
facilities. A delerminalion about the p@puﬂmh@n comsequences of excee«hng the limil in ome year would have lo
lake inlo account thal only one of Lhe three winler run cohorls thal exisls al any one lime was alfected. In the
reguﬂa[[@ry [rameworlk, exceeaﬂﬁm&g the take limil on a regun]lalr basis would certainly be considered delrimental lo the

species.

Re&lucflng entrainmenl ﬂ«»sse§ @ﬂj winter rumn u»y 6@@@ using ]EWA waler prewen&e&l ]l@sses ﬂ:r«»m rea@]lﬂng]
26.000. Cﬂemrﬂy il the loss of 20000 winler run were juz&]g}eﬂl lo be sﬂgnﬁﬂ:ﬁcanl, preventing ]lnﬁg]her losses was

important.

We have not rc«»mp]le[k@dl our assessmenl of Lhe oulcome for winler run chinook in 2000-2001. NMFS

and DFG will conlinue lo examine all available informalion to delermine if the presenl appr@mch lo managing

winler run chinook lake is salisfactory.

Brown and Kimmerer (RQ001b) discuss the ]p@]pu]laﬂm]m consequences for salmon in their seclion on

(Concep[ma]l Models for EWA Actions.
6. Could we have mn]:]icﬁpm[teﬂl this level of loss? Can we do so in the future?

The MAs anaﬂyzeaﬂ historical dala and Jeweﬂ@pe«ﬂ an @ﬂmj]ec[kﬁve decision process for fish prolection aclions.
Mnﬁ@rlmnaleﬂy the dala sel for winler run chinook and all older chinook is small. The earliest moniloring that
largels winler run and yemr]lﬂrmg spring rumn started in 1994. Many o the moniloring programs started later. In
the years for which we have g@@aﬂ data we have mol observed such ]lnﬁg]ln calches of winter run.

Based on the available data. we could not have rea]lﬂs[kﬂca“y pre«ﬂﬂdeaﬂ this ]lnflg]ln level of loss. In pasl
years we had the Red Bluff RST 10 ]}m]lp estimale the liming and abundance of juvemxﬂﬂe winler run chinook. The
Re«l Bﬂu” RST is in [[]lm area @T winter run spawning aunmJl rearing mmu]l pu‘@vﬂaﬂes a&l(]l]’lh@nmﬂ ﬂnﬂjormmhr@n. Tﬂne F]’ls]ln

and Wildlile Service did mol operale the Red Bluff RST in 2000/2001 but ]]'D]lal]DIS lo in 2001/2002.

7. (CouMl we have done a more eHechwe _]j@um @W re«ﬂucﬁmxg the losses @W juvemxﬂ]e (Cﬂn]immo]l&

salmon, Jimz]ludlflng winber run?
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We used 69.000 af of EWA waler Lo reduce exporls in J]aummry based on salmon catch indices at

Sacramento and ]Kmn’lg]Jln[ls lamﬂﬂng} that were above %acﬂ&g}u‘@mndl levels lor the season. Salmon numbers are ﬂypfwa”y
low in this season because the late-fall and spring runs are expe«:[teﬁl lo migrate [L]lnroug]]ln then are nol abundant.
The actions seemed to be elfective since salmon entrainment was low when pumping was reduced and high when
pumping increased. Loss of salmon al the CYP/SWP [acilities, even lﬂmugﬂn well above action levels established
for January, was minimal compared to whal would come laler. Steelhead entrainment began lo increase in late

J]a]mmry &00, ]}I\Ulﬂi muc]h ]h]’lgﬂ‘ner nummhers @ﬂj s[hee]”lnemﬂ al]lSO W@ll]l]l(&l ]be seen im ]Fe]l)mnm]ry ammﬂ Mﬁl]‘@ﬂﬁ.

No EWA waler was used from ]Feﬂmruary 5-15. Then entrainment of salmon. steelhead and adult delta
smell all increased. More EWA water was used to reduce pumping [rom ]Fe]lwum‘y 16-23. With ﬂnﬂg]Jln and

