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ORGANIZATION OF THISWORKING PAPER

ThisisVolume 2 of three volumesthat comprise the Anadromous Fish Restoration Program Working Peper
(AFRP) on Restoration Needs. The contents of the three volumes are as follows:

Volume 1 describes how the WoRKING PAPER was developed, explains the process
envisoned for completing afina Restoration Plan, and summarizes the production gods,
limiting factors, and restoration actions sections developed by the AFRP technical teams.
Interested parties should read the letter from Dde Hall and Wayne Whitethat appears at
the beginning of Volume 1.

Volume 2 provides descriptions of Centra Vadley rivers and dreams, summarizes
information on historic and existing conditionsfor anadromousfigh, identifiesthe problems
that have led to the decline of anadromous fish populations, and identifies roles and
responsibilities of state and federd agenciesin managing anadromousfish. It also includes
two key documents that were used by the AFRP Core Group and technica teams to
develop the WORKING PAPER.

Volume 3 includesthe complete production gods, limiting factors, and restoration actions
sections as submitted by the AFRP technica teamsand edited by USFWS gtaff. Volume3
asoincludes citationsfor dl three volumes of theWoRKING PAPER. To request copiesof
this working paper, cal the Anadromous Fish Restoration Prograesinformeation line &
(800) 742-9474 or (916) 979-2330 and dia extension 542 after the recorded message
begins. Y ou may aso obtain copies by cdling Roger Dunn, CVPIA Public Outreach, at
(916) 979-2760 or by sending e mail requeststo roger_dunn@fws.gov. The Working
Peper is avalable to be viewed and downloaded on the Internet a
http://darkstar.dfg.cagov/usfwsfws_homehtm.

This document should be cited as.

U.S. Fish and Wildlife Service. 1995. Working paper: habitat restoration actions to double natural
production of anadromous fish in the Centrd Vdley of Cdifornia Volume 2. May 9, 1995.
Prepared for the U.S. Fish and Wildlife Service under the direction of the Anadromous Fish
Restoration Program Core Group. Stockton, CA.
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SECTION V. DESCRIPTION OF CENTRAL VALLEY
RIVERS AND STREAMS

SACRAMENTO BASIN
Upper Mainstem Sacramento River

The Sacramento River, the largest river system in California, yields 35% of the state's water supply. This
river system supports one of the largest contiguous riverine and wetland ecosystemsin the Centra Valey
(Figure 2-V-1). The median higtorical unimpaired run-off above Red Bluff is 7.2 million acre-feet (mef),
witharangeof 3.3-16.2 maf (Figure2-V-2). Atleast eight sate-listed and federdly listed endangered and
threatened species and severd speciesof specid concern existintheriver andadjacent riparianforest. The
chinook salmon populations of the Sacramento River provide most of the state's sport and commercia
catch.

Most of the Sacramento River flow is controlled by the U.S. Bureau of Reclamation's (USBR's) Shasta
Dam, which storesup to 4.5 maf of water. River flow isaugmented in an average year by transfer of upto
1 maf of Trinity River water through a tunndl to Keswick Reservoir. USBR operates the Shadta- Trinity
Divison of the Centrd Vdley Project (CVP), which includes Shesta, Keswick, Trinity, Lewiston,

Whiskeytown, and Spring Creek Debrisdams, Red Bluff Diverson Dam (RBDD); and the Tehama-Cousa
Cand (TCC) and Corning Cand. Other smal- to medium-szed impoundmentsin thewatershed, indluding
Lake McCloud, Lake Britton, Iron Canyon Reservoir, and Big Sage Reservoir, can retain an additiona

300+ thousand acre-feet (taf).

Upper Sacramento River Tributaries

Clear Creek - Clear Creek, thefirst mgjor tributary to the Sacramento River below ShastaDam (Figure 2-
V-3), drains gpproximately 238 square miles. It originatesin the mountains east of Clair Engle Reservoir
and flows gpproximately 35 milesto its confluence with the Sacramento River just south of the Redding city
limits. The median higtorical unimpaired run-off is 69 taf, with arange of 0-421 taf (Figure2-V-4). Two
damsarelocated on the creek. Whiskeytown Dam, constructed in 1963 near river mile (RM) 16.5, stores
and regulates run-off from the Clear Creek drainage areaand diversonsfrom the Trinity River. Thewater
isthen diverted through the Spring Creek Tunnel to Keswick Reservoir whereit provideswater and power
for usein the CVP. The second dam is the McCormick-Saeltzer Dam, constructed in 1903 and located
approximately 10 miles downstream from Whiskeytown Dam at RM 6.5. Thisdam diverts 10 cubic feet
per second (cfs) of water into the Townsend FHat water ditch for irrigation use.
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Cow Creek - Cow Creek flows through the southwestern foothills of the Cascade Range and enters the
Sacramento River at RM 280, 4 miles east of the town of Anderson in Shasta County (Figure 2-V-3).
Cow Creek has five mgjor tributaries: Little (North) Cow, Oak Run, Clover, Old Cow, and South Cow
creeks. Old Cow and South Cow creeks are the largest tributaries. The drainage areais approximately
425 square miles, and the average annua discharge is more than 500 taf (Reynoldset d. 1993). Thetotd
length of streambed in the drainage is about 66 miles. Headwaters for most of the tributaries originate
between 5,000 and 7,000 feet in eevation, and the stream gradient in the upper reaches of thetributariesis
relaively steep. Mixed conifer forest of ponderosa pine, Douglas-fir, incense cedar, and Cdiforniablack
oak is the predominant vegetation in the higher evations. In the lower foothillsthat abut the valey floor,
the oak-digger pineassociation ispredominant. Thevalley floor isdominated by oak grasdand and pesure

Fal-run and late fal-run chinook samon spawn in the creek on the valey floor and in al five tributaries.

Bear Creek - Bear Creek originates south of Latour Buttein Shasta County at an elevation of about 6,800
feet. It entersthe Sacramento River 5 miles below Anderson asasmall eastsdetributary approximately 4
miles north of Battle Creek (Figure 2-V-3). Approximately 24 miles of habitat are available to sdmon
before the first naturd barrier. The stream has low streamflow in spring through fall of most yearsand no
flow during periods of below-normd rainfal. During spring and summer, the limited naturd streamflow is
further reduced by unscreened irrigation diversonsin the lower reacheswherethe stream entersthe valey
floor. Although adequate streamflowsin fal and spring are prerequisitesfor anadromousfish migrationand
reproduction, the drainage is known to support fall-run ssimon and some steelhead.

Cottonwood Creek - Cottonwood Creek originates on the east side of a rugged section of the Coast
Rangesinthe Y dllaBally-Middle Ed Wildernessin Tehama County & an elevationof goproximately 4,000
feet. Cottonwood Creek drainsthewest Sde of the Centrd Valey and entersthe Sacramento River ashort
distance downstream from the Redding- Anderson area (Figure 2-V-3). It hasadrainage areaof approxi-
mately 929 square miles. Thethreeforksof Cottonwood Creek and tributaries encompass approximately
83 miles of habitat available to sdmon. Cottonwood Creek responds quickly to rainfall and is prone to
flash flooding. Poor land use practices resulting from overgrazing, timber harvest, road building, and
development have sgnificantly degraded exigting fish habitat. Theresultshave been high st levels armoring
of gravel beds and devated water temperaiures. Extensive gravel mining in the valey section of
Cottonwood Creek has not only damaged in-creek spawning but Sgnificantly reduced grave recruitment to
the Sacramento River. Rainbow Lake isasmdl impoundment in the upper watershed with a capacity of
3,600 &f .

Battle Creek - Béttle Creek drainsthewestern flank of Mount Lassen and entersthe Sacramento River at
RM 271, approximately 5 miles southeast of the Shasta County town of Cottonwood (Figure 2-V-3). Its
two main branches, the North Fork and the South Fork, join 16.6 milesabove the mouth and flow into the
Sacramento Valey from the esst, draining a watershed of gpproximately 360 square miles.  Although

boul der-laden areas can impede fish migration in the Eagle Canyon section of the North Fork, al diversion
dams on Battle Creek have fish ladders (McCumber Reservoir Dam and North Béttle Creek Reservoir
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Damareabovebarrier fdls). Becauseof high summer (June- October) base flows of about 290 cfs (Payne
& Associates 1991c) and the relative lack of consumptive water use, Battle Creek has the greatest
restoration potentia of the Sacramento River tributaries. Most of the Battle Creek drainage is privately
owned. One other smal impoundment in the watershed is Baldwin Reservoir.

Paynes Creek - Paynes Creek entersthe Sacramento River at RM 253, 5 miles north of the town of Red
Bluff (Figure 2V-3). It flows into the Sacramento Valley from the east, draining a watershed of
gpproximately 93 squaremiles. Paynes Creek originatesin aseriesof smal lavaspringsabout 6 mileswest
of the town of Minerd. Although the stream has no significant dams, flows in Paynes Creek have been
sgnificantly affected by the recent drought conditions, aswell as by 16 seasond diversions for irrigation,
stock watering, and fish culture. Thelowermodt irrigation diversion, about 2 miles upstream from the mouth,
isthe largest, with a capacity of gpproximeately 8 cfs. It provideswater to irrigate the Bend Didtrict. The
Cdifornia Department of Fish and Game (DFG) owns and operates a screen on this diversion.

Paynes Creek is known to support fal-run ssimon when water conditions are adequate. Low flow and
inadequate spawning gravel have been identified as significant factorslimiting sdmon production in Paynes
Creek, however. 1n 1988, DFG built five spawning rifflesusing 1,000 tons of spawning gravel. Because of
low flows attributable principaly to the recent drought, however, the recongtructed riffles have been
parsely used.

Antelope Creek - Antelope Creek originates in the Lassen National Forest in Tehama County & an
elevation of about 6,800 feet. The creek flows southwest from the foothills of the Cascade Range and
enters the Sacramento River a RM 235, 9 miles southeast of thetown of Red Bluff (Figure 2-V-3). The
drainageis gpproximately 123 square miles and the average stream discharge is 107 taf per year. Thefish
habitat of Antelope Creek isrelatively undtered above the valey floor, but the lack of adequate migratory
flows from the Sacramento River to this habitat prevents optimum use by anadromous fish.

Water diversons and a braided channel near the canyon mouth often create problems for fish passage
during the typicd diverson period from April 1 through October 31. One diversion is operated by the
Edwards Ranch with a water right of 50 cfs, and the other is run by the Los Molinos Mutua Water
Company with awater right of 70 cfs. Becausethe average annua flow during April through October from
1940 to 1980 was 92 cfs, the lower reach of the Stream isusually dry when both diversons are operating.
Thus, adult fal-run and spring-run chinook sdmon are generdly unable to enter the stream during the
diversion season.

Elder Creek - Elder Creek enters the Sacramento River at RM 230, 12 miles south of the town of Red
Bluff (Figure 2-V-5). Thestream flowsinto the Sacramento Valley from thewest, draining awatershed of
approximately 142 square miles. There are no sgnificant dams on the stream, but several smdl water
diversons are present. The stream is generdly intermittent with a highly fluctuating flow regime. How
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recordsindicate pesk flows of morethan 11,000 cfs, but the stream isnormally dry from July to November.
In recent years, it has supported only an occasiond, smal run of fall-run chinook salmon.

The stream reach from Rancho Tehamato the mouth isalow-gradient, braided channd with poor spawning
and rearing conditions. A seasona svimming areaiis crested in summer by the placement of agravel damin
the stream at Rancho Tehama, arurad housing development. Higher quaity spawning grave is located
between Rancho Tehamaand the point where the stream entersthevalley floor. TheU.S. Fishand Wildlife
Service (USFWS) hasrecently purchased property near the confluence of Elder Creek and the Sacramento
River as part of the Middle Sacramento River Wildlife Refuge. Approximatdy 20 miles upstream of the
valey floor, the stream gradient increases rapidly in arugged canyon areathat supports resident trout and
possbly afew steelhead.

Mill Creek - Mill Creek isamgjor tributary of the Sacramento River, flowing from the southern dopes of
Mount Lassen and entering the Sacramento River at RM 230, 1 mile north of thetown of Tehama (Figure
2-V-5). Thedream originates at an elevation of approximately 8,000 feet and descendsto 200 feet at its
confluence with the Sacramento River. The watershed drains 134 square miles, and the stream is
approximately 60 milesin length. The creek isconfined within asteep-sided, relatively inaccessble canyon
in the upper watershed. During theirrigation season, three dams on the lower 8 miles of the stream divert
mogt of the naturd flow, particularly during dry years. Most of the creek is bordered by U.S. Forest
Searvice (USFS) land. Private land holdings exist only in the extreme headwaters and on the valey floor.
The streamflows through the Ishi Wilderness Area and the Gray Davis Dry Creek Reserve, which is
managed by The Nature Conservancy. Mill Creek spring-run chinook salmon are uniquefor spawning at
an eevation of more than 5,000 feet, the highest eevation known for sdlmon spawning in North America

Thomes Creek - Thomes Creek enters the Sacramento River at RM 225, 4 miles north of the town of
Corning (Figure 2V-5). It flows into the Sacramento Vdley from the west, draining a watershed of
approximately 188 square miles. No significant dams are located on the stream other than two seasondl
diverson dams, one near Paskenta and the other near Henleyville. Severa smdl pump diversons are
operated seasondly in the stream.  The stream is usudly dry or flows intermittently below the U.S.
Geologicd Survey (USGS) stream gauige near Paskenta until the firgt heavy fal rains. Fal-run chinook
sdmon enter and spawn in Thomes Creek in years of sufficient rainfall.

Deer Creek - Deer Creek, amgjor tributary to the Sacramento River, originatesfrom severd small springs
near Childs Meadowsto the north and from the northern dopes of Butt Mountain to the south. It entersthe
Sacramento River at RM 220, approximately 1.5 milesnorth of Woodson Bridge State Park (Figure 2-V-
5). The watershed drains 200 square miles and is 60 mileslong.

Bdow its source, Deer Creek flows through many miles of rugged canyon cut deeply through an ancient
lavaflow. At higher devations, theterrainisforested with coniferoustreesand, in lower regions, the cover
is the typicd valey oak-grasdand association. State Highway 32 pardlds about 25 miles of the upper
gream. The lower 10 miles flow through the Sacramento Valey where most of the flow is diverted. In
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many years, diversons at three dams deplete dl of the naturd flow from mid-spring to fdl. All of the
diversion structures have fish ladders and screens. Of dl Sacramento Valey streams, Deer Creek hasthe
greatest potentia for gpring-run chinook salmon restoration.

Stony Creek - Stony Creek is a westside stream originating in the Coast Ranges and draining into the
Sacramento River south of Hamilton City in Glenn County (Figure 2-V-5). The watershed has three
storage reservoirs with a combined storage capacity of morethan 260 taf: Black Butte, Stony Gorge, and
East Park. Thelowermost dam, Black Buitte, isabarrier to anadromousfish. The Glenn-Colusalrrigation
Didtrict (GCID) cana, which crosses Stony Creek downstream of Black Butte Dam, consstsof aseasond

gravel dam congtructed across the creek on the downstream side of the canad. This crossing dlowsthe
cand to continue flowing south and alows capture of Stony Creek water and thus acts as a complete
barrier to sdmon migration. Stony Creek supportsfall-run chinook sdmon in yearswhen flow reechesthe
Sacramento River.

Big Chico Creek - Big Chico Creek originates on Colby Mountain and flows 45 miles west to its
confluence with the Sacramento River & RM 193, 5 mileswest of the City of Chico (Figure2-V-5). The
watershed ranges from about 121 feet in eevation at the mouth to 5,700 feet, draining a watershed of
gpproximately 72 square miles. No significant impoundments are present on the stream, and theonly mgor
water diverson iswithin 1 mile of the mouth.

Most of Big Chico Creek isbordered by private land with smaller holdings by the USFS and U.S. Bureau
of Land Management (BLM). Thecreek flowsthrough Bidwell Park, thethird largest municipa park inthe
United States, downtown Chico; and the Cdlifornia State University campus. The chief human impactsin
the drainage basin upstream of Chico are logging, recreation, and associated road congtruction. A smdl,
abandoned placer gold mine is located about midway between the origin of the creek and its confluence
with the Sacramento River, but thismineis not known to significantly affect water quality. Habitat in areas
upstream of the Five-Mile Diverson is rddively pristine because of the rugged nature of the canyon.

Summer (June- October) base flow in Big Chico Creek above Five-Mile Diversonistypicaly 20-25 cfs.
Mogt of this base flow is logt to infiltration in the region of the creek's outwash fan (roughly the city of

Chico) so that, by late summer of most years, surface flow does not extend downstream of Rose Avenue.

Big Chico Creek has carved adeegp canyon through thefoothills. Upstream from Higgin'sHole (at RM 23),
it has cut through metamorphic rock, cregting a narrow canyon with big boulders, bedrock potholes, and
spectacular waterfdls. In yearswhen migration corresponds exactly to high flow, sdmon might navigatethis
canyontothewaterfall at Bear Lake, but thiswould beunusud. For al practica purposes, Higgin'sHoleis
the upstream limit for anadromous fish. The size of the waterfals and the scenic nature of the upstream
canyon preclude congruction of fishways.

Big Chico Creek tributaries -- Mud and Rock Creeks- Mud Creek and Rock Creek join Big Chico
Creek about 0.75 mile before it enters the Sacramento River. These two tributaries are Smilar to each
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other but quite different from Big Chico Creek. Their channels are shorter and dendritic. They drain from
the surface of the tilted Tuscan formetion at relatively lower devations than mos of the Big Chico Creek
drainage and receive their precipitation chiefly asrain, rather than snow. Accordingly, they are seasond

(flowing from about November to June in the Centrd Vdley portion of their channels) and warm up more

quickly in spring.

The drainage basins of Mud and Rock creeks are smilar as well. The headwaters are in privately held
forest land, foothill reaches are mostly pastured brush land or woodland, and Centra Valey reaches
traverse agricultural land. Both creeks pass through suburbs of Chico, with Mud Creek potentialy being
subject to pollution from the indugtrid park and arport. Both have minor agricultural diversons. In
addition, Mud Creek isimpounded for domestic water supply at Richardson Springs, asmal resort. The
Sycamore Diversion passes floodwater from Big Chico Creek to Mud Creek. Mud Creek isal so subject
to subgtantia illegad dumping from the West Sacramento Avenue Bridge.

Butte Creek - Butte Creek originatesin the Jonesville Basin, Lassen National Forest, onthewestern dope
of the Sierra Nevada, at an eevation of about 6,500 feet. The watershed area comprises approximately
150 sguare miles in the northeastern portion of Butte County. The creek enters the Sacramento Vdley
southeast of Chico and meandersin asouthwesterly direction to theinitia point of entry into the Sacramento
River at Butte Sough (RM 139). A second point of entry into the Sacramento River isthrough the Sutter
Bypass and Sacramento Slough (RM 80) (Figure 2-V-6).

Several small tributaries converge in the Butte Meadows basin, an area characterized by a series of wide
meadows and repeating series of pools and riffles. Pine, cedar, and fir dominate the upper portion of the
area, whereas the predominant riparian vegetation typesin the meadow areas are dder and willow. Butte
Creek flows from the Butte Meadows area approximately 25 miles through a steep canyon to the point
where it enters the valey floor near Chico. Numerous smdl tributaries and springs enter the creek in the
canyon area. Deep, shaded pools are interspersed throughout the upper section of the canyon above
Centerville, whereas the area below has a shdlower gradient and a riparian canopy of ader, oak, and
willow.

Flowsfrom the West Branch of the Feather River, diverted by Pecific Gasand Electric Company (PG&E)
for power generation, enter Butte Creek via the Hendricks and Toadtown Cardls at the Desabla
Powerhouse. Two damshbuilt by PG& E in 1917 divert water from Butte Creek for power generation. The
lowermogt, the Centerville Diverson Dam, located immediatdly below the DesablaPowerhouse, isgenerdly
consdered to be the upper limit of anadromous fish migration. Anecdota reports suggest that under
extremely high flows, sedhead have been observed traverang this dam. Smal impoundments in the
watershed, including MagaliaReservoir, Paradise L ake, and Desabla Reservoir, soreacombined 14.7 .

The upper watershed area above the valey floor comprises primarily private land holdings, with some
national forest lands at the extreme upstream portion. Development in the upper watershed area of the
mainstem of Butte Creek has been limited, dthough Little Butte Creek is regulated by two dams that
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provide domestic water for the town of Paradise. The Paradise areaiisbeing intensvely developed and is
currently undergoing a severe water shortage. Currently, except under extremely high, unregul ated winter
flows, Little Butte Creek makes only a minima contribution to the flows of Butte Creek. Incressed
development, primarily residentia, isoccurring below the Centerville Powerhouse and dong Butte Creek as
far as Durham.

Colusa Basin Drain - Thedrainage areaof the ColusaBasin extendsfrom the Coast Rangeson thewest to
the Sacramento River on the east. Stony Creek and Cache Creek define the approximate northern and
southern boundaries. The drainage areaencompasses gpproximately 1,500 square milesin Glenn, Colusa,
and Yolo counties. Of this area, gpproximately 570 square miles make up the watersheds of the various
westside tributaries and the remainder are located in the relatively flat valey bottom. The watershed
contains 67 individua streams, including forks and branches; approximately 11 of these currently empty
directly into the Colusa Basn Drain (Table 2-V-1).

The main conveyance system within the Colusa Basin isknown asthe Colusa Trough, Reclamation Digtrict
2047 Drain, Colusa Basin Drainage Cand, or ColusaBasin Drain (Figure 2-V-6). Higoricdly, the area
within the basin was subject to periodic flooding from the Sacramento River. Howsin the basin generaly
discharged back into the river in a southeasterly direction through various doughs. During the 1850s,
reclamation efforts were begun that eventudly diminated much of the wetland area to provide land for
agriculture. Leveeswere congtructed aong thewest bank of the Sacramento River upstream from Knights
Landing, beginning in gpproximately 1868. These levees blocked the naturd drainage of the westsde
tributaries. Flows from the tributaries were instead routed through the Colusa Basin Drain to rgjoin the
Sacramento River near Knights Landing.

Before reclamation efforts began in the Colusa Basin, most of the westside tributaries were probably
intermittent streamswith little or no flow during summer. Most probably provided only opportunistic and
gporadic access for sdmon and steedhead.  Until the drain was completed, the estuarine portions of the
individua tributaries a the Sacramento River probably provided nursery and rearing habitat for juvenile
sdmon and stedlhead. After completion of the Colusa Basin Drain, sdmon are believed to have entered
wests de tributaries through the outfal at Knights Landing. Inmost instances, accessto the upper portions
of any of the westside tributaries would be blocked by the GCID cand and potentidly the TCC and
Corning Cand.

Following completion of the levee sysem and development of the Colusa Basin for agriculture, natura

floodflows from westside tributaries could no longer disspate rapidly to the Sacramento River. Theresult
has been periodic flooding of various areaswithin the basin. Severa investigations have been conducted to
develop remediesfor thisStuation. Studies conducted by the Cdlifornia Department of Water Resources
(DWR) identified the potentid for congtruction of smal foothill reservoirs to dampen floodflows. The
origind investigation identified 17 stes (Table 2-V-1) that would encompass gpproximately 80% of the
foothill portion of the watershed. Currently, the reservoir option isnot being actively pursued; however, if
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reservoirs are subsequently constructed, potentiad might exist for controlled releasesto facilitate sdmon and
steelhead spawning and rearing.

Miscellaneous small tributaries- Along the Sacramento River are many small, often ephemerd, tribuiaies
that are not used to any sgnificant extent by spawning anadromous sdmonids. Madin and McKinney
(1994) have shown that these tributaries may be used as rearing habitat by juvenile saimonids. Only afew
of the potentid tributaries have been investigated, but those that have been examined contained juvenile
chinook salmon. In some cases, the juveniles had gone asfar as 14 milesupstream from theriver. Mot of
these tributaries also have resdent rainbow trout populations in upstream perennid reaches. For many,

there are anecdota accounts of steelhead runsin the past.

Table 2-V-1. Tributaries contributing flow to the Colusa Basin Drain.

Mgor tributary Tributaries entering Reservoir Drainage area
entering drain mgor tributary capacity (af) (square mile)
Willow Creek Walker Creek 0 175
Wilson Creek 2,200
French Creek 11,000
Unnamed Creek 2,200
Willow Creek 12,600
Hunters Creek Logan Creek 3,300 36
Hunters Creek 2,500
Stone Corral Creek Funks Creek 7,600 84
Stone Corral Creek 5,800
Lurline Creek Lurline Creek 0 Unknown
Freshwater Creek Freshwater Creek 7,000 60
Salt Creek
Spring Creek 2,700
Cortina Creek Cortina Creek 5,300 34
North Branch Sand Creek 0
South Branch Sand South Branch Sand Creek 0 Unknown
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Mgor tributary Tributaries entering Reservoir Drainage area
entering drain mgor tributary capacity (af) (square mile)
Creek
Salt Creek Salt Creek 3,000 19
Buckeye Creek Buckeye Creek 5,000 31
Bird Creek Bird Creek 1,300 8
Oat Creek Oat Creek 4,300 27

For this report, a list was compiled of smdl tributaries in which juvenile sdmon had been reported.

Characterigtics of these known rearing streams were then compared to those of streams for which no
information was available. Table 2-V-2 ligs smdl Sacramento tributaries thought to be unimportant for
sdmonid spawning and divides them into the following types

# those known to support juvenile rearing,

# those gmilar in morphometry and location to known rearing streams and thus presumed to
support juvenile rearing, and

# thosethat have steep gradientsnear theriver or that enter theriver upstream from any spawning
habitat and therefore are presumed to have low potentia to support juvenile rearing.

Teble 2-V-2. Sacramento tributaries that typically provide only rearing

habitat for sdlmonids.
Side of

Name USGS Quad Tributary
Tributaries known to support juvenile sdmonid rearing

Fine Ord Ferry east
Toomes Vina east
Dye LosMoalinos east
Oat Los Molinos west
Coyote Gerber west
Reeds Red Bluff East west
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Side of
Name USGS Quad Tributary
Brewery Red Bluff East west
Blue Tent Red Bluff East west
Dibble Red Bluff East west
Inks Bend east
Anderson Bdl's Ferry west
Olney Enterprise west
Tributaries presumed to support juvenile sdmonid rearing
Burch Fogter Idand west
Jewett Vina west
McLure Vina west
Red Bank Red Bluff East west
SAt Red Bluff East east
Ash Bdl-s Ferry east
Stillwater Bdl-s Ferry east
Churn Cottonwood east
Sulfur Redding* east
Tributaries with low potentia to support juvenile salmonid rearing
Saven Mile Red Bluff East east
Fraser Bend west
Spring Bend west
Clover Cottonwood east
Middle Redding® west
St Redding® west
Jenny Redding® west
Rock Redding® west
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#Indicates 15-minute topographica quadrangle map.

Many small streams that feed larger tributaries may be found to be important for sddmonid rearing. Even
though these smdl sreams may have characterigticsand problemssimilar tothoseliged in Table 2-V-2, for
convenience they will be discussed dong with the main tributary.

In addition to its many tributaries, the Sacramento River has many doughs (partidly abandoned river or
creek channels). Thedynamicsof theriver change doughstoo rapidly for topographic mapsto be useful in
locating or describing them. Therefore, thisreport can addressthem only generdly. Sloughsthat are open
to theriver, particularly if they have any flow from seepage, small tributaries, or agriculturd drainage, have
potentiad to provide rearing habitat. These doughs have characteristics and habitat needs smilar to
tributaries.

North westsidetributaries- Smdl sreamsdraining thewest Sdeof the Sacramento Vdley in the Redding-

Anderson municipa areainclude Olney, Anderson, Sdt, Middle, and Churn creeks. These creeks do not
have naturd flow during the dry season. During the wet season, however, they have large flows for the
amdl sze of the watersheds. The high flashtflood potentia of the streamflow regime is attributable to the
intendty of raingtormsat the north end of the valey and isfurther amplified by urbanization of thewatershed.
These tributaries enter the Sacramento River downstream of Shasta Reservoir.

The watersheds of these streams drain parts of the Coast Ranges and Klamath Mountains. The soilsin
these mountains are moderately to severdly erodible in contrast to the soils of the eestside Sierra Nevada
watersheds. Alsoin contrast with the eastsidetributaries, the geology of thewest sdeof thevaley isnot as
conducive to the large groundwater springs that provide cold, sustained flows in the dry season.

The rainfdl on the west Sde of the Centrd Vdley is less than that on the east Sde, with mean seasond
precipitation in the higher eevations of about 60 inches. The lower eevations near Redding receive 40
inchesof precipitation, whereaslow eevations near Red Bluff recaive only 20 inches of precipitation. Thus,
these smdler tributaries draining the region below the northern end of the Centra Valey haveinconastent
Sreamflow.

Large pesk flows attract sdmon from the Sacramento River into these sreams.  The influence of these
attraction flows on saimon is probably increased because the river flow does not increase proportionaly
during the gorms. Instead, Shasta Dam, upstream from the confluence of thetributaries, captures most of
the storm run-off.

Lower Sacramento River and Delta Tributaries

Feather River - The Feather River, withadrainage areaof 3,607 squaremiles, isthelargest tributary of the
Sacramento River below ShastaDam (Figure 2-V-6). Themedian historica unimpaired run-off is3.8 méf,
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with arange of 1.0-9.4 maf (Figure 2-V-7). Oroville Resarvoir, thelowermost reservoir on theriver and
the upstream limit for anadromous fish, isthe keystone of the State Water Project (SWP) and is operated
by DWR. Lake Oroville has a storage capacity of more than 3.5 maf. Water is released from Oroville
Dam through amultileve outlet to provide appropriate water temperaturesfor the operation of the Feather
River Hatchery and to protect downstream fisheries. Approximatey 5 miles downstream from Oroville
Dam, water is diverted at the Thermdito Diverson Dam into the Thermalito Power Cand, thence to the
Thermdito Forebay and another powerhouse, and finaly into the Thermalito Afterbay. Water can be
pumped from the Thermalito Diversion Pool back into Oroville Reservoir to generate peaking power. The
Oroville-Thermdito complex, completed in 1968, provides water conservation, hydrogectric power,

recreation, flood control, and fisheries benefits. The other mgjor impoundment in the watershed is Lake
Almanor, with a storage capacity of more than 1.1 maf. A number of other smal- to medium-szed
impoundments, including Mountain Meadows Reservoir, BucksLake, Little GrassVdley Reservoir, Lake
Davis, Frenchman Lake, Butt Valey Resarvoir, Sy Creek Reservoir, and Antelope Lake, store an

additiona 450 taf or more.

Feather River flows between the Thermdito Diverson Dam and the Thermdito Afterbay outlet are a
congtant 600 cfs. Thissectionisoftenreferred to asthe"low-flow" river section. Water isreleased through
apowerhouse, then through the fish barrier damto the Feather River Hatchery, and findly into the low-flow
section of the Feather River. Thermdito Afterbay hasadud purpose as an afterbay for upstream peaking-
power rel easesto ensure constant river and irrigation cand flowsand asawarming basin for irrigetion water
being diverted to ricefidds. Thus, water temperatures in the gpproximately 14 miles of salmon spawning
area from the Thermdito Afterbay outlet to the mouth of Honcut Creek (referred to as the "high-flow™
section) are aways higher than those in the 8 miles of the low-flow section.

Yuba River - The Yuba River watershed drains 1,339 square miles of the western dope of the Serra
Nevadaand includes portions of Sierra, Placer, Y uba, and Nevadacounties. TheY ubaRiver istributary to
the Feather River (Figure 2-V-6), which in turn feeds into the Sacramento River. The median historical

unimpaired run-off is 2.1 maf, with arange of 0.4-4.9 maf (Figure 2-V-8). Themgor impoundmert inthe
watershed, Bullards Bar Reservoir, is operated by the Y uba County Water Agency, and has a storage
capacity of just under 1 maf. Other smal- to medium-szed impoundmentsinthewatershed, induding Lake
Spaulding, Bowman Lake, Jackson Meadows Reservoir, Englebright Reservoir, Lake Fordyce, and Scotts
Flat Reservoir, are able to store an additiona 475 taf or more.

Mog of the water from Englebright Dam, the lowermost dam on the river and the upstream limit of

anadromousfish, isreleased through the Narrows 1 and 2 powerhousesfor hydroe ectric power generation.
The 0.2-milegtretch of river between the dam and the two powerhouses has no flowing water except when
the reservair isspilling. The 0.7-milestretch of river downstream of the Narrows 1 and 2 powerhouses to
the mouth of Deer Creek is characterized by steep rock walls; long, deep pools; and short rapids. Below
this area, the river cuts through 1.3 miles of sheer rock gorge called the Narrows, where theriver formsa
large, deep, boulder-strewn pool.
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Theriver canyon opensinto awidefloodplain at the downstream end of the Narrowswherelarge quantities
of hydraulic mining debris have been deposited during past gold mining operations. This18.5-milesedtionis
typified as open valey plain. Daguerre Point Dam, located 12.5 miles downstream from Englebright Dam,
isthe mgor diverson point on the lower river. The open valey plain continues 7.8 miles below Daguerre
Point Dam to beyond the downstream terminus of the' Y uba Goldfidds. Thissectioniscomposed primarily
of dternating poals, runs, and riffleswith agravel and cobble subgtrate. By virtue of the quaity and size of
the subdtrate, this section contains most of the suitable chinook salmon spawning habitat found in the lower
Yuba River. The remaining section of the lower Yuba River extends gpproximately 3.5 miles to the
confluence with the Feather River. This section of river isbordered by levees and is subject to backwater
influence of the Feather River.

Bear River - TheBear River isthe second largest tributary to the Feather River, entering the Feather River
a RM 12, immediately upstream from the town of Nicolaus (Figure 2V-6). The median historica
unimpaired run-off is272 taf, with arange of 20- 740 taf (Figure2-V-9). The upstream limit of anadromous
fishisthe South Sutter Irrigetion Didtrict'sdiverson dam, gpproximately 15 milesabove the confluencewith
the Feather River. The largest impoundment in the watershed, Camp Far West Reservoir, isoperated by
the South Sutter Water Digtrict and has a storage capacity of 104 taf. Other smdl impoundmentsin the
watershed include Rollins Reservoir and Lake Combie, which store an additiond 70 taf or more.

American River - The American River isamgor tributary entering the Sacramento River at RM 60 in the
City of Sacramento, Sacramento County (Figure 2-V-10). It accountsfor approximately 15% of the total
Sacramento River flow. The American River drainsabout 1,900 square milesand rangesin eevation from
23 feet to more than 10,000 feet. Average annuad precipitation over the watershed ranges from 23 inches
onthevalley floor to 58 inches at theriver's headwaters. Snowmedt isthe source of approximately 40% of
the American River flow. Average historica unimpaired run-off a Folsom Dam, near the border between
Sacramento and Placer counties, is 2.8 maf. The median higtorica unimpaired run-off is 2.5 maf, with a
range of 0.3-6.4 maf (Figure2-V-11). The American River hasthree mgor branches: the South Fork, the
Middle Fork, and the North Fork.

Development on the American River began in the earliest days of the Cdifornia Gold Rush of the late
1840s, when numerous small dams and canas were constructed. Today, 13 maor reservoirsexist inthe
drainage with tota storage capacity of 1.9 maf. Folsom Lake, the largest reservoir in the drainage, was
constructed in 1956 and hasacapacity of 974 taf. Additiona water projects proposed for developmentin
the basin include the 2.3-maf Auburn Dam and the 225-taf South Fork American River project. Folsom
Dam, approximately 30 miles upstream from the mouth, is a mgor eement of the CVP. The dam is
operated by USBR as an integrated system to meet contractua water demands and instream flow and
water quality requirements.

The American River historically provided for stedhead and chinook salmon that spawned principaly inthe
watershed abovethevaley floor. Completion of Folsom and Nimbus damsin 1955 blocked accessto the
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historical spawning and rearing habitat for each race and atered the flow regime in the lower American
River.

Mokelumne River - The Mokelumne River drains approximately 661 square miles, with itsheadwaters at
10,000 feet on the crest of the Sierra Nevada mountains. It isamgor tributary to the Sacramento-San
Joaquin Ddlta, entering the lower San Joaquin River northwest of Stockton (Figure 2-V-13). Themedian
higorica unimpaired runoff is 696 taf, with arange of 129 taf-1.8 maf (Figure2-V-12). The Mokdumne
River has had a long history of water development. Existing developments on the Mokelumne River
upstream of Comanche Reservoir include facilities for hydrodectric, irrigation, and municipa use.

Downstream of Comanche Reservoir, developments include both hydrodectric and irrigation facilities.

Three mgor impoundments in the watershed (Comanche, Pardee, and Sdt Springs Reservoirs) are
operated by East Bay Municipd Utilities Digrict and PG&E. These impoundments have a combined
storage capacity of morethan 750 taf. One other small impoundment in the watershed, Lower Bear River
Reservoir, stores 52 taf.

Four species of anadromous fishes are present in the Mokelumne River below Comanche Dam: fdl-run
chinook salmon, steelhead, American shad, and striped bass. The condition of the aguatic habitat and the
vaiation of conditionsin the lower Mokelumne River have resulted in widely varying populaion levels of
these species.

Cosumnes River - The CosumnesRiver istributary to the Mokeumne River, joining from the north near the
town of Thornton (Figure 2-V-13). Thereare no water storage reservoirs on this system, and, because of
the low eevation of its heedwaters, the river receilves most of its water from rainfall.

The Cosumnes River historicaly supported an average annua run of approximately 1,000 chinook salmon,
athough in recent years escapement estimates have generdly been 100fishor less. Theriver hasextensve
gravel areas suitable for sdmon spawning and provides good rearing conditions for juvenile ssimon.

Thereisonediverson dam (Granlees Diverson Dam) on theriver, located gpproximeately 1 mile upstream
from the Highway 16 crossing (Figure 2-V-13). Thisdam has two functiona fishways.

Calaveras River - The Cdaveras River, tributary to the Delta, enters the San Joaguin River a Stockton
(Figure2-V-13). Theriver drainsapproximately 362 square milesand has an average annua runoff of 166
taf. The median higtorica unimpaired runoff is 130 taf, with arange of 8-600 taf (Figure 2-V-14). River
flows are controlled by New Hogan Dam, constructed by the U.S. Army Corps of Engineers (Corps) and
operated by USBR since 1964. Consarvation yield from New Hogan Reservoir, with agross pool capacity
of approximately 325 taf, is contracted to Calaveras County Water Didtrict and Stockton East Water
Didrict. The dam and reservoir are located in western Caaveras County near Vadley Springs.

The Cdaveras River drainage is dmogt entirely below the effective average snow leve (5,000 feet in
elevation) and thus receives runoff primarily asrainfall. About 93% of the runoff occurs from November
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through April. The portion of theriver inthe valey commonly is subject to periods of low or even no flow
for many days or weeksin late summer and early fal. However, degp pools do exist in the gpproximately
6-mile-long reach from New Hogan Dam to Jenny Lind, providing suitable holding areas for sdmon and
resdent trout in al but the driest of years.

SAN JOAQUIN RIVER BASIN
Lower Mainstem San Joaquin River

The 250-mile-long San Joaguin Valley makes up the southern half of the Central Valey. TheTulareLake
basin to the south is normally considered a separate drainage basin, but during wet yearsit hashistoricaly
contributed occasional flood overflows and subsurface flows to the San Joaquin River. The San Joaguin
River basin is bounded on the west by the Coast Range and on the east by the Sierra Nevada. The San
Joaguin River drainswest from the SerraNevada, turns sharply north at the center of the valey floor, and
flows north through the vadley into the Sacramento-San Joaquin Deta (Figure 2-V-15). On the arid
westside of the basin, rdaively smdl intermittent streams drain the eastern flanks of the Coast Range but
rarely reach the San Joaguin River. Natura runoff from westsde doughs is augmented by agriculturd

drainage and saill flows. On the eastside, numerous streams and three mgor rivers drain from the west
dope of the Sierra Nevada and contribute flow to the San Joaguin River. The mgor eastside tributaries
south of the Ddta, al of which support sdmon spawning and rearing, are the Stanidaus, Tuolumne, and
Merced rivers.

Precipitation in the San Joaguin River basin averages about 27.3 inches per year. Runoff from snowmeltis
the major source of water to the upper San Joaquin River and the larger eastside tributaries. The median
historical unimpaired runoff is 1.4 maf, with arange of 0.4-4.6 maf (Figure 2-V-16). Higtoricdly, peak
flows occurred in May and June and flooding occurred in most yearsaong dl themgor rivers. Whenflood
flows reached the valey floor, they spread out over the lowlands, creating severd hundred thousand acres
of permanent tule marshesand morethan 1.5 million acres of seasondly flooded wetlands. Therichaluvid

soils of natura levees once supported large, diverseriparian forests. It has been estimated that as much as
2 million acres of riparian vegetation grew on levees, floodplains, and along small stream courses. Above
the floodplain, the riparian zone graded into valey oak savanna and native grasdands interspersed with

vernd pools.
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Lower San Joaquin River Tributaries

Merced River - TheMerced River is presently the southernmost stream used by chinook ssimoninthe San
Joaquin River basin and in Cdifornia. The river flows westward into the valey, draining gpproximately
1,040 square miles (Figure 2-V-15). Theaverage unimpaired runoff inthe basinisapproximately 1.0 maf,
amilar to the Stanidaus River drainage. The median higtorica unimpaired runoff is0.8 maf, with arange of
0.2-2.8 maf (Figure 2-V-17).

Agricultural development began in the 1850s, and significant changes have been made to the hydrologic
system since that time. The enlarged New Exchequer Dam, forming Lake McClure with a gross sorage
capacity of 1.0 maf, was constructed in the late 1960s and now regulates releases to the lower Merced
River. The dam is operated by Merced Irrigation Digtrict for power production, irrigation, and flood
control. Theriver isaso regulated by McSwain Dam (an afterbay for New Exchequer Dam) and Merced
Fallsand Crocker-Huffman damslocated downstream. Crocker- Huffman Dam near thetown of Sndlingis
the upstream barrier for sdmon migration.

Sadmon spawn in the 24-mile reach between Crocker-Huffman Dam and the town of Cressy. Rearing
habitat extends downstream of the designated spawning reach, requiring the protection of the entiretributary
from Crocker-Huffman Dam to its mouth.

Tuolumne River - The Tuolumne River is the largest tributary in the San Joaquin River basin, with an
average annud runoff of 1.95 maf, and adrainage area of gpproximately 1,540 square miles (Figure 2-V-
15). The median historica unimpaired runoff is 1.8 maf, with arange of 0.4-4.6 maf (Figure2-V-18). The
Modesto and Turlock Irrigation Didrictsjointly regulate the flow to the lower river from New Don Pedro
Reservoir, which has a gross storage capacity of 2.0 maf. The reservoir, completed in 1970, provides
power, irrigation, and flood control protection. The river above New Don Pedro is regulated by three
reservoirs(Cherry Lake, Lake Eleanor, and Hetch Hetchy Reservoir) owned and operated by the City and
County of San Francisco. These reservoirs have acombined storage capacity of 800 taf or more. During
each of the past 10 years, approximately 220 taf of Tuolumne River water has been annually exported to
San Francisco. Other smdl impoundments in the watershed include Modesto Reservoir (29 taf) and
Turlock Lake (45.6 taf). LaGrange Dam, located downstream from New Don Pedro Dam, diverts
approximately 900 af per year for power, irrigation, and domestic purposes. LaGrange Dam is the
upstream barrier to salmon migration.