Hudum[ﬁlng Aensﬂy of winler run, and variable bul increasing Almﬁﬂy losses. the rate of increase im cumulalive
winter run ﬂmﬂ«e aﬂs@ ﬁncremselﬂ im mﬁdl-Fe]lwuwry ((]F]'lg]ure 33)) Tﬂne cumuﬂah\ve nmm]l»er @ﬂ: sﬁee]ﬂuea«ﬂ en[hraﬂrme&l
(represenle:&l l»y number saﬂwageﬁl) chmﬂmaﬂ s[tea«]]ﬁﬂy im ]Fe]hruary m]ls@ ((]Fflglmre 34)) Dre]l[ka smell sm]lwag]re, c@mprflseﬁl
mainly of pre-spawning adulls, was variable and al limes quite high. More EWA waler was used in the last 4
Aays in ]Fe]lm*umry, ]l:»r]i]mgﬂm:g] the total used in ]Feﬂmruary 1o ©9.000 af. c@ﬁmcﬂdlen[km”y the same amount used in
J]a]mua]ry. Based on the number of fish of all of these species in the Delta, we assume suumslanﬂmﬂﬂy greater benelits
were achieved with the waler used in ]Feﬂ»ruary. Hlesp]ilre the ]lnﬁg]h numbers of fish entrained. than in J]mnualry.

I spite of conlinued wse of EWA 1o reduce SWP pumping in emr]ly March, winter run densilies and
daily losses gol even higher and the cumulalive loss rale increased again from the already high rate of the
previous 3 weeks. Bﬁ@ﬂ@gﬂsls expecle«ﬂ more salmon would soon arrive in the Delta based on moniloring upstream
@ﬂ: l]lne Deﬂ[{m. (CVP pumping Alcerchneaﬂ wﬂnen una]lm]le to store more waler in Sa]m Luu’ls Reseuﬂv@ﬂu‘ 1»\111“: SWP pumping
increased c@mmurren[[]ly. Use of EWA conlinued lﬂnrmﬂgﬂn March 11 in an allempl to deal with the ]lnﬂcg]]hes[t number
of winler run per acre-fool of waler diverled and the highest daily winler run losses ever experienced. The winter
run  red ﬂﬁgﬂn&" was exceeded on March & (]F]ig]ure 33). Peak numbers of steelhead for the season were being
entrained al the same time. Delta smelt entrainment was below ye”@w ]ll'lg]]lnﬂ levels (141-«]1&@7 average sm]lwlg]@ of
400) but both adults and YOY were ]hreinmg] enlrained. Despflle conlinuing ﬂn]‘lg]]ln salmon and steelhead enlrainment,
no more EWA was wsed in March because we chose to reserve some EWA water for VAMP and the high
likelihood. based on recent experience, that delta smell take would become a serious ]pr@ﬂ»]lem in May or June.

W]’ll]ln ]lnﬂgh SWP pumping, winter run ]l@sses cq»n[hhmueaﬂ lo a@cumuﬂmﬂe unh]l g]u‘au]lmm”ly Mme winter run aﬂensﬂly aumﬂ

Aaﬁﬂy losses declined in lale Mamh. Compmrahweﬂy Few winler run were laken in Apr]‘l]l. We used 65,@@@ mﬂ3 @W
]EWA waler in M@mcﬂn.

The 203.000 af of EWA waler used in J]anumry—Mmr@ﬂn was spreaaﬂ ewenﬂy among the 3 months. ]L@o]kﬂng]

u»ac]l(. ]iﬂ: ]less ]EWA ]}MMJl ]lmee]m unsaeaﬂ im ]]a]mnm]ry ]lau‘g]@r pPumping reaﬂud]’l@ns c:nnm]laﬂ ]lnawae ]lmee]m mmdle im }Fel»rua]ry an«ﬂ

March or pumping reductions could have continued alter March 11 because more EWA water would have been

left. We can pr@]lm]lnﬂy all agree that either scenario would have pr@dlunceaﬂ more lish beneflit than the expemﬂﬂﬂure
im J]alnum]ry, but that is a ﬂnﬂnmﬂsﬁgﬂﬂ delerminalion. Sﬁmﬁﬂarﬂy, grealer benelits may have been achievable il EWA
aclions laken in eaurﬂy ]Fel»rumlry had been aﬂeﬂayeﬁl. ]leﬁwf]rmgj more EWA to use when winler run abundance in the
Delta even‘lua“y reached ils peak. However, there was n@[l:]lmi]mg] in our experience, albeil limiled, that could have
led us to such a decision. Refinements in our data collection and assessment methods may improve our ca]pal»il]lil&y

in this regar&l.

We also could have elected lo conlinue using EWA water in March and taken the risk that delta smelt
would not become a ]pu‘@ﬂ»]l@m later in the year, aﬂ“ﬂ@uglﬂ some waler would need o be reserved for the VAMP
exporl reduction costs. EWA was used in emr]ly April 1.O00 al) when the “red ﬂ]’lgﬂnl" lor steelhead was exceeded.
with concurrent benelits for San Joaquin fall run chinook, Sacramento spring and fall run, and young della smelL.
The VAMP was conducted from A]pnr]i]l 20 — Mﬂly 20 and cost the EWA a tolal of 46,000 af. As it lurned oul.
]ln]igﬂn smﬂvage @ﬂ: «Jleha smeﬂll «Jlucrﬂ nol occur im 2@@1 ]pe]r]lﬁm]p)s in parl «Jlue lo Mlle umemxehcflm]l @”ec&s @ﬂ: ]EWA MS@A[ im
Ap]rflﬂ and May. @m&]ly small amounts oﬂ ]EWA were used alﬂ:[l:er VAMP (15,@@@ eﬁlﬂj in May and 9.@@@ aw in
June) lor delta smelt and San Joaquin fall run chinook. We ended the year with some EWA water on hand. We

could have g]mm]l)]le«ﬂ and used more water for winler run and made it mnrmng]h the year sm[tflsﬂalc[mrﬁﬂy, however, we

were mnwiﬂﬂﬂng} lo take thal risk in March when a decision had to be made. We must §e1r1'1®1ulsﬂy consider how we
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wf]“ appr@acﬂn a «ﬂecisﬁ@n in a sﬂm]’lﬂar circumstance in [kﬂne ﬂju[ku]re.

We estimated that about 200.000 af of pumping curtailment would have been necessary lo contain the
winter run take within the authorized take level, assuming the same pallern and duralion of Hng]]ln densities. The
EWA expecls to obtain about thal amount of waler aumnuaMy. on average, [rom ils variable tools. In WY 2001,
we lell Tar short of thal amount. If more waler had become available from those tools or il waler had prewousﬂy
been stored [by the EWA, more aggressive action could have been taken in ]Feﬂnruary and March and winter run
losses probably could have been kept lower.

Tier 3 waler was nol available in WY 2001 I it had been. we may have decided to use more waler in
]Fel»rum‘y and March, knowing thal if delta smell take got alarmingly high in May or June. addilional water could
have been provided then.

B. Aﬁlequacy of salmonid moniloring and application ol informalion to decision ma]l&ﬂng

Was the salmonid moniloring in place in 20002001 sufficient to provide en@ug}]h informalion about
salmon abundance and migralion Liming to support good decisions aboul using EWA lor salmon and steelhead
prolec&ﬁon? Were available data ﬂun“y utilized or could more information be derived from data collected aﬂum’lng}

the season lo support decisions?

GeneraHy Mne ﬂnF@u‘maH@n was mdlequale. Tu‘]’l]buﬂa]ry moniloring ﬂjm]r spring rumn pu‘@vﬂaﬂe«ﬂ g@mﬂ ﬁnﬂ:ro]rmmhon
on when yemrhng spring run chinook moved iﬂnroug]ln the wm”ey Hloor reaches of the tribularies. Samphng at GCID
and ]Knﬂg]ln&s ]Lmrmﬂl]ing] pr@wﬂﬁleaﬂ a generaﬂ picture of salmon migrating lﬂnroug]ﬁ the middle reach of the Sacramento
River and appromcﬂnﬂmxg the Delta. Moderate flow conditions created few samphng pr@hﬂems. Trmwhrmg and beach
seiming in the Sacramento River near Sacramento and beach seiming in the Delta further identified ]pe]rmaﬂs of
increased downslream movement of salmon into the Delta. Clear waler may have reduced gear ermﬂency for traps
and trawls and perhaps clouded comparisons with historical catches. Varying sampling frequency. although
generaMy az&]e«uuﬂmﬂ:e. made compuling the ]Knﬁg]h[ks ]Lammh]mg] and Sacramento Calch Indices impossible al limes. We
]p)]r«»]lm“y did not make maximum use of the available data as we went [l]lnr@ug]]ln the season. Memsurﬁm&g gear
eHﬁcﬂency al exisling and addilional moniloring siles would enable beller ham]ldng] of Tish movemenl and in-season
assessment of the number of salmon Jremc]lnflng points pr@gressiweﬂy farther downstream &ﬂnr@ugﬂn time. This additional
ﬁnW@rmah@n would increase our u]m«]]@]rs[l:mn«]]ﬁng] @W j]uvemnﬂﬂe salmon behavior and improve our decisions with respecl

lo the iming, magn]’l[{u«ﬂe and duration of EWA aclions in the Delta, and ﬂne]l]ps us evaluate the benelits.
]I. Uprﬁveu‘ moniloring