Sadmon spawn in the 25-mile reach between LaGrange Dam and the town of Waterford and rear in the
entire lower river. Theriver now supports fal-run chinook sdmon and asmal population of late fal-run
chinook salmon.

Sanislaus River - The StanidausRiver isthe northernmost tributary in the San Joaguin River basin used by
chinook sdmon. Theriver flowswestward into thevalley, draining gpproximately 900 square miles (Figure
2-V-15). The average unimpaired runoff in the basinisabout 1.2 maf. The median historical unimpaired
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runoff is 1.1 maf, with arange of 0.2-3.0 maf (Figure2-V-19). Significant changeshavebeenmadein the
basin hydrology since agricultura development began in the 1850s. New M ones Dam, completed by the
Corpsin 1978 and approved for filling in 1981, isnow the largest storage reservoir in the Stanidausbasin,
with a gross storage capacity of 2.4 maf. The project is operated by USBR as part of the CVP. Down-
stream from New Me ones Dam, Tulloch Reservoir, with agross storage capacity of 68 taf, regulateswater
releases from New Melones Dam.  Goodwin Dam, aso downstream, regulates releases from Tulloch
Reservoir and diverts water for power and irrigation to South San Joaquin Irrigation Didtrict and Oakdale
Irrigation Digtrict. Goodwin Damisthe upstream barrier for sdmon migration. Other impoundmentsinthe
watershed include Bearddey Reservoir and Donnell Reservoirs, with acombined storage capacity of more
than 130 taf.

Sdmon spawn in the 23-mile reach between Goodwin Dam and the town of Riverbank and rear in the
entire lower river. The river now supports fal-run chinook sdmon and small populations of late fal-run
chinook sdlmon and steelhead.

SACRAMENTO-SAN JOAQUIN DELTA

The Ddtaislocated at the confluence of the Sacramento and San Joaquin rivers and represents the most
important, complex, and controversia geographic area both for anadromous fisheries production and

digtribution of Cdifornia water resources for numerous beneficia uses (Figure 2-V-20). Approximately
42% of the gate's annud runoff flows through the Ddltals maze of channds and doughs surrounding 57
magor reclamed idands and nearly 800 unleveed idands (Water Education Foundation 1992b). The
median higtorical unimpaired runoff is 25.5 maf, with arange of 6.8-72.8 maf (Figure 2-V-21). The Ddta
includes amogt 700 miles of waterways and more than 1,000 miles of leveesin it's 1,150 square miles
(DWR 1993). The Ddtas channels are used to transport water from upstream reservoirs to the south

Déta, where federd and state facilities (Tracy Pumping Plant and Harvey O. Banks Delta Pumping Plant,
respectively) pump water into the CVPand SWP cands. Other Ddtadiversionsincludethe ContraCosta
Cand, North Bay Aqueduct, and more than 1,800 agricultura users.

An egtimated 25% of al warmwater and anadromous sport fishing and 80% of the state's commercid

fishery depend on speciesthat livein or migratethrough the Delta. The Ddtaservesasamigration path for
al anadromous species returning to their nata riversto spawn. Adult chinook sdlmon move through the
Dédtaevery month. Saimon and steelhead juveniles depend on the Deltaastransent rearing habitat during
migration through the system to the ocean and may rear for several months, feeding in marshes, tidd flats,
anddoughs. All life stages of striped bassand American shad arefound inthe Delta; approximeately 45% of
gtriped bass spawn in the Delta, as do some American shad. Numerous resident native and introduced
gpecies live in the Ddta year-round, including native Delta smelt (a species federdly listed as threatened)
and Sacramento splittail (a species proposed for federa listing as threatened).
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Most of the flows into the Sacramento- San Joaquin Delta are provided by the Sacramento, San Joaguin,
Mokeumne, and Caaveras rivers. The Sacramento River supports chinook salmon populations that
provide most of the state's sport and commercia catch, aswell as steelhead, striped bass, American shad,
and white and green sturgeon. The San Joaquin River's eastside tributaries support severely depressed yet
potentially sgnificant chinook salmon populations, while chinook salmon in the upper San Joaguin River are
essentialy gone. The San Joaquin River so supports unknown sizes of populations of striped bass and
durgeon. The Caaveras, Mokelumne, and Cosumnes (a tributary to the Mokelumne) rivers are minor
tributaries to the Délta, supporting small chinook salmon and steelhead populations. No chinook salmon
have been observed in the Cadaveras River since 1984.
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SECTION VI. CENTRAL VALLEY ANADROMOUSFISHES-
HISTORIC AND EXISTING CONDITIONS

LIFE HISTORIES
Chinook Salmon

Generd chinook salmon life higtory traits are described below, along with areview of traitsthat distinguish
each of thefour races of sdmon. Figure 2-V1- lilludratesthegenerd chinook sdmonlifecyce. Figure 2-
VI-2 showsthelocation of major spawning and rearing areasfor each chinook salmon race. Figures 2-VI-
3 through 2VI-5 summarize the timing and abundance of chinook samon races by life stage in the
Sacramento River bagin, thetiming of adult upstream migration through the Delta, and the generd timing and
abundance of juvenile chinook sdlmon in the Ddlta.

Based on variaions in their life higtories, chinook salmon can be grouped into ether stream- or oceant
"types'. Thesevariaionsin behavior patterns appear to have evolved to spread therisk of mortaity across
years and habitats (Healey 1991).

Stream-type chinook salmon are most common in populations north of 56°N aong the North American
coast (Healey 1991). Thisgroup of races is characterized by long freshwater resdence asjuveniles (1+
years). Adults generdly migrate upstream in spring and summer and hold in cool-water pools prior to
spawning gpproximately 2-3 months later. The fecundity of adult femaesis rdativey high.

Ocean-type chinook sdmon are more common in popul ationsfound aong the North American coast south
of 56°N (Hedley 1991). Thisraceischaracterized by short freshwater residence asjuveniles (2-3 months).
Adults migrate upstream in summer and fall and spawn shortly after. The fecundity of adult femdesis
relatively low.

Chinook salmon of the Sacramento- San Joaquin system are 10- 18% stream type (spring and late fdl runs)
and 82-90% ocean type (fdl run). The winter-run fish appear to have characteritics of both steam and
oceant-type life histories, with delayed spawning after river entry (stream type) and short staysin the river
system before migration to sea (ocean type) (Hedey 1991).

Run timing, spawning periods, and early life history phases of thefour races(fal, latefal, winter, and spring)
that occur in the Sacramento River dl overlgp; thus spawning may occur virtualy year-round, and each of
the freshwater life stages of chinook salmon may be found every month of the year.
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Upstream migration and spawning - Samon in generd return to their natal stream to spawn with
condderable fiddity. While the draying of chinook sdlmon from ther natd stream is documented for
hatchery-raised fish, it is not known to what extent this occurs with naturally produced fish.

Adult fal-run chinook salmon migrate through the Sacramento- San Joaguin Ddltaand into Centrd Vdley
rivers from July through December and spawn from October through December. Pesk spawning activity
usually occursin October and November.

Adult late fal-run chinook salmon migrate through the Delta and into the Sacramento River from October
through April and may wait 1-3 months before spawning from January through April. Pesk spawning
activity occursin February and March.

Adult winter-run chinook salmon migrate through the Deltaand into the Sacramento River from December
through July. Winter-run chinook sdmon do not spawn immediately but remain in the river up to severd
months before spawning. Spawning occursfrom April through July, with pesk spawning activity in May and
Jdune.

Adult spring-run chinook salmon migrate through the Ddlta and into the Sacramento River from March
through September and remain in the river up to severd months before spawning. Spawning occurs from
August through October, with peak spawning activity in September.

In preparation for spawning, afemale chinook salmon digsashalow depressoninthegravel of thestream
bottom inan areaof rdaively swift water by performing vigorous svimming movementson her sdenear the
bottom. Gravel and sand thrown out of the depresson accumulate in a mound, or "tallspill”, a the
downstream margin of the depresson. During the act of spawning, thefema e depositsagroup or " pocket”

of eggsin the depression and then coversit with gravel. Over the course of oneto severd days, thefemae
deposits four or five such egg pockets in aline running upstream, enlarging the Spawning excavetion in an
upstream direction as she does s0. Thetotd area of excavation, including the tailspill, istermed a""redd".
The eggs are fertilized by one or more maes, after which the femae buries the eggs by displacing gravels
upstream of theredd. The sze of a chinook salmon redd is highly variable and can range from 2.4 to 54
square yards (Chapman et d. 1986). Fecundity varies among different populations, between individuas
within a population, and between years (Hedey 1991). The Sacramento River population hasan unusualy
high fecundity for one so far south. Body Size gppears to contribute to variaions in fecundity to alesser
degreefor chinook salmon than for other fishes. Hedley and Heard (1984) found the fecundity of chinook
femaes in 18 populations surveyed ranged from fewer than 2,000 to more than 17,000 eggs. All adult
chinook salmon die after spawning.

Incubation - Egg incubation for Central Valey fal-run chinook salmon begins with spawning in October
and can extend into March. Egg incubation for late fal-run sdmon occurs from January through June.
Winter-run chinook egg incubation occursfrom April through October, dthough most fry have emerged by
the end of September. Incubation of gpring-run eggs occurs from August through December, except for
Mill and Deer creeks, where eggs incubate from September through March (Fisher pers. comm.).
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Incubation timeisinversdly related to water temperature. Eggs generaly hatch in gpproximatey 6-9weeks
and newly emerged fry remain in the grave for another 2-4 weeksuntil theyolk isabsorbed. The surviva
of eggsin undisturbed natural redds appears to be quite good (Briggs 1953, Vronskiy 1972).

Rearing - The timing and dynamics of the rearing and downstream migration periods of each run of
Sacramento River chinook salmon, though not aswell understood as the timing of spawning activities, are
described below.

Fal-run chinook saimonfry (i.e, juvenileslessthan 2 incheslong) generdly emergefrom December through
March, with peak emergence occurring by the end of January. Mogt fdl-run fry can be found rearing in
freshwater from December through June, with emigration as smolts occurring from April through June. A
very smdl number (generaly congdered <5%) of fal-run juveniles spend over ayear in fresh water and
emigrate as yearling smalts the following November through April.

Late fal-run chinook sdmon fry generdly emerge from April through June. Late fal-runfry can befound
rearing in freshwater from April through the following April and emigrating as smolts from November

through April.

Winter-run chinook salmon fry emerge from July through October. Winter-runfry can befound rearingin
freshwater from July through May and emigrating as smolts from January through May.

Most spring-run fry emerge from November through January. True stream-type spring-run fry, thought to
befound only in Deer and Mill creeksinthe Centrd Valley system (Fisher pers. comm.), rear in fresh weter
for more than a year and emigrate as yearling smolts the following November through April. Manstem
spring-run fry, exhibiting a srategy smilar to fal-run chinook fry, can befound rearing in fresh water from
November through June and emigrating as smolts from March through June.

Although not well documented, emergence agppearsto be adifficult timefor fry (Hedey 1991). In systems
studied, under natural conditions, 30% or less of the potentia eggs deposited resulted in emergent fry or fry
andfingerling migrants. After emerging, chinook salmon fry swim, or are displaced, downstream and begin
to feed and grow in the stream environment. Ocean-type juveniles typically reer in fresh water for 2-3
months, while stream-typejuvenilesremain in freshwater 1+ yearsprior to outmigrating during thefallowing
winter or spring (Healey 1991).

Downstream migration - Most chinook salmon stocks of the Centrd Valey are characterized by an
ocean-typelife higtory pattern, in which juvenilesmigrate seaward assvoltsin their first year of life. During
the smolting process, juvenile chinook sdmon undergo physiologica, morphologica, and behaviora changes
that stimulate emigration and prepare them for ocean life,
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Generdly, fry emigrate from December through March and smolt from April through June. A small
proportion of the population emigrates as yearlings from October through December.

Two principa movementsof juvenilefdl-run chinook salmon into the Sacramento- San Joaquin estuary have
beenidentified. Fry begin entering the estuary in January, with pesk abundance occurring in February and
March. Ingenerd, fry dbundancein the Ddtaincreasesfollowing high winter flows. A later emigration of
smolts occurs from April through June. Fry continue to rear in the upper estuary and emigrate as smolts
during the norma smolt emigration period. Smolts arriving in the estuary from upstream rearing aress
migrate quickly through the Delta and Suisun and San Pablo bays.

Rearing and emigration of lae fal-run fry and smolts occur from April through December. Winter-run
chinook salmon can gppear in the Deta beginning in December, but smolts migrate through the Delta
primarily from January through March. Fgure 2-VI-6 summarizes the distribution and relative monthly
abundance of winter-run chinook sdmon by life stage and location.

Ocean life- The stream-type chinook salmon move offshore early in their ocean life, whereas ocean-type
chinook remain in sheltered coastd waters. Stream-type fish maintain a more offshore digtribution

throughout their ocean life than do ocean-type fish. Available data suggest a northward dispersa of

juvenilesaong the coadt, followed by asouthward homing migration of maturing adults (Hedley 1991). The
diet of chinook samon in the ocean can vary regiondly, annudly, and seasondly, with smdl fish (eg.,

herring, anchovy, and rockfish), squid, and euphausiids astypicd prey items. Chinook sdlmon typicaly
spend 2-4 years maturing in the ocean before returning to their natal streamsto spawn. Historicaly, most
Sacramento River chinook salmon returning to spawn have been 4 yearsof age (Clark 1929). It hasbeen
documented for the Sacramento River that afew mae chinook may mature without migrating to sea(Rich
1920), and it may be that this type of maturation is characteristic of stream-type chinook (Healey 1991).

Steelhead

Steelhead are generdly classified into two noninterbreeding races--winter steel head and summer dedheed--
depending on the time of year they enter fresh water on their upstream migration. Only winter steelhead
occur in the Sacramento River system. Summer steelhead have beenintroduced into the basin, however, as
have drains of winter sedhead from the Ed and Mad rivers and even Oregon (Rogue River) and
Washington (Washougd River) river basins. Conseguently, the genetic composition of the native stedlhead
has been significantly modified. Because of the modified genetic compostion and the influence of modified
and unnaturd flow and temperature regimes throughout the basin, the current Centrd Valey steelhead
grains can be found as adults in fresh water in every month of the year. The generd life history pattern
followed by a"typicd" steelhead is described below and presented in Figure 2-VI-7.

Upstream migration - Stedlhead, like salmon, are anadromous species, migrating to seaasjuvenilesand
typicaly returning to inland waterway's as 2- to 4-year-old adultsto spawn. Upstream migration occursin
August through March as a result of interbreeding with numerous hatchery strains and dtered flow and
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temperature conditionsbelow mgjor dams. Reservoir releases of cold and high water occasiondly occur in
magor Sacramento River tributaries and can attract sedlhead into the tributaries as early as August. In
addition to sexually mature adults, asmal portion of the upstreammigrating runiscomposed of immeature
grilse, which have spent only afew months at sea.

It isunknown whether separatefal and winter runs of steelhead exist in the Sacramento River sysem. The
gmadler and younger stedlhead that enter theriver sarting in July, peak in November, spawn primarily inlate
December and January, and complete spawning by mid- February are sometimes called fal-run steel head.
Thelarger winter-run sted head migrate upstream during mid- December through February and spawninlate
January through early March, and the runis over by April 1.

Because of the mixed genetic stock, Sacramento River steelhead have higher straying ratesthan nativefish.
Consequently, steelhead stocksin the Sacramento River are subject to agreater degree to environmental
conditions than are pure native stocks.

Life history aspects of the few stedhead in the San Joaguin River system are assumed to be smilar to those
described for the Sacramento River systlem. Upstream spawning migration runsin the Mokel umne River
extend from September through January (Cdlifornia Department of Fish and Game [DFG] 1991).

Adult stedlhead rardly eat, and they grow very little while they are in fresh water (Pauley et a. 1986).

Spawning - Naturd spawning of stedhead in the Sacramento River system has been grestly reduced by
dams and other artificia barriersto historical spawning grounds and by reduced spawning flows and other
formsof habitat degradation in the stream reachesto which they have access. Asaresult, steelhead depend
highly on hatchery operationsto maintain their populations. Spawning in the Sacramento River basin occurs
in December through April, with most spawning occurring from January through March.

Unlike chinook and other Pacific sdmon, most steelhead do not die after spawning, and asmdl portion of
these survive to become repeat spawners. During spawning, the female digsaredd and deposits her eggs,
which are then fertilized by the mae. The number of eggsislargely afunction of the size of the femae.
Femde stedlhead in the American River each carry an average of 3,500 eggs, or arangeof 1,500 to 4,500
egos (Millsand Fisher 1993). Femde stedhead in the Sacramento River are smaler, and each carryingan
average of gpproximately 1,500 eggs (Bell 1990). Femaesmay deposit from afew hundred to more than
1,000 eggs per redd and require up to six or seven redds to complete spawning (Skinner 1962). Femaes
have a higher surviva rate than maes during and after spawning, and afew femaesmay spawn up to four
times. Spawning maesusudly spawn with morethan onefemae, remainin the stream up to 2 weeks|longer
than femaes after spawning, and experience more physica exertion (Barnhart 1986). Individud adult
steelhead that survive spawning return to the sea between April and June (Mills and Fisher 1993).

Incubation - Steelhead embryology is Smilar to that of salmon and of other trout.



2-VI-6 WORKING PAPER ON RESTORATION NEEDS

Rearing - Juvenile sedhead generdly rear in fresh water for nearly 1 year or longer before emigrating,
generdly in spring. Rearing juveniles feed on a variety of aguatic and terrestria insects and other smdl
invertebrates, and newly emerged fry sometimes become prey of older steelhead.

Downstream migration - Juvenile sedhead generally emigrate downstream to the ocean in November
through May (Schaffter 1980), athough most Sacramento River stedlhead migrate in spring and early
summer (Reynoldset a. 1993). Sacramento River sedhead generdly migrate as 1-year-ddfisha alength
of 6-8 inches (Barnhart 1986, Reynolds et d. 1993).

Ocean life- Much of the life of gedhead in the ocean remainsamystery. Stedhead canlive1-4yearsin
the ocean, but usudly they survive only 1-2 years. They grow rapidly, reaching an average length of 23
inches after 2 yearsin the ocean. Immature grilse grow about 1.2 inches each month they arein the ocean.

Steelhead migration patterns a sea are not well known. They gppear to tend to migrate north and south
aong the Continental Shelf, and at least some spend part of their ocean life in the Alaskan gyre (Barnhart
1986, Pauley et al. 1986).

Striped Bass

Striped bass inhabit fresh and ocean waters (Figure 2-V1-8). They require riverine habitat for spawning
with currents sufficient to keep the eggs suspended off the bottom (Moyle 1976). Estuarine habitat with
high invertebrate dengtiesis needed to support larval and early juvenilebass. Adult bass survive and grow
best in water bodies supporting alarge prey base (i.e., large populations of foragefishes). The Sacramento
and San Joaquin rivers, the Ddta, Suisun Bay, San Francisco Bay, and the Pecific Ocean provide
conditions that have sustained the striped bass population for more than 100 years since the species
introduction to Cdiforniain the late 1800s.

Striped bass are considered adults at 3 yearsold (when they are gpproximately 15.2 incheslong) and may
livefor morethan 30 years(Moyle 1976). Most adult striped bassin the Sacramento- San Joaquin estuary
are between 3 and 8 yearsold. Female striped bass grow faster than males, and most 6-year-old femaes
arethesamesizeas 7-year-old maes (Figure 2-VI1-9) (Collins 1981). Most growth occursduring May to
November. In Cdifornia, striped bass can grow to approximately 54 incheslong and weigh more than 60
pounds.

Upstream migration and spawning - Mae striped bass may be sexualy mature at the end of their firgt
year, but most reach sexua maturity after 2-3 years(Moyle 1976). Sexua maturity occursat alater agein
femdes, usudly efter 4-6 years.

Striped bass dways spawn in fresh water (DFG 1987). Striped bass spawn in the Sacramento River
between Sacramento and Colusa (including the Festher River below Marysville [Wang 1986]) and in the
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San Joaguin River part of the Delta between Antioch and Venice Idand (Figure 2-VI1-10). Spawning hes
a so been recorded in thelower San Joaquin River abovethe Delta(Turner 1976). Usualy, approximeatdy
60% of the spawning population usesthe Sacramento River, and 40% spawn inthe Delta. The proportion
gpawning in each area varies annualy, but 50-66% of the annua egg production is from the Sacramento
River spawn. Spawning inthe Sacramento River occursfarther upstream during years of high flow (Turner
1976).

Spawning beginsfirg in the Ddta, usudly in mid- tolate April, and continues sporadicaly over 3-5 weeks
(Mitchell 1987, DFG 1987). Spawning in the Sacramento River takes place an average of 15 days later
than spawning in the Delta and usualy beginsin early or late May and ends in early June (Turner 1976).
Cooler water temperatures delay spawning in the Sacramento River relative to the Delta. High flow tends
to dampen increases in temperature, and the delay period is greater during high-flow years.

Striped bass are mass spawners, broadcasting eggs and sperm into thewater column (Moyle 1976, Wang
1986). Groups consisting of 5-30 driped bass, predominantly maes, move into the main current of the
river to spawn near the surface. Spawning can occur any time of day but generaly takes place in the late
afternoon and evening. Females are pralific, producing from 11,000 to more than 2,000,000 eggs each.
Thenumber of eggsproduced isafunction of size. A 4-year-old femae produces morethan 200,000 eggs,
an 8-year-old femal e produces more than 1,000,000 eggs, and a 12-year-old femal e produces more than
1,800,000 eggs (DFG 1987).

Incubation - Eggs are dightly denser than fresh water, and in the absence of current, Snk dowly to the
bottom (Moyle 1976). In the Sacramento River near Verona, where flows are turbulent in the relatively

narrow and shalow river, egg dengties were varigble but tended to be greatest at the surface (Fujimura
1991). Apparently, eggssuspended by turbulent flow remain near the surface wherethey were spawned by
the femae bass. Farther downstream near Walnut Grove, eggs are generdly concentrated at mid-depth
and near the bottom. The river near Wanut Grove iswider, degper, and has more uniform laminar flow,
and currents dow when flood tides back up againgt the downstream river flow. Eggs transported

downstream from the spawning areas Snk dowly and are generdly concentrated within afew metersof the
bottom (Turner 1976, Wang 1986).

Eggs hatch in gpproximately 2 days a& 18-19°C (Moyle 1976, Wang 1986). Larvae measuring
approximately .12-.16 inch long a hatching are sustained by their yolk sac for 7-9 days, after which they
exceed .24-.28 inch in length and begin feeding on smdl zooplankton. As larvae increase in size, thelr
swvimming ability and control over pogtion in the water column increases (Fujimura 1991).  Until the
trangtion to externd feeding, however, larvae areweak swimmersand are passively dispersed by currents.

Rearing - Larvd stages last 4-5 weeks, and, when they reach about .72 inch long, the young bass have
developed dl the features characteristic of juveniles (Wang 1986, DFG 1987). Within another 4-5 weeks
(usudly in Jduly), depending on weter temperature and food availahility, juvenile bass will have grown to
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lengthsof 1.52inches. By September, thelength of thejuvenilesin the current year-classrangesfrom 20 to
48 inches (Sasski 1966). By Augudt of the following year, the length of juveniles ranges from 4.8 to
9.2inches. By the end of ther third year, the average length is 15.2 inches and the young bass are
considered adults.

Striped bass larvae eat severd species of copepods (including Eurytemora sp., Snocalanus sp., and
Cyclopidae), severa species of Cladocerans (including Bosmina longirostrus and Daphnia spp.), andthe
mysd Neomysis sp. The copepod Eurytemora sp. is the preferred food of larval striped bass in the
Sacramento- San Joaguin estuary. In the San Joaquin River portion of the Delta, the Cladoceran Bosmina
longirostrus is sometimes heavily sdected as prey by striped bass larvae.

Larva dtriped bass generaly sdect prey larger than .04 inch within each species and each species group.
Neomysisisgenerdly toolargefor larvae to consume but becomes progressvely moreimportant inthe diet
aslarvaeincreasein Sze.

Similar to larvae, juvenile striped bass select progressively larger prey asthey grow (Thomas 1967). The
primary prey of juvenile bassduring therr first year isNeomysi s sp. and amphipodsin the genusCorophium
(Stevens 1966). Asthe bass grow, the diet of juvenile bass shifts more to fish and becomes smilar to the
diet of adult striped bass.

For adultsin the Central Vdley, food preferenceis primarily afunction of prey availability, which depends
on habitat and season. In genera, adult striped bass feed on fish, including smaller striped bass. In the
Delta, adult bass prey primarily on threadfin shad, American shad, and young striped bass (Stevens 1966).
Anchovies, chinook sdmon, Ddtasmdt, and mysidsare seasondly eatenin thelower Deltaand Suisun Bay
(Thomas 1967). In San Pablo and San Francisco Bay, anchovies, bay shrimp (Crangon sp.), and shiner
perch are the primary prey items. When striped bass inhabit rivers, juvenile chinook salmon and carp are

key prey species.

Estuarine and ocean migration - Adult bassare found throughout the year in rivers (the Secramento, San
Joaguin, and Mokelumnerivers, and their mgjor tributaries), the Delta, San Francisco Bay, and the Pacific
Ocean, but they show definitive migration patterns. In fall, adult striped bass migrate upstream to Suisun
Bay and the Delta, where they overwinter (Chadwick 1967, Mitchell 1987). During spring, bass disperse
throughout the Delta and into the tributary riversto spawn. Migration back to the Delta, Suisun Bay, and
San Francisco Bay occursduring summer. After the mid- 1960s, however, most striped bass haveinhabited
Suisun Bay and the Ddltaduring summer and fall; migration to San Francisco Bay and the Pacific Ocean has
declined.

American Shad
With only afew exceptions, American shad are anadromous, spending most of their lifein the ocean and

returning as adultsto spawn in freshweter rivers. Adult spawning migrations occur primarily in April-June,
with most spawning taking place in the American, Feather, Y uba, and upper Sacramento rivers. Some
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pawning aso takes placeinthelower San Joaquin, Mokelumne, and Stanidausrivers. Spawning occursin
moderate currents sufficient to keep eggs suspended of f the bottom. Theyoung can rear for severd months
in the Feather and Sacramento rivers or migrate downstream soon after hatching, lingering in the Deltafor
severa weeksto severd months. Information presented on American shad life history isbased primarily on
Moyle (1976), Painter et a. (1980), Stier and Crance (1985), Wang (1986), and Jones & Stokes
Asociates (1990). American shad life higtory is summarized in Figure 2-VI1-11.

Upstream migration and spawning - American shad become sexudly mature while in the ocean at an
average age of 3-5 years; the oldest fish on record lived to be 11 years old (Painter 1980). Most males
reach maturity at 3-4 years, and most females become sexually mature at 4-5 years (Painter et a. 1980).
Some shad have been found to spawn asyoung as 2 yearsof age. At maturity, male shad typicaly average
3 pounds, and fema e shad average amost 4 pounds; shad aslarge as6-8 poundsarerare (Skinner 1962).
Although shad are strongly anadromous, they are capable of surviving and reproducing whilelandlockedin
freshweter reservoirs (Moyle 1976). In Cdifornia, al American shad except the Millerton Lake shad
populations have an anadromous life cycle.

Unripe, mae shad make up most of the early run and smaller, unripe femaes are known to precede the
larger, later-migrating ripe females (Moyle 1976, Painter et d. 1980). Theratio of malesto femaleswas
found on the Y uba River to be 1:1 during thefirst haf of the season and over 3:1 during the last haf of the
season (Jones & Stokes Associates 1990). Most migrating shad are 3-year-old maes and 4-year-old
femdesrangingin szefrom 12 to 30 inches (Wixom 1981). Approximately 70% of the shad runin centra
Cdiforniaare fish that are spawning for thefirg time (i.e,, virgin spawners) (Painter et a. 1980).

Adult American shad initiate their spawning migration as early as February; however, most adults do not
migrate into the Delta until March or early April (Skinner 1962). Studies suggest that adults require 2-3
days to adapt to fresh water (Stier and Crance 1985). Typicdly, most migrating adults need 3 months
(March-May) to passthrough the Sacramento- San Joaguin estuary (Painter et d. 1980). Theexact timing
of shad migration gppears to be regulated by water temperaturesin the ocean and natd rivers. Typicdly,
adult shad do not enter fresh water until water temperatures approach 52°F.

Peak spawning migration into spawning habitatstakes place when water temperatures are much higher (59-
68°F), usudly in late May or early June (Moyle 1976). During studiesin the western Ddlta (1976-1977),
DFG tagged the most migrating shad when water temperatures were between 57 and 66°F (Painter et al.
1980). Despite the importance of temperature, studies on both the Feather River (Painter et a. 1977,
1980) and the Y uba River (Jones & Stokes Associates 1990) suggest that increased flows, not water
temperatures, were the primary factors respongble for attracting shad into these streams.  Migration
appears to decline dter water temperatures exceed 68°F, usudly in early July (Moyle 1976). Pesk
migration in the Sacramento River upstream of the Feather River occurs in May, and angling surveys
indicate that peak migration in the Feather and Y uba rivers occurs during June (Stevens 1972, Jones &
Stokes Associates 1990).
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American shad spawn exclusively in freshwater, athough spawning may be possible in brackish water
(Wang 1986). There does not appear to be a specific distance upstream of brackish water required for
gpawning to occur (Painter et a. 1980). American shad spawn in the main channels of the Sacramento
River from Red Bluff downstream to Hood; the American, Feather and Y ubarivers; thelower reaches of
the San Joaguin River; and the Mokelumne and Stanidausrivers (Wang 1986). It unknown if shed return
to their nata riversto spawn.

Spawning can occur at any time of day but usudly takes place a night as amassaffair, often among smal
schools. Spawning isinitiated when amae swvims dongsde afemae and the two adults swvim rapidly Sde
by sde. The maesfertilize the eggs as the femad e releases them into the water column. Each fish spawns
repeatedly and some survive the spawn and return the following year after emigrating to the ocean.
Pogtspawning adults emigrate through the Delta and Suisun Bay as late as August and September.
Spawning mortality appears to be greater at higher water temperatures, especialy above 68°F (Moyle
1976).

Unlike shad onthe Atlantic Coadt, adult shad in the Deltafeed whilein fresh water, probably because of the
abundance of large zooplankters. However, not dl adult shad feed while in the Ddlta, and most feeding
ceases once they enter the main rivers (Moyle 1976). While in the Delta, adult shad feed primarily on
opossum shrimp (Neomysis mer cedis), followed by copepods, cladocerans, and amphipods (Corophium
.) (Moyle 1976). The presence of these zooplanktersin shad ssomachs appearsto be directly related to
zooplankton concentrationsin the Delta(Stevens 1966). On occasion, adult shad have been known to prey
on damsand fish larvee.

Incubation - American shad eggs are dightly heavier than water and are suspended in the water column by
the dightest current.  Although shad eggs can be found throughout the water column, the greatest
concentration gppearsto be near the river bottom. The eggs drift with the current and hatch in 3-6 days at
water temperatures of 52 to 79°F (Stevens 1972). Although hatching occurs sooner at higher water
temperatures, egg surviva is reduced.

Rearing - Larvd shad range from .23 to .40 inch long a hatching and grow rapidly, tripling their lengthin
the first month. Larva stages last gpproximately 30-40 days, and the young shad have developed adult
features and are classified as juveniles when they grow to .96-1.12 incheslong (Painter et a. 1980). The
newly hatched larvae are pelagic (i.e., they inhabit open water), are most abundant at the water surface, and
feed on zooplankton within 4-5 days of hatching (Painter et d. 1980, Wang 1986). Larvad shad initidly
prey predominantly on cladoceransbut increasingly feed on ostracods, insects, insect larvae, and copepods
asthey grow. Shad larvae usudly consumefood itemsthat are most readily available (Painter et d. 1980).
Newly hatched larvae arefound downstream of spawning areasand can berapidly trangported downstream
by river currents because of their smdl size.
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Season-long rearing of juvenile shad occursin the Mokd umne River near the Delta Cross Channd to the
San Joaquin River, the lower Sacramento River below Knights Landing, the Feether River below Y uba
City, and the Delta. No rearing occursin the American and Y ubarivers. (Painter et a. 1980.)

Some juvenile shad appear to rear in the Deltafor up to ayear or more before emigrating to the ocean.
While in the Ddta, juvenile shad are opportunistic feeders and prey on Neomysis sp., copepods,
amphipods, chironomid midge larvae, and surface insects (Moyle 1976). Depending on water temperature
and food avallability, young-of-year (YOY) shad in the Delta are an average length of 1.2 inchesin July,
3.24 inchesin September, and 4.56 inchesin November (Stevens 1972). By thetimethey enter sdltwater,
shad range in size from 3.2 to 7.2 inches long.

Downstreammigration - Presumably, al juvenile shad eventudly emigrate to the ocean becauseimmeture
shad greater than 8 inches long are rarely caught in the Delta (Moyle 1976). Mogt shad enter saltwater
when they are between 80 and 7.2 incheslong. Seaward migration of juvenile shad in the Deltabeginsin
late June and continues through November, with peak migration occurring between September and
November (Stevens 1972, Painter et a. 1980).

Ocean life- Littleis known about the oceanic ecology and behavior of juvenile and adult American shed.
As dated earlier, shad are found in the Pacific Ocean from Bga Cdiforniato Alaska; however, they are
seldom found south of Monterey, Cdifornia (Fry 1973). Their wide distribution along the Pecific Coast
suggests that shad in the Pacific Ocean may exhibit migrationa patternssmilar to those of Atlantic Ocean
shad (Moyle 1976, Painter et al. 1980).

White Sturgeon

White sturgeon arethelargest freshwater or anadromousfish speciesin North America, reaching weightsin
excessof 1,300 pounds. Higoricaly, white sturgeon populations ranged from Alaskato centrd Cdifornia
(Scott and Crossman 1973). However, mgjor spawning populations are now limited to the Fraser (British
Columbia, Canada) and Columbia (Oregon) rivers and the Sacramento- San Joaguin River system.

Compared to sdmon and steelhead, lessis known about sturgeon life history. Thisisduein part to limited
scientific investigations and to variancesin life history between and within populations. To overcomethese
defidenciesin Centrd Valey sturgeon, life higtory is augmented with information from other northeast
Pecific population. White sturgeon life history is summarized in Figure 2-VI-12.

Upstreammigration - Each year, aportion of the adult population moves upriver from the San Francisco
and San Pablo bays, the estuary, and the Delta to spawn. Data from the Sacramento River indicate that
sturgeon start migrating into the river in October and spawn as early as February (Schaffter pers. comm.).
Most spawningin the Centra Valey occurs during March through May, and approximately 20-30% of the
sturgeon spawn in February and June (Doroshov pers. comm.). Studies conducted by DFG indicate most
pawning occurs between Knights Landing (river mile [RM] 85) and Princeton (RM 164), with primary
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gpawning aress near Colusa (RM 144). Juvenile sturgeon have been found as far upriver as the Glenn-
Colusa Cand near Hamilton City, indicating that some sturgeon may migrate farther upriver (Kohlhorst
1976). Some spawning may aso occur as far upsiream as the Red Bluff Diverson Dam (RBDD) (RM
243), asindicated by larva and juvenile entrainment noted there (Brown pers. comm.).

Tag recoveries and catches in the sport fishery indicate that some adult sturgeon aso migrate into the San
Joaquin River. Adult sturgeon are caught in the sport fishery between Maossdade and the mouth of the
Merced River in late winter and early spring, which suggests this is a spawning run (Kohlhorst 1976).
Based on the ratio of tags recovered, Kohlhorst et d. (1991) estimated that approximately 10% of the
Sacramento- San Joaquin River system spawning popul ation migrates up the San Joaguin River. However,
no studies have been conducted to definitively determine whether and where sturgeon spawn in the San
Joaquin River.

Evidence dso suggests that sturgeon reproduction occurs in both the Feather and Bear rivers. Adult
surgeon migrated into the Feether River historicaly and in morerecent times. Severd articlesrecount large
sturgeon caught in the Feether River in the early 1900s (Tabitzer 1959, Anonymous 1918). More recent
accountsinclude recovery of onetagged adult sturgeonin April 1968 (Miller 19728). Green sturgeon were
caught every year during the mid- 1970sto early 1980s (Anonymous pers. comm.). Most catchesoccurred
between March and May, with occasond catchesin July and August. During spring 1991, two radio-

tagged adult sturgeon weretracked 6.4 milesup the Feather River. Subsequent effortsto rel ocate thesefish
were unsuccessful (Schaffter 1991). Findly, during spring 1993, severa adult green sturgeon (of lengths
from 60.8 to 73.2 inches) were caught at Thermaito Afterbay outlet (Foley pers. comm.). Green and white
surgeon are aso known to enter the Bear River typically during the spring of most wet and some normal

water years (Lenihan and Myers pers. comms.). Adult sturgeon were observed in shalow pools between
the Highways 70 and 65 bridges during spring 1989, 1990, and 1992 (Lenihan pers. comm.).

During July 1989, gpproximately 100 sturgeon were trapped in pools between the Highways 70 and 65
bridges as aresult of reduced flows (Myers pers. comm.). At least 30-40 sturgeon (weighing from 60 to
100 pounds and at least 5 feet long) were poached from this area during a 2-week periodin July. Of the
seven surgeon confiscated by DFG game wardens, al were white sturgeon.  Though no spawning or
presence of larvae or juveniles has been documented, reproduction is believed to occur in the Festher and
Bear rivers because of the presence of adults.

Upstream migration is probably triggered by both endogenous (i.e., sexud maturation) and abiotic (i.e.,
temperature, flow, and photoperiod) factors, dthough these factors are not well understood. Mature fish
may be stimulated to migrate upstream by cues triggering the find stages of gonadd development, which
may include flow velocity, photoperiod (i.e., the number of daylight hours best suited to the growth and
meaturation of an organism), or temperature (Pacific States Marine Fisheries Commission 1992). Thespeed
of ingream movement of radio-tagged white sturgeon in the Sacramento River was as high as 15 mile per
day and was often stimulated by small increasesin river flow (Schaffter 1991).



SECTION VI. CENTRAL VALLEY ANADROMOUSFISHES -
HISTORIC AND EXISTING CONDITIONS- LIFE HISTORIES 2-VI-13

Spawning - Sturgeon spawn in the Sacramento River between mid- February and late May, withapeak in
spawning (93%) occurring between March and April (Kohlhorst 1976). Not al adultsmigrate upstreamto
pawn each year. Sexud cyclesin sturgeon are complex because these fish matureat alate age and adults
do not spawn every year. Itislikely that mature sturgeon migrate upriver to spawn and most immature fish
or fish in resting Stages remain in the estuary.

Chapman (1989) studied sexua maturation in 836 white sturgeon collected over severd years from the
Ddta. The sex ratio in the overdl population was approximately 1:1. Theratio of mature malesto mature
femaleswas2:1. Theszerange of adult surgeon wasbimoda, with the average length of maes (52 indhey
amadller than that of femaes (57 inches). Fish lessthan 35 inches showed no gonadd development. There
wereno fishlessthan 39 incheswith mature gonads. Of thefish studied, 44% wereimmatureor inaresting
phase of gonada development, 31% showed active egg and sperm development, and 28% contained
mature gonads. The youngest mature fish were a 12-year-old mae and a 14-year-old femae. A higher
percentage of the males (37%) were ripe than were femaes (15%).

Fecundity and periodicity of spawning of female sturgeon appear to depend on female age or size (Pacific
States Marine Fisheries Commission 1992). Depending on age and Size, maturefemaesturgeon may carry
0.1 million to 7 million eggs, representing 7-30% of afemaesweight. Recent analyses of sturgeon inthe
Sacramento- San Joaquin River suggest that females spawn every 4 years and maes spawn in dternate
years (Kohlhorst pers. comm.). Females aso gppear to have the ability to reabsorb eggs and forego
spawning under unfavorable environmenta conditions. Sturgeon stocks outside of the Centrdl Vley are
known to spawn in streams with gravel or rock bottoms, moderate to fast currents (Dees 1961, Nikol skii
1961), and depths exceeding 9 feet (Galbresth 1979, Doroshov 1985). Spawning habitat requirementsfor
white sturgeon in the Sacramento- San Joaguin River system have not been definitively identified.

Few observations of wild sturgeon spawning have been reported. Apparently sturgeon broadcast spawnin
swift water. Itisunknown if eggs are fertilized while they arein the water column or &fter they contact the
bottom. The current initidly disperses the adhesive eggs, which sink and adhere to gravel and rock.

Adhesve eggs dlow spawning and retention of eggs within swift current environments,

Incubation - Incubation and emergence of white sturgeon have been studied under |aboratory conditionsto
determine protocolsfor hatchery rearing. Egg incubation can last 4- 14 daysafter fertilization; yolk depletion
can occur 15-30 days &fter fertilization (Wang et . 1985, Conte et al. 1988). Hatching time dependson
water temperature. Temperatures between 10 and 17°C (52-63°F) are considered optimumfor soavning,
incubation, and devel opment (Pacific States Marine FisheriesCommission 1992). Themogt senstivestage
in development isthefirs 24 hours after fertilization.

Rearing - Nursery areas for juvenile white sturgeon extend downriver from spawning areas to the Delta.
Didtribution of juvenile white sturgeon within the Sacramento River sysem is determined by river flow.
Larvae are digtributed farther downriver during wet years and remain further upstream during drier years



2-VI-14 WORKING PAPER ON RESTORATION NEEDS

(Stevens and Miller 1970, Kohlhorst 1976). Eggs and larvae have been collected primarily near Colusa,
KnightsLanding, and the mouth of the Feather River; however, Y OY white sturgeon have been found asfar
upstream as Hamilton City (Stevens and Miller 1970, Kohlhorst 1976). Larvaeand Y QY fish have been
found in the Delta between Collinsville and Rio Visa and as far downriver as Suisun Bay (Radtke 1966,
Stevens and Miller 1970).

Laboratory studiesindicatethat larva white sturgeon demongtrate three behaviora phases after emergence

swvim-up and dispersal, hiding, and feeding (Brannon et . 1986, Brewer 1987, Dukeet d. 1990, Miller et
a. 1991). After hatching, yolk sac larvae swim up into the water column where currents disperse them
downstream of spawning areas. Larvae swim toward or to the surface, then passively sink to the bottom
(Brewer 1987). Immediatdly or shortly after touching bottom, thelarvae repeet the swimming activity. The
duration of this phase varies, lagting from 1 to 5 days (Brewer 1987). However, Brewer (1987) indicated
larvae initiated the hiding phase more rapidly at higher flow velocities (0.3 feet per second [fpg)]).