RST sampﬂmg} in the va”ey Moor reaches of Mill, Deer and Butte creeks revealed the pattern of yeaur]l]’nmg
spring run migralion, but from these dala we could nol know what proporlion of the enlire emigraling p@pu]lm[tﬂ@n
had come [kﬂm‘@ungﬂn ]l)y any date. In welter years the migralion [ky]p]’lca]lﬂy ]l»eg]]’nnm with ear]ly storms and most salmon
emigrale ]By December. In 2000-2001, with a rze]lalhwe]ly [lat ﬂnyﬁlr@g}rapﬂn, this migration occurred in three or four
«Jl]'lshnc[k pea]l&s ]lnegﬂn]m]’lng] in ear]ly N@wemﬂ»er mn(ﬂ ex&enﬁl]’lng} Mm‘@ungﬂn J]am:uary ﬁumll into ]Fe[l»ruary. Tu‘]i]l)u[lary
moniloring provided enmugﬂn informalion lo ﬁdlen[l:ilfy the period of concern when some of the spring rum yearﬂﬁng}s

u»eg]aum migrating towards the Delta and over time revealed the duralion of migralion [rom the tribularies.

]Imn §mm”rer. u]mrt@n[hr@”eal skreams ﬂfl]l(:e Mu” ]D):eelr ammJl Bu“e creeﬂ«s, use @ﬂ: RST§ «]lu]rf]m:g p@]l‘]i@(]l§ oﬂj ]lnﬂgﬂn

Aﬂscﬂmrg}e [rom storm runoll becomes infeasible due lo risk of aﬂmmage or loss of the Lraps, increased debris load and
personnel salely issues. In wel years, high creek flows preclude sampling for an extended period of Lime. This Tact,
combined with the lack of en@ug}]ln salmon lo do gear e”ﬂcﬂemxcy evalualions has prevented us from maﬂdng estimales
@ﬂ: “ne numﬂ»er ®ﬂj juwenf]ﬂe c]ln]i]m@@]lg emigraling eawﬂn year.

At GCID. RST samphng} pr@vflﬂleaﬂ an m&lequmle g]enermﬂ piclure of the sp@raﬂlﬁc and p]m[l:rmc[keﬁl salmon
migration thal we hypolthesize is lypical of dry year hydrological conditions. ]EHﬂcﬁency measurements and
additional smmpﬂﬂng in the main river channel would enable estimales of the number of salmon passing this poinl

in the Sacramento River.

34



At ]Knﬁgﬂn[ks lmm&«hng. RST samphng prowﬂﬁleﬂl a clear piclure of the cheﬂalyem]l and pr@hacleﬂl movement of
salmon from upstream areas lo the Della apparently due lo absence of river condilions normally associaled with
carlier downstream movement of salmonids. Periods of increased numbers of salmon moving towards the Delta
were u‘ea«hﬂy apparent. Vauryﬂlmg [[Jlne trap cﬂn@cﬂdng inﬁervaﬂ ]L)eﬂweem: aﬂm]’lﬂy aunmﬂ every s@co]maﬂ or Mm'umﬂ Hlay mmﬂe
compuling the pre—«]lrehne«ﬂ KILCI, & 2 mllaty running average calch per unit effort, ﬂmp@ssﬂﬂmﬂe al times. This could
be resolved by redeflining the index to accommodate the data. Daily trap checking is nol warranted except during
periods of ]lnﬁg]hes[t calch, when il is essential.

Estimates of salmon passing Knights Landing are calculated from nearly continuous sampling data and
P g 9 g Yy pling
pen‘]’lmﬂfw gear eﬂ:ﬂ:ﬂcflemmy «Jlre[lermﬂnaﬂ:ﬁ@ns. @Lﬂlm]’ln]’lng H}n]’ls lype @ﬂ: ﬂnﬂ:@rmmlfl@n ﬂ:r@m more ﬂ@cahons wqmmﬂaﬂ increase our

al]l)fl]lflly lo interprel catch data in the lower Sacramento River and the Delta as well as data on salmon loss ab the

CVP/SWP.

IF protracted sampling difficulties and peaks in fish movement oceur logether, RSTs may lend lo
underestimate the number of salmon moving downstream past a moniloring location I]lu]rflng] ﬂnﬂcg]]h Hows. At ]Knﬁg]hh
Lanaﬂf]ng. «Jl]'lsru]p[kﬂ@ns in sam]pﬂf]ng] ﬂyp]’l@m“y are sﬂu@r&-ﬂ:euﬂm. ]1-2 :[ﬂmys or ﬂess aumaﬂ may mol ﬂnw@ﬂve m“ traps. Wﬂnem&
necessary lo eslimale the number of j]uvemnﬂﬂe salmon passing this location, calches are expmn«ﬂe&] lo account for

ﬂn&@rruph@m&s in salmpﬂf]m:g.
2. Deﬂﬂ:a m@ni&@u‘ﬂng}

Trﬁgger ﬂeweﬂs ﬂj@]r Mne @c[k@l»er lﬂnr@mg]]ln J]aummry «Jlecflsmn process were sun]l»jechwelly «He&ermﬁnedl ]lmseﬁl on our
examinalion of the hislorical record of calches al Sacramento in the Kodiak trawl and beach seine. All years used

in the auma]lysfls were above normal or wel WYs: there were no aﬂry years «Jlulrflng] this ]}J)(E][‘]i@(]l.

Trawl elficiency likely increases during turbid conditions because fish are less able Lo see and avoid the
nel. This increase in re”ilmiemmy has never been quanhﬂﬁeﬁl in the Sacramenlo River lrawl or beach seine. Low
calches dlmrflm:g a ]perl'lml of ﬂn]’lg]]ln waler «l]laurflly may be exp]lmﬂned] ]lpy a combination of poor eﬂjﬂ:ﬂcﬂency and low
abundance. Reduced effectiveness of the trawl gear due lo urmu§uaMy clear waler IJIM]I‘]i]Dlg] aﬂry years will ﬂﬁ]lge]ly

reduce the chance of reaching lrigger levels based on wel year calch dala.

The significance ol peaks in daily calches cannol be Tully assessed during the season withoul knowing the
total abundance of the migraling popuﬂahon of interest. Trawl and seine calches prior lo mﬁ:&]—]Frel»rualry rr]lunr]‘umg
2@@@-2@@]1 were M]]mm]su@l]”]y ]l@w C@m]pa]r‘@&l [k@ pr@wﬁ@u§ y@ﬂrs nﬂl]m(ﬂ m]']g]l]l”: ]r@s@ml»]l(e W]l']]ﬁl& W@M]l(ﬂ ]l)e @X]P)@Cﬂ:@ﬂﬂ Al]u]]rﬂ]mg a
Alry year ((]F]‘lg]u]res 1. 2. 3 and 4). Calches in previous years showed ]peaxﬂ«s «]lurﬁng late-November in both the trawl
and seine. Hven considering the likely effect of clear waler of sampling effectiveness, both trawl and seine calches

in 2000-2001 sugges[[em]l a late migration ol juvenile salmon.

]F]‘lg]u]re 5 charls Amﬁﬂy calch of winler run sized salmon al (C]lnﬁ]pps Island, CVP and SWP exporl pumping.
andl winter rum ﬂ@ss [l»e[tweem: J]ﬁnua]ry H aunmJl Mau‘c]ln 3]1 2@@]1 ]B;e(‘,amse mﬂnﬂn@@ﬂ& ]l®§s a]nmﬂ Alens]’l[h’les al H}ne (CVP/SWP
were low and della smell saﬂvage was low Aurﬁng ear]ly lpell)mmn*y, DAT ﬂ»ﬁ@ﬂogﬁs&s recommended lerminaling the
exporl reductions on ]Fe]lmrmalry 220 ﬂrﬂggereaﬂ Umy earlier Jlnfngln cabches at ]K]m]igﬂnh ]Lamﬂﬂmxg. reserving EWA waler Tor
later use. One Almy later (2/23). Sacramento Kodiak trawl catches increased consﬂaﬂerahﬂy lo the ﬂn]’lg}ﬂnesl values [or
the season. Daily winter run loss al the facilities increased sharply lo 650 on 2/26 at SWP and 978 on 3/5.
Salmon loss continued to be ]lnﬁgh in March. Peaks were observed in lrawl calch al Sacramento on ]Frﬁ«]]aly (2/23).

Because no trawling was done over the weekend, the magnitude of this peak in migration could be
underestimaled. Becaunse mo [krawﬂﬂmlg was done over the weekend. the magmxﬂ[tuﬁ]e of this peak in migration could

be underestimaled. The above dala indicaled that ]p@ﬁlﬂ(S were observed al Sacramenlo prior to their observaltion

over the ﬂ:oMowﬂng weeks ab the fish facilities and (C]hflpps Island ((]Fﬁgures 3-5).