When larvae enter the hiding phase, they are till nourished from the yolk sac. To hide, larvae place their
heads within substrates (either rock or vegetation) and maintain acongtant tail beat to maintain their position.
During this phase, larvae exhibit negative phototaxis (movement away from light), seeking dark subgirates.
Thishiding behavior isthought to provide protection from predation asthe larvae devel op (Brewer 1987).
Despite this behavior, larvae between .32 and .88 inch il drift downsiream with the current if they are
caught in gtationary nets (Kohlhorst pers. comm.).

Larvae develop mouth and ol factory organs needed for feeding before the yolk saciscompletely absorbed.
Although feeding can occur during the hiding phase if food is present at the hiding Ste (Brewer 1987),
exogenous feeding does not occur until 12 days after hatching at temperatures of 63°F (17°C) (Buddington
and Doroshov 1984). During the feeding phase, larvae move from hiding to active food forage. Y oung
sturgeon gppear to be opportunistic feeders, using both olfactory and chemoreception to locatefood items
No field studies have been conducted to determinewild sturgeon larvae diet. However, periphyton and/or
benthos probably dominate larval sturgeon diet (Brannon et d. 1984).

Sturgeon diet becomes more diverse as the fish become larger. YOY sturgeon (<8 incheslong) feed on
smdl crustaceans, insect larvae, and potentially small fish. The most common prey of juvenile sturgeon in
the Sacramento- San Joaquin River system were amphipods (Schreiber 1962).

Sturgeon continue to be opportunistic feeders as adults. Adult sturgeon caught in San Pablo and Suisun
bays fed primarily on benthic invertebrates (i.e. dams, barnacles, crab, and shrimp) (McKechnie and
Fenner 1971). Seasondlly, herring eggs and smal fish (i.e., striped bass, flounder, goby, and herring) are
important prey items. Although numerousin the estuary, worms, such as polychestes and nematodes, were
seldom consumed.

Downstream, estuarine, and ocean migration - Thereisno defined age or Szea whichjuvenilesturgeon
from anadromous populations enter the estuarine environment (Binkowski and Doroshov 1985). Inthe
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Central Vadley, the older and larger a sturgeon is the greater its chance of inhabiting estuarine or marine
environments (Kohlhorst pers. comm.).

Both adult and subadult sturgeon inhabit Suisun, San Pablo, and San Francisco bays and the Delta year-
round (Miller 1972b, Shirley 1987, Kohlhorst et d. 1991). Detadistribution isthought to depend primarily
on river flow and consequent sdinity.

Shirley (1987) studied the age structure of adult sturgeon in the estuary and found differences in age
dructure of fish from different regions of the estuary. Relatively young fish were captured from Suisun and
Grizzly bays and near Candlestick Park in San Francisco Bay, while older fish were caught in Carquinez
Strait, San Pablo Bay, and near Tiburon. Sturgeon captured near Tiburon (close to the mouth of San
Francisco Bay) had a sgnificantly older age structure. Very few sturgeon (four) older than 20 yearswere
caught at locations other than Tiburon. At Tiburon, 34 fish were older than 20 years, with the oldest fish
esimated to be 27 yearsold. Agestructuresof al groups had pesksin the age distribution between 11 and
15 yearsold.

Some coastd migrations have been noted for adult sturgeon. Tagged white sturgeon, landed by commercid

fishing near Brigtal Bay in southwest Alaska, originated in the Columbia River in 1983 2,000 miles away.
However, theserepresent lessthan 1% of total recoveriesof tagged white surgeon. White sturgeon tagged
in the Sacramento- San Joaquin River system were captured in Oregon estuaries (Y aguina and Umpgua
rivers and Tillamook Bay) and in Washington (the Columbia, Chehdis, and Willapa rivers) (Chadwick
1959, Kohlhorst et al. 1991). Tag recoveriesof Sacramento-San Joaguin River sturgeonin distant coastdl

systems from recent tagging studies may be reated to drought conditions, which have persasted between
1987 and 1992 (Kohlhorst pers. comm. cited in Pacific States Marine Fisheries Commission 1992).

Green Sturgeon

Littleisknown about green sturgeon lifehistory. Brief summariesarefoundin Moyle (1976) and Kohlhorst
et a. (1991).

Green sturgeon are smaller than white sturgeon, reaching average weights of 350 pounds and lengths of 7
feet. Green sturgeon are rdatively short lived, reaching a maximum of 40 years.

In Cdifornia, green sturgeon are found in thelower reaches of the Sacramento- San Joaguin River basnand
the Edl, Mad, Klamath, and Smithrivers. Currently, green sturgeon seem to be the most common sturgeon
in the Klamath and Trinity rivers (Moyle 1976), but it is only a minor component of the Centra Valley
populations. Greento white sturgeon ratiosin the Delta have ranged from 1:39 to 1:164 (Millsand Fisher
1993) (Table 2-VI-1).
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Table 2-VI-1. Annud estimates of adult white and green sturgeon in
the Central Vdley (1967-1991)

Years Retio of Green
Sturgeon abundance white to green sturgeon
Y ear abundance estimated sturgeon abundance
1967 14,700 X 62.0:1 1,850
1968 40,000 X 38.6:1 1,040
1969 36,783 900
1970 33,567 760
1971 30,350 620
1972 27,133 480
1973 23,917 340
1974 20,700 X 101.9:1 200
1975 31,460 444
1976 42,220 688
1977 52,980 932
1978 63,740 1,176
1979 74,500 X 52.6:1 1,420
1980 83,120 1,378
1981 91,740 1,336
1982 100,360 1,294
1983 108,980 1,252
1984 117,600 X 106.3:1 1,210
1985 107,700 X 127.3:1 760
1986 96,850 635
1987 86,000 X 163.7:1 510
1988 66,267 520
1989 46,553 530
1990 26,800 X 49.7:1 540
1991 -- --
Average 63,501 867
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Source: Mills and Fisher 1993.

Upstream migration - Virtudly no informationisavailablefor upstream migration of green surgeoninthe
Sacramento- San Joaquin system. On March 7, 1991, amal e green sturgeon, 73.6 incheslong, was caught,
radiotagged, and released into the Sacramento River between Courtland (RM 34.8) and Fregport (RM
46). It waslast located on March 13, 1991, near the mouth of the Feather River (RM 67.1) (Kohlhorst
pers. comm.). Seven adult green sturgeon were caught by fishers during spring 1993 at the Thermalito
Afterbay Outlet in the Feather River. Sizes ranged from 60.9 to more than 73.2 inches.

During April and May 1991, severd adult green sturgeon were observed in the Sacramento River withina
10-mile stretch below the RBDD (Brown pers. comm.). A dead adult green sturgeon was recovered on
April 18,1991. A combined total of 18 sightings were made at Petterson riffle (RM 144.5), Ohm Riffle
(RM 145.4), lower Todd Riffle (RM 236), and upper Todd Riffle (RM 147.9). Additiond sightingswere
madein 1992 (Brown pers. comm.).

The extent of inland migrations in the Sacramento system is unclear, but landlocked populations of the
sturgeon are currently unknown. There are no records of green sturgeon from Lake Shasta or Lake
Oroville. However, anecdota information suggeststhat sturgeon have been seen jumping and breaching in
Lake Oroville (Hodges pers. comm.). The theoretica limit to upstream migraion in the mangem
Sacramento River is Keswick Dam. Passage above the RBDD is possible, but only when the gates are
rased. Thetheoreticd limit to upstream migration in the Feether River isthe Fish Barrier Dam. Shangha
and Sunshine Pumps may be migrationa impediments under certain conditions.

Data on the upstream migration of green sturgeon in the Klamath Basin have been collected by the U.S.
Fish and Wildlife Service (USFWS) from 1981 t0 1994. Atthislatitude (41° 34'N), it gppearsthat mature
green sturgeon begin entering the Klamath River asearly asMarch. However, nativefishing effortisusualy
decreased during winter and early migrants may have been missed. Most spawners move upstream from
April through June, with someripefish having been seeninto July. A few fish may enter theriver during fall,
overwinter in the system, and spawn the following spring, but this remains to be proven.

The effects of environmental cues on sturgeon migrations are not understood. In generd, a positive
correlation exists between increasing flow, increasing photoperiod, increasing temperatures, and upstream
migration. Increasing water temperature is generally associated with upstream migration.  Surface
temperaturesfor the Klamath River at Cappell Creek (RM 33.2) weretaken intermittently during the 1990
spawning run. A surfacetemperature of 6.9°C wasrecorded on March 13, and sturgeon were absent from
the local native fishery. By March 24, surface temperatures had increased to 10°C-11° C and natives
began taking spawning migrants. Sturgeon cortinued to be caught into April, but, by the end of the month,
the number taken throughout the lower 43.5 mileshad decreased. Surfacetemperatureswere near 16°C.



2-VI-18 WORKING PAPER ON RESTORATION NEEDS

In 1987, Artyukhin and Andronov (1990) collected Six spawning migrants from the estuary of the Tumnin
River, Russa. Six additiona migrantswere capturedin 1991 (Artyukhin and Andronov 1994). Collections
were made from late May through early July as water temperatures varied from 7.2°C to 11.5°C.

Parasitologica evidenceindicatesthat some green sturgeon rapidly travel upstream after leaving the marine
environment. The externa marine trematodesPar adi clybothrium pacificum and Nitzschta quadritestes
were collected from a green sturgeon a RM 435 in the Klamath River. These parasites would be
expected to drop off their host shortly after entering fresh water, but the exact timing is unknown.

Spawning - Digtinct sexud characterigtics are generdly absent, but mae and femae sturgeon can be
distinguished in thefina stagesbefore spawning (Dadswell et . 1984). Thetimeto reach sexud mauration
isvariable and can rangefrom 10 to 30 yearsin wild populations (Doroshov 1994). In culture, the onset of
puberty occurs at ayounger age, and evidence suggests that gonada development depends more on size
than on age (Conte et a. 1988). Chapman (1989) hypothesi zed that poor nutrition may delay the onset of
puberty. Maesgeneraly reach sexud maturation at asmaler Sze and younger age than females. Gonads
in both sexes are bilateral. Mature ovaries are proportionately larger than mature testes. Fema e sturgeon
are gymnoovarian; in some species, fecundity may reach over 1,000,000 eggs.

Almogt dl Acipensarids spawn in spring and summer (Detlaff et d. 1993). Only |-20% of an indigenous
adult population will participatein atypica spawning run (Conteet a. 1988). Spawning individualsvary in
Sze and represent severd different age classes. Detlaff et a. (1993) characterized Acipenserid spawning
aress as having swift currents and dense substrates. Males typicaly outnumber femaes on the spawning
grounds. Fertilizationisexterna and parentd careislacking. Sturgeon may liveto an advanced age (Moyle
and Cech 1982).

Although most green sturgeon spawn in spring, it has been suggested that some individuas may spawn in
winter. However, there are no confirmed observations of green sturgeon spawning activity. Moyle (1976)
suggested that legping and other frantic behavior may be indicative of spawning or courtship. Newly
spawned adhesive eggs from white sturgeon were collected in conjunction with observations of breaching
fish (Underwood and Beckman 1989). Spawning habits are currently unknown.

Evidence suggests that green and white sturgeon are reproductively isolated, even in basins in which both
gpecies are known to spawn. Wild hybrids are not currently recognized, but hybridization istheoreticaly
posshle. A Cdiforniaaguaculturist inthe 1980salegedly produced hybrid green sturgeon x white sturgeon
by using milt from a green sturgeon and eggs from a white sturgeon.  All progeny were subsequently
destroyed by DFG.

Green sturgeon eggs arerdatively large. Tracy (1990) indicated eggs are about 0.15 inch in diameter. In
1990, 30 eggsfrom amigrating Klamath River female collected &t RM 41.3 wereexamined. Sizesranged
from 0.15t0 0.16 inch. Shape was ovoid and dightly pointed. The basic color was olive-gray with some
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mottling. The animal pole waslighter compared to the vegetal pole. Germinal vesicles were located near
the animal pole, estimated to bein position 4 or 5 described by Lutes et d. (1987).

Specific information on spawning of green sturgeon in the Sacramento- San Joaquin system is limited.
Kohlhorst (1976) found sturgeon eggs and larvae in the Sacramento River from mid- February through late
May, but specific identifications were not made.

Klamath Basin green sturgeon were initidly thought to enter the spawning population a age 16 or older
(USFWS 1982, 1983). More recent investigations, however, have suggested that this may be an
overestimate and males may enter the spawning popuation as early as 8 years of age (Kisanuki pers.
comm.). Females appear to be dightly older before they enter the spawning population, and their sexua
meaturation may not occur until age 13 (Kisanuki pers. comm.).

Incubation - No information is available on green sturgeon egg incubation.
Rearing - No information is available on green sturgeon rearing.

Downstream, estuarine, and ocean migration - Juvenilesinhabit the estuary until they are about 4-6years
old, when they migrate to the ocean (Kohlhorst et a. 1991). Green sturgeon can make extensive ocean
migrations. Green sturgeon tagged in San Pablo Bay have been recovered in riversand estuariesin Oregon
and Washington. Juvenilefish have been collected in the Sacramento River, near Hamilton City, andinthe
Detaand San Francisco Bay. Adults have been observed near RBDD in late winter and early spring.

The diet of adult green sturgeon gppearsto be similar to that of white surgeon:  bottom invertebrates and
gndl fish (Gasde 1966). Juveniles in the Delta feed on opossum shrimp and amphipods, such as
Corophium (Radtke 1966). Little information is available about green sturgeon age and growth; in the
Detathey seldom exceed 4 feet in length (Skinner 1962, Moyle 1976).

ABUNDANCE AND DISTRIBUTION (PRE-1967)

Chinook Salmon

Early trendsin Centrd Valey chinook salmon populations were indirectly monitored by commercid catch
records dating back to 1874 when complete records of commercid gill net landings werefirg available.
Theserecordsare of limited usein determining popul ation trendsfor specific Streamsor runsbut providean

indicator of mgor trends in the abundance of Central Valey chinook salmon.

Early accounts indicate that the commercid samon fishery in Cdifornia began around 1850. The Gold
Rush and the ensuing human population growth in Cdifornialed to rapid expanson of thefishery. Hydraulic
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gold mining, logging, agricultural, and grazing activities also increased rapidly, leading to the first mgor
human impacts on stream habitat and fish populations in the Sacramento River basin (Buer et d. 1934).
Later, congtruction of agricultural, power generation, and debris dams accelerated declines in chinook
sdmon populations by preventing accessto higtorica spawning and rearing habitat or subgtantialy reducing
the amount of available habitat (Clark 1929).

Between 1874 and 1910, totd gill net landings fluctuated between 2 million and 11 million pounds and
averaged about 6 million pounds. A digtinct downward trend in gill net landings after 1910 led to aperiod
of extremely poor catches between 1926 and 1943, in which annua yields ranged from 0.4 to 2.5 million
pounds per year and averaged approximately 1 million pounds per year (Skinner 1962) (Figure 2-V1-13).
This decline coincided with a decline in the number of adult saimon returning to hatchery fadilitiesin the
Sacramento River between 1915 and 1924 (Clark 1929). The Cdliforniaoceantroll fishery, the dominant
commercid salmon fishery by 1916, aso had catches reduced from about 6 million pounds per year before
1920 to an average of about 4 million pounds per year during the 1920s and 1930s, despite increasing
effort. Clark concluded that the Sacramento-San Joaquin salmon fishery was in a "date of serious
depletion” by 1929, citing overfishing, loss of spawning areas from dam construction, loss of young salmon
in overflow basins, and losses to predatory fishes as principd causes. Following a brief increase to
gpproximately 6.5 million poundsin 1946, annud gill net landings returned to an average of goproximatdy 1
million pounds per year through the 1950s (Skinner 1962).

Four races of chinook salmon, recognized by the season of their upstream migration, are found in the
Sacramento basin: fdl-, latefdl-, winter-, and spring-run chinook salmon.

Sacramento River -

Fall-run chinook salmon - Higoricdly, fdl-run chinook salmon were one of the more abundant
sdmonracesinthe Centrd Valley. Countsof adult sdmon asthey passed over the Anderson Cottonwood
Irrigation Digtrict Dam were obtained as early as 1937, but complete estimates of fal-run chinook sdmon
abundance in the Sacramento River and its mgor tributaries were not made until 1953 (Halock n.d.).
Annud estimates of spawning escapement (i.e, the total number of adult salmon [age 2 and older] that
"escape” the fishery and return to spawn) in the mainstem Sacramento River reved agradud but steady
decline during the 1950s and 1960s; annud run size declined from an average of 179,000 adults during
1953-1966 to an average of 77,000 adults during 1967-1991 (Figure 2-V1-14).

Late fall-run chinook salmon - Because of high flowsand turbid conditionsthat generaly prevail
during the late fdl-run chinook salmon spawning period, annua abundance estimates were possible only
after congtruction of the RBDD and its associated fish counting facilitiesin 1967.

Winter-run chinook salmon - Before congtruction of Shasta and Keswick Dams in 1945 and
1950, respectively, winter-run chinook salmon were reported to spawn in the upper reaches of the Little
Sacramento, McCloud, and lower Fit rivers (Moyle et d. 1989). Specific data relative to historica run
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gzes prior to 1967 are sparse and mostly anecdotal. Slater (1963) is frequently cited to indicate that
winter-run populations were smal and limited to the McCloud River before congtruction of Shasta Dam.
Recent DFG research in the Cdifornia State Archives indicates that the winter-run chinook sdmon
population may have numbered over 200,000 (Recterwad and Fox pers. comms.). Cold hypolimnetic
releases from Shasta Reservoir enabled the run to spawn successfully in the Sacramento River below
Keswick Dam. Under these favorable habitat conditions, the run was maintained at more than 80,000
adults by the mid 1960s (U.S. Bureau of Reclamation [USBR] 1986).

Soring-run chinook salmon - Higtoricaly, spring-run chinook salmon were one of the more
abundant salmon racesin the Centrd Vdley. The principa holding and spawning areaswereinthe middle
reaches of the San Joaquin, Feather, upper Sacramento, McCloud, and Pit rivers upstream of the present
location of mgjor dams. Smaller runs occurred in tributarieslarge and cold enough to support adultsduring
the summer holding period.

Gold mining, agriculturd diversons, logging, and overharvest caused the first mgjor declinesin spring-run
chinook populations. By 1930, agriculturd and sediment control dams on tributary streams had caused
severe declines and extirpation of tributary stocks by preventing spring-run adults from reaching criticd
summer holding and spawning habitat. Further extirpations occurred following the congtruction of mgor
storage reservoirs on the Sacramento River and mgor tributariesin the 1940s and 1950s. By 1966, only
remnant populations of spring-run chinook salmon were present below these dams.

Consderable overlgp in spawning period with fal-run on the mainsem Sacramento River and mgor
tributaries has probably resulted in Sgnificant introgression (i.e., lossof genetic purity) of spring-run stocks
(Slater 1963).

Sacramento river tributaries - Fdl-run chinook salmon runs in minor Sacramento River tributaries,
induding Clear Creek, Cow Creek, Cottonwood Creek, Antelope Creek, Mill Creek, and Deer Creek,
were not regularly monitored, athough declines in abundance are evident since 1953 (Figure 2-VI-15).
Annua spawning escapement in Battle Creek during 1953-1966 exhibited agenerd declinesmilar tothe
pattern observed in the maingem Sacramento River. Tota run size averaged 17,000 adults, with an
average 9,000 adults spawning in Battle Creek and 8,000 spawning in Coleman Nationd Fish Hatchery
(CNFH) (Figure 2-V1-16).

Geneticaly pure spring-run chinook stocks may occur only intwo minor Sacramento River tributaries: Mill
and Deer creeks.

Averageannud run szeinthe American River averaged approximately 26,000 adults before congtruction of
Folsom Dam and Nimbus Salmon and Stee head Hatchery in 1955 (Fry 1961). By 1966, averagerunsize,
including river and hatchery spawners, had increased to gpproximately 39,000 adults. Average annua
gpawning escapement in the American River during 1953-1966 was approximately 30,000 adults; on
average, 19,000 adults spawned intheriver, while 11,000 were spawned in the hatchery (Figure 2-VI-17).
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Feather River basin - Fdl-run chinook salmonin themgjor Sacramento River tributariesexhibited variable
abundance patternsduring the 1950sand 1960s. Between 1953 and 1966, annua spawning escapement in
the Feether River fluctuated widdly and averaged about 41,000 adults (Figure 2-VI1-17). During this
period, the Y ubaRiver, amgor tributary of the Feather River, underwent amarked increasein annua run
szefroman averageleve of 5,000 adultsin the 1950sto apeak of 37,000 adultsin 1963. Averageannua
spawning escapement in the Y ubaRiver during 1953- 1966 was gpproximately 14,000 adults (Figure 2-VI-
17).

Eastside tributaries - The earliest records indicate that fal-run chinook salmon occurred in the
Mokeumne, Cosumnes, and Calaveras rivers (Clark 1929). Spring-run chinook salmon were probably
present in the Mokelumne River before the construction of Pardee Dam in 1929. Dams, poaching, and
sedimentation caused by gold mining diminated the spring-run chinook sdmon in the Mokdumne River
(Reynolds et d. 1990).

Dedlines in fdl-run chinook salmon stocks probably paraleed declines occurring in mgjor San Joaguin
tributaries. Sincethe early 1900s, chinook salmon in thelower Mokelumne River were adversdly affected
by poor water quality associated with winery and mine wastes, fish losses at unscreened diversions, and
migration barriers due to dams (DFG 1991). Runs up to 12,000 fish were recorded in the early 1940s.
Since 1953, fdl-run chinook samon run size has varied consderably, with peak salmon abundance
generdly corresponding to Smilar peeksin the Stanidaus, Tuolumne, and Merced rivers. Annua spawning
escapement fluctuated between 100 fish in 1961 and 7,000 fish in 1958 and averaged about 1,900 fish
(Figure 2-V1-18). Mokdumne River Fish Hatchery was constructed in 1964 as mitigation for loss of
gpawning habitat between Camanche and Pardee Dam. The hatchery has received an average of about
500 chinook salmon adults between 1967 and 1991.

Between 1953 and 1966, annud fdl-run chinook sdlmon spawning escapement in the Cosumnes River
ranged from zero in 1961 to 5,000 fish in 1954 and averaged 2,500 fish (Figure 2-V1-18).

A smdl population of fdl-run chinook salmon may have been present in the Calaveras River before the
congtruction of New Hogan Damin 1963 (White pers. comm.). Higtoricaly, chinook sdmon productionin
the Cdaveras River was limited by low, intermittent flows during summer and fall.

San Joaquin River - Early impactson chinook salmon in the San Joaquin basin were caused by gold mining
activities, agriculturd and power diversons, and overfishing (Clark 1929). Themost abundant sdimon race,
spring-run chinook salmon, was completely eiminated after 1947 above the Merced River confluence
following congruction of Friant Dam, which blocked accessto historica holding and spawning habitat and
severdly reduced flowsin the San Joaquin River below the dam (DFG 1987b). Fall-run chinook aso have
been extirpated in the San Joaguin River from Friant Dam downstream to the confluence with the Merced
River due to insufficient flow releases from Friant Dam.
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San Joaquin River tributaries - Annud spawning escapement estimates of fall-run chinook samoninthe
San Joaquin River basin have been made since 1940, but early estimates are often incompl ete and based on
subjective methods (USBR 1986b).

Fal-run chinook sdmon have undergone mgjor reductions since the 1940s but have persisted assmal but
fluctuating populations below mgor dams on the Merced, Tuolumne, and Stanidausrivers. Low returns of
fdl-run sdmon to dl three tributariesin 1961 were attributed to afal migration barrier caused by low San
Joaquin River flows, flow reversds, and low dissolved oxygen levelsin the lower San Joaquin River and
south Delta channdls (Figure 2-V1-19). Nearly complete run failuresin 1962 and 1963 appeared to be
related to low spring flows in 1959, 1960, and 1961 rather than fall migration conditions (Hallock et d.
1970).

Spring-run chinook salmon on the Stanidaus, Tuolumne, and Merced rivers were probably eiminated by
1930 as aresult of dam construction.

Steelhead

Unlike chinook salmon, there are few specific data regarding historica steelhead abundance. There has
never been acommercia fishery for steelhead, and quantitative estimates of popul ation abundance were not
developed until the 1950s (and later than that in most streams).

Sacramento River - Historicaly, stedhead spawned and reared in the most upstream portions of the upper
Sacramento River and mog, if not dl, of its perennid tributaries. Becausethey have grester svimming and
legping abilities than chinook salmon, steelhead could migrate farther into heedwater streams where water
temperatureswere generdly cooler. Hanson et a. (1940) estimatesthat 187 milesof accessbleriversand
streamswere blocked to chinook salmon by Keswick and ShastaDams aone; even more mileswould have
been blocked for steelhead. Dams and diversions for water supply, flood control, and sediment control
were located on each of the mgjor tributaries and blocked steelhead migrationsto preferred spawning and
rearing habitats.

Annud estimatesof tota (natura spawning and hatchery returns) Sacramento River sedhead runsupstream
of both the American and Feather rivers at the Fremont Weir ranged from 14,340 to 28,400 from 1953-
1959, and averaged 20,500 (Skinner 1962). The average estimated natural spawning portion of theseruns
was 88.6%.

Sacramento River tributaries - Higoricaly, steelhead runswere sustained in al tributaries with adequate
flow and habitat qudities, although no firm estimates of stedlhead abundance exist. Counts conducted
before 1967 enumerated populationsin excess of 1,000 steelhead in both Mill and Deer creeks (Millsand
Fisher 1993). Average estimatesfor the 1950s and 1960s were gpproximately 300 steethead in Antelope
Creek and 150 steelhead in Big Chico Creek. These generd estimates, however, were developed after
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water diversons, barriers, and habitat degradation had occurred on most sections of these streams,
steelhead runs were likely much larger in these streams before the 1900s.

No definitive popul ation estimates exist for sedhead inthe American River higtoricdly. Thestedheadrunis
estimated to have exceeded 100,000 fish annually before the completion of Folsom and Nimbus Damsin
1955, but before 1970, steelhead runswere estimated to average about 5,000 fish (Reynolds et a. 1993).

Feather and Yuba Rivers - No definitive population estimates exist for steelhead in the Feether or Y uba
rivers. Itislikely that both river systems supported large steethead runsin the 1800s. Hydraulic mining and
diversion and storage dams on both rivers sgnificantly reduced steelhead populations. For example, from
1910 to 1949 there was complete or nearly complete blockage of upstream migration at Daguerre Point
Dam, located on the Y uba River only 12 miles from its mouth (Dunn et d. 1992).

Stedhead populations of the Feather River before construction of Oroville Dam were estimated to average
about 1,000 fish abovethe dam site (Reynoldset a. 1990). Wooster and Wickwire (1970) estimated that
about 200 steelhead spawned annually in the Y uba River before 1970.

Eastside tributaries - Stedhead historicaly had sustained annud runs up the Mokelumne River. No
information exists on the Size of these runs.

San Joaquin River - Presumably, steelhead had access upstream of the present location of Friant Damon
the maingem San Joaquin River. No information exists on the Size of these runs.

San Joaquin River tributaries - Stedhead higtoricaly had sustained annua runs up the San Joaquin,
Mokelumne, Stanidaus, Tuolumne, and Merced rivers. Stealhead runs would aso have occurred in any
other smdler tributaries having accessible headwaters, cool water temperatures, and appropriately sized
gravels. Water development facilities and operations and other forms of habitat loss and degradation
substantialy reduced steelhead resources to remnant levels.

Striped Bass

Striped bass are native to the east coast of the United States. Juvenile striped bass were taken fromrivers
in New Jersey and introduced to Cdifornia waters, approximately 130 juvenile fish were released in
Carquinez Strait in 1879, and another 300 fish were rdleased in Suisun Bay in 1882 (Cdifornia Bureau of
Marine Fisheries 1949, Skinner 1962). Successful reproduction was observed before 1882, and the
population quickly multiplied to severa million adult bass.

A few of thefish planted in 1879 were reportedly caught in 1880, and striped bassweighing morethan 16
pounds were caught in 1883 and 1884 (California Bureau of Marine Fisheries 1949, Skinner 1962). By
1888, dtriped bass supported a sgnificant fishery in San Francisco Bay and severd thousand fish were
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avalableinlocd fish markets A minimum szelimit of 8 pounds, thefirst fishing regulation for striped bass
in Cdifornia, was enacted in 1890. State regulations set aminimum size limit of 3 poundsin 1897.

The 1899 commercia catch wasreported as 1,234,000 pounds (Skinner 1962), and commerda landings
in 1916-1935 ranged from 0.5 million to 1.5 million pounds (Figure 2-V1-20). Sport fishing for striped
bass became increasingly popular after 1895, leading to more restrictive commercid fishing regulations.
Commercid fishing for striped basswith netswas prohibited in 1931, and al commercid striped bassfishing
was prohibited after 1935.

From 1936 on, the striped bass fishery was reserved exclusively for sport anglers. Annud striped bass
landings by the sport fishery were reported to be much larger than commercid striped bass landings ever
were (Cdifornia Bureau of Marine Fisheries 1949). By 1955, more than 200,000 anglers participated in
the fishery, catching more than 1 million striped bass annudly with an aggregate weight of approximately 4
million pounds (Skinner 1962).

Analysis of sport catch records and other data showed a decline in the fishery after 1944 and a severely
depleted adult striped bass population by 1970 (Skinner 1962, DFG 1989). Data from the sport fishery
and mark-recapture studies indicate that the population declined from gpproximately 3 million bassinthe
early 1960s to a population level of gpproximately 1.7 million by the late 1960s.

Charter boat records provide the best information on the striped bass fishery from 1938 to 1982. The
catch per angler-day was greatest during the early years of the charter boat fishery and decreased over time
(Figure 2-VI1-21). The reduction in the catch per angler-day may indicate decreasing striped bass
population abundance; however, changes in fishing regulations and sport-fishing efforts affect Satigticson
catch per angler-day.

Factors contributing to increased mortaity before 1967 include fishing, entrainment in diversons, exposure
to toxic materias, and habitat loss. Sport fishing annualy removed 20-30% of the striped bass popul ation
longer than 16 inches.

Incidental catch in net fisheries targeting other species may have caused annud mortality approaching

50,000 adult striped bass before the net fisherieswere prohibited in 1957. Entrainment inthe ContraCodta
Steam Plant (Pacific Gas and Electric Company [PG& E]) and the Tracy Pumping Plant diversons may

have reduced thejuvenile striped bass popul ation by morethan 20% each year. Savage operationsat both

facilities grestly reduced the number of fish destroyed, but losses continued to occur after 1957.

In the Napa River and San Francisco Bay, anecdotd information indicates pollution by tannery, chemical
company, and garage discharges may have resulted in substartid mortality of striped bassasearly as 1924.
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Between 1860 and 1959, nearly half of the estimated 570 square miles of marsh and tiddl habitat werefilled
and leveed off (DFG 1989). Sloughsthat formerly afforded good fishing and habitat were no longer acces-
sbleto striped bass. Diking and filling not only restricted striped bass habitat, but aso reduced tidal mixing
(i.e., potentid for reduced dilution of toxic materials) and overdl estuary productivity.

American Shad

American shad are native to the east coast of the United States. Juvenile shad weretransported from New
York and introduced into Caiforniaiin 1871, when gpproximately 10,000 juveniles were released in the
Sacramento River near Tehama (Painter et al. 1980). An additiona 824,000 juvenile shad wereintroduced
into Cdiforniafrom 1873to 1881 (Skinner 1962). The shad quickly multiplied and by 1880 werefound as
far north as the Columbia River in Washington (Fry 1973). A commercid fishery for shad developed by
1879, and by 1886, the State Board of Fish Commissonersestimated that 1 million maturefish weretaken
(Skinner 1962).

Before 1899, the commercia catch never exceeded 1 million pounds. From 1899 to 1914, commercia
caich data are limited but indicate that commercial landings ranged from 620,891 to 1,169,000 pounds
(Skinner 1962). Commercid landings from 1915 to 1945 ranged from gpproximately 0.1 to 5.5 million
pounds, however, commercid landings below 1 million pounds wererare. After 1945, commercid shad
landings exceeded 1 million pounds only once (Figure 2-V1-22). The commercid gill net fishery in the
Sacramento- San Joaquin River estuary was diminated through legidation in 1957 (Skinner 1962).

It is unknown when sport fishing for shad first occurred, athough some angling was reported in the 1930s
and 1940s (Painter et d. 1980). After 1950, sport fishing for shad became extremely popular. One
popular method of taking shad, cdled "bumping’, was conducted from boats usng hand-held nets.
Anecdotal information indicates that 2,500 anglers operating out of a single recreationd fishing business
caught 30,000 shad in 1954 using this method (Skinner 1962). No reliable sport catch records are
available to determine the relative proportion of the fishery caught by sport anglers; however, by themid-
1960s, an estimated 100,000 angler days per year were spent sport fishing for shad (Painter et al. 1980).

Anayzing commercia and sport catch data to determine shad abundance is difficult because commercial
landingswere moreinfluenced by market, economic, and angling factorsthan by shad abundance (Cdifornia
Bureau of Marine Fisheries 1949). Therefore, commercia catch datado not provide an accurate measure
of shad abundance during this period.

White Sturgeon
Littleinformation isavailable concerning white sturgeon abundancein the Sacramento- San Joaguin system

prior to 1967. Skinner (1962) summarized U.S. Commissioner of Fisheries annua reports to provide
commercid catch gatigtics (by weight) for many yearsprior to 1918. With substantial assumptions, these
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can be used to congtruct likely population parameters during the late 1800s for comparison with present
population characterigtics. These assumptions include:

1) Theinitid (1875) mean weight of harvested fish was 120 Ibs, based on the Report of the
Commissioners of Fisheries of the State of Cdiforniafor the Years 1878 and 1879 that
indicated a mean weight of harvested sturgeon of 75 and 86 Ibs, respectively, in these 2
years. It wasfurther assumed that mean weight decreased to 50 [bsin 1891 and to 25 Ibs
by 1899 aslarge, old fish were removed by the fishery.

2) Initid abundancewas 220,000 fish > 40 inchestota length, which correspondsto potentia
abundance with no fishing mortdity projected by an age- sructured mode! of the population
developed to evauae dternative angling regulations (Kohlhorst 1993). Postulating
dterndtive initid abundances when formulating this assumption indicated that vaues less
than 216,000 led to extinction.

3) The white sturgeon population exhibited no compensation in terms of increased growth
rate, increased fecundity, or increased natura surviva inresponseto elevated exploitation
rate.

With these assumptions, it can be postulated that white sturgeon abundance decreased from 220,000 fish
240inchesin 1875to only 5,200 fishin 1901 (Table 2-V1-2), when the commercid fishery was closed by
the Legidature. During thistime, exploitation rate increased irregularly from <1% to about 47% in 1899.
Harvest in numbers of fish reached a pesk of 23,700 in 1887.

The commercia sturgeon fishery was reopened in 1916, but only about 500 fish were caught that year and
about 300 were caught in 1917. Because the population had not rebounded, both commercia and sport
fishing were prohibited starting in 1917.

When a sportfishing-only season was initiated in 1954, the firgt tagging program to estimate abundance,
harvest rate, age composition, and growth was undertaken. Thisresearch provided not only thefirst direct
abundance estimate (11,200 fish = 40 inches TL ), but evidence from the age composition of thetagging
catch that any recovery of the population up to that timewaslargely dueto the extremely strong 1938 year
class (Pycha 1956).

White sturgeon occur in rivers and estuaries along the west coast of North America, primarily the Fraser,
Columbia, Sacramento, and San Joaquin rivers, but their distribution in the Sacramento- Sen Joaguinsystem
before 1967 iseven lesswell described than abundance. The earliest mention of sturgeon occurrenceinthe
Sacramento River dates from October 1837, when large sturgeon-like fish were observed jumping in the
vicinity of themouth of the Feather River (Belcher 1843); it isunknown whether these werewhite or green
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gurgeon. In the early 1900s, large white sturgeon were occasonaly caught during late summer in the
Feather River from Biggs to Oroville (Anonymous 1918; Anonymous 1959).

DFG Region 1 files provide some information about white sturgeon digtribution in the upper Sacramento
River drainage before and after construction of Shasta Dam (T. P. Hedley, CdiforniaDepartment of Fish
and Game, persona communication). Sturgeon probably inhabited the entire Pit River up to Pit River Fdls
prior to congtruction of Britton Dam by PG&E in 1925. A substantial number of white sturgeon were
trapped in and above Lake Shasta when Shasta Dam was closed in 1944. These fish and their progeny
primarily used the Fit River arm of thelake. Successful reproduction apparently continued until the early
1960s, when condruction of additiona hydropower dams on the Pit River just above Lake Shasta
eliminated the last of the sturgeon spawning habitat.

Other information about historica sturgeon didtribution is provided by Skinner (1962), who states that
"white sturgeon appear to make agenera migration out of the Bay into upstream watersin the pring but
data are lacking to support this point”. He aso reports sturgeon in the San Joaguin River at the face of
Mendota Dam in 1947. He indicates that 5- to 6-inch sturgeon werefound a water diverson stesin the
Detaand that 18- to 30-inch fish were common in the Deltaand Bay Area

Table 2-VI-2. Edtimates of potentid historical white sturgeon population parameters from catch
datigtics in Skinner (1962) and mean weights interpolated from weights for 1878 and 1879
in the Report of the Commissoners of Fisheries of the State of Cdiforniafor the Years

1878 and 1879.
Mean Catch Harvest

Y ear Catch (Ibs) | weight (Ibs) | (number) rate Abundance Recruits

1875 118,350 120 986 0.004 220,000 22,000
1876 274,375 110 2,494 0.011 219,014 21,901
1877 295,650 90 3,285 0.015 216,519 21,652
1878 334,500 75 4,460 0.021 213,234 21,323I
1879 607,800 86 7,067 0.034 208,774 20,877
1880 5,353 0.027 201,707 20,171
1881 291,050 80 3,638 0.019 196,354 19,635
1882 251,700 75 3,356 0.017 192,716 19,272
1883 125,850 75 1,678 0.009 189,360 18,936
1884 7,180 0.038 187,682 18,768
1885 12,682 0.070 180,502 18,050
1886 18,184 0.108 167,820 16,782,
1887 1,658,000 70 23,686 0.158 149,637 14,964|
1888 460,000 60 7,667 0.061 125,951 12,595
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Mean Catch Harvest

Y ear Catch (Ibs) | weight (Ibs) | (number) rate Abundance Recruits

1889 495,000 55 9,000 0076 118284 11,828
1890 587,625 55 10,684 0008 109,284 10,928
1891 715,795 50 14,316 0.145 98,600 9,860
1892 765,207 45, 17,007 0.202 84,284 8,428
1893 13,835 0.206 67,278 6,729
1894 10,664 0.200 53,442 5,344
1895 299,729 40 7,493 0.175 42,778 4,278
1896 175,675 3 5019 0.142 35,284 3,528
1897 190,445 30, 6348 0.210 30,265 3,027
1898 6,500 0.272 23,917 2,392
1899 205,659 25 8226 0.472 17,417 1,742
1900 4,000 0.435 9,101 919
1901 5,191 519
1902 5,191 519
1903 5,191 519
1904 5,191 519
1905 5,191 519
1906 5,191 519
1907 5,191 519
1908 5,191 519
1909 5,191 519
1910 5,191 519
1911 5,191 519
1912 5,191 519
1913 5,191 519
1914 5,191 519
1915 5,191 519
1916 15,178 30 506 0.097 5,191 519
1917 9,822 30 327 0.070 4,685 468

Note: Itisassumed that anatural mortaity rate of 0.10 was exactly balanced by recruitment and that the

population showed no compensatory response to higher mortality and reduced abundance.
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Green Sturgeon

Information on the distribution and abundance on green sturgeon before 1967 is extremely limited.

ABUNDANCE AND DISTRIBUTION (1967-1991)
Chinook Salmon
Sacramento River -

Fall-run chinook salmon - The overd| decline in mainsem Sacramento River fal-run chinook
sdmon abundance during the 1950s and 1960s was followed by low but rlatively stable population levels
during the 1970s and 1980s. A decline during the recent drought, however, led to arecord low spawning
escapement of about 29,000 adultsin 1991. Average annua spawning escapement of fall-run chinook
sdmon in the Sacramento River during 1967-1991 was gpproximately 77,000 fish (Figure 2-V1-14).

Latefall-run chinook salmon - Countsof chinook salmon passing the RBDD since 1967 provide
the most reasonable indication of overdl trends in late fal-, winter, and pring-run chinook samon
abundancein the upper Sacramento River. The number of late fall-run chinook salmon passing the RBDD
declined from an average 35,000 adults in the late 1960s to an average of 7,000 adults in recent years
(Figure 2-V1-23). Hatchery returnsto CNFH during this period have fluctuated between 200 and 3,000
fish, with record low returnsin 1990 and 1991 (Figure 2-V1-24).

Winter-run chinook salmon - Winter-run chinook salmon suffered a precipitous declinefroman
average of approximately 80,000 adultsin the late 1960s to estimated run Sizes of 547, 441, and 191 in
1989, 1990, and 1991, respectively (Figure 2-VI-25). Estimated run sizesin 1992 and 1993 were 1,180
and 341, respectively. Factors contributing to this decline include water temperature impacts associated
with operation of Shasta and Keswick Reservoirs, adult and juvenile passage problems a the RBDD,
modification and loss of spawning and rearing habitat, predation, pollution, and entrainment in water
diversons on the Sacramento River and in the Delta.  The recent drought in Cdifornia (1987-1992)
exacerbated these impacts. (National Marine Fisheries Service [NMFS] 1992.)

The return of an estimated 550 adults in 1989 prompted listing of the winter-run chinook salmon asan
endangered species by the State of Cdlifornia and as a threatened species by the federd government.
Another record low spawning escapement of 191 fish in 1991 prompted review and subsequent
reclassfication of the winter-run chinook salmon to endangered status under the federal Endangered
Species Act (NMFS 1992).
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Soring-run chinook salmon - The number of adults passng the RBDD has fluctuated between
highs of more than 25,000 fish to a record low of 773 fish in 1991 (Figure 2-V1-26). An average of
approximately 11,000 fish migrated past the dam between 1967 and 1991.

Sacramento River tributaries - Edimates of fdl-run chinook salmon spawning escapement in minor
Sacramento River tributaries (excluding Battle Creek) areincompletefor the 1967- 1991 period. Notrends
inrunsizeare apparent for Clear Creek, Cow Creek, Cottonwood Creek, Paynes Creek, Antelope Creek,
Mill Creek, Deer Creek, and Butte Creek, athough record low escapements occurred in most of these
creeksin recent years (Figure 2-VI-15). Annua spawning escapement in Battle Creek during 1967-1991
averaged gpproximately 18,000 adults, on the average, gpproximately 8,000 adults spawned in Béttle
Creek while 10,000 were spawned in CNFH (Figure 2-VI-16). Increases in production capacity and
improved water quality, temperature, and disease control techniquesat CNFH resulted in record run Szes
in recent years (USBR 1985).