A sﬁgnﬂhcank correlalion exisls belween density of winler run al the facilities and calch of winler run al

Cﬂn]‘lpps Island ((]Fﬂgtuure ©) suggesting thal when salmon are present and moving oul of the Delta, they are
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vulnerable at the facilities.

More mnaﬂym’ls is needed to assess the reﬂah@nsﬂnﬂp of (Cﬂnflp]pm Island catch, Sacramento River calch. loss al

the facilities. and various environmental factors such as tide. flow. temp. elc.
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VI Conclusions and Recommendations

A. Acc@mpﬂisﬂnmen&s «Jlu]rﬂng] ]EWA ﬂmpﬂemen&aﬁﬂ@n in WY 2@@]1

I. The DAT salmonid team developed a structured process for evaluating data (decision Lree) and used it to
assess condilions and lormulate recommendations for EWA actions to benelit fish in WY 2001.

2. Stall of the MAs and PAs and stakeholders communicated. coopera[[e&l, and coordinated emedﬂveﬂy dlu]rflng] WY
2001 to ﬂmpﬂemenl the EWA. This ]pr@ﬂ:ressmnaﬂ ﬂmlerdlﬂscﬂphnary team ﬁpproacﬂn was evidence of a solid

commilment o the EWA elforl.

3. T]h]roug]h close coordination via the DAT conference calls the DCC Gales were opera[tef]l to pr@vﬁ«ﬂe survival

ﬂ»eneﬂ:flls lo juw@n]’lﬂe anaﬂlu‘@m@us saﬂm@nfmﬂs wﬂnﬂﬂe mw«»fmﬂﬂng} waler qumﬂﬂﬁy pr@]hﬂems in Mne weslern aumﬂ s@m[[llne]rn

Delta.

4. An exlensive and reliable fish moniloring ellort enabled us to eren[kﬁy perﬂ@aﬂs of ]prealﬂ« salmon movement al
various localions, [rom the tribularies and upper Sacramento River spawning areas downstream to the Delta.
While not perﬁec[l:, this information ]lnelpremll us anlticipale perflmﬂs of heﬁgﬂnlened concern for salmon in the Delta and
judge the best timing for export reduclions.

5. A vast amount of biological. hydrological. and operalional dala was collected and lransferred lo databases or
otherwise made available 1o the DAT 1o supporl the decision process for wse of EWA. Without this critical
foundation and the cooperalion of colleagues and strong prolessional commilment of field crews and dala

managemen| stall worﬂgﬂng [L]lnroug]]lmu[k the VmMey. we could not implement this program.

6. A c@mpre]hemlsﬂwe sel of DAT conference noles was compiled [Lh]mug]h the aﬂﬁﬂﬁgenl efforl of agency stall who
prepared the noles and DAT parlicipanls who reviewed them prior lo posling. The notes provide an excellent

record of evenls and decisions, and thal record. suppﬂemen&eﬂ ]By the “fish action Aescrﬂph@n" documents, served us

well in recapping the entire EWA process in WY 2001

7. Hmpﬂemenlah@n oﬂj H}ne ]EWA program aumJl M}le oulcome im WY 2@@]1 ]parh«ju]lar]ly wil[[]ln r@gar«l lo §aﬂm@]m. ﬂnas
helped us focus on gaps im our Ln@wﬂeﬂlge of salmon and steelhead in the VfuMey and lEs[Euary. Data collected in
2@@@-2@@]1 H»@Mn upstream aunmJl in [l]lne De“a. aﬂream]ly ﬂnﬂwe s&ﬂmuﬂale(ﬂ new ﬂf]nes @ﬂj inquiry andl anaﬂyses an«l
provided direction and jushhca[ﬁ@n for augmenling smmpﬂﬂmlg] programs lo gel the dala needed lo answer our
questions. For salmon, the imporlanl questions are: where in Lhe system, al what life stage and due to whal faclors
does m@rlahly to juvenﬁﬂe salmon occur, and whal is the relalive sﬂgnﬁwﬂcmnce of these components of mn:]r[tm]lﬂ[ty lo
the prospecls for recovery of listed and other aﬂepﬂeﬂe«l salmonid stocks.

8. The use of genelic informalion was valuable in the run classificalion of chinook salmon and in mmaﬂdng
recommendalions for and evalualing the oulcome of EWA actions relative to ESA incidental take limits for winter

rumn cﬂmn@@k

9. EWA waler was used lo save listed juvenﬁﬂe salmonids from direct loss to SWP exporl pumping and reduce
[[alﬂge. Tﬂn@s@ savings ]incﬂunm]leaﬂ m]lm@u[k 6@@@ winter rum smﬂm@n aumaﬂ an esﬁﬂmaleaﬂ 675 s&eeﬂﬂneaaﬂ.

]I@ T]ln@ uncer&min&y cﬂnﬁluﬂmder]’lz]’lm&g ﬂ:]is]ln sampﬂﬂng me&ﬂn@aﬂs was umeHer aﬂeﬂjf]nmﬂ W@H@wﬁm&g a]p]p]l]’lcm[kﬂ@m: @ﬂ: aﬂfwerse ﬂ:ﬂs]ln

dala lo the EWA process.
B. Limitalions encounlered Alurﬂmag EWA implementation in WY 2001

L. Tier 3 waler was nol available in this first year of EWA ﬁmpﬂemen&mﬂ:ﬂ@n. This fact constrained oplions in
March when the loss rale of winter run chinook al the pumps was very high.

2. The absence of adaplalion in the overall winler run chinook take managemenl mechanism for the CVP/SWP
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u»y NM]FS aumJl D]FG was ﬂnﬁgﬂnﬂﬁg}ﬂn&e& ﬂny [[Jlne mnpreceaﬂen[{eqﬂ winter run chm’]n@oJl( ﬂ@sses in WY 2@@11

3. @u]r presem&l Jl]imﬂ[keaﬂ aﬂmf]ﬂf][&y lo quan&ﬂwy jjuwen]’lﬂe §aﬂm@n a]nmﬂ sﬂ:ee“ﬂea&l ]p]rrodluch@mx a]nmﬂ «Jlesrcrﬂﬂme suu‘vf]waﬂ u»y river
reach ]p]resen[l:ﬂy constrains our mﬂ»ﬂﬂﬂy to p]ace Delta losses of these fish and the bemefils of EWA actions inlo
perspective al the p@pmﬂah@n level.

4. Limits on the number of juwen]’lﬂe salmonids (natural and/or Ilm&cﬂnery stocks) available to tag and release [or

experimentalion constrains our abilily to gain Ln@wﬂeﬁlge important to ascerlaining EWA. ellectiveness.
5. Our ﬁna}»ﬂ]l]‘l[[y lo track the migration of small discrete p@puﬂah@ns of emﬂangereaﬂ juvenfnﬂe salmon and steelhead

in lime and space glrea[lﬂy limits our aUmﬂﬂﬂﬂy to ﬂmpﬂemen& the EWA aclions in an @]phmaﬂ fashion and maximize

the efficienl use of scarce waler resources.
C. Science needs for ﬂmpr@we&l EWA ﬂmpﬂemenlahmn and evalualion
1. Address information gaps in the Sacramento River salmon p@]pu]lm[tmn model.

2. Use the par[kﬁc]le—[krmc]lgﬂmg model o simulale smoll migralion M‘mug}]ln Delta with varied salmon behavioral

assumptions.

3. Deﬂ:flm&e. H‘eﬂmhwe lo ]EWA use, Mne Vaﬂue aumﬂ ]l]'lmf][ks @F exﬁshng} sﬂa[h’lsh@mﬂ m@&le]ls @ﬂ sm@ﬂ& suu‘wfwa]l in “ne Deﬂ[{a.

4. Evaluale salmon abundance and survival estimates to determine what level of confidence is achievable for

]EWA aﬂecflsﬂ@n&

5. Document the presenl ﬂ(n@wﬂ@dlge of the effect of Mow on salmon smoll survival l]lnr@ug]]ln the upper Sacramenlo
River and the Delta using CWT smolt data and from consistent sampﬂﬂng of wild and hatchery salmon aﬂum’lng}
emigraltion.

6. Evaluate historical CWT salmon data to belter quantify relalive direct and indirect losses in the Della.

7. Evaluate the elfect of predalors on juvenile salmon in central and south Delta using past electrolishing survey

information, other ]p]redlall@r data and food c]lmﬁn/emaergy flow assumplions.

8. Evaluale the benefil of eslahﬂﬁsﬂnng a reg]u]lmr salmon moniloring sile al the mouth of the Mokelumne River
and lower Middle and Old rivers to assess salmon migration toward the pumps.