The 1967- 1991 average spawning escapement of spring-run chinook saimonin Deer and Mill creekswas
1,300 and 800 adults, respectively (Figure 2-VI1-27). Run sizeshave declined by 85% in Mill Creek and
80% in Deer Creek since 1967. A smdl run averaging approximately 400 fish spawns in Butte Creek
(Figure 2-V1-27). This run has been supported by natura reproduction and plants of chinook salmon
smolts from Fegther River Hatchery.

Fal-run chinook sdlmon spawning escgpement in the American River during 1967-1991 averaged 41,000
adults, on the average, 32,000 adults spawned in the river, while 9,000 were spawned in Nimbus Fish
Hatchery (Figure 2-V1-17).

Feather River - Annud fal-run chinook salmon spawning escapement in the Feether River increased and
became less variable following completion of Oroville Dam and Feather River Sdmon and Steelhead
Hatchery in 1968; average run sSze increased sharply in 1969 and remained relatively high through 1991.
Annua spawning escgpement of fal-run chinook saimon inthe Feather River during 1967-1991 averaged
approximately 47,000 adults, on the average, 41,000 adults spawned in the river, while 6,000 were
gpawned in the hatchery (Figure 2-V1-17). Annua spawning escapement inthe Y ubaRiver during 1967-
1991 averaged approximately 13,000 adults with no apparent trend (Figure 2-V1-17).

Numbers of spring-run chinook salmon entering Feether River Hatchery increased from an average of

gpproximately 300 adults from 1967-1981 to an average of gpproximately 2,000 adultsfrom 1982-1991
(Figure 2-V1-28). Increased returns are associated with the recent practice of trucking and releasing large
numbersof hatchery smoltsinthelower Sacramento River and Delta. Annud hatchery returnsarebased on
the assumptionthat al salmon entering the hatchery before October 1 are spring-runfish. Fishentering after
that date are considered to be fall-run fish. Smadl numbers of soring-run chinook ssimon migrate into the
Y uba River, but these fish appear to be primarily strays originating from the Feather River Fish Hatchery.

Eastsidetributaries- Since 1967, annud fal-run chinook salmon spawning escapement inthe Mokdumne
River has fluctuated between 250 and 11,000 fish and averaged about 2,600 fish (Figure 2-V1-18).
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I ncreased abundance during the 1980s has been attributed to increased smolt surviva resulting from severa
high spring runoff years and increased production of juvenile sdlmon a Merced River Fish Facility. Annud
run Sze declined steadily following apesk in 1982 and has remained |ow during the recent drought period
(1987-1992).

Annud fdl-run chinook salmon spawning escapement in the Cosumnes River since 1967 ranged from zero
t0 4,400 fish and averaged about 750 fish (Figure 2-V1-18). Since 1987, 3 yearsof no streamflow during
the spawning season have precluded perpetuation of a natura run (Reynolds et d. 1990).

Operation of New Hogan Reservoir since 1963 resulted in sustained flows in the lower Caaveras River
during summer and fal. Severd hundred winter-run chinook saimon and smaler runs of fal-run chinook
sdmon and stedhead were thought to have entered the Caaveras River before the recent drought period.
Since 1987, low flows and high water temperatures gppear to have diminated these runs (White pers.
comm.).

San Joaquin River and tributaries - All successful chinook salmon spawning in the San Joaquin River
basin takes placeinthreemgor tributaries. Recent spawning escapement levelsof fal-run chinook salmon
inthe Merced, Tuolumne, and Stanislausrivers show considerable annuad variability, with peak abundance
generdly following high soring runoff years (Figure 2-V1-19). Conversdly, small spawning escapements
generdly occur following below-normd or dry runoff years. Very low spawning escapements since 1990
are related to recent drought conditions (1987-1992).

TheMerced River run has been partialy sustained by production of yearling fall-run chinook ssimon & the
Merced River Fish Facility since 1972. The hatchery contribution to San Joaquin River chinook salmon
stocksisless than 5%. (DFG 1987b.)

Steelhead

Throughout the Centrdl Valey, a 95% reduction (6,000-300 miles) of river avallable to anadromous fish
(Reynoldset d. 1993) affects steelhead the most because of itsmigratory prowess. Although in somecasss
dams created favorable temperature conditions downstream, the physical habitat in the lower portions of
these streams is not as conducive to steelhead spawning and rearing as are stream reaches higher in the
watersheds.

The average annud total steelhead run in the Sacramento River system was estimated by DFG in 1990 to
be about 35,000 fish, primarily hatchery-produced fish from CNFH, Feather River Fish Hatchery, and
Nimbus Fish Hatchery. More than 90% of the annual stedlhead run in the Central Valey isthe result of
hatchery-raised fish stocked as smolts or fingerlings (Reynolds et d. 1990).

Sacramento River - Following completion of RBDD in 1967, steelhead runs could be counted at that
location, athough the counts underestimate the totd naturd spawning run in the drainage because an
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unknown number remain below RBDD and spawn in the lower river and tributaries. With that limitation,
less the number of steelhead returning to the CNFH, an estimated average of 6,574 steelhead spawned
naturdly in the Sacramento River syslem above RBDD in the 1967-1991 period (Figure 2-VI-29).
Maximum and minimum estimated runs were 19,615 fish in 1968 and 470 fish in 1989, respectively. A
diginct decline has occurred, with the estimated average run size decreasing from 15,055 fish in thefirst 5
years of the 25-year period to only 1,714 fishin the last 5 years.

Average steelhead returnsto the CNFH over the same 25 yearsaveraged 1,910 fish, averaging 3,498 fish
inthefirs 5yearsand 979 fishin thelast 5 years, adecline of nearly 75% (Figure 2-V1-30). Thehatchery
produces approximately 65-70% of the steelhead run to the upper Sacramento River (USBR 1985,
Reynolds et d. 1990).

Sacramento River tributaries - Because counts of steelhead generdly come only from hatcheriesor are
incidental to counts of chinook salmon, no firm estimates of steelhead run sizesexist for minor Sacramento
River tributaries. Steelhead runs are believed to have declined since the 1950s and 1960sin most of these
greams. Runsinthelarger tributaries, Big Chico, Mill, Deer, and Antel ope creeks, are probably about 50-
200 fish annudly. Even smaller (but unknown) numbers of steelhead also use Clear, Cow, Cottonwood,
Battle (in addition to those going to CNFH), Paynes, and Butte creeks and Bear River (Reynolds et al.
1993). An edimated 25% of dl stedlhead migrating into the upper Sacramento River syslem spawnin
Deer, Mill, and Antelope creeks (Hayes and Lindquist 1967).

Sted head migrate up the American River to Nimbus Dam and the Nimbus Fish Hatchery, 23 milesup from
itsmouth. Adultsreturning to Nimbus Fish Hatchery averaged 1,694 fish in the 1967-1991 period, with no
particular trend until the decline during the last 4 years (Figure 2-VI1-30). Nearly dl stedhead in the
American River are believed to be hatchery produced, and many of the steelhead produced at the Coleman
Nationa Fish Feather River Fish Hatcheries stray and return to the American River.

Feather River - Stedhead currently spawn in the Feather River up to the fish barrier dam below Lake
Oroville and in the Y uba River up to Englebright Dam. Steelhead in the Festher River primarily originate
from the Feather River Fish Hatchery; there is only limited naturd production in the Feather River.
Steehead runsimmediately before 1967 were maintained during the 1967- 1975 period after Oroville Dam
and the Feather River Fish Hatchery were in operation in 1967 (Painter et a. 1977). Overdl, hatchery
returns averaged 858 fish in the 1967-1991 period, with an increasing trend from an average of 790 in the
first 5 years of the period to 1,386 fish in the last 5 years (Figure 2-V1-30). Annua angler catches of
geelhead in the Feather River have been estimated as high as 7,875 fish in the past 10 years (Reynolds
et a. 1993).

Yuba River - Limited information indicates that steelhead populations have increased on the Y uba River
snce New Bullards Bar Dam and Reservoir, which provided cooler summer rearing temperatures, were
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congtructed in 1970. DFG planted hatchery-raised steelhead smolts and fingerlings in most years from
1971 through 1983, and DFG estimated the 1975 run at 2,000 fish (Rogers pers. comm.).

Eastside tributaries - Stedlhead populations in east Sde tributaries are generaly small.

San Joaquin River and tributaries - Few, if any, naturaly produced steelhead populaionsexistinthe San
Joaquin River system.

Striped Bass

Although the striped bass population had declined from hitorica levelsby 1967, the period over which the
decline occurred is unclear (Turner 1987). A more precipitous decline was documented after 1967 and
continues to the present (Figure 2-V1-31). The average adult population sze in the late 1960s and early
1970s of approximately 1.7 million striped bass declined to an average adult population size of less than
1 million in the 1980s (DFG 1989). The average adult striped bass population size for the 1967-1991
period was approximately 1.25 million fish. A record low population of 680,000 adult striped bass was
estimated in 1990, including approximately 90,000 bass that were raised in hatcheries and stocked in the
Deltaand Bay (DFG 1992a).

The adult population decline primarily reflects adecline in the number of new fish reeching legd sze. The
youngest and most numerous component of the adult striped bass population (i.e., 3-year-old fish) hed
declined to record lows by 1990 (DFG 19923).

A summer tow-net survey wasinitiated in 1959 by DFG to provide anindex of Y QY abundance (i.e., the
1.52-inchindex). The 1.52-inchindex declined coincidentaly with the declinein adult abundance sncethe
mid 1960s (Figure 2-V1-32). The peak 1.52-inchindex was 117 in 1965, and thelowest index was4.31n
1991 (DFG 1992a). Theindex averaged 1.52 for the 1967-1991 period. Thefdl midweter trawl surveys
initiated in 1967 aso provided an index of YOY abundance during September-December (Figure 2-V1-
32).

Reduced populations of larvae larger than .32 inch have contributed to the decline in the 1.52-inch index
(DFG 1987). Low abundance of 1.52-inchindex juvenileswas preceded by low abundance of .32-inch
long or larger larvae (Figure 2-VI-33). Although low larva abundance may indicate that year-class
abundancewill remainlow, high 1.52-inchindiceslikdy reflect increased surviva during and after thelarva

period.
American Shad

Presently, American shad are found on the Pecific Coast from Todos Santos Bay in Bga Cdlifornia
northwardto Alaska. In Caifornia, anadromous shad populations are found seasondly in the Sacramento
and San Joaquin rivers and Delta; the Feather, Y uba, and American rivers, the Mokelumne and Stanidaus
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rivers, and the Klamath, Russan, and Ed rivers (Figure 2-V1-34). The greatest proportion of the
population is found in the Sacramento River drainage (Skinner 1962). Smaller shad runs occur in the
Mokeumne River, Stanidaus River, doughs of the south Delta, and the San Joaguin River (Stevens 1972,
Moyle 1976). A landlocked population aso exists in Millerton Lake (Fresno and Madera counties).

The upstream limit of shad migration is presently dictated by impassable barriers such asdams and water
diverson gructures. Adult shad do not appear to utilize fish ladders to any appreciable extent, although
passage over these barriersis believed possible given proper hydraulic conditions (Skinner 1962). Inthe
Sacramento River drainage, shad migrate up the Sacramento River as far upstream as the RBDD, the
Feather River asfar upstream as Oroville, the Y uba River asfar upstream as Daguerre Point Dam, and the
American River as far upstream as Nimbus Dam. Shad are occasiondly seen upstream of RBDD and
Daguerre Dam.

DFG conducted population estimates in 1976 and 1977 using mark-recapture techniquesto estimeate the
gzeof the spawning run of adult shad. Fish were captured using gill netsand marked with tagsthat ensured
a reward to anglers as an incentive to return the tags. These studies provide the only specific attempt to
estimate adult shad abundance. DFG estimated that the shad population numbered 3.04 million adultsand
2.79 million adults in 1976 and 1977, respectively. DFG edtimates that these population estimates are
approximately one-third to one-haf the number present during 1917, based on commercia catch data
(DFG 1987.)

During 1976-1978, the mean annual sport catch ranged from 86,200 to 152,000 adult shad, and angling
effort ranged from 35,000 to 55,000 angler-days (Meinz 1981). During this period, 60% of the annua
catch was taken from the Sacramento River (Meinz 1981). Angler surveysin 1977 and 1978 determined
that sport anglers harvested 79,000 and 140,000 shad, respectively (DFG 1987).

Fal midwater trawl surveysprovideanindex of YOY abundancein the Deltaduring September- Decamber
(Figure 2-V1-35). These annua surveys have been conducted since 1967 and provide the longest, most
accurate index of shad abundance. The peak abundance index was 5,386 in 1982 and the lowest index
was 334 in 1972. The index averaged 2,070 during the 1967-1991 period and the median index was
1,596 (occurring in 1985).

White Sturgeon

Mark-recapture population estimates for white sturgeon > 40 inches TL are available from intermittent
tagging between 1967 and 1994 (Kohlhorst et d. 1991; Cdifornia Department of Fish and Game,

unpublished data). Estimated abundance was high in 1967 (115,000 fish), decreased to about 21,000 in
1974, then increased to another peak of 120,000 in 1984. Since 1984, the estimated population has
decreased again to 37,000 in 1990. Mean estimated white sturgeon abundance from 1967 to 1991 was
77,500.
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Catch and catch per net-hour during tagging are generdly consistent with the changes in abundance
portrayed by the mark-recapture estimates. This does not verify the albsolute magnitude of the abundance
estimates, but does suggest that they accurately depict generd population trends.

Using a maturation schedule and spawning frequency derived from data presented by Doroshov e d.
(1988), sze composition of the tagging catch, and the mark-recapture popul ation estimates, the number of
white sturgeon spawning each year can be estimated (Table 2-VI-3). Since 1967, the spawning population
has varied from highs of 25,000-27,000 fishin 1967, 1984, and 1985 to alow of 4,700 fishin 1993. Due
to earlier maturation and more frequent spawning, the spawning population conssts of about four timesas
many males asfemales. 1n 1990, the most recent year between 1967 and 1991 for which an abundance
edimate is available, about 2,200 females spawned (Table 2-VI-3).

Annua recruitment of adults was estimated from abundance estimates and age-composition data. Age
composition was estimated by interpreting age from cross sections of the first pectord fin rays from a
sampleof fish (1967-1976) or by applying an age-length key derived from these datato lengths of asanple
of fish (1979-1993). Age 15 was assumed to be the age of recruitment to adulthood as that is
goproximately the mean age of first gpawning for femae white sturgeon in the Sacramento- San Joaguin
system. From 1967 to 1991, the number of age 15 recruitsvaried from about 1,400in 197410 11,500in
1967. Mean recruitment for this period was 5,600.

Tag returnsfrom anglers catching tagged fish provide an accurate picture of seasona and annuad changesin
digtribution of white sturgeon if angling effort isdistributed smilarly to thefish. From 1974 to 1994, 66% of
tag returns were received from the Suisun and San Pablo Bay area (Table 2-VI-4). Many sturgeon are
found in these two baysthroughout the year, but pesk fishing in Suisun Bay occursfrom November through
February; it occurs from December through March in San Pablo Bay (Table 2-VI1-4). In San Francisco
Bay, over haf the annud catch is taken from January through March and dmost no fish are caught from
August through October.

Some sturgeon moveinto the Ddtain fal and their numbersincreasein winter (Table2-V1-4). A portion of
thesefish, presumably those that are mature and ready to spawn, move up the Sacramento River and are at
highest abundance there from March through May.

Movement of white sturgeon into the San Joaquin River in the spring (Table 2-V1-4) suggests spavning
occurstheredso. If the number of tag returnsfrom each river isavalid indicator of the relative number of
gpawning fish, ten times (spring tag return ratio of 60:6; Table 2-V1-4) asmany white surgeon spawninthe
Sacramento River asin the San Joaguin River.

In recent years, some white sturgeon have moved out of the estuary and migrated up the coast to Oregon
and Washington. Chadwick (1959) reported one white sturgeon tagged in 1954 was returned from the
Columbia River, but no additiond evidence of coastwise migration was seen until 1985 when a white
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sturgeon tagged in 1979 was captured in the Chehdis River, Washington. Since then, 15 more tagged
white sturgeon have been caught in six river systems north of Cdifornia. In spite of alarge-scae white
surgeon tagging program in the Columbia River in recent years, no Columbia River fish have been
recaptured in the Sacramento- San Joaquin system.

The digtribution of the white sturgeon catch within the Sacramento- San Joaquin Estuary has changed over
the years. Recently, the percentage of tag returns from the delta has increased substantially while returns
from San Francisco Bay have declined (Table 2-V1-5). Whether thisreflectsachangein sturgeon behavior
or only ashift in angler effort is unknown.

Another prominent change in the distribution of tag returns occurred in the early 1980s when catches in
Suisun Bay decreased and catches in San Pablo Bay increased (Table 2-V1-5). Thisprobably reflectsa
response to the two extremely wet years (1982 and 1983) in this period because white sturgeon appear to
move within the estuary in response to flow, which affects sdinity. They are farther upstream when sdine
water encroaches eastward in dry years and farther downstream when brackish water is pushed westward
inwet years. In dry years, 31% of tag returns came from Suisun Bay and 22% from San Pablo Bay. In
wet years, 17% of tag returns came from Suisun Bay and 47% from San Pablo Bay.

Table 2-VI-3. Egtimate of the number of white sturgeon spawning each year
in the Sacramento and San Joaquin rivers.

Y ear 1954 | 1967| 1968 | 1974| 1979| 1984| 1985| 1987| 1990| 1993

Abundance | 11200 |114700| 40000 | 20700| 74500 |119800|107700|106100| 36700 | 23100

Size composition

100-120 | 0.1666|0.4341 | 0.4341 | 0.386|0.5985|0.5413|0.4126| 0.442 | 0.3977| 0.6993
cm

121-140 | 0.2102|0.3492| 0.3492 (0.2641|0.2744 {0.3486|0.4376 | 0.3821 | 0.3324| 0.1812
cm

141-160 | 0.4723 | 0.1614 | 0.1614 |0.2596| 0.089 | 0.087 [0.1207 [0.1366 |0.2031| 0.082
cm

161-180 (0.1295| 0.041| 0.041| 0.077| 0.034| 0.02| 0.025| 0.031| 0.048| 0.031
cm

>180cm| 0.021| 0.014| 0.014| 0.014 0 0 0| 0.01| 0019 0.01

Fraction mature Males |Femdes




2-VI-38

WORKING PAPER ON RESTORATION NEEDS

100-120cm| 0.28| 0.05
121-140cm| 041]| 0.12
141-160cm| 047| 0.20
161-180cm| 0.54| 0.27
>180cm| 0.33| 0.26
Spawners (by size group)
Y ear 1954 | 1967| 1968 | 1974| 1979| 1984| 1985| 1987 | 1990| 1993
Males

100-120 261 | 6971| 2431| 1119| 6242| 9079| 6221 | 6565| 2043| 2262
cm

121-140 483 | 8211| 2863| 1121| 4191 | 8561| 9662 | 8311| 2501 858
cm

141-160 | 1243 | 4350| 1517 | 1263| 1560 | 2444| 3055| 3406 | 1752 442
cm

161-180 392 | 1273 444 | 429| 676 634| 715 874 479 192
cm

>180 cm 40 269 94 46 54 75 78 154 112 27
Totd | 2418 | 21074| 7349 | 3978| 12723 | 20793 | 19731 | 19310| 6886 | 3782
maes

Females

100-120 47 | 1245 434| 200| 1115| 1621| 1111| 1172| 365 404
cm

121-140 141 | 2403 838| 328| 1227 | 2506| 2828 | 2432| 732 251
cm

141-160 529 | 1851 646| 537 664| 1040| 1300| 1449| 745 188
cm

161-180 196 636 222 | 215 338 317 358 437 239 96
cm

>180 cm 31 212 74 36 43 59 62 121 88 22
Tota 944 | 6347| 2214| 1316| 3386| 5543| 5658| 5612 | 2170 961
femdes
Tota | 3362 | 27421 | 9563 | 5294 | 16109 | 26336 | 25389 | 24922 | 9056 | 4742

spawners
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Note: Abundance estimates in 1991 and 1993 are based on the ratio of tagging catch per net-hour in

those years to catch per net-hour in 1990.

Table 2-VI-4. Tag returns by area and month for white sturgeon tagged in the

Sacramento- San Joaquin Estuary and recovered by anglers from 1974 to 1994.
Location Jan |Feb | Mar [Apr|{May | Jun| Jul | Aug| Sep | Oct | Nov | Dec | Tota
Sacramento 3| 2| 20| 30| 10 3| 1 0 0 0 1 2 72
River
Festher River 0| O 0| O Of 0] 1 0 0 0 0 0 1
San Joaquin o O 4| 1 11 0| O 0 0 0 0 0 6
River
Ddta 30| 34| 31| 20| 10| 4| O 0 7 6| 17| 16| 175
Suisun Bay 69| 50| 35| 32| 33| 32| 28| 24| 26| 34| 55| 71| 489
San Pablo 82| 91| 141 | 61| 48| 43| 22| 16| 16| 36| 43| 82| 681
Bay
SenFrancisco| 58| 51| 84| 46| 19| 5| 2 1 1 1| 14| 49| 331
Bay
PacificOcean| 0| O 1] 1 O 1] O 0 0 0 0 0 3
Oregon 0| 4 2| 2 o 1| 4 2 1 0 0 0 16
Washington
Total 242 1232| 318 |193| 121 | 89| 58| 43| 51| 77| 130| 220 | 1774
Percent of 14| 13| 18| 11 7] 5| 3 2 3 4 7| 12
total

Table 2-VI-5. Tag returns by areaand 5-year period for white sturgeon tagged in the
Sacramento- San Joaguin Estuary and recovered by anglers from 1975 to 1994.

Location

Sacramento River

1975-1979

5

1980-1984

5

1985-1989

3

1990-1994

6
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Location 1975-1979 | 1980-1984 | 1985-1989 | 1990-1994

Festher River 0 0 <1 0

San Joaquin River 1 1 <1 <1

Ddta 9 9 8 21

Suisun Bay 28 14 30 32

San Pablo Bay 43 53 36 31

San Francisco Bay 14 18 22 7

Pacific Ocean 0 <1 <1 <1
Oregon-Washington 0 0 1 2

Note: Vauesin the table are percentages of the total 5-year period tag returns.
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Green Surgeon

During the baseline period, 143 green sturgeon were tagged, and an additiona 26 fish weretagged between
1954 and 1965. None have been recaptured during subsequent sampling, so no independent estimates of
abundanceispossble. Asan dternative, green surgeon abundancein the estuary inthefall was estimated
by dividing white sturgeon abundance estimates by the ratio of white to green sturgeon observed during
tagging. Becausethe number of green sturgeon captured each year was so low, no length-age andysiswas
available to provide information regarding production.

During the basdline period, green sturgeon populations varied from ahigh of 1,850 fishin 1967 to alow of
203 fishin 1974. The estimate of average basdline population was 983 fish.

ENVIRONMENTAL REQUIREMENTS
Chinook Salmon

Upstream migration - Seasond increases in streamflow provide an important migration cue for adult
chinook saimon. Higher flows and associated lower water temperatures in the fal simulate upstream
migration of fdl-run chinook salmon.

Upstream migrations of fal-run chinook salmon generdly coincide with decreasing water temperaturesin
fal. Water temperatures during upstream migration usualy range from 51°F to 67°F (Bell 1973). Hallock
(1970) found that chinook sdmon initisted migretion into the lower San Joaguin River as water
temperatures declined from 72°F to 66°F.

Minimum depths are necessary for successful upsiream migration of adult sdlmon. For chinook salmon,
Thompson (1972) recommended that a minimum depth of 0.8 foot extend over at least a10% continuous
portion of the stream's cross-sectiond profile. In addition, the minimum depth should extend over at lesst
25% of the stream'’s cross- sectiond profile overal.

Spawning - Spawning typicaly occurs at the lower end of apool or head of ariffle. Femaes generdly
prefer gravel ranging from 1 to 6 inchesin diameter, depths exceeding 0.5 foot deep, and water velocities
ranging from 1.5 to 2.5 fps (Vogd and Marine 1991), athough the range in depths, water vel ocities, and
substrate composition that chinook salmon find acceptable is very broad (Healey 1991). Provided the
condition of good subgrave flow is met, chinook salmon apparently will spawn in water thet is shalow or
deep, dow, or fast and where the grave is coarse or fine.

Streamflow influences the quantity, qudity, and didribution of chinook samon spawning habitat.
Streamflow directly affects the amount of available spawning habitat by defining the stream area with
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appropriate combinations of water depths, velocities, and streambed characteristics (e.g., subgirate
compoasition). Indirect effects of flow on spawning habitat include effects on water temperature and water
quality, which influence the longitudina extent and seasond availability of suitable spawning habitat.

Relationshi ps between streamflow and chinook salmon spawning habitat availability have been devel oped
for severa dreams in the Sacramento basin through application of the Instream Flow Incrementa
Methodology (IFIM) (Bovee 1982) and related techniques. Theresultshaveformed the basisfor assessing
indream flow requirements or evauating dternative operations and reservoir release schedules. Habitat-
discharge relationships are currently available for the American River (USFWS 1985) and Y uba River
(Beak 1989) (Figures2-VI-36 and 2VI-37) and are being developed for the Feather and upper
Sacramento rivers.

Mature females subjected to prolonged exposure to water temperatures above 60°F have poor surviva
rates and produce less viable eggs than females subjected to lower water temperatures. Extremely cold
water (less than 38°F) dso resultsin poor adult survival and egg viability (Hinze 1959).

I ncubation - Incubation time declineswith incressing water temperatures. Maximum surviva of incubating
eggs and yolk-sac larvae occurs at water temperatures between 41°F and 56°F. At constant water
temperatures, surviva through emergence decreases at water temperatures exceeding 56°F, withnogurvive
occurring at 62°F or higher (Figure 2-V1-38). The effects of hourly or daily fluctuations in water
temperature above 56°F on eggs and yolk-sac larvae are largely unknown.

Hatching success is dso adversdy affected by reductions in dissolved oxygen and increases in metabolic
wadte products resulting from inadequate water flow through theredd. Inadequateintragravel flow may be
caused by streamflow reductions following spawning or increases in the quantity of fine sedimentsin the
gravel. Incubating eggs and larvae require dissolved oxygen at saturation levels. Optimum levelsequa or
exceed 8 milligrams per liter a temperatures between 44°F and 50°F and equa or exceed 12 milligrams per
liter at temperatures above 50°F (Raeigh et d. 1986).

Rearing - Chinook sdmon fry tend to seek shalow, nearshore habitat with low water velocities and move
to progressively deeper, faster water asthey grow. In streams, chinook salmon fry feed mainly on drifting
terrestrial and aguatic insects, but zooplankton become more important in the lower river reaches and
estuaries.

Streamflow isadominant variable affecting chinook salmon rearing habitat. Streamflow directly determines
the amount of physica habitat with gppropriate combinations of depth, velocity, substrate, and cover for
chinook salmonrearing. Streamflow aso influencesthe extent of suitablewater temperatures, water qudity
conditions, and habitat for production of aguatic invertebrates, amgjor food sourcefor juvenilesdmonidsin
fresh water. Reationships between streamflow and juvenile rearing habitat have been developed for the
American and Y uba rivers through application of IFIM (Bovee 1982) (Figures 2-VI-36 and 2-VI-37).
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The habitat preferences of juvenile chinook saimon change with increasing body sze; newly emerged
chinook salmon fry typically occur dong margind areas of streams but seek faster, degper water as they
grow (Lister and Genoe 1970, Everest and Chapman 1972). Generaly, chinook salmon fry prefer depths
of 0.5-3 feet and water velocities of 0.1-1 fps (Raeigh et a. 1986).

In generd, juvenile chinook salmon tolerate water temperatures from 32°F to 75°F, but the optimal range
for surviva and growth is from 53°F to 64°F (Raeigh et d. 1986). In the natura environment, water
temperature affects juvenile chinook salmon growth and surviva through complex physiologica responses
that can be modified by acclimation and behavior. In generd, responses to water temperature vary

depending on fish size; the duration and frequency of exposure to a given water temperature; physica

habitat conditions; food availability; and the presence of competitors, predators, or disease.

Figure 2-VI-40 presents surviva and growth rates of juvenile chinook salmon fed maximum rations and
exposed to different water temperatures under laboratory conditions. Because maximum feeding levelsare
probably seldom redlized in the natural environment, the growth curve was modified based on a60% ration
leve.

Downstream migration - How influences digtribution, abundance, and surviva of emigrating juvenile
sdmonids.  Generdly, higher flows improve survivd and migration success of juvenile sdmonids by
increasing migration rates, reducing exposureto diversons(i.e., reducing the proportion of flow diverted),
and mantaining favorable water quality conditions (eg., water temperature). Other factors that may
influence the success and timing of juvenile chinook downstream migrationsincude growth rate, interspecific
competition, and genetic makeup (i.e., ocean-versus stream+-type life history srategies).

Ocean life - Overdl salmon production depends on both freshwater conditions (factors affecting adult
migration, spawning, incubation, rearing, and emigration) and ocean conditions (factors affecting ocean
sdmon growth, survival, and migration back to fresh water). Much moreisknown about thefreswater life
higtory, biology, and environmenta requirements of saimon. The ocean ecology of sdmon has been
generdly neglected, and studies of the factors affecting chinook salmon populationsin the ocean have only
recently been initiated (Pearcy 1992).

Ocean surviva of sdmon depends on acomplex interaction of oceanographic, meteorologic, and biologic
factors. Increased marine surviva of Pacific sdlmon iscommonly associated with upweling eventsthat bring
cold nutrient-rich water from deegp ocean layersto the surface d ong the eastern Pacific Coast during spring
and summer (Lichatowich 1993). El Nifio events, which trangport warm, low-sdinity water from

subtropica regions, can suppress or reduce the intensgity of upweling, leading to poor marine surviva and
reduced abundance of adult salmon. The periodic, southward transport of subarctic waters aso enhances
productivity off Cdifornia. In addition, increased marine exploitation of important forage species (eg.,

Cdifornia sardine, hake, and anchovy) has likely affected ocean salmon production. Overdl, forage fish
biomassin the Cdifornia current declined from gpproximately 25 million tonsin 1905 to 4.5 milliontons by
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1950 and has remained well below historical levels. Before the collapse of the California sardine market,
the sardine may have been an exceptiondly rich energy source for sdlmon and a buffer againgt predation
during the species first summer at sea (Lichatowich 1993). Lichatowich stated:

If the Cdiforniacurrent has undergoneachangein date’ that influences sdmon production
then it follows that the state of the freshwater links in the chain may become more
important. Hedlthy freshwater habitats may become more critical when oceanic produc-
tivities are lower and marine mortality higher. Our degradation of freshwater habitat
combined with cyclic changesin ocean productivity and high harvest rates may have had
the effect of "burning the candle at both ends.” Cyclesof ocean productivity can a thevery
least mask the effects of improvements in freshwater habitat or hatchery production or
cause us to falsdly attribute increased marine surviva to restoration effectsin freshwater.
However, there may be important additive or multiplicative consequences of freshwater
habitat degradation in the troughs of ocean productivity cycles.

Steelhead

Upstream migration - Upstream migrations of stedhead generaly coincide with flow increases and
temperature decreases, smilar to chinook salmon.

Spawning - Spawning flow needsfor stedhead are afunction of theflow necessary over suitable spawning
gravel sto provide appropriate water depths and current vel ocitiesfor successful soawning. Thewater dso
must be of sufficient temperatureand qudity. Barnhart (1986) reported stee head spawning in weater depths
of 528 inches, and Bovee (1978) reported an average water depth of 14 inches. Barnhart (1986) also
reported steelhead spawning in water velocities of 0.5-3.6 fps, and Bovee (1978) reported a preferred
velocity of 2.0 fps. Reynolds et a. (1993) reported a spawning velocity preference of 1.5 fps.

From various experiments and literature sources, Leidy and Li (1987) reported the following temperature
ranges for steelhead spawning:

Optimum 46.0-52.0°F
Chronic low stress 52.1-57.5°F
Chronic medium stress 57.6-61.0°F
Chronic high stress Greater than 61.0°F

Spawning redd stes selected by steelhead generdly have grave particle sizesthat are 0.25-3.0 inchesin
diameter (Reynoldset d. 1993). Theaverageredd sizefor Sacramento River basin steelhead a so appears
to be smdler than the average redd size in California streams reported as 56 square feet (Reynolds et al.
1993). Spawning success (egg hatching and fry emergence) ishighly dependent on flow, temperature, and
dissolved oxygen surrounding the developing embryos. Gravels with high permeshiility and few fines (less
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than 5% sand and st by weight) were reported by Barnhart (1986) as existing in highly productive
steel head spawning streams.

Incubation - Egg incubation timein the grave is determined by water temperature, varying from about 19
days at an average water temperature of 60°F to about 80 days at an average temperature of 40°F. Upto
80-90% of the eggs hatch under favorable conditions (Skinner 1962). Steelhead seem to tolerate fewer
fines than chinook salmon, probably because oxygen requirements for developing embryos are higher
(Reynoldset a. 1990). Positive correlations have been demonstrated between steelhead egg and embryo
survival and both the percolation rate of water through gravels and the oxygen content of the water
(Reynolds et d. 1990). Steelheed fry usudly emerge from the gravel 2-8 weeks after hatching (Barnhart
1986, Reynolds et d. 1993), which usually occursin April and May on the American River (McEwan and
Nelson 1991).

In order for the fry to emerge, physical and chemicad conditions must remain farly congant within the
indicated ranges throughout the gpproximate 2-month period that the eggs and pre-emergent fry areinthe
grave.

Rearing - Stedhead fry usudly live in amdl schools in shdlow water dong stream banks following
emergence from the gravel. Mortdity is high in the first few months after emergence. Asthe steehead
grow, the schools bresk up and the fish establish individua feeding territories. Though mogt liveinrifflesin
their first year of life, some of thelarger stedlhead livein deeper, faster runsor pools. Their appearanceand
life are smilar to that of nonanadromous resident rainbow trout.

Habitat and other related factors affecting juvenile sedhead in the Sacramento River sysem aresmilar to
those described for juvenile chinook sdimon. Chinook salmon generdly emigrate within afew months after
emergence, however, and steelhead rear to alarger szethansamon. Consequently, juvenile stedhead are
more dependent on larger and more abundant food resources than are sdlmon and aso utilize deeper and
faster runs and pools asthey grow to larger sizes before emigration.

Another mgor difference between salmon and steelhead juvenile rearing is that stedhead juveniles must
have suitable summer habitats (e.g., flows and water temperatures); juvenile chinook salmon generdly are
not present in tributary streams during summer.  Juvenile steelhead summer rearing habitet in the form of

suitable flows and water temperatures is generdly characterized as the mgor factor limiting steelhead

abundance. Thepresenceof upstream barriers, typically largedams, aso limits steelheed rearing to physical

habitats (typicaly large, mainstem tributary rivers) that are not optimal or suitable for stedhead rearing.

Rearing flows need to be adequate to providethe physical habitat needed by steelhead fry and juveniles, as
well as that needed to produce the aguatic insects and other invertebrates on which they feed. Bovee
(1978) shows sted head fry using water gpproximately 2- 15 inches deep but preferring water about 8inches
deep. Suitable water velocities are generaly 0.3 to 1.0 fps, with optimal velocitiesabout 0.6 fps. Bovee
(1978) shows stedlhead juveniles using deeper and faster water with water depths approximately 7-24
inches deep, with optimal depths about 14 inches, and vel ocities about 0.3- 1.5 fps, with optima velocities
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about 0.9 fps. The existence of pools can be especialy important in streamsthat are naturdly or artificialy
subjected to low-flow conditions in summer and fall.

From various experiments and literature sources, Leidy and Li (1987) generated the following temperature
ranges for sedheed fry and juvenile rearing in the American River:

Optimum 55.0-60.0°F
Chronic low stress 60.1-68.0°F
Chronic medium stress 68.1-72.5°F
Chronic high stress Greater than 72.5°F

Theactud effectsof chroniclow, medium, or high stresstemperatures on abundance, however, depend on
severd factors, including exposure duration, acclimation abilities, food availability, water qudity, and
groundwaeter dynamics. Numerous other water temperature criteriaavailable for seehead fry and juvenile
that are not presented here are the basis of the criteria developed by Leidy and Li (1987).

Juvenile downstream migration - Juvenile sedhead emigration rates are influenced by water temperatures
and current velocities. Although some stedl head have been collected in most monthsat the tate and federa
pumping plantsin the Ddlta, the pesk numbers sdvaged a these facilities have been primarily in March and
April in most years,

From various experiments and literature sources, Leidy and Li (1987) reported the following temperature
ranges for sedhead emigration and smoltification:

Optimum 44.4-52.3°F
Chronic low stress 52.4-59.3°F
Chronic medium stress 59.4-63.2°F
Chronic high stress Greater than 63.2°F

Again, these are generd ranges and the actud effects of these temperature ranges on steelhead emigration
surviva depend on numerousother factors. Additional sourcesof informetion thet citetemperature criteria
or preferences for stedhead are available.

In their review, Raleigh et a. (1984) reported that photoperiod appeared to be the dominant triggering
mechanism for smolt transformation, with temperature affecting the rate of transformation. Juvenile
stedhead kept in water warmer than 55.4°F from March through June were reported to sustain reduced
levels of smaltification. However, reduced flows and coincident warming spring water temperatures, a
natural phenomena prior to dams, and high flows or freshets may aso trigger juvenile emigration.

Ocean life- Littleis known about stedlhead and their environmenta requirements during the 1 or 2 years
that most spend in the ocean. Mortditiesduring this period aredmost exclusively from natura conditionsin
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the ocean environment. There is no commercid or sport fishery for sedhead in the ocean, and for
unknown reasons, they are rarely taken by commercia or sport salmon trollers (Skinner 1962).

Striped Bass

Upstream migration - Upstream migration of striped bassislikely controlled by flow, water temperature,
and seasonal factors in the Sacramento-San Joaguin River system.

Spawning - Spawning may begin after the water temperature exceeds approximately 58°F and during, or
immediately following, an averagetemperaturerise of 34-36°F (Turner 1976). Spawning generaly occurs
when temperatures areincreasing and is most intense at water temperatures from 63-68°F to (Turner 1976,
Mitchell 1987). Most eggs are spawned during peaks that may last one or severa days (Interagency
Ecologica StudiesProgram 1991, 1993). During the spawning season, two to four peaks encompass most
of the annua egg production.

Spawning peaks in the Sacramento River and the Delta have occurred over a temperature range of 58-
71°F. The average water temperature during a peak spawning event was 62 F.

Although spawning in the Delta has occurred when salinity exceeded 1,500 microsiemens (uS) dectrical
conductivity (EC), the effect on egg and larva surviva is unknown (DFG 1987). Laboratory studies
indicate thet sdlinitieslessthan 1,500 uS EC do not adversdly affect egg survival.

The downstream extent of spawning is usudly near Antioch, but in years when sdinity intruded into the
Ddlta, spawning occurred severd milesfarther upstream (DFG 1987). Theshift in gpawning hasnot dways
avoided higher than normd sdinity, and spawning has been recorded in salinities exceeding 1,500 uS EC.
Striped bass generaly return to the same spawning area each year, but regular occurrence of high dinities
may gradually reduce the use of thelower San Joaquin River in the Deltaas aspawning areabecause of the
preference of fresh water for spawning.

Incubation - In the Sacramento River, eggs and larvae are transported downstream of Rio Visawithina
few daysand arrivein the Deltabefore larvae begin feeding (Low and Miller 1986). Thedestination of egg
and larva striped bass appearsto be afunction of flow conditions (Turner 1987). Under high Sacramento
River flow and high Delta outflow, eggs and larvae from both the Sacramento River and Delta spawnings
are concentrated downstream in Suisun Bay. Under low-flow conditions, eggs and larvae are generaly
concentrated in the Delta.

The movement of eggs and larvae downstream in the Sacramento River is clearly afunction of flow, with
higher flows moving eggs and larvae more rapidly downstream. Once eggs and larvae are in the Ddlta,
movement downstream may become more dependent on larva and juvenile behavior and thelocation of the
entrgpment zone (i.e., the zone where sdlinity is between 2,000 and 10,000 uS EC).
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Larva sriped bass accumulate in or upstream of the entrgpment zone (i.e.,, near or upstream of sdinity
greater than 2,000 uS EC) (Fujimura1991, Kimmerer 1992). Larvaeare concentrated in the entrapment
zone and dightly upstream, congstent with larval behavior to avoid the surface and to concentrate a mid-
depth and near the bottom (Fujimura 1991). Striped bass do not appear to undergo did (i.e., night and
day) verticd movementsto maintain position with their prey. Positionin thewater column may beafunction
of factors other than feeding.

Rearing - Smilar to larvae, early juveniles a least 1.52 inches long accumulate in or upstream of the
entrapment zone (i.e., near or upstream of sdinity greater than 2,000 uSEC) (Fujimura1991, Kimmerer
1992) (Figure 2-V1-40). During high-flow years, the entrgpment zone and most YOY  striped bass are
located in Suisun Bay into fal (Turner and Chadwick 1972). During low-flow years, the entrgpment zone
and most YOY dtriped bass are located in the Delta. YOY bass tend to move out of the Delta and into
Suisun and San Pablo bays during latefall and winter (Sasaki 1966a, 1966b; Turner and Chadwick 1972).
Movement downstream is more apparent in low-flow yearsand obscured during high flow years. After the
winter of the firgt year, movements of juvenile striped bass appear to be similar to adult bass.

American Shad

Upstream migration and spawning - Instream flows and water temperatures are the most critica

environmenta requirements for successful shad migration and spawning. Flow relationships areimportant
for determining the spawning river chosen by virgin shad, and temperature is an important factor triggering
migration and spawning behavior.

Thetiming of pawning migrationsishighly correlated with water temperature. Upstream migration of adult
shad generdly occurs aswater temperaturesincrease during spring. However, adult shad may discontinue
their upstream migration if water temperatures exceed 68°F (Stier and Crance 1985). Furthermore, water
temperatures exceeding 68°F are known to increase mortality among postspawning adults (Moyle 1976).
Theinitiation of spawning is dso corrdated with water temperatures, spawning is generaly delayed until

water temperatures exceed 60°F.

Water temperature gppears to be the most important factor that determines the timing of shad spawning.
Spawning may occur at water temperatures as low as 50°F, but the general range appearsto be 60- 75°F.
Theoptimum rangeislikdy 62-68 °F (Skinner 1962). Inthe Feather River, shad spawning does not occur
until water temperatures reach 60°F and peaks at 70°F (Painter et d. 1977). In the Yuba River, shad
spawning did not occur until mean daily temperature reached 61°F (Jones & Stokes Associates 1990).
Most shad spawning occursin May and June.

Spawning typically occursover sand to gravel substratesin depthsof 3-30feet (Painter et d. 1980). Jones
& Stokes Associates (1990) concurred with the depth findings but found spawners concentrated within a
gpecific range of mean water velocitiesof 1.5-2.4 fpsontheY ubaRiver. Because shad spawningispelagic
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and not limited to a fixed dite, asis sdmon and stedlhead spawning, it can occur repeatedly at the same
locations without any apparent adverse effect on egg surviva.

Dissolved oxygen concentrations of 5.0 milligrams per liter or more are required throughout spawning areas
(Walburg and Nichols 1967).

Incubation - Egg survivd is dosdy reaed to water temperatures. Temperatures for maximum hatching
and survivad of eggs and larvae are 60°F to 79°F. Leach (1925) reported that 52°F isvery near minimum
temperature for successful egg incubation. Water temperatures exceeding 80°F are unsuitable for egg
hatching and eventua larval development (Carlson 1968). 'Y oung shad appear to be extremely tolerant of
sdinity and sdinity changes, beginning at the earliest gages of life. (Steir and Crantz 1985.)

Rearing - Water temperatureisanimportant factor affecting growth and surviva of juvenile American shad.
The lower thermal tolerance limit is about 36°F, but sublethd effects suggest that prolonged exposure to
40-43°F cannot betolerated. Juveniles have beengenerdly found in water temperaturesranging from 50°F
to 85°F. (Steir and Crance 1985.)

Dissolved oxygen concentration requirements for juvenile rearing are Smilar to those for adults during
upstream migration and spawning.

It appearsthat shad larvae are much lesstolerant of suspended sedimentsthan are eggs. Auld and Schubel
(1978) reported that concentrations of suspended sediments greater than 100 parts per million significantly
reduced surviva of shad larvae continuoudy exposed for 96 hours. (Stier and Crance 1985.)

Food availability could be an important factor for some shad populations. The mogt critica timein thelife
cycle apparently occurs when the larvae have first absorbed the yolk and must find their own food
(Hildebrand 1963). May (1974), however, does not believe that available data support Hildebrand's
hypothesis.

Downstream migration - Little gpecific information exists on downstiream migrationsof American shadin
Cdifornia. Juveniles begin emigrating from riverswhen water temperatures drop below 60°F (L eggett and
Whitney 1972). Environmenta requirements are likely smilar to those for rearing.

White Sturgeon

Upstream migration - Littleinformation isavailable concerning the abilities of white surgeon to negotiate
upstream passage barriers. A recent literature search failed to | ocateinformation on cruising, sustaining, and
darting speeds for white sturgeon (Jones & Stokes Associates 1992). However, sturgeon do spawnin
relatively swift water with vel ocities as high as 10 fps measured in areas where sampling has determined the
presence of sturgeon eggs (Pardey et d. 1989).
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Sturgeon are bottom-oriented fish with limited jumping abilities and have little success migrating past
barriers. Warren and Beckman (1991) report that modified fish ladders in the Columbia River that
provided orifices through the weirs at the ladder floor increased passage of white sturgeon over severd
Columbia River dams.

Though limited dataexist on environmenta conditions required to cue spawning, evidence from the Centra
Vdley indicates that increases in flow may trigger adult movement and spawning. For example, no
spawning was detected near Colusa with flows less than 6,356 cubic feet per second (cfs), but spawning
did occur after 1 to 3 days of increased flow over that level (Schaffter 1991).

Little is known of the effects of water temperature on upstream migration of white sturgeon in the
Sacramento- San Joaguin River system. Water temperature and photoperiod could promotethefind stages
of egg maturation and initiate upsiream migration. Chapman (1989) found that temperature did affect perm
production and hypothesized that it likely affected egg production. Although it has not been shown in the
literature for the Sacramento- San Joaquin River system, a threshold temperature may initiate upstream
migration and spawning in some populations. Haynes et d. (1978) found that sturgeon migrationsin the
Columbia River occurred only at temperatures above 55°F. However, sturgeon in the Sacramento River
have migrated at temperatures as low as 46°F (Kohlhorst 1976).

Spawning - Little information relating environrmenta conditions to the initiation or success of spawningin
durgeonisavalable. In particular, few dataexist relaing flow with sturgeon spawning habitat or success.
White sturgeon in thelower Columbia River spawned in the swiftest water available (2.6 to >9.2 fpsmean
column velocity) (Pardey et d. 1992). Some preliminary data suggest that flow velocity may trigger
gpawning in fema e sturgeon (Schaffter 1990). River flow actsto disperse eggsand prevent clumping of the
adhesive eggs.

Sturgeon in the Sacramento- San Joaquin River system spawn within temperature ranges of 46-64°F, with
most spawning occurring when water temperatures are 58°F (K ohlhorst 1976); however, Kohlhorst did not
note a temperature effect on the intensity of spawning or atemperature threshold for spawning.

Substrate requirements for spawning have not been determined. However, Schaffter (1991) collected
fertilized eggs where subgrates were primarily gravel and rubble. Because of the adhesive nature of

sturgeon eggs, areas of Slt-free gravel appear to berequired for successful sturgeon spawning. Thenature
of spawning Ste sdection and the availability of cleen grave spawning areas with sufficient flow are
unknown.

Incubation - There are no published datare ating environmental conditionsto eggincubation and hatchingin
thewild. Data presented below are from laboratory studies.

Optimum temperatures for incubation and hatching range from 52°F to 63°F; higher temperaturesresultin
greater mortality and premature hatching (Wang et a. 1985, 1987). Under culture conditions, white
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sturgeon eggs hatch synchronoudy (Brewer 1987, Conte et al. 1988). Mass hatching of sturgeon eggs
generdly occursduring darkness (Brewer 1987). Both synchronous hatching and hatching during darkness
may be adaptive mechanisms to minimize predation on larvee.

River flow isimportant to maintain oxygen levels and remove waste products & the egg surface. After
sturgeon larvae hatch, the currents act to disperse the larvae downstream from the spawning grounds.
Severd authors have reported the effects of temperature on incubation and early development of sturgeon
(Wang 1984, Wang et d. 1985, Doroshov 1985, Conteet a. 1988). Wang (1984) found astrong inverse
correlation between temperature (52-68°F) and incubation period (-0.9567), and temperatures and yolk
depletion (-0.9943) in the temperature range of norma development (Figure 2-V1-41). Eggincubaion can
last 4-14 days after fertilization, while yolk depletion can occur 15-30 days &fter fertilization. Optimum
temperatures for white sturgeon incubation and larval development are between 52°F and 63 °F (Wang &t
a. 1987). Higher mortality and premature hatching occurs a 64-68°F. Temperaturesof 73-79°F arelehd
to sturgeon embryos (Wang 1984). A lower temperature limit has not been defined; however, Wang et d.
(1987) suggest that it might be between 43°F and 46°F. Based on Wang's (1984) correlaions, incubation
and yolk depletion at temperatures reached during the peak spawning season (58°F) (Kohlhorst 1976)
would be approximately 9 days and 24 days &fter fertilization, respectively.

Effects of most water quality parameters on incubation and emergence of white sturgeon are not well
documented.

Rearing - Water temperature can affect juvenile sturgeon growth and health. Under laboratory conditions,
maximum growth occurs at rearing temperatures of 68°F, but rearing at lower temperatures (61-65°F)
reduces the incidence of disease (Cech et d. 1984, Conte et al. 1988).

Daily food ration needs for wild fish are unknown. Under culture conditions promoting maximum growth,
young sturgeon are fed 20-30% of their body weight per day until they reach 3 grams and 15% of their
body weight until they reach 15 grams (Doroshov et d. 1983). Sturgeon that weigh over 28 gramsarefed
1-1.5% of their body weight per day. Because sturgeon primarily feed on benthic organisms, reduced
populations of these organisms would likely have the most detrimental effect on sturgeon growth and
urvivd.

Juvenile sturgeon are known to be senstive to slinity (McEnroe and Cech 1985, Brannon et a. 1985,
Brewer 1987), but the effects of other water quality parametersarerdatively unknown. 'Y oung Sacramento
River white sturgeon had low surviva in 10 parts per thousand (ppt) sdinity (McEnroe and Cech 1985).
Sdinity tolerance did not appear to change with age or sze in larva and juvenile Columbia River white
sturgeon (1-83 days before hatching) (Brannon et d. 1985). Larvae and juvenilescould not tolerate direct
sdinity increasesto 11 ppt, and no fish survived transfer to aquariawith 16 ppt. Thosefishthat survived 11
ppt salinity were duggish in response. Acclimation of larger fish improved tolerance to 15 ppt. Brannon
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et d. (1985) aso demonstrated that sturgeon larvae and fry can respond to sdinity gradients by avoiding
higher inity areasin aguaria.

Downstream migration - Adult and subadult Sacramento River white sturgeon currently use San
Francisco, San Pablo, and Suisun bays and the Deltayear-round (Miller 1972b). Sturgeon distributionin
the Ddtais sgnificantly corrdated to river flow, which dso influences sdinity regimes (Kohlhorst et d.
1991). Asriver flow isdecreased, the marine waters penetrate farther up into the Delta. During dry years,
more tagged fish have been recaptured in Suisun Bay than areasfarther downriver. During wet yearswith
higher river flows, more tagged fish were recaptured in San Pablo Bay and areas farther downstream.

Green Surgeon

Environmenta requirementsfor green sturgeon arelargely unknown, but are assumed to besmilar tothose
of white sturgeon.
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SECTION VII. PROBLEMSFOR CENTRAL VALLEY
ANADROMOUSFISHES

CHINOOK SALMON
General Problems

Upstreammigration - Reservoir operations have dtered the naturd flow regimeof Centra Valey dreams
by changing the frequency, magnitude, and timing of flow. These changes potentidly affect dl chinook
sdmon lifestages. Extremely low or high flows can block or delay migration to spawning aress by
preventing passage over shalow riffles or cregting excessive water velocities.

Water temperature affects the timing of chinook salmon spawning migrations, athough the migratory
response to water temperature may differ among chinook salmon races. Low flows and higher water
temperatures can inhibit or delay migration to spawning aress.

Spawning - Water temperatures|imit the geographic rangein which chinook salmon can successfully spawn
and adversdly affect survivad at temperatures above 56°F.

Dedlining flows and consequent water surface eevations during the chinook salmon incubation period can
cause mortality of eggsand aevinsby dewatering redds, reducing flow ratesthrough theredd, or increasing
water temperatures. For example, fal-run chinook sdmon redds are subject to potential dewatering asa
result of streamflow reductions during the reservoir storage phase, which may begin during the winter
incubation period. Redd dewatering impacts have generdly been assessed using stage-discharge
relationships for known spawning areas and chinook salmon spawning depth criteria (Jones & Stokes
Associates 1991, 1992c).

Rearing - Rapid flow fluctuations can cause stranding of juvenile chinook salmon and subsequent mortdity
of juveniles unable to return to the river. Causes of mortaity include elevated water temperatures, low
dissolved oxygen levels, and predation.

Elevated water temperatures affect juvenilesurviva directly through acute (i.e,, lethd) effectsand indirectly
through chronic (i.e., sublethd) effects. Water temperature becomes lethd at 75°F. Chronic temperature
effects occur at lower temperatures and include physiologica stress, reduced growth rates, and increased
vulnerability to disease and predation. Under laboratory conditions, American River juvenile chinook
sdmon experienced increasing levels of chronic thermal stress as water temperaturesincreased from 60°F
to 75°F (Rich 1987).
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Water diversons reduce surviva of emigrating juvenile salmonids through direct losses a unscreened or
inadequately screened diversions and indirect losses associated with reduced streamflows. Fish screening
and savage efforts a mgor agriculturd diversons have met with variable success, and many smaler
unscreened or inadequately screened diversions continue to operate. Fish losses at diversions can occur
through physca injury, impingement, or entrainment. Delayed passage, increased stress, and increased
vulnerahility to predation are dso factors contributing to mortaity at diversons. Diverson impacts on
anadromousfish popul ations depend on diversion timing and magnitude, river discharge, species(i.e., race),
life stage, and other factors.

Predation on emigrating salmonids is probably of minor sgnificance in unobstructed portions of the
Sacramento River system, but predator efficiency increasesat artificia structuresand impoundmentswhere
fish are concentrated, stressed, or delayed in their downstream migration (U.S. Bureau of Reclamation
[USBR] 1983b).

Subgtantiad lossesin streams de riparian vegetation adversdy affect chinook salmon throughout their Central
Vdley digribution. Riparian vegetation performscritica functionsin stream ecosystems by maintaining bank
gability, providing overhead and instream cover for aquatic organisms, moderating weater temperatures,
contributing nutrientsand energy, and providing habitat diversty. The presenceof riparian vegetation dong
natura streambanks greetly enhances the quality of nearshore aguatic habitat for juvenile chinook salmon.
Overhanging and submerged branches and root systems provide favorable hydraulic characteristics for
resting and feeding; food inputs (primarily terrestrid insects); and shelter from strong, light, swift currents,
and predators. In addition, naturally eroding streambanks are a vauable source of large woody materia
(eg., fdlen trees) in thestream, providing important instream cover and contributing to channel and habitat
diversty.

Sacramento River
Upstream migration and spawning -

Passage barriers - On the upper Sacramento River, the Red Bluff Diverson Dam (RBDD) isa
magor impediment to upstream migration of adult salmon (Halock et a. 1982, Vogel et d. 1988) (Figure 2-
VI1-1). After completion of the RBDD in 1966, the proportion of fall-run chinook salmon spawning above
the dam declined from an estimated average of 94% during 1964- 1968 to an average of 63% during 1977-
1981 (USBR 1985). The extent of delay and blockage was found to increase with increasing river
discharge asaresult of decreasesin the proportion of total discharge passing through or adjacent tothefish
ladders (Figure 2-VI1-2). Blockageof fdl-, latefal-, winter-, and spring-run chinook salmon ranged from
8% to 44% and can be related to the extent of delay (Figure 2-V11-3). Vogd et d. (1988) concluded that
adult sdmon passage problemsat the RBDD were caused primarily by insufficient attraction flowsin thefish
ladders, operation and maintenance problems, and improper configuration of the fish ladder entrances.
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Potential effects of blocked or delayed migration of adult chinook salmon include pre-spawning mortdity,
reduced egg viability, and shifts in spawning digtribution.  Obstructions can cause excessve dday and
energy expenditure, which can result in pre-spawning mortality of adults and reduced fecundity. Fal-run
and late fal-run chinook salmon are probably most susceptible to this source of mortality because they
spawn immediately after migration. Winter-run chinook salmon that do not reach spawning areasabovethe
dam generdly have poor spawning success because weater temperaturesin the Sacramento River below the
RBDD frequently exceed tolerance levels for eggs and fry during the summer incubation period (Hallock
and Fisher 1985).

Raisng the RBDD gates during the nonirrigation season (November EApril 30) is currently being
implemented to facilitate upstream passage of adult winter-run chinook salmon. USBR iscurrently investi-
gating dternatives that would permit the RBDD gates to be raised permanently or for longer periods to
provide unimpeded passage of adult and juvenile chinook salmon.

The Anderson-Cottonwood Irrigation Digtrict's (ACID's) diversion dam, aseasond flashboard dam onthe
Sacramento River near Redding, Cdifornia (Figure 2-V11-1), has caused fish passage problems since its
congtructionin1917. A fish ladder, completed in 1927 and ill in place today, does not effectively attract
and convey upstream migrating chinook salmon past the dam (USBR 1983a). A new fishway wasrecently
ingtalled on the opposite sde of the dam, but its passage effectiveness has not yet been evaluated. The
ACID'sdamisusudly ingdled in early April and removed in late October or early November, resulting in
potentia delay and blockage of winter-, spring-, and fdl-run chinook salmon to upstream spawning aress.

Water temperature and spawning gravels - In the upper Sacramento River, high water
temperatures observed during summer and fal limit the range of successful pawning for winter-, spring-,
and fdl-run sdmon during July-October (Voge and Rectenwald 1987). The downstream limit of suitable
water temperatures for fdl-run chinook salmon in mogt years is near Hamilton City, whereas suitable
temperatures for winter- and spring-run salmon are typicaly limited to the reach above the RBDD
(Figure 2-V1I-1).

Congtruction of Shasta and Keswick dams blocked the recruitment of spawning gravels from upstream
sources to the upper Sacramento River. Lack of grave recruitment and increases in the average size of
streambed materia s have degraded spawning habitat below Keswick Damto at least Clear Creek. Below
Clear Creek, tributary streams increase in importance as a source of spawning gravelsto the Sacramento
River. Intensve gravel mining in most of these tributaries has reduced grave recruitment to the maingem
Sacramento River by more than 50%. Below Red Bluff, grave recruitment principaly occurs from the
natural eroson of historical deposits aong the banks of the Sacramento River. Bank protection and levee
projectsin themiddle and lower Sacramento River have substantially reduced gravel recruitment into these
reaches. (Buer et al. 1984.)
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Existing gravel supplies are adequate to support current population levels of chinook salmon in the upper
Sacramento River. With future population increases, however, spawning gravel may become limited and
gravel retoration would be necessary. Recent restoration efforts by the CdliforniaDepartment of Fishand
Game (DFG) and the Cdifornia Department of Water Resources (DWR) have included placement of
gpawning gravel to restore degraded spawning rifflesin the upper Sacramento River above Clear Creek.
(DWR 1992)

Incubation -

Water temperature - Appropriate water temperatures for egg incubation and emergence are a
critica concern for Sacramento River chinook sdmon. Higtorically, fal water temperatureswerewarmin
the lower reaches of the upper Sacramento, Feather, Y uba, and American rivers, particularly during dry
water years. Spring-run chinook salmon was a dominant race and spawned at higher devations, where
temperatures were notamgjor limiting factor. Fal-run chinook salmon spawned at lower eevations, but in
fdl to avoid letha water temperatures. In generd, immediately after dam congtruction, reservoirswere kept
relatively high and provided colder water in the lower reaches of theserivers. Fal-run chinook sdmon
populations responded to the colder flows earlier in the year, mixed genetically with hatchery salmon, and
began to spawn much earlier than historica sdmon runs. Coincidentally with these earlier runs, Sacramento
River basin reservoirshave, over time, reached lower e evations because of greater demandsfor spring and
summer releases for agricultura and municipa demands. These lower eevations, particularly during dry
water years, now frequently resut in warm water being released from the reservoirs, which causes high
mortdities to incubating fal-run chinook salmon eggs.

Increasing water demands and prevailing drought conditions in recent years have limited the ability to
maintain suitable water temperaturesin the principa winter-run chinook salmon spawning areain the upper
Sacramento River. During the recent drought period, USBR initiated aternative reservoir operations,
including increases in the relative amount of cold water from the Trinity River syssem and low-level bypass
releases at ShastaDam, in an effort to reduce the severity and extent of deleterious water temperatures. A
proposed outflow temperature control structure would improve USBR's ability to control water tempera
tures and significantly benefit winter- run chinook salmon without foregoing power generation. Theplanning
report and find environmental impact statement for the Shasta outflow temperature control device have
been completed (USBR 1992b).

Water quality - Water quality impacts on aguatic resources vary by location and season in
response to variable streamflows and pollutant levels in point-source and nor+point-source agriculturd,
municipd, and indudtrid discharges. Although largely unquantified, water quaity impacts on fish populaions
in the Sacramento River and its tributaries include effects related to heavy metd pollution; high levels of
suspended sediments; and devated levels of nutrients, herbicides, and pesticidesfrom agriculturd drainage.

Simpson Paper Company, which operates a pulp and paper mill near Anderson, has achieved an
approximate 98% reduction in the discharge rate of dioxins and related compounds in recent years. Asa
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result, dioxin concentrationsin fish tissuesfrom the Sacramento River have been reduced 80-90%, and the
current hedlth advisory on consumption of fish taken from the Sacramento River between Redding and Red
Bluff may be lifted in the near future (Sacramento River Information Center 1993).

Heavy metd pollution caused by acid mine runoff principally from the Spring Creek basin continuesto bea
magor source of water quality degradation and fish mortdity in the upper Sacramento River. The Spring
Creek Debris Dam (Figure 2-V11-1) was constructed by USBR in 1963 to control toxic discharges by
coordinating releases with dilution flows from Shasta Reservoir and the Spring Creek Power Plant.
Because of limited storage in Spring Cresk Reservoir and availability of dilution flows, copper and zinc
levels in downstream waters periodicaly exceed levels considered toxic to aguetic life (The Resources
Agency 1989).

In 1984, the Centrd Valey Regiond Water Qudity Control Board (CVRWQCB) adopted water quaity
objectives for copper, zinc, and cadmium in the Sacramento River based on criteria developed by DFG
(Table 2-VI1I-1).

The U.S. Environmental Protection Agency (EPA) listed the Spring Creek basin as an EPA Superfund
cleanup ste. EPA actions have reduced acid mine drainage and ongoing efforts are amed at further
remediation of toxic discharges. EPA sdlected aneutraization trestment plant asan interim strategy that will
virtudly eiminate exiging thregts to the Sacramento River fishery and the Redding municipa water supply
(Sacramento River Information Center 1993).

Rearing -

Flow fluctuations and diversions - Fishlosses dueto stranding have not been well monitored or
documented in Centrd Vdley streams. Stranding of juvenile winter-run chinook sdmon hasoccurredinthe
upper Sacramento River following rapid flow reductions associated with operation of the ACID's dam.
Since 1970, limitations on flow reduction rates at Keswick Dam have minimized stranding losses (USBR
1983a).

Table 2-VII-1. Lethd concentrations of dissolved metds

96-hour 96-hour
Metdl LC10 (mg/l) LC50 (mg/l)
Copper 19 32
Zinc 40 84
Cadmium 0.8 11
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Note: mg/l = milligrams per liter.
Source:  Vogd and Rectenwald (1987).

Flood control structures on the Sacramento River (Moulton, Colusa, Tisdale, and Fremont Weirs) divert
Sacramento River water from the main river into the Butte Creek basin and the Sutter and Y olo Bypasses
during mgor flood events. As aresult, juvenile chinook saimon and other anadromous species migrating
down the Sacramento River can be diverted into the bypasses, wherethey are subject to potentid migraion
delaysor entrgpment asfloodflowsrecede. Although juvenilefdl-, spring-, and winter-run chinook ssimon
are likely to be present in the bypasses during major winter floods, surviva rates associated with these
migration routes are unknown. Adult sdmon entering the bypasses during their upstream migration may be
delayed or blocked by control structuresin the bypass channdls, but efforts have been made to dleviate
passage problems by ingtaling or upgrading fish ladders at known obstructions.

Riparian habitat - Riparian vegetaion has been Sgnificantly reduced dong much of the
Sacramento River and itsmgor tributariesasaresult of agricultural conversion, urbanization, timber and fuel
harvesting, channdlization, levee congtruction, streambank protection, streamflow regulation, bank erosion,
and other land use activities. Exigting riparian woodland aong the Sacramento River islessthan 5% of its
historical acreage and river edge vegetationislessthan 50% of itshistorical extent (The Resources Agency
1989). Approximately 5-15% of the historical acreage remains on tributary streams (Mills and Fisher
1993).

Riparian loss has been greatest in the middle and lower reaches of the Sacramento River and Ddtaas a
result of levee condruction and bank protection projects. The most significant fisheries impacts are
attributable to bank protection projects, which typicaly require remova of nearshore riparian vegetation,
grading of the bank dope, and placement of rock revetment over the graded dope. Shaded riverine aquatic
habitat is of greatest concern because of the unique fishery vaues associated with this habitat type and
substantia lossesthat have aready occurred. Replacement of naturally eroding bankswith rock revetment
has been shown to locally reduce densties of juvenile chinook samon; chinook saimon densties in
undisturbed aress are typicdly 4-12 times higher than in riprapped sites (Michny and Hampton 1984,
Michny and Deibel 1986).

Levessand other flood control structures have drastically reduced the occurrence and extent of temporarily
flooded terrestria habitat that seasondly provided thousands of acres of potentia rearing habitat for juvenile
chinook salmon.

Since 1971, the U.S. Army Corps of Engineers (Corps) incorporated severd features into the Chico
Landing to Red Bluff Bank Protection Project to mitigate project impacts on fish and wildlife resources.
The primary mitigation measures were usng rock fill to save riparian vegetation that would otherwise be
removed, replanting affected areas with riparian vegetation, and condructing artificid rearing benchesor fish
dopes.
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Little information is avallable to assess food avalability for juvenile chinook sdmon in rddion to
environmental variation. Comparative studies of invertebrate production in revetted versus naturd bank
areas have not been conducted. Drift dengties of invertebrate prey specieswere not substantidly different
between revetted and natural banks (Schaffter et a. 1983).

Downstream migration -

Flow and water temperature - In recent years, increased flow rel easesfrom Keswick Reservoir
(up to 14,000 cubic feet per second [cfs]) and reduced diversionsin May have been designed to assist the
downsiream migration of hatchery juveniles released in the upper Sacramento River (USBR 19864).
Correlations between Sacramento River flows during the chinook salmon smolt emigration period and the
number of adults returning to Sacramento River tributaries (Dettman et d. 1987) indicate that flow, or
factors related to flow, significantly affect chinook salmon surviva and abundance.

Thetiming and digtribution of chinook salmon emigration in the Sacramento system are affected by runoff
conditions. In generd, high flows during the early rearing period result in downstream displacement or
active migration of large numbers of fry. Under low-flow conditions, most fry remain in upstream rearing
areas and emigrate during the norma smolt emigration period. Fdl-run chinook sdmonfry abundanceinthe
lower Sacramento River and northern Delta during the winter months generaly increases as Ddtainflow
increases (Figure 2-V11-4). Pesk numbers of fry in the lower Sacramento and Delta are associated with
highwinter flowsor flow pulsesin the Sacramento River (U.S. Fish and Wildlife Service[USFWS] 1993).

Figure 2-V11-5 showsagenerd relationship between average monthly Sacramento River flow tothe Ddlta
and the proportion of juveniles moving downstream. Factorsinfluencing smolt emigration timing appear to
be more closdy related to growth rate, fish Sze, and water temperature, dthough increased flow may act to
dimulate downstream migration (Wedemeyer et d. 1980). Downsiream movement of juvenile chinook
sdmon may aso betriggered by declining flow and rising water temperatures during the late pring months.
Pesk emigration rates generally occur at night or during periods of high turbidity (Voge et a. 1988).

Mark-recapture studies of fal-run chinook sdmon smoltsdemonsirated that smolt surviva through the Delta
was positively correlated with Sacramento River flows and negetively correlated with water temperatures
and the fraction of Sacramento River flow diverted into the Ddta Cross Channel (DCC) and Georgiana
Sough during the April-June emigration period (USFWS 1987). Further studies designed to etimate the
independent effects of these variables indicated that water temperature and diversons were key causa

factors affecting smolt sunviva (Kjelson and Brandes 1988). A regresson model was developed to
estimate Delta smolt mortaity as a function of Sacramento River water temperatures at Freeport, the
fraction of Sacramento River flow diverted at Walnut Grove, and total State Water Project (SWP) and
Centrd Valley Project (CVP) exportsin the south Delta (Kjelson et d. 1989). Figure 2-VII-6illudrates



45

40 = 1983

£

e 35
S

g 30
E

=

£ a5t
35

m

L 20}
om

£

o

'g 15
£ 10|
o

o

£ BF
@

E D 1 1 | 1 | 1 1 |

0 10 20 30 40 50 60 70 80

Sacramento River Flow at Sacramento (cfs x 1,000)

SOURCE: U,5. Fiah and Wikilies Bervice (1893),

RELATIVE ABUNDANCE OF CHINOOK SALMON FRY
IN THE SACRAMENTO-SAN JOAQUIN DELTA VERSUS
SACRAMENTO RIVER FLOW IN FEBRUARY (1978-1991)

FIGURE 2-Vil-4



60
50 |
3 Proportion = 18.2 + (0,00015 * Flaw)
S a0}
=1
(4]
=
L=
e
o
30..
2
c
2
3
]
=
o
£
2
a 10f
| -
o
G T T i T
6 | 40 | 8 | 120 | 160 | 200 |
20 60 100 140 180 220

Sacramento River Flow (thousands of cfs)

HOURCES: Hillwies (1992 and U,8. Gaological Burvey (18821

AVERAGE MONTHLY SACRAMENTO FLOW TO THE DELTA VERSUS
PROPORTION OF JUVENILE PRODUCTION MOVING DOWNSTREAM

FIGURE 2-VII-53



100
a0
a0
70
G0
5D

Mortality (percent)
8

50
40

Mortality {percent)

3o
20
10

20 Percent through the Delta Cross Channel

55 57 58 61 63 656 87 69 7 73 75
Temperature (?F)

B0 Percent through the Delta Cross Channel

Temperature {°F)

SOURCE: Kjaloon ot al, (1088),

PREDICTED SACRAMENTO RIVER CHINOOK SALMON SMOLT
MORTALITY THROUGH THE DELTA VERSUS SACRAMENTO RIVER
WATER TEMPERATURE AND DELTA EXPORT PUMPING RATES

FIGURE 2-VII-6



2-VI1-8 WORKING PAPER ON RESTORATION NEEDS

mode predictions for various combinations of water temperature, export pumping rates, and diversion
fractions.

A generd increase in the frequency of suboptimum water temperatures for juvenile chinook salmon in the
lower Sacramento River appears to have occurred since the mid-1970s (Reuter and Mitchell 1987).

Diversions -

General - Fdl-run and laefdl-run chinook salmon juvenilesare particularly vulnerableto diverson
related mortality because the smolt emigration period (April-June) generdly coincideswith the onset of the
irrigation season (April-October). Chinook salmon lossesare minima during the summer irrigation season
because juvenile sdmon do not actively migrate during summer.

Winter-run chinook salmon are subject to diverson losses during the latter part of the irrigation season
(September-October), after which diversons are negligible. Because of their earlier emergence time,
spring-run chinook are likely somewhat less vulnerable to irrigation diversons than other races.

Annud variation in runoff conditions aso affects the magnitude of diverson losses. Highriver flowsduring
winter or early soring may displace large numbers of fal-run juveniles downsream of mogt of the
unscreened diversions on the Sacramento River before diverson activity begins. Continued high spring
flows delay the onsat of diversonsand maintain favorable surviva conditions, including ahigh retio of river
discharge to volume diverted. Fish losses are generdly increased under |ow-flow conditions because of
little downstream displacement, earlier diversion activity, and less favorable surviva conditions.

Totd Sacramento River diversons, including riparian rights and CVP contract diverters, are 2.7 million
acre-feet (maf) per year, plus an estimated 500,000 acre-feet of uncontracted diversions by riparian rights
holders. Tendivertersaccount for most of the water diverted from the Sacramento River, and only three of
these have fish screens or bypass systems. More than 300 unscreened diversions account for 1.2 Maf of
water diverted annudly in the Sacramento River. Annua losses of juvenile sdmonin these diversonsmay
reach 10 million fish (The Resources Agency 1989).

USBR initiated a Pilot Fish Screen Demongtration Program in 1993 to ass<t divertersin screening existing
unscreened diversionsaong the Sacramento River. Themain objectiveof the programisto participate with
divertersin demongtrating approved fish screen technol ogies and experimenting with other technologiesto
evaduae thar effectivenessin guiding fish safdy past weter diversons.

Soecific - The ACID's diverson cana is screened but requires frequent maintenance and
ingpection. Ingenerd, potentia impacts on downstream migrating samon are considered minor because of
the smdl proportion of juvenile sdmon produced in the Sacramento River above the digtrict's diversion
cana (USBR 1986).
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Losses of downstream migrating chinook salmon past the Tehama-Colusa Cana (TCC) and the RBDD
during the winter and spring chinook salmon emigration period occur asaresult of entrainment through the
TCC headworks, physicd injury asjuveniles passthrough the headworksfish bypass system, and predation
as juvenile samon pass under the RBDD gates or through the fish bypass system (Voge et d. 1988).
Maximum estimated losses ttributable to entrainment and physica injury were 0.6% and 4.1%,
respectively. Predation presumably accounted for the remainder of estimated losses, ranging from 16%to
55%.

Rasng the RBDD gatesduring the nonirrigation seasonis currently being implemented tofadlitate upsream
passage of adult winter-run chinook sadmon. Downstream migrating juvenile sdmon (primexily latefdl- ad
winter-run salmon) also benefit from this measure because of unimpeded flow conditions past the dam,
athough predation rates during this period are thought to below. The TCC headworkslouver fish screens
and bypass system were replaced with " state- of-the-art” rotary drum screens and an improved fish bypass
system in 1990.

Past evauations of screen efficiency and fish mortdity a the Glenn-Colusa lrrigation Didrict's (GCID's)
diversion near Hamilton City haveidentified mgjor problemsin design and operation of thefacility that have
caused dgnificant losses of downstream migrating sdmonids. These problems included an inadequate
bypass system, excessive approach velocities, and inadequate bypass flows. After congtruction of the
present fish screens in 1972, naturd degradation of the Sacramento River channel lowered the water
elevation at thefish screenby 4 feet, causing excessive water velocities (up to 0.78 feet per second [fps]) a
the screen face (relativeto DFG's current criterion of 0.33 fps) at pumped flowsover 1,500 cfs. (GCID et
al. 1989.)

Recent mark-recapture sudies using fal-run chinook salmon juveniles showed that the surviva rates(i.e,
fish bypass efficiencies) were negatively correlated to pumping flows (Figure 2-V1I1-7), indicating thet fish
losseswere being caused by impingement, entrainment, or predation at the screen. Thedataaso indicated
that chinook salmon fry (less than 2 inches long) were more vulnerable to loss than larger juveniles or
smolts; in generd, fish bypass efficiency increased asfish size increased (Cramer et a. 1990).

An injunction obtained by the National Marine Fisheries Service (NMFS) againgt the GCID for theillega
take of winter-run chinook salmon requires the didtrict to operate the diversion within specific criteria
designed to avoid or minimizelosses of winter-run chinook sdmon. An environmental impact report/ElSis
currently being prepared to identify apermanent solution to diversonimpactson al anadromousfish species
(Besk Environmental Consultants in press). Potentid solutions being evauated include improving the
exigting screensand bypass system, congtructing new screens, reocating theintake, restoring the gradient of
the Sacramento River at the head of the GCID's diversion channel, or some combination thereof (58 FR
194, October 8, 1993).

Predation - Vogd et d. (1988) concluded that predation is the primary cause of downstream migrant
sdmon mortality at RBDD, accounting for lossesranging from 16%to 55%. Disorientation of downstream
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migrants as they pass under the dam gates or through the Tehama- Colusa headworks fish bypass system
increasestheir vulnerability to predators. Predation by squawfishisparticularly evident in spring when adult
squawfish congregete at the RBDD during the emigration period for fal-run chinook samon.

Yuba River

Downstream migration - Water temperature influences chinook sdmon emigration timing. In the Yuba
River, an extended period of cold water lagting into summer delays smolt emigration. Laer emigrating
smolts may experience higher water temperatures and increased mortality on reaching thelower Sacramento
River and Déelta (Jones & Stokes Associates 1992¢).

Eastside Tributaries

Nearly al information on factors affecting abundance in Ddtatributaries pertainsto the Mokeumne River.
Upstream migration -

Passage barriers and flow - Usng Thompson's (1972) criteria, DFG identified ashalow portion
of the Mokelumne River near Thornton asamigration barrier to adult chinook salmon at flows|lessthan 60
cfs (DFG 1991).

The mgor barrier to upstream migrating chinook salmon adults on the Moke umne River is Woodbridge
Dam. Woodbridge Dam, aflashboard dam constructed on thelower Mokelumne River in 1910, contained
no fish ladder until 1925. Fish passage depended on river flows and the length of the irrigation season.
Upstream migration of adult chinook salmon was generdly possible only after the flashboards were
removed at the end of the irrigation season (October). The fish ladder proved to be ineffective and was
recongtructed in 1955. Recent analyses of passage conditions indicate that migration of adult chinook
sdmon past the dam ispotentialy impaired by spillsthat attract fish away from thefish ladder (DFG 1991).

| nadequiate attraction and migration flows (generally less than 50 cfs) below Woodbridge Dam (Figure 2-
V11-8) during October and November have resulted in poor adult returns to the Mokelumne River and
Merced River Fish Fecility. The failure of returning adults to detect Mokelumne River outflow may be
exacerbated by diverson of proportionately large volumes of Sacramento River water into the lower
Mokelumne River viathe DCC and reverseflowsin thelower San Joaguin River and south Deltachannels.

Water temperature and water quality - Upstream migration of adult chinook saimon in the
Mokelumne River can be delayed by high water temperatures bel ow Woodbridge Dam, which can persst
until early November, even during anormal weter year (DFG 1991).

Poor water quality conditions below Camanche Reservoir may adversdy afect chinook sdmon by inhibiting
upstream migration of adult chinook to spawning areas. Water quality problemsin the Mokelumne River
have been associated with heavy meta pollution from Penn Mine, drought conditions, and Pardee and
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Comanche Reservoir operations. Recent fish kills a the Merced River Fish Facility were attributed to
Camanche Resarvoir discharges containing toxic levelsof copper and zinc, low dissolved oxygen levels, and
high concentrations of hydrogen sulfide. These conditions were associated with low inflows from Pardee
Resarvair; record low reservoir leves, and hypolimnetic mixing, which may have mohbilized sedimentsduring
the late summer and fal turnover of the reservoir (DFG 1991). DFG (1991) recommended water quality
gstandards to protect aquatic resources in the receiving waters below Camanche Dam.

Spawning - Figure 2-V11-9 presentsrel ationships between chinook salmon spawning habitat availability and
flow for the Mokdumne River.

Suitablewater temperaturesfor chinook salmon spawning in the Moke umne River below Camanche Dam
generdly do not occur until early November during a norma water year. Water qudity standards have
been recommended by DFG, including water temperatures to protect aguatic resources, including adult
chinook salmon spawners. (DFG 1991).

Camanche Dam dso prevents the natura recruitment of gravel from upstream sources to spawning aress
below the dam. Net losses of spawning gravels and a generd increase in the Size of streambed materids
have reduced the amount of suitable spawning area. In addition, armoring or compaction of spawning
subgtrate has reduced spawning gravel qudlity.

Incubation - Suitable water temperaturesfor chinook salmon incubeation and emergencein the Mokelumne
River below Camanche Dam generdly do not occur until early November during a norma water year.
Water quality and temperature sandards recommended by DFG are designed to protect aquatic resour oes,
including incubating eggs and fry. (DFG 1991).

Rearing - Figure 2-V11-10 presents relationships between chinook salmon rearing habitat availability and
flow for the Mokdumne River.

Potentid stranding of juvenile sdmonids as a result of flow fluctuations was evauated in severd reaches
downstream of Camanche Dam based on predicted changesin wet surface areaover arange of flows. The
stranding potentia increased at flows below 400 cfs. Rapid flow reductions aso increased the stranding
potential. (DFG 1991.)

Water temperatures in the Mokelumne River below Camanche Dam remained within suitable levels for
juvenile rearing and emigration through June during a normal water year. Water temperatures exceed
suitable levelsfrom March to early June & Woodbridge Dam during al water year typesexamined. Under
exiging project operations, water temperatures a Woodbridge Dam are strongly influenced by air
temperatures. (DFG 1991.)

Water temperatures exceed suitable levels by April to early May at the Cosumnes River confluence.
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Downstream migration - Dry year flowsin thelower Moke umne River below Woodbridge Dam during
the spring chinook salmon emigration period are inadequate to effectively convey juvenile chinook sdmon
migrants downstream and through the Delta. Juvenile chinook salmon inthe MokdumneRiver aredlowed
to migrate naturaly to the ocean in wet year types but aretrgpped at Woodbridge Dam and trucked to Rio
Vidain drier years. Ingenera, pesk adult returnsto the Mokelumne River indicate favorable rearing and
emigration conditions during preceding wet years. Nearly al chinook salmon produced & the Merced River
Fish Facility are trucked as yearlings to release locations in the western Delta

Mgor diversons affecting juvenile chinook samon emigrants from the Mokdumne River are the
Woodbridge Cand diversion and the south Delta SWP and CV P export facilities. The Woodbridge Cand
diverson was screened in 1968 and currently operates from April to October, depending on irrigation
demands. The Woodbridge Cand fish screen currently does not meet current DFG fish screen velocity and
design criteria but has not been shown to result in Sgnificant losses of downstream migrants. Deltaexport
facilities effects on juvenile sdmon are discussed under the " Sacramento River" section.

Smoltsmigrating naturaly out of the Moke umne River are exposed to Ddtaflow patternsinthe centrd and
south Delta Mark-recgpture sudies indicate that juvenile chinook sadmon relessed in the lower
Mokelumne River experience higher mortaity than those released in the Sacramento River below the DCC
under dry year conditions (USFWS 1987). Reverse flows caused by CVP and SWP export pumping in
the south Delta contribute to poor surviva of juvenile chinook salmon that enter the central Deltafrom the
Mokelumne River or from the Sacramento River viathe DCC or GeorgianaSlough. Other mortdity factors
associated with this migration route are high water temperatures, predation, unscreened agricultura
diversons, and direct entrainment losses at the south Deltapumps. Thesefactorswould also affect down-
stream migrant chinook salmon from the Cosumnes and Caaverasrivers.

San Joaquin River

Upstream migration and spawning - For many years, atraction flowsfrom the Merced River have been
inadequate during October, resulting in straying of adult sdmon into agricultura drainege ditches, primaxily
Mud and Sdt Sloughs (Figure 2-V11-8). Barriers (dectricad and physical) were indaled across the San
Joaquin River upstream of the Merced River confluence in 1992 to prevent sdlmon migration into these
doughs and help guide them into the Merced River.

Halock et d. (1970) found that chinook salmon initiated migration into the lower San Joaguin River as
water temperatures declined from 72°F to 66°F.

Low dissolved oxygen levels(lessthan 5 parts per million) and high water temperatures (greater than 66°F)
inthe San Joaquin River near Stockton delayed or blocked the migration of adult chinook samon during the
1960s (Hdlock et a. 1970). Since 1964, fall migration problems have been reduced by improved

wadtewater trestment and ingtallation of a physica barrier at the head of Old River in dry yearsto direct
most of the San Joaguin flows down the main channel past Stockton. Despite these efforts, low dissolved
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oxygen levels recurred during recent drought conditions. Remedia measures that are currently proposed
include increasing tributary outflow, evauaing and monitoring dredging activity in the Delta, and further
evauating thefal barrier a Old River (The Resources Agency 1992).

Rearing - Sdenium in agriculturd drainage water poses a potentid risk to juvenile chinook sdmonin the
main San Joaquin River. Sdeniumisdirectly toxictofish a eevated levelsin thewater column and through
biocaccumulationin body tissues. Growth and surviva of juvenile chinook sdmon are adversdly affected by
exposure to dissolved and digtary sdenium, but harmful levels have not been detected in the magjor San
Joaguin River and tributary rearing areas (DFG 1987h).

Downstream migration - Spring flowsin the San Joaquin River and mgjor tributaries during the chinook
sdmon emigration period appear to have amgor influence on the number of adultsreturning to San Joaguin
River basin. Significant pogtive correlations exist between pring flowsin the San Joaquin River and tota
chinook salmon spawning escapement 2.5 years later (Figure 2-V11-10). Similar relationships for San
Joaquin River tributary stocksindicate that the flow required to maintain agiven spawning escapement level
increased following operation of the CVP and SWP. Over time, increases in the significance of other
mortality factors, such as increased Delta exports, have diminished the postive effects of incrementa

increasesin spring flows. (DFG 1987b.)