9. Continue population benelil analysis of lo include cohorl analysis and predict effects of allernalive operational

scenarios.

10. Evaluate the benelit of ﬂmpﬂemenhng} a YAMP lype" experiment for the Delta using CWT Coleman late fall

lo assess the ellects of Sacramento River Delta inflow and exporl levels on smoll survival.
1. Evaluate the imporlance of rearing im the Delta 1o Cenlral Va”ey salmon popuﬂaﬂmn&

D. Pr@p@se&l @]lnmng]es in [[]lne melﬂwaﬂs @F ﬂmpﬂemenﬂﬂng ]EWA in WYZ@@Z

I. Refine steelhead leV@n]i]l@ pr@«ﬂudmm& estimale based on steelhead abundance al (Cﬂnil]p]ps Island [rom pasl three

years mar]l«/remwery dala.

2. Deweﬂ@p a c@mprehensﬂwe sel of perﬂ:ormmnce crileria lo measure Lhe effecliveness of using EWA waler.

3. Modily salmon decision lrees for Oclober-January and February-June as appropriale based on WY 2001
experiences. Modily the Knights Landing and Sacramento catch indices; both had compulational idiosyncrasies
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which confused interpretation.

4. Meel wf]“n Pacflﬂﬂc n@rlﬂnwesl saﬂm@n ﬂnﬂ@ﬂ@gﬂsﬂs wﬂﬂn §]pcecflﬂj1'1c experience im qumnhﬂ:yflng Hlne ]he]meﬂ:f][ks @ﬂj ﬂjfmﬂn

prolection actions.

5. Evaluale results of the CALFED DCC experimenls of 2000 and 2001 and determine their relevance to EWA
ﬂmpﬂemem&lahon im WY 2@@2

6. Evaluate the DAT conlerence and nole preparalion process and m«»dl]iﬂ:y as appropriale to improve the eHﬂcflency

of stall Lime commilment and of managemenl level review of DAT recommendations.

7. Evaluale current fish samphng elforts and ((usﬂmxg experience of IEP real-time smmphng) and, if j]unshﬂ:ﬁeﬂl,

establish additional fish sampling stalions and efforts to increase the aceuracy and precision of fish abundance and

survﬂwnﬂ «Jlm‘la ((1’1.@., m@mlﬂu @W M@]L{e]lummxe R]‘wer or ]l@wer @Ml almu&l Mﬁ«ﬂﬂlﬂe Rﬂvers).

8. ]Im]pr@ve the mlh]lﬂy of upriver salmon smmphng} ]By incorporaling gear e”ﬂcﬂency measurements thal enable
expansion of calch lo abundance estimales. Use these estimales lo make in-season assessments of juvenile salmon

migration and popuﬂah@m&s staltus.

9. Deveﬂ@p stralegies to gun]‘lﬁle decisions thal will consider the needs of all targel species when EWA assel

limitations come into ]pllay.

10. Deveﬂ@p crileria for ﬁ&lenhﬂjyﬂng circumstances when Tier 3 may be needed and establish a ]pnr«»xneaﬂulre for

aclivaling Tier 3 when any of the crileria are mel.

1. Hold scientific wmr]l«s]hops on specﬁﬂ:ﬂc lopics relevanl lo EWA ﬂmpﬂememﬂlah@n in WY 2002. W@r]l«s]h@]pm on

conce]pﬂua]l and mechanistic models of salmon ]p@]pml]la[h’l«»]m and on statistics of mmpﬂ]’lng} data are needed.

]12 ]p]r]'l@r]'l[h'lze inmmll ﬁmp]lcememx[k Ley §<C]ienhﬂ:f1(‘, sﬂuaﬂf]es ﬂmp@uﬂﬂmm&l lo ]EWA in WY 2@@2 (p@[{enhaﬂ use @F (CA]L]F]ED
directed studies) based on above list of EWA science needs.

13. Commit grealer stall resources to the EWA program with particular focus on improving agency ]}m‘urﬁmug]

processes and use of gu‘mﬂmm[le students and post docs.

4. Use evalualion from the EWA science [paneﬂ review process for WY2001 to increase ils eﬂ:ﬂ:ﬂcfl@ncy and
prowﬂle the pmmae]l, stakeholders and germrerm]l puﬂmhc and media with the most accurale view of the EWA program.

15. Deweﬂ@p a slrategy lo accomplish the EWA scientilic and management needs identified 1n WY2001.
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