Dedlining streamflow during the spring emigration period of fdl-run chinook salmon coincideswith rising ar
temperatures and increased agriculturd return flowsto the San Joaquin River, often resulting in deleterious
water temperatures aong much of the emigration route in the lower San Joaquin River. In May, water
temperatures in the San Joaquin River near Verndis often reach high chronic stress levels (grester than
67.6°F) at flows of 5,000 cfs or less. Under these conditions, up to haf the production of San Joaguin
River chinook salmon can be subjected to harmful water temperatures. (DFG 1987b.)

Smolts migrating down the San Joaquin River and through the southern Delta frequently encounter low
flows, high temperatures, and high diversonrates. Currently proposed spring outflow recommendationsfor
the Merced, Tuolumne, and Stanidaus rivers are designed to improve surviva of juvenilesslmon migrating
down thetributaries, mainstemn San Joaguin River, and through the Delta. Recent eva uations have focused
on the effectiveness of releasng short-duration, high-amplitude flows (i.e,, pulsed flows) from tributary
streamsin conjunction with reduced Delta exports.

Exigting data indicate that pumping by the CVP and SWP export facilities in the south Delta has a mgjor
impact on surviva of emigrating juvenile chinook sdmon. High juvenile mortdity in thelower San Joaguin
River and Deltaisassociated with low spring outflows and corresponding increasesin the proportion of San
Joaquin River flow diverted by CVP and SWP export facilities. At low San Joaguin River flow, high
diversion rates increase the proportion of San Joaguin River flow drawn toward the pumpsviaOld River.
Juvenile salmon, diverted with the flow, experience reduced survival associated with increased migration
time, high water temperatures, predation, entrainment in unscreened agricuturad diversons, and Detaexport
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pumping. Mark-recapture studies since 1985 demongtrated that chinook salmon smoltsreleasedinthe San
Joaguin River downstream of the head of Old River survived better than those released into upper Old
River (USFWS 1987, 1990) (Figure 2-VI1-11). Maximum survival benefits are expected by ingdling a
barrier at the head of Old River during the spring emigration period in combination with reduced exports
and increased San Joaquin flows (USFWS 1993) (Figure 2-V1I-12).

Mogt chinook salmon reaching the CVP and SWP export facilities in the south Delta are from the San
Joaquin basin (USBR 1986h). Monthly savage estimates a the CVP and SWP export facilities indicate
the primary periodswhen juvenile chinook sdmon are vulnerableto direct entrainment losses and mortality
associated with salvage operations (Figure 2-V11-13).

San Joaquin River Tributaries

Upstream migration and spawning - Figure 2-V11-18 presents rel ationships between chinook salmon
spawning habitat availability and flow for the Merced, Tuolumne, and Stanidausrivers

Water temperatures below mgor reservoirsin the San Joaquin River tributaries frequently do not permit
successful spawning of fdl-run chinook salmon until November.

Although spawning habitat does not gppear to be limiting recovery of fal-run chinook sdlmon stocksin the
San Joaquin River basin, spawning grave restoration may be needed in thefutureto offset gravel depletions
below dams and provide sufficient spawning habitat to accommodate future adult populations.

The fishery management agencies have proposed an interim temperature objective of 42-56°F throughout
the designated chinook salmon spawning reachesin the Tuolumne, Merced, and Stanidausriversduring the
fdl-run spawning and incubation periods. Specia water operations using this objective wereimplemented
on the Stanidaus River in 1991 and 1992 (The Resources Agency 1992).

Rearing - Figure 2-V11-14 presents relationships between chinook salmon rearing habitat availability and
flow for the Merced, Tuolumne, and Stanidaus rivers.

Streamflow has been identified as the primary factor affecting abundance of chinook salmon stocksin the
San Joaquin River basin. Streamflow reductions after April and May in the Merced and Tuolumne rivers
result in poor surviva conditions for chinook salmon juvenilesthat remain in these tributaries beyond these
months. High mortality is generdly the result of reduced living spoace, high water temperatures, and
increased predation. Current interim ingtream flow requirements in the Stanislaus River provide adequate
flow conditions through the chinook salmon rearing period.

Generaly, water temperatures below mgor dams on the San Joaquin River tributaries become unsuitable
for chinook sdmon rearing in May or June, causing high mortdity of juvenile chinook sdmon that have not
emigrated. In the Stanidaus River, however, releases of cold hypolimnetic water from New Meones
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Reservoir have improved water temperatures during the late spring rearing period reative to
preimpoundment conditions (USBR 1986b).

Delta/Bay

Upstream migration - High export pumping and diversion of Sacramento River water into the central and
south Delta may increase the number of adult sdmon gaining access to the Sacramento River viathe
Mokelumne River and DCC or Georgiana Sough. During upstream migration, adult sdmon primarily use
their sense of smdl to find their home siream.  Thus, salmon destined for the Sacramento River that are
drawn into the centrd Delta may be ddlayed by the longer migration distance and greater number of
channelsthat must be negotiated in thisportion of the Delta. Large volumes of Sacramento River water and
reverse flows in the lower San Joaquin River can dso inhibit or delay migration of San Joaquin River
spawners (Halock et a. 1970).

Downstreammigration - The SWP (Banks) and CVP (Tracy) export facilitiesin the south Deltaadversaly
affect anadromous fish survivd in the Ddlta through direct entrainment losses and indirect effectsrelated to
changes in the magnitude and direction of flow in the Delta channdls. Increasesin upstream storage and
diversons over the last 20 years have significantly reduced inflow to the Delta.  Reduced nflow, in
combination with increased diversons from the Ddta, has caused increasing adverse impacts on
anadromous and resident pecies by reducing net flow through the Deltaand Deltaoutflow; causing reverse
flow conditions in central and south Delta chennels; and increasing entrainment of fish eggs, larvae, and
juveniles. Unscreened Delta diversions have contributed to fish losses.

Fdl-run sdmon smolts diverted from the Sacramento River into the central Deltaviathe DCC or Georgiana
Slough experience higher mortality rates than smoltsthat remain in the Sacramento River (Figure 2-VI1I-15).
At agiven water temperature, the surviva of hatchery fal-run chinook salmon smoltsthat enter the DCC
averages about 50% less than for smoltsreleased in the Sacramento River below the DCC diversion when
Detaexportstotal about 3,000 cfs. Poor surviva of smolts diverted into the central Deltais attributed to
incressed migration time, high water temperatures, predation, entrainment in unscreened agricultura

diversons, and exposure to reverse flows in the central and south Delta channels. The proportion of

Sacramento River flow diverted and total Deltaexports areimportant regression variablesinthe U.S. Fish
and Wildlife Service's Deltamortality modd for chinook saimon smolt (Kjelson et d. 1989). Recent mark-
recapture experiments provide evidence that a positive net flow at Jersey Point increases the surviva of

sdmon migrating down both the Sacramento and San Joaquin rivers, including those migrants that are
diverted from the Sacramento River into the central Deltaand moveto the San Joaguin viathe Mok umne
River (USFWS 1993) (Figure 2-VI1-16).

Ddtaflow and operationa criteria established by the NMFS for protection of winter-run chinook sdmon
for February 15, 1993, through February 15, 1994, included closing the DCC gates during the main
emigration period through the Delta and operating the CVP and SWP Ddta export facilities to maintain
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gpecific minimum running average QWEST (i.e., computed net flow at Jersey Point) vauesduring the Delta
rearing and emigration periods (NMFS 1993).

Entrainment - Annud losses of chinook sdlmon at the SWP and CV P Ddta export facilities have usualy
ranged from 400,000 to 800,000 in recent years, assuming 75% mortdity in Clifton Court Forebay (CCF)
(Figure 2-V11-13). Sdvage records from the SWP pumping plant indicate salmon fry and smolts are
entrained year-round, but pesk levelsgeneraly occur in late winter and spring when fall-run chinook simon
pass through the Ddta (Figure 2-V11-5). Juvenile chinook salmon savaged at the SWP export facility
during December 1992-April 1993 were classified according to race based on Size criteria devel oped by
DFG. Althoughfdl-run chinook salmon produced in the Sacramento River presently congtitute about 80%
of the total number of chinook salmon passing through the estuary, only a small percentage of chinook
sdmon juveniles released in the Sacramento River typicdly reach the CVP and SWP export pumps
(USFWS 1987). Most sdmon juveniles salvaged at the Delta pumps during the spring are from the San
Joaquin River.

Unknown numbers of sdmon are dso entrained in other Deltadiversions, including over 1,800 unscreened
agriculturd diversons, the Contra Costa Cand; the City of Valgo diversion; and western Ddltaindustry
diversons (DWR 1993).

Water temperature - The Ddta chinook sdmon smolt mortdity modd includes three predictive

rel ationships describing changesin smolt mortdity asalinear function of water temperature for three mgor
Ddtareaches (Figure 2-V11-17). Based on multiple regresson anays's, water temperaturewasfound to be
the best predictor of smolt mortality among the mgor environmenta variables thought to influence smolt
aurvivd in each of the three reaches (Kjelson et d. 1989). Smolt survival appears to decline at

temperatures above 60°F, indicating that sublethd effects may be occurring at raively low water

temperatures in the Ddlta.

Predation - Predation by striped bassis considered the primary cause of high pre-screening mortdity of
juvenile chinook sdmon at the SWP export facility in the south Delta. Although detaare limited, estimated
losses of juvenile chinook salmon entrained into CCF range from 63% to 86% (DFG 1987a). Predation
losses at the CVP export facility are assumed to be lower because of the absence of extensive predator
habitat. The sgnificance of predation at other diversion facilities and in the Delta has not been adequately
evauated.

Suisun Marsh Salinity Control Structure - The Suisun Marsh Sdinity Control Structure, designed to
improve water quaity in Montezuma Slough and Suisun Marsh during periods of low to moderate Delta
outflow, may delay upstream migration of adult chinook saimon and other anadromous specieswhen it is
operating (Herrgesdll 1993) (Figure 2-V11-18).
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General Problems

Upstream migration, spawning, and incubation - Passage at naturd rifflesis not as much of aconcern
for sedlhead asit iswith chinook salmon because stedhead are smdler and better svimmersand can better
negotiate naturd rifflesand partid barriers. Nonethdess, minimum migration flows during mgor migration
months are necessary to ensure that steelhead reach upstream spawning habitats, which are preferred.

Flow fluctuation, water temperature, and water qudity-related factors affecting successful steelhead
gpawning, egg incubation, and emergence for steelhead are basicdly the samefor chinook sdlmon. FHow
fluctuation factors, in particular, can sSgnificantly reduce egg incubation and fry emergence success. Eggs
are most susceptible to mortaity during the early stages of development, and sudden changes in water
temperature, oxygen availability, or percolation rates around the eggs can increase mortalities.

Rearing and downstream migration - Factors affecting juvenile sedhead rearing and emigration in the
Sacramento River system are smilar to those affecting fal-run chinook salmon because of amilaitiesinthe
timing and environmenta needs of these two speciesduring downstresm migration. Theprincipd difference
between the two speciesistha sted head juveniles rear longer and are larger than most sdlmon emigrants.
Other than their greater svimming ability, which can help them avoid or escape some sources of mortdity
better than salmon, steelhead are subject to the same sources of mortaity and mechanismsassalmon. For
the mogt part, steelhead emigrate during spring.

Because steelhead rear year round, suitable flows must be provided year-round, dthough in most streams,
the critical limiting factors occurs during summer. Stedhead are a so susceptible to flow fluctuations and
other flow characteristics year round, unlike juvenile sdmon, and are therefore exposed to in-river mortality
factorsfor alonger time.

Water temperaure is obvioudy related to flow and isthe factor that ismost likely currently limiting naturd
steelhead production on many streams. While coldwater releases occur below some dams, the amount
(and qudlity) of habitat available for stedhead rearing below these damsis afraction of what it was before
human disturbances. Inaddition, coldwater releases are not available below many migration barriersor are
only possible when reservoirsarefull. Appropriate water temperature regimes below many dams are not
condgently maintained as they were naturdly in the well-shaded upper watersheds before human
disturbances.

Sacramento River

Upstreammigration and spawning - Thetiming of upsiream steelhead migration coincideswiththetiming
of upsream migration of fal-, late fdl-, and winter-run chinook samon. Consequently, flow, water
temperature, and passage-related factors affecting upsiream migration of adult steelhead in the Sacramento
River sysem are smilar to those affecting chinook salmon.
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Hallock (1989) estimated that passage problemsat RBDD & one had reduced annual adult steelhead runsin
the upper Sacramento River system by about 6,000 fish. That number would undoubtedly be larger now
dueto the subsequent recorded declinesin steelhead countsat RBDD. In generd, steelhead are attracted
to high, cold flows, and such conditions provide optima migration opportunities. Without remova of entire
dams, however, steelhead production is probably not currently limited by barriers below the mgor dams.

Severd ingream flow studies have been conducted in the Sacramento River basin and have developed
spawning habitat-discharge relationships for sedhead. Information involving these spawning habitat-
discharge relationships have been developed incidenta to studiesfor chinook salmon. Implementation of
flows providing optima spawning habitat may or may not increase steel head abundance, depending onthe
limiting factors in each drainage. Arguably, spawning habitat may not be a limiting factor for stedheed
production in most of the Sacramento River basin.

Because stedhead spawning in the Sacramento River and its tributaries occurs from December through
April (primarily January through March), water temperatureis not consdered alimiting factor for steelhead
gpawning in most of the Sacramento River basin.

Most of the naturd production of steelhead occurs in tributaries to the upper Sacramento River because
mainstem spawning islimited by the shortage of smaller szed gravel, which occurs principaly in the wide,
braided areas of the river (Reynolds et d. 1990). Although steelhead generdly sdlect somewhat smaler
szed spawning gravels than do chinook samon, the factors affecting spawning gravels for steelhead
production in the Sacramento River sysem are smilar to those affecting spawning gravels for fdl-run
chinook salmon production, particularly inthelarger stream systemsand downstream of thelarger dams. In
some of theminor tributarieswhere passageis available during the spawning season, some steel head ascend
higher in the watershed than salmon, where they find suitable pockets of gravel to spawn.

Downstream migration - Extended coldwater rel eases below dams may actudly retard emigration until
late spring, when increasing water temperatures and diversionsin the mainstem Sacramento River andDeta
result in alarger mortdlity factor for stedhead smolts.

Sacramento River Tributaries

Low summer flows and high temperatures have been identified as cresting unfavorable conditionsin Clear,
Cottonwood, Mill, Deer, and Buitte creeks for steelhead rearing (The Resources Agency 1989).

In the lower American River, water temperatures are commonly 60-77°F from July through October and
are not conducive to juvenile steelhead survival. Steelhead generdly do not survive the extended warm
watersin many yearsand move prematurely out of the American River to seek cooler water (McEwan and
Nelson 1991). Thesetemperatures have been amajor contributing factor to natura production contributing
less than 5% of the adult stedlhead population in the American River.
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San Joaquin River and Tributaries

Factors affecting steelhead abundance in the San Joaquin River basin are assumed to be smilar to those
described in detail for San Joaquin River fdl-run chinook sdmon. The primary factorslimiting abundance
and digtribution are dams, water diversions, poor water qudity, and riparian impacts. Low summer flows
and concurrent high water temperatures preclude the necessary year-round rearing habitat for steelhead
below the lowermost impassable dams (Friant, Crocker Huffman, LaGrange, Goodwin, and Camanche
dams) that exist on the mainstem San Joaguin River and its mgor tributaries.

Ddta/Bay

Ddtaflows and exports may affect the abundance of downstream migrating stedhead much the same way
asthey affect fdl-run chinook samon.

The average annua number of steelhead salvaged at the SWP intake for 1968-1980 was 2,453 (DFG
1981). Table 2-VII-2 ligs the number of stedhead sdlvaged a these two pumping plants during the
primary emigration months of February-May.

Table 2-VII-2. Number of steelhead trout slvaged at SWP and CVP
Delta Pumping Plants in February-May (1979-1991).

February March April May

Year SWP CVP | SWP CvP SWP CVvP SWP CvP

Inteke | Intake | Intake | Intake Intake Intake | Intake | Intake
1979 25 372 454 444 1,407 1,080 969 0
1980 835 0 74 90 118 243 210 126
1981 1,509 | 1,258 | 3,088| 1,008 4,902 168 0 267
1982 1,432 0| 1,110 0| 10,965 0| 2441 297
1983 89 0 0 0 0 0 256 0
1984 0 0 41 146 357 187 18 70
1985 325 83| 1,221 134 1,165 127 647 101
1986 139 524 54 127 1,328 505 446 238
1987 69 112 | 3,387 718 976 776 446 275
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February March April May

1988 2,403 0 823 491 2,116 | 1,039 426 | 1,646

1989 499 252 | 4,767 | 5,051 2,105| 3,139 404 | 1,212

1990 1,317 | 1,085| 3115| 2,139 1,039 786 19 0

1991 23 109 | 5799 | 4,412 2,692 | 1,263 91 98

Source: Cdifornia Department of Fish and Game savage database.

Table 2-VI1I-3 provides losses of yearling equivaent sedhead a the SWP intake estimated by aformula
negotiated between DFG and DWR. Salvaged steelhead are trucked to ether the north or south sde of
Sherman Idand or near Antioch. Some of these fish are lost to predation and stress associated with
handling and trucking. Reverse flows in Delta channels caused by pumping operaions can dso cause
disorientation, delay, and additiona predation in Delta channels for steelhead not affected directly by the
pumping facilities. Although both pumping plants have louver fish screens that may be 90% effective for
downstream migrating steelhead, prescreening losses are probably 75% at SWP pumping facilities, mogtly
dueto predation in CCF, and are probably 15% at Tracy.

Table 2-VI1I-3. Esimated annua losses of stedhead trout
at the SWP Ddltaintake (1982-1991).

Cdlculated steelhead lost

vear Y oung-of-year Yealing

1982 0 73,748
1983 0 2,945
1984 0 1,713
1985 0 15,621
1986 0 15,663
1987 147 21,266
1988 0 25,080
1989 253 32,571
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1990 0 19,187
1991 0 38,430

Note: Estimates usetheformulaestablished under the 1986 pumping plant agreement between DWR and
DFG.

Source: Cdlifornia Department of Water Resources 1993.

Unscreened diversions at the ContraCostaWater Digtrict's (CCWD's) intake at Rock Slough and at more
than 1,500 agricultura weter diversonsin the Deltad so cause unknown losses of emigrating steelhead. No
seehead have been caught in routine entrainment and impingement sampling a the screened intekes of

Pecific Gas and Electric Company's (PG& E's) power plantsat Antioch and Pittsburg in thewestern Delta
(Running 1993).

A portion of the water flowing down the Sacramento River is diverted into Georgiana Sough, the DCC,
and Threemile Soughinto thelower San Joaguin River. A portion of thejuvenilestedlhead migrating down
the Sacramento River enter these channds, and many are subsequently drawn toward the SWP Banks
Pumping Plant and the CVP Tracy Pumping Plant.

STRIPED BASS
General Problems

The decline of the striped bass popul ation in the Sacramento- San Joaguin estuary hasgenerated substantial
evauation of causd factors. The decline in population abundance is a result of increased mortaity and
reduced reproduction. This section provides information on stock-recruitment and other life stage
relationships, aswell ason the specific problemsthat may beincreasing mortaity and reducing fecundity and
fertility. The focus of this section is on anthropogenic (i.e., human-caused) factors that may continue to
affect abundance, especidly factors that are affected by CVP facilities and operations. In addition,
information isprovided on environmentd conditionsthat may exacerbatethe effectsof CVP operationsand
facilities on conditions that may suppress the benefits of actions implemented under the CVPIA.

Factors that may have contributed to increased mortadity after 1967 include the same factors that affected
mortdity before 1967 (i.e., fishing, entrainment in diversons, exposureto toxic materids, and habitat |0ss).
Additiona factorsthat affect mortality include reduced Ddtainflow and outflow, dtered Ddtaflow paiterns,
dredging and spoil disposd, diseases and paradites, and introduction of exotic species.

Sock-recruitment and other life stagerelationships- DFG (Kohlhorst et d. 1992) hassuggested that a
ggnificant stock-recruit relationship exists for striped bass (i.e., the number of bass produced in any given
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year depends to some extent on egg production) (Figure 2-VI1I-19). If the stock-recruit relationship is
vdid, the existing adult striped bass population may be unable to produce sufficient numbers of eggs to
sugtain existing mortdity rateson dl life stages. Increased mortdity of the adult striped bass population and
reduced recruitment to the adult population would result in continued decline. However, reduced adult
mortaity, in combination with improved habitat conditions, could enhance the ability of the population to
recover to higtorica levels.

Adult population abundance iscorrdated with the 1,52-inch index (Figure 2-V11-20), indicating that
reduced recruitment to the adult population has been the mgor cause of declining adult abundance
(Kohlhorst et a. 1992). Lower recruitment is estimated to account for 75% of the adult decling, while
lower adult surviva rates account for the remaining 25%.

Annua adult striped bass mortality ratesincreased from approximately 40% in the early 1970sto 53%in
recent years (DFG 1987). The cause of increased adult mortality rates may be attributed to habitat 10ss,
increased leves of toxic materias, sport and illegd fishing, and other factors.

As discussed above, lower recruitment is estimated to account for 75% of the adult decline that has
occurred sincethelate 1960s. Recruitment to the adult population depends on surviva of eggs, larvae, and
juvenilebass. Studies have shown asgnificant relationship between the annua abundance of larva striped
bass (0.32 inch long) and juvenile striped bass (1.52-inch index), and between juvenile striped bass and
recruitment to the population 4 years|ater, indicating that year- class strength of the populationisset early in
the life cycle (Turner 1987) (Figures 2-V11-19 and 2-V11-20). The number of 0.32-inch-long larveeisa
function of the number of viable eggs spawned, spawning timing and location, flow conditions, direct
diversion effects, and development retes (afunction of water temperature). Many of the factors affecting
abundance of eggs and larvae equaly apply to the early juvenile stages (greeter than 1.52 inch long).

Although year-class strength of the populationisset early in thelife cycle of striped bass, perhaps beforethe
juvenile life sage, surviva of juveniles ultimately determines the number of bass recruited to the adult
population. Lossesof juvenile striped bass are important in determining adult abundance (Kohlhorst et dl.
1992).

Decreased fecundity and fertility - Reduced reproduction resultsfromfewer fertile eggs being produced
by the population each year. Factors that may have affected the number of fertile eggs produced include
factors affecting the abundance, size, and hedth of femde striped bass. Mortdlity rates determine the
abundance of femaebass. Factorsaffecting Sze and hedlth of femad e siriped bassinclude accumulation of
toxic materias by the female bass, diseases and parasites, and reduced food availability.

Egg production depends on the abundance and fecundity of adult femae driped bass. From the early
1970sto the present, the number of eggs produced by the population declined, the result of reduced adult
striped bass abundance (DFG 1987). Average egg production during 1981-1986 was 17% of the 1969-
1973 average egg production.
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Flow and water temper atur e - Other than the relationship of Ddtainflow to exportsand Delta outflow to
location of X2 (areain which sdinity is 2 parts per thousand or approximately 3,000 uSEC), flow likely
has minimd direct effects on juvenile striped bass.

High water temperature has not caused substantia direct mortality of eggsand larvae and has not played a
major rolein therecent decline of young striped bassin the Sacramento- San Joaguin River sysem (Mitchell
1987).

Habitat - The effects of habitat loss on eggs and juvenile striped bass are currently unknown. Effectson
overall estuary productivity, however, may have had substantial adverse effects on larva survivd, but this
does not account for the population decline after 1970.

Toxic substances- Larva striped bass surviva may have been reduced by thetoxic effects of insecticides,
herbicides, trace eements, and other toxic materias that have entered the estuary from agricultura runoff
and municipa andindustrid discharge. Toxic materidscan affect larva bassdirectly and indirectly, causng
mortdity within a short period (days) or adversdly affecting growth and development, which limit the
chances for surviva (Brown 1987).

Although the declinein striped bass abundancethat has occurred over thelast 20 yearsisnot attributableto
toxic materids aone, toxics may have substantialy reduced surviva of striped bass compared to other
eduaries. Theissue of toxic materials needsto be addressed in much greater detail to determine the effect
on striped bass abundance.

Competition and predation - The effects of competition and predation are difficult to evaluate in wild
populations. Parald trends(i.e., abundance declines of one species during the same period that abundance
of acompeting or predator speciesincreases) would suggest competition or predation effects. A congstent
increasein the abundance of speciesthat competewith or prey on striped bassis not gpparent from andysis
of available data (DFG 1987).

Introduction of exotic organisms has subgtantialy atered the biologica structure of the estuary. Exotic
organisms affect striped bass through competition, predation, and change in trophic dynamics (i.e., the
availability of prey). Although numerous introduced fish and invertebrate species have become abundant
(Brown 1992), the effect on striped bass surviva is unknown.

Prey availability - Declinein the copepod Eurytemor a, the preferred prey of larva striped bass, occurred
during the period that striped bass declined in abundance (DFG 1992a, Obrebski et a. 1992). The
composition and abundance of larval striped bass prey have changed dramaticaly snce 1979; somespecies
increased in abundance while othersdeclined. Although theintroduced S nocal anus hasreplaced dedining
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populationsof Eurytemora (Herbold et a. 1992), striped basslarvae do not effectively feed on the recently
abundant Snocalanus.

L aboratory experiments show that striped bass mortdity isnegatively correlated with prey density (Herbdd
etd. 1992). Fed sudiesindicated that prey dendity in the estuary waslow relaive to dengties needed to
support high surviva in the laboratory. Larvae collected from the estuary do not show signs of starvetion,
but low densities may result in dower larval growth rates and increased mortdity from predation. Larva
mortdity in the esuary was esimated to be higher than larvad mortdity for smilar prey dengties in the
|aboratory.

Reduced abundance of striped bass attributable to reduced prey abundance should bereflected in reduced
larva surviva raes for any given levd of outflow and diverson (DFG 19924). Larvd surviva over the
historical period (1969-1990), however, appeared to be unchanged, except for the effects of diversonad
outflow. Additiond studies are needed to resolve questions on prey availability and the effect on striped
bass survivl.

Asdiscussed for larvae, additiona studies are needed to resolve questions on prey availability and the effect
on striped bass surviva. Asdiscussed under “Life Higtory," juvenile striped bass (especidly during their first
year of life) feed primarily on themysdNeomysis. Neomysi s declined in abundance during the 1970s, but
declinesweresgnificant only during fal (Obrebski et d. 1992). Reduced abundance of prey could dow the
growth of striped bass and increase mortality from predation.

Sacramento River

Flow - Thesurvivd (surviva index) between the egg and the 0.24-inch-long larvae stage in the Sacramento
River islow when Sacramento River flow islow (Figure 2-VI1-21) (DFG 19924). Survivd isawayslow
when flow is less than 13,000 cfs. The following mechanisms may explain reduced surviva at lower

Sacramento River flows;

# Eggsand larvae stle to the river bottom and die when they encounter near zero velocity in
tidally affected reaches.

# Lavd survivd isreduced becauseariva inhigher quaity downsiream nursery aressisdeayed.
# Larvee are subjected to increased exposure to toxic substances carried by theriver.

# A higher proportion of larvae are drawn through the DCC, Georgiana Sough, and Threemile
Sough into the centra Deltawhere vulnerability to entrainment in diversonsis greater.

Feeding efficiency, and thus growth and surviva, may be greater in downstream reaches becausethe density
of striped bass prey in the Sacramento River is higher in the reaches below Rio Viga (DFG 19924a).
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Assuming that the proportion of eggs and larvae drawn into the DCC, Georgiana Siough, and Threemile
Sough depends on the proportion of Sacramento River flow diverted, more eggs and larvae would be
drawn into the central Delta at lower flows than at higher flows.

In addition to flow effects on survivd, diversons from the Sacramento River may entrain eggs and larvae
and reduceriver flow. In proportion to Sacramento River flow, diversonsfrom the Sacramento River inthe
spawning reach (between Sacramento and Colusa) aresmall. Theeffect of Sacramento River diversonson
striped bass, dthough they contribute to the cumulative effect of total diversons and upstream storage,
would aso be expected to be rdatively smdll.

Toxic substances - Recent studiesindicate that larvae from the Sacramento River show ahigher incidence
of liver maformation than larvae from other areas of the estuary. Contamination of the Sacramento River
increased subgtantidly inthe mid- 1970swhen application of rice pesticidesincreased (Herbold et d. 1992).

Measured toxic concentrations were sufficient to kill fishin doughsdraining ricefidds, and esimated toxic
concentrations for the Sacramento River during 1970-1988 may have deeterioudy affected striped bass
larvee (Bailey 1992). Discharge of contaminated ricefield water coincideswith striped bass spawning and
may account for part of the decline in striped bass abundance. Pesticide application has correlaed with
young striped bass abundance, but direct relationships are inconclusive.

San Joaquin River

The farther upstream X2 is located, the farther upstream spawning generdly occurs (Figure 2-V11-22).
Eggs spawned upstreamin the Delta (in the lower San Joaquin River) are more vulnerableto entranmentin
water exports from the south Delta (DFG 1992a). Existing Delta water quality requirements (California
State Water Resources Control Board 1978) do not require sufficient outflow to encourage striped bass
gpawning in the lowermost 10-kilometer reach of the San Joaguin River.

Wendt (1987) showed that flow in the lower San Joaquin River (dlong with export volume and striped bass
abundance and size) was sgnificantly corrdlated with entrainment losses at the CVP and SWP Dedlta
pumping fadilities. Lower San Joaguin River flow, however, isdetermined by Detainflow and export, asis
the location of X2 in the estuary (San Francisco Estuary Project 1993). For juvenile striped bass, their
location in the estuary may be more important than flow in determining the effect of other factors (i.e,
entrainment).

Delta/Bay

Flow - Ddtaoutflow ishighly varigble acrossyears, seasondly, and, at times, weekly. Ingenera, month
to-month outflowsin any given year are highly autocorrel ated, whereas year-to-year outflowsarenot. This
generaly meansthat high outflows occur across severa monthsin wet years (Herbold et d. 1992). Inany
given year, outflow has ranged from less than 10 maf to more than 50 maf.
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Although dependent on the natura hydrology of the Sacramento- San Joaquin River system, thetiming and
volume of Deta outflow have been subgantidly modified by changes in sysem characteridics,
channdlization and flood control projects; and by operations of water project facilities, reservoirs, and
diversons(Herbold et d. 1992). Channdization and flood control projects (not including reservoir sorage)
enable water to move more quickly to the Delta. Reservoir storage reduces peak flows and changes the
timing of water movement down therivers. Consumptive diversions remove weater from the system.

In general, water projects have increased summer and fall outflow and reduced winter and spring outflow
(Herbold et d. 1992). Tota annua Delta outflow can be reduced by 50-60% of the outflow expectedin
the absence of storage and diversions, with less proportiona change in wet years and grester in dry years.

Detaoutflow and diversions are considered by DFG to bethe primary factors contributing to the continuing
20-year decline of sriped bass in the Sacramento- San Joaquin estuary (DFG 19924). The decline in
driped bass abundance corrdates sgnificantly with numerous flow-related variables, including water
temperature, Ddtainflow, Delta outflow, sdinity, and diversons (Turner and Chadwick 1972). Because
the varidbles are highly interdependent, the mechanisms causing the decline are unclesr.

Detaoutflow affectsthedistribution of striped basslarvae. Thelocation of X2 intheestuary isindicativeof
the level of Ddta outflow; as outflow increases, X2 moves farther downstream (San Francisco Estuary

Project 1993). When X2isin Suisun Bay, larvae density isgrestest in Suisun Bay; when X2 isinthe Ddlta,
larvee dengity is greatest in the Delta. Figure 2-V11-41 shows a smilar reationship for 1.52-inch-long
driped bass juveniles. The mechanism of digribution (i.e,, whether outflow transports the larvae

downstream or larvae actively maintain their pogition relative to the entrgpment zone) is not known, but the
location of larvae relative to X2 is consstent with larval avoidance of the surface.

Striped bass surviva from egg szeto 1.52 incheslong and from 0.36 to 1.52 incheslong ishigher at higher
outflows (i.e., when X2 is farther downstream) (DFG 1992a, San Francisco Estuary Project 1993)
(Figure 2-V11-23). High outflow may benefit larval striped bass by:

increasing the nursery area and reducing intraspecific competition,

increasing shallow habitat area and food abundance,

diluting toxic materias,

increasing turbidity and reducing predation, and

reducing vulnerability to entrainment in Delta diversons (Herbold et d. 1992).

FHRHFEHH

The Suisun Marsh Control Structure affectsflowsin Suisun Marsh and also may affect striped basssurviva.
After ingdlation and operation of the Suisun Marsh Control Structure in 1989, the flow in Montezuma
Slough grestly increased, averaging more than 2,000 cfs toward Suisun Marsh during operation of the
gructure. Thetiming of operations extends through the striped bass egg and larval period. The effect on
gtriped bassis currently unknown, but operations could reduce surviva through increased predation at the
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Suisun Marsh Control Structure (Herrgesell 1993) and exposure to conditions within Montezuma Sough
that may be less conducive to surviva than conditionsin Suisun Bay.

Also, the effect of thediversion by the Suisun Marsh Control Structure on thelocationof X2isunknown. |If
diversion causes X2 to be located farther upstream relative to the location of X2 without operation of the
Suisun Marsh Control Structure, survival of striped bass could be reduced (Figure 2-V11-23).

Salinity - Approximately 40% of the striped bass population spawnsin the Delta, generdly inthelower San
Joaquin River, from Venice Idand downstream to Antioch. Sdinity in the western Ddlta affects the
gpawning digtribution in the Delta(DFG 1987). Thelowest sdlinity occursimmediately downstream of the
confluence of the San Joaquin and Mokeumne rivers, where fresh water from the Mokelumne and
Sacramento rivers enters the San Joaquin River. To the east, the San Joaquin River discharges water
contaminated with sdty agriculturd drainage. To the west, seawater intrusion increasesthe sdinity. Adult
gtriped bass react to increasing sainity from agriculturd sdtsin the San Joaguin River and do not migrate
through sdinity exceeding 550 uS EC (Radtke 1966, DFG 1987).

Diversions - Consumptive diversons from the Detainclude the CVP and SWP Ddta pumping facilities,
more than 1,800 agriculturd diversons, CCWD's Rock Slough diversion; the North Bay Aqueduct; and
numerous other municipal and industrid diversons. Up to 4,600 cfsand 10,300 cfs can be diverted from
the CVP and SWP Ddta pumping facilities, respectively. CCWD has amaximum diversion capecity of
approximately 300 cfs, and the North Bay Aqueduct has a maximum capecity of approximately 140 cfs.
Maximum agriculturd diversons during the pesk summer irrigation season may exceed 4,000 cfs (DWR
19933q). Totd diversonsfrom the Delta can exceed 80% of the total Deltainflow (Turner and Chadwick
1972, DWR 1993b).

Diversgonsentrain striped bass (discussed below under "Entrainment™) and affect Deltaoutflow and flowsin
the Deltachannels. Considering the historical magnitude and location of diversonsreative to striped bass
digribution and life history petterns, Ddltadiversions could have been amgor factor contributing to reduced
striped bass survival. Dedta diversons, primarily by the CVP and SWP, are considered by DFG to be
responsible for the depleted state of the striped bass population (DFG 1992a).

Over the 1959-1990 period, the abundance of striped bass (1.52-inch index) was negatively correlated
with the combined effects of Deltadiversonsand outflow (DFG 1987, 1992). If datafor the entire 1959-
1990 period are used to develop the regression equation, the tota predicted abundance is generally less
than the total measured abundance for 1959-1976 and greater than measured abundance for 1977-1990
(Figure 2-V11-24). When separate equations are used for 1959-1976 and 1977-1990 for Suisun Bay
(usng Detaoutflow only) and for the Delta (diverson and outflow), the predictions are greatly improved
(Figure 2-V11-24).



2-VI1-28 WORKING PAPER ON RESTORATION NEEDS

DFG has hypothesized that the difference between the 1959-1976 and 1977-1990 relationships is
attributable to the decline of the adult population to aleve that caused egg production to become limiting
(i.e., the stock-recruit relationship is partialy controlling abundance) (Figure 2-V11-20) (DFG 1992a).
Changesin estuarine productivity, toxic materia s entering the estuary, and other factors may dso explainthe
changein the relationship between abundance and the combined effects of diversion and outflow during the
1970s.

After 1970, striped bass survivd in Delta habitats appears to have declined (DFG 19924). Thedifference
in the rel ationships between the proportion of striped bassin the Deltaand thelocation of X2 for the 1959-

1969 and 1970-1991 periods (r squared = 0.85 and 0.62, respectively) indicatesthat use of the Deltaas a
nursery may have declined or that surviva may have been lower for the 1970-1991 period (Figure 2-V11-

25). The lower posgition of the line representing the 1970-1991 correlation between the proportion of

griped bass in the Delta and the location of X2 indicates that fewer bass were in the Deltaduring smilar
outflow conditions (i.e., X2 locations).

If surviva rates in the Delta declined after 1970, reduced surviva could be attributed to the SWP Delta
pumping facilities. The SWP began exporting water after 1968 and began significant pumping by 1970.
Other factorsmay have contributed to the decline (e.g., toxic materid sentering the estuary), but insufficient
data may exit for evauation.

Entrainment - Entranment losseswereat least partly responsiblefor the declinein striped bass after 1970.

Entrainment |osses gppear to be greater in low-flow years, as evidenced by greater losses at the CVP
Detapumping facilitiesand by the close relationship between striped bass abundance and the percentage of
inflow diverted (DFG 1987).

High adult abundance resultsfrom year classesthat experience minima |ate summer through winter lossesto
export pumping (Kohlhorst et d. 1992). Themagnitude of juvenile striped basslossesis potentidly affected
by the abundance and di stribution of juvenile bass and the magnitude of exports (Wendt 1987, Kohlhorst et
a. 1992).

CVP and SWP Delta pumping facilities - As discussed previoudy, the CVP and SWP Ddlta
pumping facilitiesarethelargest diversonsfromthe Delta. Millionsof striped bass eggsand larvee arelost
to annua entrainment in export by the CVP and SWP Ddta pumping facilities (Figure 2-V11-26). Basadon
edimated egg and larva surviva rates (Figure 2-V11-27), the adult equiva ent | oss amountsto thousands of
yearling striped bass each year (Figure 2-V11-28).

Millions of juvenile striped bass (grester than 0.8 inches long) are entrained in diversons a the CVP and
SWP Dedta pumping facilities each year. Mogt of the entrained striped bass are lost (Figure 2-V11-29),
athough 5-30% of dl juvenile bass entrained were salvaged and returned to the Deltadive (DFG 1992b).
The proportion salvaged depended on screen efficiency (afunction of screen design and pumping volume),
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fish 9ze, predation rates, and handling and trucking mortality. Thesefactors are different for the CVP and
SWP pumping facilities.

Entrainment loss of larger bass has a more adverse effect on the population than the loss of the same
number of smdler bass. Converson to yearling equivaents shows the rdaive annud loss for al szes
combined, including eggsand larvae (Figure 2-V11-30). Thebulk of entrainment lossis composed of early
juvenile life stages (prior to 1.52 inches) and occurs during May-August (Figure 2-V11-31). Subgantia
losses of young-of-the-year bass have aso occurred during November-January and may be afunction of
young bass digtribution (i.e., reative to the location of X2).

Agricultural diversions - Losses of striped bass to agriculturd diversions are believed to be
consderable (Odenweller 1981) and have been estimated to be in the millions, possbly equivaent to
entrainment loss to SWP and CVP diversons (Stevens et a. 1985, Brown 1992). Actual loss estimates
are currently unavailable (Brown n.d.). Lossesto agriculturd diversions depend on the timing, size, and
location (geographically and postion in the channd) of individua diversons relative to the seasond
distribution and abundance of striped bass. Losses of egg and larva striped bass could be most effectively
minimized by curtalling diversonsin May and June.

Juvenile gtriped bass may have the svimming ability to avoid entrainment in smal intakes, but losses have
been documented. The magnitude of entranment losses of juvenile bass to agriculturd diversons is
currently unknown. Entrainment of juvenile bassin agricultura diversonsisafunction of diversonlocation
(including locetion in the channd relative to distance from shore and depth); diverson volume and design;
and distribution, size, and behavior of young striped bass. Most agricultura diversion occursintheinterior
Ddta, where there are generdly fewer bass; therefore, the effect may be less than for other diversons
(Cannon 1982).

Power generation facility diversions- Two of thelargest nonconsumptivediversonsinthe Ddta
are PG& E's Contra Costaand Pittsburg Power Plants. Considering thelocation of thefacilities intakesin
the striped bassrearing area (near Antioch and Fittsburg) and the size of the diversions (nearly 1,500 cfsat
each power plant, depending on power generation needs), substantia numbers of egg and larva striped
bass could be entrained and lost in the diversions (PG& E 1985). From 1984 to 1989, 10,000-61,000
striped bass yearling equivaents were killed at the two power plants (PG& E 1990).

Losses of striped bass, however, have been reduced from previous operations. Annual variability in water
temperature (a factor controlling bass mortality) and varigbility in the availability of dternative power
supplies have prevented the power plants from additiona reductions in striped bass losses. PG&E has
participated in the juvenile striped bass stocking program to mitigate losses.

PG& E's Contra Costa and PFittsburg power plants have fish savage facilities, but the efficiency of the
sdvage facilities and the loss of juvenile bass could not be determined with available data. As discussed
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previoudy for eggs and larvae, losses to the power plant diversons are likely substantial because of the
location of the intakes in proximity to striped bass rearing areas (Cannon 1982).

Other diversions - Other diversons adso entrain and kill striped bass eggs and juveniles. The
largest diversons not previoudy discussed are the North Bay Aqueduct diverson and CCWD's Rock
Soughdiverson. Lossesof eggsand juvenilesto diversonsother than those described in previous sections
are currently unquantified.

Egg and larval sampling in the doughs leading to the North Bay Aqueduct indicate that sriped bass
abundance hasincreased (Herrgesdl 1993). Diversion during the striped bass spawning and early rearing
period may draw water and the associated eggs and larvae off the Sacramento River. Other diversons
would likey have smilar effects.

The fish screen at the North Bay Aqueduct diversion prevents entrainment of juvenile striped bassinto the
diverson. Indirect losses (i.e., predation and other factors associated with the screen) have not been
determined. Redive to other diversons, the effect on juvenile bassis probably minima because of the
location relative to the main striped bass rearing aress.

Annua entrainment losses of eggs and larvae to CCWD's Rock Sough diverson are unknown. The
diverson is not located near the main striped bass spawning area; however, high entrainment losses of
striped bass eggs and larvae occur at the SWP and CVP Deta pumping facilities. Old River transports
water and striped bass eggs and larvae to the SWP and CV P Ddtapumping facilities. Diversion during the
striped bass egg and larval period draws water and the associated eggs and larvae off of Old River and to
the Rock Slough diversion.

Annua entrainment losses to CCWD's Rock Sough diverson may have higoricaly exceeded 1 million
juvenile striped bass (Odenwedler 1992). Sampling of striped bass entrainment, however, has not been
consstent, and actua entrainment losses are unknown. Thediversion isnot located near the main striped
bass rearing aress, but striped bass juveniles are abundant in some yearsin Old and Middle rivers, which
transport water to the SWP and CV P Delta pumping facilities (as supported by high entrainment losses of
juveniles a those facilities). The Rock Slough diverson draws water off the Old River channd.

Toxic substances - Surviva of adult striped bass may be affected by toxic materials entering the
Sacramento- San Joaguin estuary from agricultura runoff, discharge of industrial and municipa waste, and
runoff from non-point sources (i.e., sormwater runoff). Adult striped basstissues contain concentrations of
toxics exceeding levels recommended for human consumption; however, data prior to the striped bass
decline after 1970 are unavailable for comparison (Herbold et d. 1992). Relative to striped bass on the
Atlantic Coast and in other estuaries, striped bass from the Sacramento- San Joaguin estuary appear tobein
poor health and often have open lesions (reactions to parasite infection) (Brown 1987).
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Every year, during May and June, hundreds to thousands of adult striped bass die and wash up dong the
shoreline of the estuary (Brown 1992). The highest dendity of dead adultsisfound in Carquinez Strait.
Livers from dead striped bass were contaminated with higher concentrations of toxic materids than the
liversof hedthy fishtaken fromthe Ddta. A causativefactor for the die-off has not been identified, but the
relaively high concentration of toxic materias may contribute to factors resulting in the mortdity.

The number of viable eggs is directly affected by contaminant levels in prespawning femaes, causing

resorption of eggsor production of abnorma embryos (Brown 1987, DFG 1987). Andysshasnot shown
strong rel ationships between reproductive condition, parasite burdens, and pollutant concentrations. Female
striped bass in the Sacramento- San Joaguin estuary, however, arelessfecund than fema e bassfrom other
estuaries. Reduced fecundity appears to be rdated to the effects of toxic materias, but the extent of

reduced fecundity is unknown.

Habitat - Asnoted previoudy, nearly haf of the available marsh and tidal habitat wasfilled and leveed off
(DFG 1989). Inthe Ddta, lessthan 3% of the habitat remainsin astate smilar to Delta habitat 150 years
ago (Herbold et d. 1992). Diking and filling restricted striped bass habitat and reduced tidal mixing and
overdl estuary productivity. However, mogt diking and filling in the estuary preceded the recent precipitous
20-year decline in the population. Since 1970, only relatively small habitat areas have been lost to levee
riprapping and additiond filling. Although habitat loss does not account for the population decline,
restoration of diked and filled wetlands, with subsequent reconnection to the estuary, could provide
additiona habitat for adult striped bass and increase overall productivity of the estuary.

AMERICAN SHAD
General Problems

Sincethe early 1900s, the shad population isbelieved to have experienced agradud declinein abundance.
Evidence suggests that this decline has occurred primarily from anthropogenic factors, such as water
development, that likely continueto affect dbundance. Theragpid increasein American shad abundance and
digtribution shortly after their introduction indicates that habitat and environmenta conditions higoricaly
were ided for shad. Although the rivers and Delta were largdly leveed and many of the wetlands were
diked and filled soon after the introduction of shad, the Delta environment and river flow patterns were
relatively unmodified compared to current conditions.

Undoubtedly, many factors have combined to decrease Cdifornials American shad populations, and
higtorica conditions for successful shad spawning, growth and development, and emigration have been
impaired. Although knowledge of American shad ecology and specific factors limiting shad abundancein
Cdifornia has been primarily limited to DFG's American shad studies in the mid 1970s, additiona

information being developed in the context of other sudies could assist in understanding factors affecting
shad abundance in the future.
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Many of the factorsaffecting the abundance of eggs and larvae equaly gpply to thejuvenilestage. Although
year class srength of the shad population may be set early in the life cycle of American shad, probably
occurring before the juvenile stage, survival of juvenile shad ultimatdy determines the number of shad
recruited to the adult population. Therefore, factorsaffecting juvenile shad may beimportant in determining
adult shad abundance.

In generd, overal shad production depends on both freshwater conditions (factors affecting adult migration,
spawning, egg incubation, rearing, and emigration) and oceanic conditions (factors affecting ocean shad
growth, survival, and migration back to fresh water). More is known about the freshwater life history,
biology, and environmenta requirements of shad. The oceanic ecology of shad in the Pacific Ocean has
been generdly neglected. Oceanic conditions should not be entirdly dismissed as a factor affecting
abundance, however, because DFG viewed the 1982-1983 El Nifio conditions in the ocean as having
detrimental impacts on shad populations (Messeramith pers. comm.), and oceanic conditions are being
found to have greater effects on sdmon populations than once thought.

Flow and water temperature - River flows are important in determining the spawning locations of virgin
American shad, while water temperature gppears to be the most important mechanism triggering the onset
of spawning. Water temperatures outside the optimum range for migrating and spawning adult shad may
affect shad abundance by reducing reproductive success or by increasing mortality in post- gpawning adults

Operation of large upstream reservoirs has atered historical water temperature regimesin tributary rivers.
The survivd of shad eggs and larvee are closdy related to water temperatures. Exceedingly low water
temperatures (lessthan 52°F) can reduce hatching success of shed eggs (Stier and Crance 1985). Similarly,
exceedingly high water temperatures (greater than 80°F) can be unsuitable for hatching of eggsand eventud
development of larvae (Stier and Crance 1985). Less than optimal water temperatures may cause
developing larvae to sustain poor devel opment, reduced growth rates, and increased mortality.

Diversions - American shad eggs, larvae, and juveniles are susceptible to unscreened and sometimes
screened diversions that occur throughout the distributiona range of shad in the Sacramento- San Joaquin
River system. Direct losses to these diversons are, for the most part, largely unknown.

Habitat - Habitat modifications have had the greatest effect on shallow-water habitats particularly important
to developing larvae. Important shallow-water habitats provide optima water temperatures necessary for
growth and proper development and excellent conditionsfor food production. Asnoted previoudy, levee
condruction, river channdization, dredging, and the diking and filling of historical flood basins have
dradticaly reduced the amount of shallow-water habitats available to young shad both in the mgor river
systems and the Delta

Toxic materials - All life sages of American shad may be affected by toxic materids entering the
Sacramento- San Joaguin River system from agricultura runoff, discharge of industria and municipa waste,
and runoff from non-point sources (e.g., urban sormwater runoff). In the Delta, pollutants of particular
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concern aretrace eements(e.g., selenium, copper, cadmium, and chromium) and agricultural chemicasand
thelr derivatives, which are used extengively in the Centrd Valey.

Although no specific information is available on how toxic materias are affecting shad populationsin the
rivers or Delta, the effects of toxics on adult shad may be smilar to known effects on other Ddlta fish
species. For instance, toxics exceeding levels consdered safe for human consumption have been foundin
tissue samples of adult striped bass and appear to reduce fecundity in femae striped bass. Although toxic
materids likely have an adverse affect on adult shad, no evidence existsto suggest thet these materidsare
causing adeclinein shad abundance. Toxic materidsmay affect adults either directly or indirectly, thereby
reducing reproductive success and survival.

One of the complicating factorsin understanding theeffects of toxics on ecological processesinthe estuary
isthe complex distribution of "hot spots’ (i.e., areas with high concentrations of toxics), both spatidly and
tempordly (Herbold et . 1992). These hot spots may cause adultsto avoid biologically important habitat
or dter movements.

Although shad spawn when flows aretypically high and pollutant concentrations are probably relaively low
(because of the diluting effects of high freshwater flows), locaized populations of young shad and eggs may
be disproportionately affected by pollutantsif developing eggs and larvae encounter discharges containing
high pollutant concentrations. Developing eggsand larvaein thevicinity of these dischargesmay experience
poor development, reduced growth rates, and increased mortality, but specific data are unavailable to
ascertain the importance of toxic materiads in determining shad abundance.

Competition and predation - The effects of increased competition and predation resulting from species
introductions are difficult to evauae in wild populations. Competition-predation effects would be
digtinguishable if there was a concomitant increase in the abundance of an introduced species with the
decline in abundance of shad.

Striped bass are known to prey on young shad; however, it is unlikely that they are responsible for the
decline in abundance because shad and striped bass have coexisted since shortly after shad were
introduced. Furthermore, historical shed populations were abundant at the same time that hedlthy striped
bass populations occurred. More recently, striped bass populations have been declining aong with other
Deta species, including shad.

Compstitionisamorelikely source of mortdity for larval shad. Numerous accidental speciesintroductions
have occurred since shad were introduced to the Sacramento-San Joaquin River sysem and, in
combination with modified habitats, could have adversaly affected shad surviva in severd ways. These
mechanisms have been described in detail for striped bass.
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Prey availability - Prey availahility for larval shad appears to be adversely affected by human-induced
factors. Remova of riparian and streamside vegetation in the Sacramento River system upstream of the
Détapotentidly reducesthe recruitment of terrestrid insects. 'Y oung shad in these upstream areasrely on
terrestria insects as a food source, which has been decreasing as more river sections are leveed. (DFG
1987.)

Sacramento River

Although shad on the east coast are known to exhibit atendency to spawn in their natal streams, river flow
appearsto be largdy respongble for affecting the distribution of virgin spawnersin the Sacramento River
system (Painter et d. 1980). Within the Sacramento River system, the rel ative magnitude of tributary flow
to the mainstem rivers appearsto determine the rel ative percentage of virgin spawners using thosetributary
rivers (Painter et d. 1980).

Based on 1975-1978 data, flow relationships have been developed that indicate that virgin shad are
attracted into the upper Sacramento, Y uba, and American riverswhen flowsin theseriversrelative to the
Feather, Feather, and Sacramento rivers, respectively, arerdatively large during May and June (Table 2-
VII-4) (Painter et d. 1980). A strong relationship does not exist in the Feather River, however, whereitis
believed that the longer rearing time dlows juveniles to become imprinted for homing (DFG 1987). The
lack of such a relaionship has recently been verified using 1990- 1993 shad data from the Sacramento,
Feather, and Y ubarivers (Sommer pers. comm.). Equally strong relationshipsalso exist inthe 1975-1978
data between the percentage of virgin shad attracted into the upper Sacramento, Y uba, and Americanrivers
and total May-June flowsin these rivers, without congderation of the flow percentages between any two
rivers (Jones & Stokes Associates file data).

Table 2-VI1I-4. Percentage flow and virgin shad in the upper Sacramento, Fegther,
Y uba, and American rivers (1975-1978)

Upper
Y ear/Coefficient Sacramento Feather Y uba American
%Q% | WV | %Q® | %V %Q° | %WV %Q" %\
1975 65.8 727 34.2 62.7 33.8 | 7045 19.0 96.8
1976 795 90.8 215 29.0 10.3 | 3261 10.5 71.7
1977 76.8 85.4 23.2 82.2 N/A 54 58.8
1978 60.1 63.9 39.9 80.1 38.9 | 80.06 18.2 91.9
Codfficient 0.9971 0.5020 0.9997 0.9978
of
corrdation
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Percent upper Sacramento of upper Sacramento plus Feather River flow.
Percent Feather River of Feather River plus upper Sacramento.

Percent Y uba River plus Feather River at Yuba City.

Percent American River of Sacramento River a Sacramento.

(g} (g] o o

Notes:

1. Percent virgins each year from Wixom (1981), percent Q based on mean May-June flows, U.S.
Geologicd Service data.

2. Predictive equations (y = percentage flow, x = percentage virgins) are as follows.

Upper Sacramento River y = 1.3284 x -15.5171
Feather River y = 1.3991 x +21.9482
Y uba River y = 1.6440 x +15.5572
American River y = 2.7208 x +43.6819

Source: Painter et al. 1980.

Despite these strong rel ationships, the effect of therdative distribution of virgin spawnerson young- of-year
(YQY) shad abundance and overdl shad populationsisunknown. Specificdly, itisunclear whether thereis
increased surviva from shad spawning inthemgor tributariesrather than spawning in the Sacramento River.
It isunknown whether Y QY abundanceisafunction of the distribution of flows (and therefore spawners)
or increased flowsingenera. For ingtance, fall midwater trawl survey datasuggest that Y OY abundanceis
greater during years with high freshwater Ddlta inflow. However, during years of high Deta inflow,

relatively more Y QY shad may bewashed downstream into the Delta.compared to yearswith lower Delta
inflows, causng the abundance index to be higher than it actudly is.

Adult passage into tributary streamsis dso an important factor in determining the distribution of spawning
adults. Relatively low flows during spring may reduce or restrict adult accessto spawning aressin tributary
riversat criticd riffle habitats. Critica riffle habitats occur when decreasing flows cause water depthsto be
too low to passmigrating adult shad. Reduced or restricted accessto spawning areas may cause adult shed
to spawn where habitat or environmenta conditions are less favorable, thereby reducing reproductive
SUCCESS.
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San Joaquin River

All of the factors described above for the Sacramento River, and for American shad in generd, have
worked in concert to limit shad runsin the San Joaguin River basin. Of particular importance, however, is
the lack of adequate spring instream flows and corresponding poor water quality.

Delta/Bay

Flow - YOY shad abundance gppears to be positively correlated with flow during the primary spawning
months (April-June) (Painter 1979). Anadyss of the 1967-1991 midwater trawl abundance indices
indicates that YOY shad abundance is greater in years when April-June Delta outflows are greater
(Figure 2-V11-32). Seining surveysconducted during the 1975- 1978 period collected agreater number of
juvenile shad in 1975 and 1978, compared to the 1976-1977 drought years (Painter et a. 1980).

The precise environmenta mechanism responsible for increasing YOY shad abundance during yearswith
increased April-June flows is unknown. However, the following mechanisms may explain reduced
abundance at lower Delta outflows:

# Eggsand larvae are more likely to settle to theriver bottom and die because water velocities,
which are necessary to suspend eggs off the bottom, are reduced.

# Egg and larva survivad is reduced because of warmer water temperatures associated with
reduced river flows.

# Eggsand larvae are more susceptible to exposure of toxic substancesin theriversand Delta

# A lower proportion of larvee are carried to the Delta where feeding efficiency and survival
rates may be increased.

# A higher proportion of larvae are drawn into the central and south Deltawhere vulnerability to
entranment in diversonsis gregter.

However, the precise environmental mechanism that determines shad abundance isunknown. Mechanisms
that may contribute to reduced abundance of egg and larva stages likely gpply to juvenile shad as well.

Salinity - As stated earlier, upstream water storage projects, diversions, and Delta export pumping have
reduced Deltaoutflow and periodicaly increased sdinity in Suisun Marsh, Suisun Bay, and thelower Delta
Because larva shad gppear to be highly tolerant of sdinity and salinity changes (Stier and Crance 1985),
increased sdlinity in the estuary does not gppear to directly affect young shad. However, increased sdinity
in the estuary may influence other environmenta and biologica factors such as prey availahility, thereby
indirectly affecting shad abundance.
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Entrainment - Entrainment losses depend on thetiming, Sze, and location of individud diversonsreaiveto
the seasond distribution and abundance of American shad. Lossesof larva shad could be most effectively
minimized by reducing diversonsin July and Augus.

CVP and S\WP Delta pumping facilities - CVPand SWP DdltaPumping Fecilitiesarethelargest
diversonsin the Delta, and young shad are vulnerableto diversion by these and other facilities. Thousands
of American shad are sdlvaged annudly by CV P and SWPfish protection facilities (Figure 2-V11-33), and
thousands more are logt to the diversons. American shad are the third most common fish sdlvaged at the
SWP screens (DFG 1987).

Thousands of juvenile shad (2.8-30 centimeters long) are entrained in diversons at the CVP and SWP
Deta Pumping Facilities each year and account for most entrained shad. Although the bulk of juvenilesare
entrained from July through December, sdvage records indicate that the juvenile shad are entrained year
round (Figure 2-V11-34).

The relative proportion of entrained juvenilesthat are sdvaged and returned to the Deltadive has not been
quantified. Evauations of screening efficiency comparable to studiesfor striped bass and sdmon have not
been conducted for American shad; however, it is believed that larger fish in fdl are screened more
efficiently than those in late spring and early summer (DFG 1987).

Entrainment |osses occur from predation near the screening facilitiesand stress associated with handling and
trucking. Sadvaged American shad suffer mortdlity rates in excess of 50% during summer, with dightly
lower mortdity rates during the cooler fall (DFG 1987). Because of the high handling losses that occur at
the CVP and SWP fish protection facilities, the only practica means of reducing these losses would be
pumping restrictions during July through December.

Y oung shad spawned in the south Deltaand M okelumne River channdsare drawn into the pumpsaslarvae
and small juveniles;, Sacramento River system juvenilestend to be drawn through the DCC and acrossthe
Deta during their downstream migration (DFG 1987). Salvage data from the CVP and SWP pumping
fadlities indicate that larval shad (less than 1.12 inches long) are entrained from May through September
(Figure 2-V11-34). Most of the entrained larvee are lost in the diversons. Entrainment losses, including
predation, handling, and trucking mortality, have not been quantified.

Agricultural diversions- Lossesof larva shad to agricultura diversonsare probably consderable
because these diversons account for approximately one-third of the volume of water diverted from the
Deta Lossestoagricultura diversonsdepend onthetiming, Sze, and location (geographicaly and postion
within the channel) of individual diversons relétive to the seasona distribution and abundance of larvee.
Entrainment losses to agricultura diversions have not been quantified.
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Entrainment of juvenile shad to agriculturd diversonsis a function of fish Sze, location of the diversons
(geographicaly and position within the channd), and the volume and design of the diversons. Although
juvenile shad may be cgpable of avoiding smdler intakes, entranment is likedy. The magnitude of

entrainment losses of juvenilesto these diversionsis currently unknown and depends on juvenile abundance
and distribution in addition to the factors mentioned above.

Power generation facility diversions - PG&E's Contra Costa and Pittsburg Power Plants have
fish salvage facilities, but entrainment rates, salvage efficiency, and associated losses of larval shad are not
avalable. Shad larvae are known to occur in the Delta and Suisun Bay and are probably susceptible to
entrainment as they pass near the intakes to these power plants.

PG& E's Contra Costaand Pittsburg Power Plants havefish salvagefacilities, but entrainment rates, sdvage
efficiency, and associated losses of juvenile shad arenot available. Juvenile entrainment may be substantial
because of the proximity of the intakes to juvenile rearing aress.

Other diversions - The magnitude of larva entranment losses at the North Bay Aqueduct and
CCWD'sRock Slough diversionsisunknown. Lossesat upstream diversonsin riverswhere shad spawn,
rear, and emigrate undoubtedly occur but are not quantified. 1t would generdly be expected that as the
proportion of river flow diverted is increased, American shad egg, larvae, and juvenile survival would
decrease if these life stages resided in the area of the river where the diversions were occurring.

Theé€fficiency of the salvagefacilitiesand the entrainment losses of juvenile shed at the North Bay Aqueduct
and lossesto CCWD'sRock Slough diversions are unknown. Diversonsinknown juvenilerearing aressin
the rivers would have an adverse effect smilar to that described for eggs and larvae but substantialy
diminished because of the swvimming cgpabilities of the larger juvenile fish.

Habitat - Land reclamation, flood control facilities, and agriculturd development have diminated or
dragticaly dtered much of the agquatic habitat within the Centrd Vdley. Dams may have restricted access
to upstream spawning and rearing habitats and modified or reduced freshwater flows that provide the
necessary conditions for optima shad migration, spawning, egg incubation, and rearing. Diking and
dredging have diminated an estimated 96% of the wetland habitatsin thelowland areas (50 CFR Part 17).
Diking andfilling of wetlandsin the Deltahave restricted shad habitat and, in combination with reductionsin
freshwater flows, have reduced tidd mixing and overdl estuary productivity. Although many of these
modifications occurred before the initid introduction of shad in Cdifornia, more recent anthropogenic
factors may exacerbate the effects of wetland filling and diking, thereby contributing to the decline in shad
abundance.

Prey availability - Water devel opment has affected zooplankton abundancein the Delta, primarily because
the use of Deltachannd sto convey Sacramento River water to the south Delta has reduced water resdence
times in the Delta and increased the volume of zooplankton-deficient Sacramento River water that is
trangported to the central and south Delta (DFG 1987).
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Theintroduced Agatic dlam (Potamocor bula p.) may affect young shad abundance becausetheclam has
become extremely abundant in Suisun Bay where it may compete with opossum shrimp, a prey item of
American shad. Introduced species of copepods and cladocerans may have smilar effects on young shad
abundance.

WHITE STURGEON
Flows

Kohlhorst et d. (1991) found a sgnificant positive correlation between a year-cdlass strength index and
Sacramento River outflow from April to July. During yearswith high April to July flows (1982 and 1983),
white sturgeon year-class strength was greater than years between 1975 and 1985 with lower outflows
(Figure 2-V11-35). SWP datafrom 1968 to 1987 asoindicatethat sturgeon production (as determined by
the number of young sturgeon salvaged per acre-foot of water exported) was related to April-May Delta
outflows (DWR 1990) (Figure 2-V11-36).

Mechanisms responsiblefor increased recruitment are not well defined. Likely cortributing factorsinclude
increased spawning activity cued by high flows, larval dispersion by the currentsto more productive or less
utilized habitats, reduced entrainment, and increased nutrient loading to the nursery environment due to
increased flows.

Diversions

Larvd and juvenile sturgeon are weak svimmersthat are trangported downstream primarily by the currents.
Consequently, larva and juvenile sturgeon are susceptible to entrainment and impingement on fish screens
asociated with water diverson projects in the Sacramento River and Delta. Magnitude of losses and
effects on population abundance are unknown. Fish screen designs at diversons are important to

successfully pass juvenile sturgeon at diversons and prevent impingement of sturgeon on the screens.

Based on the work of Reading (1982), Ward (pers. comm.) suggested that required maximum approach
velocitieswould need to be approximately 0.06 foot per second to protect juvenile sturgeon at diversions.

Water Quality

The influence of water pollution on sturgeon is not well documented.  Sturgeon tissue has been found to
contain polychlorinated biphenyls (PCBs), organochl orides, mercury, selenium, and dioxins (Pacific States
Marine FisheriesCommisson 1992). Egg tissues can dso contain toxins, which could reduce reproductive
potentia (Doroshov 1990). Turbidity can affect the adhesiveness of eggs, which could displace eggsto
less-than-optimum habitats during incubation.

Predation
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There are no published dataon the effects of predators on juvenile sturgeon in the Secramento River. Mass
nocturna hatching, hiding behavior during yolk absorption, and avoidance of light are al adaptations to
minimize predation. As sturgeon grow, they become less likely to bekilled by predators. Adult sturgeon
are not known to have any predators except humans. Benthic-feeding fish are mogt likely to consume
sturgeon eggs and larvae. Dramatic increases in these predators could adversdy affect sturgeon
recruitment.

Migration Barriers

Though not well documented, low flows and physical obstructions can impede sturgeon migration. For
example, blagting wasrequired to remove anin-river obstacle on the Klamath River that was determined to
impede sturgeon migration (USFWS 1982). Mgor physicd barriers to adult sturgeon migration on the
maingstem Sacramento River are RBDD and the ACID'sdiverson dam. Unimpeded migration past RBDD
occurs during gates-raised operation roughly between mid- September through early May (asmandated by
NMFS); while passage past the ACID's diversion dam occurs from November through March when dam
flashboardsareremoved. Both RBDD and the ACID'sdiverson dam havefish ladders primarily designed
to facilitate sdmonid passage. Potentid physica barriersto upstream migration in the Feather River area
rock dam at Sutter Extenson Water Didtrict's sunrise pumps, Shangha Bend, and severd shdlow riffles
between the confluence of Honcut Creek upstream to Thermdito Afterbay outlet. Ted Sommer (pers.
comm.) thought each of the above-listed physica barrierscould impede adult upsiream migration during low
flows. Findly, on the San Joaguin River anglers describe sturgeon migrating through shdlow water and
believe that low water dows migration (Russdll pers. comm.).

Low dissolved oxygen levels commonly occur near Stockton each fal due to dredging activities in the
Stockton Ship Channel and turning basin, flow reversas due to high Delta exports, and effluent discharge
from the Stockton Municipa Sewage Plant, and other sources. Low dissolved oxygen levels have been
shown to inhibit adult ssimon migration near Stockton. The quality and quantity of agricultura drainwater
may asoinhibit adult sturgeon migration. Whether or not low dissolved oxygen levels of other water qudlity
conditionsinhibit passage of adult sturgeon is unknown and needs to be investigated.

GREEN STURGEON

Problems affecting green sturgeon production are likely to be smilar to those affecting white sturgeon.
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SECTION VIII. MANAGEMENT FACTORS

AUTHORITIES AND AGENCY RESPONSIBILITIES

Themanagement of Central Vdley anadromousfish populations and their migration, holding, spawning, and
rearing habitats is achieved through abroad diversty of state and federa laws and regulations. Significant
respongbilitiesare vested through the Public Trust Doctrine, the state and federa Endangered Species Acts,
the federal Clean Water Act, the State Porter-Cologne Water Quadlity Control Act, the U.S. Fish and
Wildlife Coordination Act, the Magnuson Fishery Conservation and Management Act, the federd Water
Pollution Control Act, the federd Rivers and Harbors Act, the federal Power Act, the National
Environmentd Policy Act, the Cdifornia Environmental Quaity Act, and numerous provisons of the
Cdifornia Fish and Game Code.

Thefollowing isadiscusson of agencies, policies, and programs that affect management of Central Valley
anadromous fisheries, riparian, and wetland resources.

Federal Role

TheNationa Environmenta Policy Act (NEPA) requiresfedera agenciesto prepare detailed environmenta
impact statements when considering major federd actions that could sgnificantly affect the qudity of the
human environment.

The Fish and Wildlife Coordination Act (FWCA) establishes a nationa policy of protection and

enhancement of fish and wildlife that may be affected by federadly congructed projects. The FWCA

providesthat "wildlife conservation shall recelve equa cons deration and be coordinated with other features
of water development programs'. Equal consideration isachieved primarily through the required consulta-
tion process. Federa agencies mugt consult with the U.S. Fish and Wildlife Service (USFWS), the
Nationd Marine Fisheries Service (NMFS), and state fish and wildlife agencies on proposed projects and
must adopt reasonable mitigation and enhancement measures.

The federd Endangered Species Act (ESA) limits the take of federaly listed threatened or endangered
gpeciesand their habitats. Federd agenciesare required under ESA to consult with the appropriate federa
fish and wildlife agency when proposing aproject with the potentid to affect alisted fish or wildlife species.
Severd federdly listed species depend on Centra Valey streams, wetlands, or riparian aress for their
urvivd.
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The U.S. Natura Resources Conservation Service (NRCS) (formerly the U.S. Soil Conservation Service
[SCS]), U.S. Department of Agriculture, provides technica assistance in the conservation, development,
and productive use of the nation's soil, water, and related resources. NRCSis staff to the Local Resource
Conservation Didrictsin Cdifornia. NRCS administers aWater Bank Program, with assistance from the
Agriculturd Stabilization and Conservation Service and other agencies. The objectives of the program are
to preserve, restore, and improve habitat in important migratory waterfowl nesting and breeding areas and
to bendfit other wildlife. Landownerswith digible wetlands may enter into agreements to receive annua

payments for conserving land as wetlands.

The mission of the NMFS, U.S. Department of Commerce, is to conserve, manage, and develop living
marine resources and to promote the continued use of these resourcesfor the nation'sbenefit. TheNMFS
adminigters the ESA for federaly listed threatened or endangered anadromous fish species and marine
gpecies. In the Centrd Vdley, NMFS has responsibility for the federdly listed threatened Sacramento
River winter-run chinook saimon.

The Federa Energy Regulatory Commission (FERC) is authorized by the federa Power Act to issue
licenses for the development of hydropower projects. Thisauthority istempered by its obligations under
environmenta protection statutes. Conditions are placed on power licenses for the protection of fish,
wildlife, and vegetation. For many streams in the Central Valey with hydrodectric power plants, the
streamflows and fish passage facilities to maintain anadromous fisheries are required by conditions placed
upon the FERC project licenses.

The misson of the U.S. Army Corps of Engineers (Corps), U.S. Department of Defense, is to develop,
control, maintain, and conserve the nation'swaterways and wetlands. The Corpsplaysasgnificant rolein
flood control. The Corpsistheprincipa federal agency involved in the regulation of wetlandsand sharesa
lead role with the U.S. Environmenta Protection Agency (EPA) in preventing degradation and destruction
of "watersof the U.S." (most freshwater, wetlands, estuaries, and coastal waterswithin theterritorid limits).

The Corps has authority under Section 404 of the Clean Water Act and Section 10 of the Rivers and
Harbors Act, which prohibit the discharge of dredged or fill material into waters of the United States, or the
obstruction or dteration of navigable waters of the United States, without a permit.

The U.S. Bureau of Reclamation (USBR), U.S. Department of the Interior, congtructsand maintainsfedera
water development (reclamation) projects for irrigation water services, municipal and industrial water
supply, hydrod ectric power generation, water qudity improvement, fish and wildlife enhancement, outdoor
recregtion, and river regulation and control. USBR operates the Central Valey Project (CVP), which
congdts of severd large water storage reservoirs and export facilities in the Trinity River basin, the
Sacramento Vdley, the San Joagquin Vdley, and the Sacramento- San Joaquin Delta.

TheU.S. Geologicd Survey (USGS), U.S. Department of the Interior, provides geologic, topographic, and
hydrologic information that contributes to the management of resources. USGS collects dataon aroutine
bas s to determine quantity, quality, and use of surface water and groundwater, conducts water resources
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gppraisas describing the consequences of dternative plans for developing land and water resources,
researches hydraulics and hydrology, and coordinates dl federd water data acquisition.

The USFWS, U.S. Department of the Interior, isresponsible for protecting and conserving fishes, wildlife
(birds and most mammals), and their habitats for the benefit of the public. USFWSisthe natural resource
trustee for migratory birds, certain anadromous fish, endangered species, and certain federdly managed
water resources. Under the FWCA, USFWS reviews Corps Section 10 and 404 permit applications,

FERC license gpplications, and federdly permitted or constructed projects in or affecting waters of the
United States with the god of protecting and restoring the fish and wildlife values. The North American
Waterfowl Management Plan seeks to restore and maintain the diversity, distribution, and abundance of

waterfowl that occurred from 1970 to 1979 by solving habitat problems. The plan focuses on seven

priority habitat areas, the Centra Vdley isoneof theseareas. The Centrd Valley Habitat Joint Ventureisa
group of private organizations and public agenciesthat have agreed to pool their resourcesto solve habitat
problemsin the Centra Valey. The Migratory Bird Conservation Act of 1929 authorizesthe USFWSto
acquire landsfor conservation of migratory waterfowl and the Fish and Wildlife Act of 1956 authorizesthe
acquisition of lands for wildlife refuges. The Emergency Wetland Resources Act of 1986 authorizes the
Secretary of the Interior to acquire wetlands, and the North American Wetland Conservation Act of 1989
authorizes acquisition of wetlands to implement the North American Waterfowl Management Plan.

The EPA, Executive Branch, was established to protect, maintain, restore, and enhance environmentd
qudity and human hedlth through the regulation of activities that have potentidly harmful effects on air,
water, and land resources. EPA exercises authority through the Nationa Pollution Discharge Elimination
System (NPDES), Nationd Pretreatment Program, Ocean Dumping/Dredging and Fill, and has delegated
to the gtates the authority to certify that permitted actions are consstent with the state's water quaity
objectives under the Clean Water Act.

The Pacific Fishery Management Council (Council) and seven other regiona councilswere created by the
Magnuson Fishery Conservation and Management Act in 1976 with the primary role of developing,

monitoring, and revisng management plansfor fisheries conducted within 3 to 200 milesof the United States
coast. The Council develops plans for ocean fisheries off Cdifornia, Oregon, and Washington. The
Council isnot afederd agency but isaregiona body funded through the U.S. Department of Commerce.
The Council employs a professond saff headquartered in Portland, Oregon; a Scientific and Statistical

Committee; severd fishery management plan technical teams, and a citizen advisory pand.

The Council meetsin various|ocationsthroughout its areaof jurisdiction and discusses sd mon management
issues in March and April. The Council has 13 voting members, including the regiond director of the
NMES; chief fishery officids of Oregon, Washington, Cdifornia, and Idaho; and eight private citizens
gppointed by the Secretary of Commerce from lists submitted by each state governor.
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The ocean sdmon fisheries off Washington, Oregon, and California have been managed by the Council
snce 1977. Annud amendments to the Fishery Management Plan were used to provide required
management flexibility each season until a framework concept was adopted. Beginning with the 1985
season, the ocean salmon fishery has been managed by a framework amendment that alows flexibility to
adjust annua management regulations in response to varying stock abundance.

The harvest management objectives of the Council are to:

Establish ocean harvest rates for commercid and recregtiona fisheriesthat are congstent
with requirementsfor optimum spawning escapements, treaty obligations, and continuance
of established recregtiond and commercid fisheries within the condraints of meeting

conservation and alocation objectives. Achievement of this objective requires that:

1.

a

Escapements of viable natura spawning stocks of salmon shdl be sufficient to
maintain or restore the production of such stocks at optima levels.

Escapement of hatchery stocks shal be sufficient to achieve production gods
established by the management entity or entitieswith responsibility for establishing
gods.

In managing mixed stock sdmon fishing, the levd of explaitation that can be
sustained by the weekest natural spawning stocks for which specific management
objectives have been defined will be used by the Council to establish maximum
fishing rates

Harvest dlocation of saimon stocks between ocean and insde recregtiond and
commercid fisheries shdl be fair and equitable and fishing interestsshal equitably
share the obligations of fulfilling any treaty or other legdl requirements for harvest
opportunities.

Minimize fishery mortdities for those fish not landed from dl ocean sdmon fisheries as
congstent with optimum yield.

Manage and regul ate the fisheries so the optimum yield encompasses the quantity and value
of food produced, the recreationa vaue, and the socia and economic vaues of the
fisheries

Deveop far and crestive gpproaches to managing fishing effort and evauate and apply
effort management systems as gppropriate to achieve these management objectives.
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5. Achieve long-term coordination with the member sates of the Council and other
management entities which are responsible for sdmon habitat or production in the
development of a coastwide salmon management plan.

6. Manage cong stent with any United States- Canadian sdmon treety.

7. Support the enhancement of sdlmon stock abundance in fishing effort management
programs to facilitate a return to economicaly viable and socialy acceptable commercid,
recreational, and tribal seasons.

Sate Role

TheCdiforniaEnvironmenta Qudity Act (CEQA) requiresthe preparation of environmenta impact reports
for projects proposed or permitted by state or loca agencies with the potentid to significantly affect the
environment. Itsregulationsinclude specific protection for species designated asthreatened or endangered.
The Sacramento- San Joaquin Ddtais listed as having regiona and statewide significance; wetlands and
riparian landsare defined assgnificant. Impactsmust bemitigeted to aleve of insgnificance (or afinding of
overriding condderation), and a mitigation monitoring plan must ensure the effectiveness of mitigation
Mmeasures.

The Cdifornia Endangered Species Act (CESA) controls take of state-listed threatened or endangered
gpecies. CESA requires state agenciesto consult with the Caifornia Department of Fish and Game (DFG)
on projects with the potentid to affect state-listed pecies and to implement measures to minimize project
effects on the listed species.

The CdiforniaDepartment of Trangportation (Catrans) plans, designs, and buildsthe sate highway system.
Under the Assembly Bill 471 grant program, Catransprovides $10 million per year for the enhancement of
fish and wildlife in the state beyond the requirements of NEPA and CEQA.

The Cdifornia State Water Resources Control Board (SWRCB) administers Californias system of water
rights and controls water quality. The SWRCB reviews gpplications for the diverson of water from the
Ddtaor itstributaries to determine the effect of the proposa on the quantity and quaity of water and the
resultant effect on other uses of water in the Delta  The SWRCB is aso chigfly responsble for
implementing Section 208 of the Clean Water Act, the mandate to control "non-point” pollution. The
SWRCB and regiond water quality control boards review al proposed activitiesin the Delta that require
federa grants, licenses, or permitsto determinethe effect of the proposed action on water quality. Severa
sectionsin the State Water Code refer to the protection of fish and wildlife. The SWRCB is charged with
edtablishing water qudity standards for the CVP and the State Water Project (SWP).
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The Regiona Water Quality Control Boards (RWQCBS) act as agents of the SWRCB and the EPA by
issuing waste discharge permitsunder provisions of the Clean Water Act and Porter-CologneAct. TheSan
Francisco RWQCB jurisdiction includes the watershed of San Francisco Bay downstream of Chippsidand
inthe Delta. The Centra Valey RWQCB jurisdiction includes the Ddtafrom Chipps Idand east and the
Centrd Valey. DFG haslegidativeauthority to preserve, protect, and manage the sae'sfish, wildlife, and
vegetation. DFG adminigters provisons of the CESA. DFG is respongble for wildlife management,

collection and management of data for waterfowl and nongame wildlife, disease research, wetland

enhancement, habitat devel opment and management on 76 designated state-ownedwildlifearess ecologica

reserves, and other public lands. DFG derives its duties and responsibilities from the California State
Condtitution, the Legidature, and the Fish and Game Code. Essentidly, it isthe policy of the Legidature
that Cdifornids fish and wildlife resources are property of the people of the sate, are of utmost public
interest and concern, and should be protected, conserved, and managed for the benefit of the public today
and in the future.

Severd provisons in the Fish and Game Code provide an important basis for the protection of fish and
wildlife. Sections1600-1607 requirea Streambed Alteration Agreement with DFG for projectsthat affect
the flow, bed, channel or bank of any river, sream, or lake. Protective measures for fish, wildlife, and
water quality areincluded in these agreements. Section 2760 et seq. providespolicy relativeto protection
and restoration of the Sate's fisheries and makes significant findingsrelative to the impacts caused by water
development. The Keene-Nidsen FisheriesRestoration Act of 1985 satesthat " Cdiforniaintendsto make
reasonable effortsto prevent further declinesin fish and wildlife, intendsto restore fish and wildlifeto historic
levelswhere possible, and intendsto enhance fish and wildlife resourceswhere possble” Sections5900 et
seg. dedl with dams, conduits, and screens asthey relate to protection of fishery resources. Section 5937
requires that the owner of any dam alow sufficient water at dl timesto pass downstream to keep in good
condition any fish that may be planted or exist below the dam. Section 5650 prohibits the placement into
waters of the state any substance or material deleteriousto fish, plant, or bird life. Section 1505 of the code
gives DFG the authority to manage, control, and protect the portions of designated samon spawning

reaches which occupy state-owned lands to the extent necessary to protect fish lifeintheseareas.  All of

the major samon spawning reaches of Centrd Valley streams are designated for protection in this code
section.

The Salmon, Steelhead Trout, and Anadromous Fisheries Program Act of 1988 has been incorporated into
Fish and Game Code Sections 6900-6924. The Cdifornia Legidature declared asfollows:

a) Itisthe policy of the State to Sgnificantly increase the naturd production of salmon and
stedlhead trout by the end of this century. The DFG shall develop a plan and a program
that gtrives to double the current naturd production of salmon and stedlhead trout
resources. b) It isthe policy of the State to recognize and encourage the participation of
the public in privatey and publicly funded mitigation, restoration, and enhancement
programs in order to protect and increase naturaly spawning salmon and stedlhead trout
resources. C) Itisthe policy of the State that existing natural sdmon and steelhead trout
habitat shall not be diminished further without offsetting the impacts of the logt habitat.
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Severa Cdifornia Fish and Game Commission palicies, adopted pursuant to Section 703 of the Fishand
Game Code, have widespread importance for the protection of fish and wildlife species in the Centrd

Valey. The Commisson's Water Policy describes specific actions that DFG shall take to  provide
maximum protection and enhancement of fish and wildlife and their habitat. The Commisson's policy on
wetlandsisto providefor the protection, preservation, restoration, enhancement, and expansion of wetland
habitat in Cdifornia. Further, it isthe policy of the Commission to strongly discourage development in or
converson of wetlands. It opposes, consstent with itslegd authority, any development or conversion that
would result in areduction of wetland acreage or wetland habitat values. The Commission opposeswetland
development proposa s unless, a aminimum, project mitigation assurestherewill be''no net loss' of either
wetland habitat values or acreage.

TheWildlife Conservation Board (WCB) acquiresland, developsrecreationa facilitiesand public accessto
naturd gtes, and investigates areas to determine suitability for wildlife production, preservation, and
recregtion.

Themisson of the California Department of Water Resources (DWR) isto evaluate present and projected
needs for water and devel opment programs and ensure the best use of the resource; to protect the public
through water qudity improvement, flood control, and dam safety programs, and to assst local water
agencies with funds, expertise, and technical support to improve their weter delivery sysems. DWR

adminigers the Davis-Grunsky Act grant program, which provides grants to local water digtricts for the
congruction of dams and reservoirs and provides for measures to enhance fishery and recreationa

resources. On severd Centra Valey streams, Davis-Grunsky Act contracts have provided important
streamflow augmentations and other measures that benefit sdmon. DWR aso issues permitsfor activities
involving damsor reservoirs. DWR isrespons blefor the SWP with mgjor storage reservoirsand pumping
fadilitiesin the Detanear Byron. DWR isinvolved in alevee improvement program for flood protection
that overlaps the North Delta Water Management Plans for widening channels.

DWR adminigersthelegidatively mandated San Joaguin River Management Program (SIRMP) inthe San
Joaquin River basin. Themisson of thisinteragency program isto develop consensus solutionsto fishery,
water supply, water quality, flood control, wildlife, and recrestion problemsinthebasin. All federd, state,
and local agencies with jurisdiction over the basin's resources participate in this process.

The Reclamation Board (RB), adminidratively pat of DWR, exercises responsihilities for flood
management on the Sacramento and San Joaquin riversand thelr tributariesand participateswith thefederd
government in the completion of federd levee and channel flood control projects.

The State Lands Commission (SL.C) administers policies established by the Legislatureand the SLC for the
management and protection of landsthat the State recaived from the federal government uponitsentry into
the Union. Such landsinclude the beds of dl naturdly navigable waterways such as mgor rivers, sreams
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and lakes, tidelands and submerged lands that extend from the mean high tide line seaward to the 3-mile
limit, swamp and overflow lands, vacant school lands, and granted lands. The state holdsitssovereignlands
in trust and they can no longer be sold. The SL.C manages the resources in amanner consstent with the
public trust values for fisheries, navigation, public access, recreation and wildlife habitat, and open space.
The SLC requires aLand Use Permit or Lease for activities on its lands.

The Office of the Secretary for Resources (OSR) directs the State Resources Agency, which functions as
an "umbrela’ agency, setting mgjor resource policy for the sate and overseeing programs of agency

departments, including DWR and DFG. The agency evauates CEQA documents for consideration of

exiging Sate policy, programs, and plansand coordinates al state agency commentsregarding permit gppli-
cations administered by Corps for compliance with the Federdl Clean Water Act.

The Cdifornia Department of Parks and Recreation (DPR) administers the Cdifornia Wildlife Protection
Act of 1990; one provision provides $2 millionin annua funding for grantsto acquire, retore, or enhance
aquatic habitat for spawning and rearing of anadromous salmonids and trout.

Local Agency Role

Resource Conservation Didricts are authorized to assst the state in conserving soil and water on farm,
range, urban, and timber lands. The districts provide assistance to landowners and government agenciesto
prevent soil eroson, control runoff, stabilize soils, and protect water quality.

Loca water didtricts serve the water supply needs of users within specific geographic areas. Many are
responsblefor making ingtream flow releases or maintaining habitat or fish and wildlife-related facilitieson
Centrd Vdley streams used by anadromous fish.

Reclamation Didricts are responsible for levee maintenance. These specid didtricts are formed and
supported by the landowners of the area protected by the levees.

Locd governments are required to have agenera plan with mandated eementsincluding

open space/conservation, safety, land use, and circulation. The conservation element addresses the
consarvation, development, and utilization of naturd resources, including water, forests, soils, rivers and
other waters, harbors, fisheries, wildlife, mineras, and other natural resources.

Federal Agencies and Satutes
Themgor federd agenciesthat have legd mandatesand responsibilitiesfor maintaining and restoring either

populations of anadromous fish within the Centrd Valey or the aquatic and associated habitats on which
those populations depend are presented below.
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Federd agency

Legd mandate

U.S. Fishand Wildlife Service

Centrd Valey Project Improvement Act
Endangered Species Act
Liging
Criticd Habitat Designation
Recovery Planning
Conaultetions
Biologica Opinions
Fish and Wildlife Coordination Act

U.S Environmenta Protection
Agency

Clean Water Act
Water Quality Standards
Nationd Pollution Discharge Elimination System permits
Effluent Standards
State Certification
Performance Standards
Toxic Pollutants
Non-point source Decisons
Information and Investigetory Activities
Wetland Decisons
Technica Assgtance
Contaminant Standards

Nationd Marine Fisheries
Service

Endangered Species Act
Liding
Critical Habitat Desgnation
Recovery Planning
Conaultetions
Biologicd Opinions
Magnuson Fishery Conservation Act
Fish and Wildlife Coordination Act

U.S. Bureau of Reclamation

Centrd Vdley Project Improvement Act
Reclamation Act of 1902

Reclamation Reform Act on 1982

Clean Water Act

Agreement Between the U.S. and Cdiforniafor the
Coordinated Operation of the CVP and the SWP

U.S. Army Corps of Enginegrs

Clean Water Act
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Federd agency Legd mandate

Section 404 Permits
Federd Rivers and Harbors Act of 1899
Water Resources Development Act

U.S. Forest Service Forest and Rangeland Renewable Resources Planning
Act

Forest Plans

Resource Assessment Program

Research Program
Federd Land Policy and Management Act of 1976

Natura Resource Soil and Water Resources Conservation Act of 1977
Conservation Service Soil and Water Conservation Program
Data Collection and Technica Assstance
Public Law 566

Bureau of Land Management Federa Land Policy and Management Act of 1976
Public Land Inventory

Land Use Plans

Management of Public Lands

Federd Energy Regulatory Federa Power Act

Commisson

All federd agencies Nationa Environmenta Policy Act
Endangered Species Act

U.S. Fish and Wildlife Coordination Act
U.S. Wild and Scenic Rivers Act

Sate Agencies and Statutes

The mgor state agencies that have legad mandates and responsibilities for maintaining and restoring ether
populations of anadromous fish within the Centrd Valey or the aguatic and associated habitats on which
those populations depend are presented below.

State agency Legd mandate
Cdifornia Department of Cdifornia Water Code
Water Resources State Water Project

Fish and Wildlife
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State agency Legd mandate

Water Appropriations
Agreement Between the U.S. and Cdiforniafor the
Coordinated Operation of the CVP and the SWP
Reasonable Use Doctrine
CdiforniaWater Plan
Water Conservation Projects Act of 1985
Water Transfer Act of 1986
San Joaquin Drainage Rdlief Act
Hood Plain Management Act
Agriculturd Water Suppliers Efficient Water Management
Act
U.S. Fish and Wildlife Coordination Act

Cdifornia State Water Reasonable Use Doctrine
Resources Control Board and Public Trust Doctrine
Regiond Water Quality Water Appropriation
Control Boards Fsh and Wildlife
Public Trust
Water Quality
Water Conservation
Weater Rights Determinations
Perter- Cologne Water Quality Control Act
Water Qudlity Policy
Water Qudity Plans
Waste Discharge Requirements NPDES Permits
Clean Water Act
Water Quality Standards
State Certification
Toxic Pollutants
NonPoint Source Decisions
Research and Invedtigatory Decisons
Water Reclamation Law
CdiforniaWater Code

Cdifornia Department of Fish Cdifornia Endangered Species Act
and Game Liging
Conaultations
Take
Naturd Community Consarvation Planning Act
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State agency

Legd mandate

Cdifornia Native Plant Protection Act

Samon, Stedhead Trout and Anadromous fisheries
Program Act

Fisheries Restoration Act of 1985

Fish and Wildlife and Recreation in Connection with State
Water Project

Trout and Steelhead Conservation and Management
Panning Act of 1978

Commercid Fisheries Investigation Law
Enhancement and Management of Fish and Wildlife
Riparian Habitat Conservation Act

The Resources Agency

CdiforniaWild and Scenic Rivers Act

Cdifornia Fish and Game
Commisson

Cdlifornia Endangered Species Act
Cdifornia Native Plant Protection Act
Angling Regulaions

State Lands Commission

State Lands Act

State Board of Forestry

Z/berg-Nejedly Forest Practices Act of 1973

Ddta Commisson

Ddta Protection Act of 1992

All state agencies

Cdifornia Environmenta Quadlity Act
Porter-Cologne Water Quality Control Act
Federal Endangered Species Act
Cdlifornia Endangered Species Act

DFG is the primary gate trustee agency empowered to manage, enhance, restore, and protect the wide
divergty of fish, wildlife, and plant species within the Centrd Valey. DFG medts its mandated gods

regarding fish and wildlife through coordination with other regulatory agencies.

PUBLIC TRUST DOCTRINE

DFG hasapublic trust responsbility and acts as asteward for the fish and wildlife resources of Cdifornia
Successful stewardship requires protection of al of Cdiforniasbiologica diversty through such programs

as law enforcement, management of lands and wildlife, and compensation of |oss of wildlife habitet.
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The U.S. Declaration of Independence, the Congtitution, the legidative process using statute law, and the
courts usng case law, in conjunction with the principles of the public trust doctrine, can provide the
foundation for the people to conserve and protect their common heritage of rivers, streams, lakes,
marshlands, and tidelands and their associated resources, uses, and values (Smith 1989).

The Cdifornia Condtitution (Article 1, Section 25) darifies the public fishing right:

The people shdl havetheright to fish upon and from the public lands of the Stateand inthe
water thereof and no land owned by the State shal ever be sold or transferred without
reserving in the people the absolute right to fish thereupon . . . .

One can reasonably concludethat the right to fish cannot be enjoyed unlessfish arein sufficient abundance
to be harvested, provide hedlthful food and products, or just Smply enjoyed (Smith 1989).

The CdiforniaSupreme Court initsmonumental 1983 Mono L ake Decison emphasized the state'soverdl
duties and respongilities to protect the people's common heritage of streams, lakes, marshlands, and
tidelands for their many uses and values covered by the public trust.

In its 1983 ruling, the California Supreme Court dso stated:

» Parties acquiring rightsin trust property hold those rights subject to the trust, and can
assert no vested right to use those rights in a manner harmful to the trudt.

= The public trust ismore than an affirmation of the State power to use public property for
public purposes, it is the duty to take public trust properties (i.e., sdlmon and steel heed)
into account in the planning and dlocation of water and to avoid or minimize any harm to
these properties, interests, or associated uses whenever feasible.

* The State, under its public trust reponghilities, has the affirmative duty and continuing
authority to vigoroudy protect the public trust uses and to avoid or minimize any harmful
impacts to such uses.

» The Public Trust is more than affirmation of State's power to use public property for
public purposes. It is an affirmation of the duty of the State to protect the people's
common heritage of streams, lakes, marshlands, and tidelands surrendering that right of
protection and, in rare cases when the abandonment of that right is consstent with the
purposes of the trust.

* The Public Trust includesthe protection of ecologica and biologica vauesof water and
waterways.
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The CdiforniaFish and Game Commission has established avariety of policiesthat provide directionsfor
DFG in regard to anadromous fish management and restoration, aquatic and riparian habitat management,
and other issues of aguatic habitat management and the species that depend on those habitats.

It isthe policy of the Cdifornia Fish and Game Commission:

l. To maintain an adequate breeding stock, suitable spawning areas, and provide for
the natura rearing of the young to migratory sze. Hatchery production shdl be
limited to areas where it is necessary to supplement natural production in coastal
streams.

1. That resdent fish will not be planted or developed in coastal stedlhead and salmon
streams, except after prior Commission gpprova (a) wherethe streamisno longer
adaptable to anadromous runs, or (b) during the mid-summer period in those
individud streams considered on a water-by-water basis where there is a high
demand for angling recregtion and such planting or development has been
determined by the Department not to be detrimenta to the anadromous species.

[1l.  That sdmon and stedlhead may be rescued whenever the water supply isastream
isinadequate to maintain fish life

CHINOOK SALMON
Harvest

Tota commercid and sport annua landings from 1967 to 1991 ranged from 358,000 poundsin 1983 to
1,489,000 poundsin 1988 and averaged 707,000 pounds (Council 1993) (Figure 2-V111-1). Since 1988,
totdl landings have steadily decreased to levels near the historical minimum for the entire period of record.
Catch-per-unit effort, roughly approximated by the number of fish landed per number of daysfishing, was
computed for commercia landings (1978-1990) and for sportslandings (1962-1990) (Figure 2-VI11-2).
Catch-per-unit effort for the sport fishery remained relatively congtant during this period, whilethe commer-
cid fishery exhibited a generd upward trend over the last 13 years. From 1986 to 1989, catch-per-unit
effort for commercid landings more than doubled, reflecting alarge increase in ocean salmon abundance
during these years.

Intensive harvest of natura chinook salmon stocks for many years hasresulted in ashift in age composition
toward smdler, earlier maturing individuads. Higtoricaly, adult spawning populationsin Cdiforniaagppesar to
have been dominated by 4- and 5-year-old fish with smaler proportions of 2-, 3-, and 6-year-old fish.
Today, spawning runstypicaly conss largely of 2- and 3-year-old fish with smdler numbers of 4-year-dd
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fish and very few Syear-old fish (Dettman et d. 1987). Changes in age composition have been
accompanied by a decrease in average sze of fish landed in the Cdifornia troll fishery since 1950
(Reisenbichler 1986). Major reasons for declining age and size of chinook salmon stocks include the
sdective harvest of larger or fagter growing individuas, higher fishing mortdity of later maturing fishthet are
exposed to ocean harvest for more years than earlier maturing fish; and the resulting long-term genetic
selection for smdler, younger fish (Ricker 1980).

From 1977 to 1981, the average sport catch of fall-run chinook salmonin the Sacramento River was 1.8%
of thetotal estimated run (Allen and Hasder 1986).

DFG initiated a 4-year program in 1990 to estimate annual angler effort and catch of sdlmon and steelheed
in seven river reaches covering 420 miles of the Sacramento basin, including the reach from the Carquinez
Bridge to Sacramento. Table 2-VI11-1 shows estimated annud catch of chinook salmon (excluding fish
released) for each survey reach and period.

Table 2-VIII-1. Estimated chinook salmon sport landings for sx Sacramento
basin reaches from July 1, 1990 to June 30, 1993.

Carquinez | Sacramento Colusa Red Bluff
Bridgeto to to to Feather | American
Period Sacramento Colusa Red Bluff Redding River River

July 1, 1990-
June 30, 1991 34 276 724 2,174 1,547 12,155
July 1, 1991-
June 30, 1992 1,834 2,122 2,436 5,909 9,207 13,035
July 1, 1992-
June 30, 1993 2,730 1,644 2,463 3,503 5,187 6,526

Note: Numbers of fish landed exclude fish rdleased.

Source: Wixom pers. comm.

Poaching, particularly during low flows, is another source of mortality for upstream migrating chinook

samon.

Fish Resource Agency Policy/Goals
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It isthe policy of DFG to maintain the genetic integrity of dl identifiable stocks of salmon and stedhead in
Cdifornia. To protect the genetic integrity of Caifornia sdmon and steelhead stocks, each sdlmon or
gedhead stream shal be eval uated by the DFG and the stocks classified according to their probable genetic
source and degree of integrity. Management and restoration efforts will be guided by this classfication
system, and policies relating to artificia production must dso be compatible with this classification system
(Reynolds et d. 1990).

Classification and management system - The dasdfication sysem shdl be employed to define the
appropriate stocksand therole of artificia production for management of each sdimon and stleelhead stream
in Cdifornia. Thisdassfication may be goplied to drainages, individual streams, or segmentsof Sreamsas
necessary to protect discrete stocks of sdlmon or steelhead. Only designated appropriate stocks may be
placed or atificidly produced in any stream within the guidelines specified under this classification system.
Exceptions to these management congtraints may be dlowed only under emergency conditions that

subgtantiadly threaten thelong-termwelfare of thefishery. Exceptionsmay be granted only on submission of

a written request, which details the emergency conditions, by a region or an Inland Fisheries Divison

Assigant Chief to the Chief of Inland Fisheries Divison. The Chief of Inland Fisheries Divison will review
the request and make recommendationsfor gpprova or denia to the Deputy Director of Fisherieswho will

then approve or deny the request.

Salmon and steelhead stream classification system terms - The salmon or steelhead stocks stream
management god shal manage streams for the following appropriate stock and only those stocks may be
placed in the stream (each term is progressively inclusive of the preceding terms):

a Endemic - Only historic naturdly reproducing fish originating from the same stream or
tributary.

b. Naturally reproducing stocks within drainage - Naturdly reproducing stocks from
streams basin of which the stream is part.

C. Hatchery stocks within basin - Stockswhich may include hatchery produced fish from
sreams within the drainage.

d. Naturally reproducing stocksfrom out of basin - Naturdly produced fish from streams
outside the basin,

e Hatchery stocks out of basin - Stocks which may include hatchery produced fish from
Streams outside the basin.

f. Any stock - Any stock which appears to exhibit characteritics suitable for the stream
sysem.
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Section 1505 of the CdliforniaFish and Game Code grants DFG the power to manage, control, and protect
gpawning areas on state-owned lands to the extent necessary. Theidentified areas are:

1) The Sacramento River between Keswick and Squaw Hill Bridge near Vina

2) The Yuba River between Englebright Dam and a point gpproximately 4 miles east of
Marysville

3) The American River between Nimbus Dam and a point 1 mile downstream from Arden
Way

4) The Mokelumne River between Pardee Dam and Lockeford
5) The Stanidaus River between Goodwin Dam and Riverbank
6) The Tuolumne River between La Grange Dam and the Geer Road (J14) Bridge

7) The Merced River between Crocker-Huffman Dam and Cressy
8) Battle Creek from its mouth to Coleman powerhouse

9) The Cosumnes River from Meiss Road Bridge to Latrobe Road Bridge

The Centra Vdley Samon and Steelhead Restoration and Enhancement Plan (Reynolds et d. 1990) was
the first step in developing a series o basin plans for dl anadromous fish waters in Cdifornia. It was
prepared in responseto Californias Sdmon, Steelhead Trout, and Anadromous Fisheries Program Act of
1988.

DFG has subsequently prepared a plan titled "Restoring Centrd Vdley Streams. A Plan for Action”

(Reynolds et d. 1993). This plan reviews anadromous fish resources of the Centrd Vadley, discusses
gatutes and funding sourcesfor restoration activities, and presentsindividua stream action plansfor sreams
inthe Centrd Valey basin, including the Sacramento River and dl of itsmgor, and most of itsminor, tribu-
taries.

DFG's Lower Mokdumne River Fisheries Management Plan (DFG 1991) identifies problems and
recommends flows and other improvements for anadromous fish in that river. The draft Centrd Valey
Anadromous Fisheriesand Associated Riparian and Wetland Areas Protection and Restoration Action Plan
(Reynoldset d. 1993) presentsindividua stream action plansfor the San Joaquin River and itstributaries.
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Hatchery/Production Facility Practices

Hatchery production - Baird Hatchery was congtructed on the McCloud River in 1872, marking the
beginning of artificid propagation of chinook salmon inthe Centrd Valey (Skinner 1962). Five hatcheries
currently produce chinook sdmon in the Centrd Vdley (Table 2-VI1I-2). The three largest hatcheries
(Coleman, Feather River, and Nimbus) arelocated in the Sacramento River basin. Smaler hatcheriesexist
on the Mokelumne and Merced rivers in the San Joaquin River basn. DFG operates six other sdlmon
hatcheriesin northern Cdiforniaoutsdethe Centra Vdley, including Trinity River Hatchery. Most of these
samon hatcheries were constructed between 1940 and 1970 as mitigation for specific dams or water
projects. Only Nimbus and Coleman Hatcheries had significant production before 1967. The sdlmon
hatcheries are funded by hatchery- specific mitigation agreementswith sate, federa, and public agendesand
monies collected from commercid sdmon fishers.

Table 2-VII1-2. Centra Vadley chinook sdmon hatcheries.

1984-85
First Primary Sdmon
Y ear of Funding Production
Hatchery Location Operation | Operator | Source (Iblyear)
Coleman Nationd Battle Creek near 1942 USFWS | USFWS 130,958
Fish Hatchery Cottonwood, CA
Feather River Fish | Feather River at 1967 DFG DWR 203,388
Hatchery Oroville, CA
Merced River Fish | Merced River near 1974 DFG DFG 49,188
Hatchery Sndling, CA
Nimbus Fish American River 1955 DFG USBR 146,176
Hatchery below Nimbus Dam

DFG hatchery production data were obtained from annua DFG reports (Cdifornia Trout, Sdmon, and
Warmwater Fish Production and Costs[1959-1985]). Production datawerelast published in 1984-1985.
The release numbers reported by Cramer (1990) for Coleman Nationa Fish Hatchery were converted to
weights using the average weight of each release type (e.g., fingerling). From 1967 to 1991, annud

production of chinook salmon from Feather, Nimbus, Mokelumne, and Merced River Hatcheriesexhibited
agenerd increase, while Coleman showed no clear trend (Figures 2-VI11-3and 2-VI1I-14). Tota Central
Vadley sdmon production nearly doubled during this period (Figure 2-V111-4).

Release practices - Traditiondly, Centrd Vdley hatcheries have released fish directly into theriver. To
reduce downstream mortaity, some of the hatcheries have trucked fish to locations nearer the ocean. At
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Nimbus Hatchery, fish were predominantly released at the hatchery during the early 1970s, a Rio Visa
during the late 1970s, and in the estuary during the 1980s. At Feather River Hatchery, most chinook
sdmon were released in the estuary after 1983. Surviva was observed to be sgnificantly grester for fish
released farther downstream.

For paired releases from Feather River Hatchery in 1980, fish released at Port Chicago were four times
more likely to survive than those released at the hatchery and two times more likely to survive than those
released at Discovery Park (Cramer 1990). Theincreasein surviva depended onthetime of release, river
temperature, oceanic conditions, and Size of fish. Fish released off station have ahigher tendency to stray
on return than fish released on Sation.

Offdte releases, however, do have their drawbacks. Hatchery juveniles that have been transported and
released at Stesother than the hatchery or stream of origin may fail toimprint properly and may exhibit high
straying rates on their return as adults. These adults tend to migrate where streamflows are greatest.
Cramer (1990) estimated mean straying rates of 7% to 86% for Feether River and Coleman Nationa Fish
Hatchery adults, depending on release location.

Increased surviva of hatchery fish has dso been achieved by rdeasing juveniles a larger Szes. Survivd
ggnificantly increases for fingerlings (1-5 grams) and smolts (5-10 grams) compared to fry (less than 1
gram) (Cramer 1990).

Increased production and surviva of hatchery chinook salmon has resulted in increasing contributions of
hatchery fish to adult spawning escgpementssince 1967. Annud contributionsof hatchery fishtorunsinthe
American and Feather riversin recent years range from 33% to 80% (Dettman and Kelley 1987, Cramer
1990).

Hatchery contribution to ocean fishery - Accurate estimates of the Centra Valley hatchery contribution
to ocean chinook salmon landing have not been developed because of the lack of a consstent hatchery
marking program in California Kjelson and Brandes (1988) estimated that 21% of the smolts passing
Chipps Idand in 1988 were of hatchery origin. Cramer (1990) estimated that hatchery fish composed
about one-third d the spawning escapement to the American and Feather rivers.  This fraction is
sgnificantly lower than previous estimates devel oped by Dettman and Kelley (1987).

Because of increased survival from eggs to smolts under hatchery conditions, fewer adults are needed to
maintain ahatchery run. Consequently, aharvest rate based on hatchery fish will tend to diminate wild fish
in amixed fishery comprising wild and hatchery stocks (Hilborn 1992). Current harvest rates of Centrd
Vdley chinook sdmon are high enough to adversdly affect the natura production in some rivers.

Effects of hatchery production on natural production - There are growing concernsthat the release of
large numbers of hatchery fish can pose athresat to wild fish popuations. Potentid impacts include direct
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competition for food and other resources between wild and hatchery fish, predation of hatchery fish onwild
fish, genetic dilution of wild fish stocks by hatchery fish dlowed to spawn inrivers, and increased fishing
pressure on wild stocks due to hatchery production. Because of increased surviva from eggs to smolts
under hatchery conditions, fewer adults are needed to maintain a hatchery run. In a mixed fishery of
hatchery and wild fish, a harvest rate based on the hatchery fish will tend to diminate the wild fish (Hilborn
1992).

STEELHEAD
Harvest

Sport fishing and illegd poaching affect migrating adult steslhead in the Sacramento River system in way's
amilar to how they affect chinook salmon. Poaching of steelhead isincidental compared to poaching of
chinook salmon, however, because steelhead are smdler, more difficult to catch, and generdly less
accessible to poachers. Unlike sdmon, steelhead do not generdly die after spawning and are exposed to
gport fishing on their return to the ocean.

Although the estimated annud sport catch of steelhead in the upper Sacramento River system above Big
Chico Creek ranged as high as 11,000 fish in the 1950s and as high as 7,000 fish in the late 1960s, the
present actud total population countsat Red Bluff Diverson Dam averaging 1,714 fish during 1987-1991
extrapolate to estimated catches of lessthan 1,100 fish (Reynolds et a. 1990). In thelower Sacramento
River system from Big Chico Creek downstream, about 8,000 steel head are harvested in the Festher River
during about 30,000 angler days per year, and an additiona 1,000-2,000 Feather River fish are harvested
downstream in the Sacramento River sysem and inthe American River. An estimated 20,000 angler days
each year result in an estimated catch of 5,000 to 8,000 steelhead on the American River. Hundreds of
American River fish, dong with stedhead from other sources, are dso estimated to be caught incidentally
downstream in the Deltaand Carquinez Strait sport fisheriesfor other species. No estimates of steelhead
harvests in the Yuba River and other Sacramento River system tributaries are available for the present
period (Reynolds et a. 1990).

Juvenile sedhead are indistinguishable from resident rainbow trout in gppearance, feeding, and other
activities, and many are caught by sport anglers fishing for resident trout. On a statewide basisin 1965,
DFG edtimated that the fishing pressure on juvenile stedhead exceeded that for adult steelhead (Barnhart
1986).
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Fish Resource Agency Policy/Goals
Fish resource agency policies are discussed previoudy in the section on chinook salmon.

The 1990 Centrd Valey Sdmon and Stedhead Regtoration and Enhancement Plan inventories and
identifiesrestoration needsfor sdmon and steelhead in the Sacramento- San Joaquin River system and dtates
that, among other goas, the DFG has agod of developing an annud steelhead run of 100,000 fish in the
Sacramento River system; 50,000 in the upper Sacramento River and its tributaries; and 50,000 in the
lower Sacramento River tributaries. In response to the 1988 act and other actions, DFG prepared a
Stedlhead Retoration Plan for the American River (McEwan and Nelson 1991).

The Centrd Valey Sdmon and Steelhead Restoration and Enhancement Plan invertories and identifies
restoration needs for steelhead in the Sacramento-San Joaguin River basin and identifies DFG's god of
ataining an annua stedlhead run in the San Joaquin River system of 20,000 fish, equaly divided between
natural and hatchery production (Reynolds et a. 1990).

DFG is aso developed a statewide steelhead management dan that identifies impacts on the date's
steelhead resources and focuses mostly on habitat restoration and stock recovery, including stocksin the
San Joaguin Drainage (McEwan and Jackson 1994).

Hatchery/Production Facility Practices

Morethan 90% of the adult steelhead (greater than 15 inchesin length) in the Centra Valey are produced
from hatcheries (Reynolds et d. 1990). Therefore, the number and surviva to adulthood of hatchery-

released steel head presently hasfar more bearing on steelhead run sizesthan naturd production. Thesizes,

timing, and points of release of hatchery-reared juvenile steehead, as well as the same factors affecting

naturaly produced fish in the same physica environments, affect their surviva rates. A mgor differenceis
that surviva of eggs, fry, and juveniles prior to releaseismuch higher for hatchery-produced fish. Because
high surviva ratesof hatchery releases are desired, hatchery fish will bereleased during periodsand at Sites
most conduciveto surviva, whereas naturd fish cannot be controlled in such amanner. Consequently, the
surviva of juvenile hatchery fish may be higher than naturally produced juveniles, & least on entering the
ocean.

In operation since 1943, Coleman Nationa Fish Hatchery on Battle Creek has a capacity to raise about
1,000,000 yearling steelhead, which are raised to reach sizes of about seven fish per pound before being
released to the upper Sacramento River near the mouth of Bettle Creek, or in Battle Creek itsdf, in
December and January (The Resources Agency 1989, Reynolds et al. 1990). Feether River Hatchery, in
operation since 1967, and Nimbus Fish Hatchery on the American River, in operation since 1955, each
have a capacity to raise about 400,000 yearling steelhead to a size of three to four fish per pound. The
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Festher River Hatchery fish are planted in the Feather River below Y uba City, most by the end of March,
and the Nimbus Fish Hatchery fish are trucked and rel eased in the Carquinez Strait (Reynolds et d. 1990).

In the Delta and San Joaquin River tributaries, consstent hatchery-maintained steelhead runs now teke
place only in the Mokdlumne River, with sporadic runs occurring up the Stanidaus and Merced rivers
(Reynolds et a. 1993).

Stedhead migrate 64 miles up the Mokelumne River to the Mokelumne River Fish Hatchery (in operation
since 1965) at Camanche Dam (completed in 1963). During 1967-1991, hatchery returnshave beenfrom
0 to 134 fish, with an average of only 40 fish. Effortsto create anaturaly producing steelhead run have
been unsuccessful to date (Reynolds et d. 1993), and there is no known recent naturd spawning of

gteelhead in the Mokelumne River (Richardson 1993). Stedhead fry and juvenileshave beenknowntorear
only in the upper river reaches below Camanche Dam where temperatures are coolest (DFG 1991).

The present program for the Mokelumne River cdls for about 30,000 yearlings or older steelhead to be
planted on aweekly basisin the river during the recreation season (April- September). The program has
provided afishery for 12- to 20-inchtrout that is popular with anglers, afew of these planted fish surviveto
return to the Mokelumne River as adults. (Reynoldset a. 1990.)

DFG has a god of 2,000 adult steethead spawners to return annualy to the Mokelumne River Fish
Hatchery. Thehatchery, which hasthe capacity to raise 100,000 yearling steel head, presently hasagod to
annually raise 40,000 yearling stedhead for release into the Mokdumne River. Sincethetarget number of
adult spawners do not currently reach the hatchery, eggs are supplied primarily from surplus Feether River
Hatchery and Nimbus Fish Hatchery eggs (Reynolds et a. 1993). Plants of steehead raised a the
Mokeumne River Fish Hatchery typicaly return as adults to the American River (Reynolds et d. 1990).

STRIPED BASS
Harvest

The annual sport catch in the late 1980s was less than 150,000 fish, compared to more than 300,000 fish
landed by anglersintheearly 1970s. After 1967, harvest rates have ranged from 10% to 24% of the adult
striped bass population. (DFG 1992a.)

The existing annud catch of striped bassis 100,000-200,000fish (i.e., approximately 15-30% of the adult
population) (DFG 1992a). Incidental take of striped bassinlegd commercid fisheriesincreasesthe annuad
harvest rate by an undetermined amount. Congdering that fish populations can sustain high levels of fishing
mortdity and tha striped bass populations on the Atlantic Coast have sustained harvest rates greater than
40%, the exigting harvest rate, induding illegd fishing, would likely have minimd effects on ahedthy striped
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bass population. The precipitous declinein adult striped bass abundance over the past 20 years, however,
indicates that the population is unhedthy (Figure 2-VI1-31).

Illegd fishing may kill thousands of juvenile striped bass, possibly equivaent to the desths of least 125,000
legal-sized bass each year (Brown 1987). Thisleve of illegd fishing could equal or exceed theannua lega
sport catch of 100,000-200,000 adult striped bass (DFG 1992a). As discussed previoudy, hedthy fish
populations can sugtain high leves of fishing mortdity, but the precipitous decline in adult striped bass
abundance over the past 20 years indicates that the population is unhealthy (Figure 2-VI-31).

The declining status of the adult population has resulted in more stringent angling regulaions, including an
18-inch minimumlength and two-figh-daily beg limits (DFG 19924). Before 1982, theminimum legal length
was 16 inches and the daily bag limit was three fish. More stringent sport fishing regulations and stricter
enforcement could reduce adult mortality and increase egg production.

Fish Resource Agency Policy/Goals

Because of the popularity of the sport fishery, DFG has focused considerable attention on monitoring
driped bass and developing a management plan. Ongoing monitoring, enhancement, and habitat

improvement actions for striped bass in the Sacramento- San Joaquin estuary are included in the Striped
Bass Management Program (DFG 1991). The purpose of the Striped Bass Management Program

guidelinesis to describe ongoing and proposed actions designed to restore and improve the striped bass
population. The guiddinesrequire DFG to review the Striped Bass Management Program annudly, receive
public review and comment every 2 years, and revise the program every 2 years.

The specific striped bassresource goad s areto stabilize, restore, and improve the striped bassfishery of the
Sacramento- San Joaquin estuary. Specific objectives are to:

# restoreasdf-sugtaning Bay- Deltastriped bass population to levels of morethan3 million adult
fish by 2000;

# provide Bay-Ddta striped bass which, if consumed, will not endanger human hedth due to
contamination from chemicds or trace-metds; and

# provide gtriped bass angling, aesthetic, and educational use opportunities.
Major aspects of the Striped Bass Management Program are listed below (Table 2-VI111-3).

Table 2-VIII-3. Summary table of the striped bass management program
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Program eement

Satus

Agency

Deveop public participation in plan preparation and implementation

A.

C.

Submit draft of the plan to public, private, and government
entities

Develop recommendations for tasks to be conducted by public,
private, and government entities

Prepare information to increase public awvareness

Resolve problems detrimenta to striped bass

A.

Minimize entrainment losses of bass eggs, larvae, and young in
Ddtawater diversons, including diversons by:

1. SWP Ddtapumping fadilities. two-agency fish protective
agreement

2. CVP Ddtapumping facilities. agreement between U.S.
Bureau of Reclamation and the DFG to reduce and offset
direct fish losses

3. Contra Costa Water District

4. Pacific Gasand Electric Company (PG&E): operating
permit for PG& E from the Central Vdley Regiona Water
Quality Control Board (Contra Costa Power Plant) and the
San Francisco Bay Regiond Water Quality Control Board
(Pittsburg Power Plant)

5. Agriculture

Eliminate reverse flows in the Ddta east of Antioch when bass
eggs and larvae are present (same participants asin "A™ above)
Increase Delta outflow in spring and early summer (same
participantsasin "A" above)

Increase residence time in secondary Delta channels (i.e., not
including the Sacramento and San Joaquin rivers) (same
participantsasin "A" above)

Reduce quantities of toxic materias contained in municipd,
industrid, and agricultura discharges

1. DFG Aquétic Toxicology Laboratory

P, U

P, U

P, U
P, U

P, U

P, U

P, U

S F

S F
S P

SFP
S F

S F
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Program eement Saus Agency
2. DFG Regions 2 and 3 are to continue monitoring and P, U S
evauating wadte discharges
F. Reduce bass losses during fish screen sdvage, handling, and fish
release operations at SWP and CVP facilities
1. DFG assumes operations of the fish protection facilities P, U S F
2. Upgradefish holding fadilities P,U S F
G. Inddl fish screens on larger Delta agriculturd diversons
1. Roaing River diversonin Suisun Marsh P S
2. Other P S,F,P
H. Improve exigting fish screens P S F
|. Consolidate and relocate Delta agricultural diversonsto areas of
lower bass abundance P S
J. Reduce predation at mgjor water intake structures
1. SWP Ddtapumping and fish facilities and Clifton Court U S
Forebay
2. CVP Ddtapumping and fish facilities U S F
K. Curtal channe dredging and prohibit dredge spoil disposd in
Ddta channdls
1. DFG review of U.S. Army Corps of Engineers (Corps) U S F
dredging permits
2. DFG review of Corps dredging spoils disposa permits S F
L. Eliminate future Bay-fill projects S
M. Reduceillega take and poaching
1. Resxolveillegd commercidization P
2. Increaselaw enforcement activities U
N. Reduce bass diseases and paragitic infestations N
O. Reducethe annud summer bass die-off near Carquinez Strait P
P. Minimizekill of smdl bass by the commercid bay shrimp fishery P
Q.

Halt introductions of exotic aquatic organisms from maritime
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Program eement

Satus

Agency

shipping
1. Federd regulaions and legidation to redrict discharge of
ship bdlast

2. High seas exchange of bdlast

P, U

S F

S F

Resolve problems of human use of siriped bass

A.
B.
C.

Continue hatchery-reared striped bass stocking program
Improve pond production at state hatchery

Maintain sport fishing and commercia regulaionsto protect the
resource and alow angling opportunities

Reduce methyl mercury contamination of adult bass
Reduce diseases and paragitic infestations
Reduce tainting of bass flesh

P, U

S P

Conduct fishery and environmenta studies

A.

Deveop techniques to better detect large masses of bass eggs
and larvee as they drift downstream

1. U.S Bureau of Reclamation
2. DFG eggand larval survey

Continue survey of annud production of bass eggs, larvee,
juveniles, and adults

Improve annud larva bass growth and mortdity estimates

Survey waste discharges to locate sources of toxic materiasin
the estuary

1. Riceherbicides and insecticides
2. ColusaBadn Drain sudies
3. Toxicsand trace metds studies

Continue testing impacts of toxic materids on young bass and
their food organisnms

Develop a gtriped bass population mode to evauate factors

cC C C C

u,P

SFP

w u u u

SFP
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Program eement Saus Agency
affecting the bass population abundance
G. Anayze bass food production in spring and determineif food is U S F
limited
H. Extend toxicology testing S F
I.  Improve DFG ahility to estimate striped bass egg and larva S F
entrainment losses
Compare prey suitability of introduced and native copepods S
K. Determine the effect of toxic materials on egg viability P,S
Continue monitoring abundance of fish, invertebrates, and
aguatic plants asindicators of adverse conditions for striped bass S
M. Evduate merits of adding Atlantic Coast bass stocks for
improved growth and Sacramento- San Joaguin stock condition
N. Develop improved modd of striped bass mortality S
O. Evauate bass predation S F
P. Determine results of stocking hatchery-reared striped bass
1. Stocking of tagged bass U
2. Cred census U
Q. Evduate new stocking locations for tagged bass N
R. Evduate potentia of bass "grow-out" fecilities U S

Notes:

Satus

U = construction/operation underway
P = planning underway

N = no activity

Agency

S = date
F = federd
P = private
C = county
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Source: Cdifornia Department of Fish and Game 1991.

The EPA has proposed water quality standards for surface waters of the Sacramento River, San Joaguin
River, San Francisco Bay, and Delta that would directly improve the habitat of striped bass (EPA 1994).
The sandards include:

# inity criteriato protect the estuarine habitat and other designated fish and wildlife uses,
# <dinity criteriato protect striped bass spawning habitat in the lower San Joaguin River, and

# sdmonsmolt surviva index criteriato protect fish migration and cold fresh water habitat usesin
the estuary (i.e., additiona spring Ddltainflow and reduced diversons).

Hatchery/Production Facility Practices

From 1981 to 1990, more than 10 million juvenile striped basswereraised in hatcheriesand released inthe
Detaand Bay to supplement the wild population (Ddide pers. comm.). The hatchery contribution to the
total adult striped bass population increased from less than 1% in 1984 to more than 12% in 1991. The
greater percentage contribution to the wild population is attributable to increased annua stocking of
hatchery fish and to the declining population of wild fish.

More than 3 million juvenile striped bass were rdeasad into the estuary in 1990 (Figure 2-VII1-5). If
habitet and food avalability are limiting juvenile surviva, rdlease of hatchery juveniles could have a
detrimental effect on thewild juvenile population. Available datado not indicate any detrimental effects of
hatchery releaseson wild striped basssurviva. Thereease of hatchery- produced juvenile striped basswas
discontinued by DFG after 1991 as part of the effort to avoid the risk of adverse effects on winter-run
chinook salmon (Ford pers. comm.). Low numbers (32,000) of juvenile striped basswerereleased to the
Sacramento- San Joaquin estuary in 1992 as part of the pen-rearing project.

Prior to continuation of the striped bass stocking program, DFG has been asked by the NMFSto initiate
Section 10 consultation under the federal ESA, specificaly with regard to the potentia effect on the
endangered winter-run chinook sdlmon (Ford pers. comm.). DFG anticipates a Smilar request from the
USFWStoinitiate Section 10 consultation on the threatened Deltasmelt. Theresultsof the consuitationwill
determine the immediate future of the striped bass stocking program.

AMERICAN SHAD

Harvest
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Sport fishing for shad continuesto be popular in the Sacramento, American, Feather, and Y ubarivers, with
asmdler, less congagent fishery in the San Joaguin River and itstributaries (Painter et d. 1980). Evidence
suggests that the shad catch and angler effort have both declined; however, it is unclear whether thisisa
reflection of achangein shad dbundance or angler interest. During 1976- 1978, themean annud sport catch
ranged from 86,200 to 152,000 adult shad, and angling effort ranged from 35,000 to 55,000 angler-days
(Meinz 1981).

Commercid harvesting of American shad in the Delta has not occurred since 1957. Presently, shad are
harvested only asfood by sport anglers. Although the present sport harvest limit is 25 shad per day, most
gport anglerstypicdly rdleasedl or most of their caich (DFG 1987). Althoughitisunknownif caught-and-
rel eased fish have sgnificantly higher prespawning mortaity, shed are delicate fish and the dightest physica
injury usudly results in deeth (Skinner 1962). More recently, it appears that more shad caught in the
Feather River are being kept, and many anglers catch and keep their limits on consecutive days during the
pesk of the spawning runs. If the number of spawned eggs sgnificantly affects overal adult abundance,
further increases in the number of fish caught and kept may affect population levels.

Fish Resource Agency Policy/Goals

Because of the popularity of the sport fishery, DFG originaly had plans to focus on monitoring American
shad and devel oping adetailed management plan for thisspeciesinthelate 1970s, with the principa god of
maintaining and enhancing the adult shad population present at that time. Funding for further research on
American shad and development of the detailed management plan was substantialy reduced, ending the
program and resulting in amanagement plan being developed (Painter et a. 1980) based on the available
data. Little progress has been made since that time on basic shad research and management; however,
many of the programs described for other anadromous specieswill provide benefitsto American shed. For
completeness, the original goal's and recommendations for managing American shad are described below
(Painter et a. 1980).

Specific objectives of the management plan included the following:

# identify factors affecting the survivad of juvenile shad during ther rearing and out-migration
periods,

# deerminetherole and rdativeimportance of thelower Deltaand Bay in the growth of juvenile
shad and the maintenance of adult shad populations,

# develop and implement methods to reduce entrainment losses a water diversions, and

# plan and implement studies to periodicaly monitor shad population abundance and sport
harvest rates.
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Recommendations proposed in the management plan focused on maintaining suitablehabitat conditions(i.e,
water temperature and ingtream flows). Specific recommendations included the following:

# maintain the highest practicable leve of activities and studies to preserve and maintain shed
habitat and implement program objectives;

# maintain anormd didribution of adult shad in tributary rivers by maintaining insream flows
during May and June 0 thet the Feether River flow is at least 34% of the Sacramento River
flow, the Yuba River flow is at least 33% of the Feether River flow, and the American River
flow isat least 10% of the Sacramento River flow a Sacramento; and

# maintain water temperatures between 60°F and 70°F in the upper Sacramento, Fegther, Y uba,
and American rivers during May and June.

Hatchery/Production Facility Practices
There are currently no hatchery or other production facilities for American shad in Cdifornia

Inthe late 1800s, shad hatcherieswere built aong the Atlantic Coast with the expectation of mantaining and
increasing production. The hatching and stocking of young shad that was practiced from 1880 until 1950,
however, did not significantly increase shad abundance. (Cheek 1968.)

WHITE STURGEON
Harvest

Annud exploitation rates (e.g., sport harvest rate) of white sturgeon in the Sacramento- San Joaguin River
system have increased dramatically between the 1960s and 1970s and the mid-1980s due to increased
popularity of thefishery, more effective bait, and more sophisticated means of locating and landing sturgeon.

By the mid-1980s, exploitation rates increased by 40% (Kohlhorst et a. 1991). Increased exploitation
rates decreased recruitment of fish to harvestable size (Pacific States Marine Fisheries Commission 1992).

Asameans of decreasing mortaity and increasing recruitment, stricter size limitations have recently been
imposed on sport anglers. 1n 1990, the minimum sze limit increased from 40 inches, and, for thefirst time,
a72-inchmaximumgzelimit wasimposed. Theminimum sizelimit wasincreased in 2-inchincrementsfrom
42 inchesin 1990 to 46 inchesin 1992. Asaresult of these restrictions, harvest rate has been reduced
goproximately 70% from the high levels of the mid-1980s.
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Fish Resource Agency Policy/Goals

New sport fishing regul ationswere designed to meet the foll owing management god sfor the white sturgeon
in the Sacramento- San Joaguin River system. The regulations require:

#

#

#

#

reduction in sturgeon harvest to 50% of that observed during the 1980s by March 1993,
protection of large fecund femdes from sport harves,
maximization of sport angling opportunities congstent with the management plan, and

maintenance of equa access to the resource for al sport anglers.

Ongoing monitoring of white sturgeon populations are being conducted by DFG (Pecific States Marine
Fisheries Commission 1992). Current projects include:

# tag recapture programs to estimate abundance, mortality rates, and movement patterns,

# trapping of juvenile sturgeon to determine abundance and year-class strength on a monthly

#

bass, and

identification of spawning habitats, spawning migrations, and specific spawning Stes in the
Sacramento- San Joaquin River system.

Hatchery/Production Facility Practices

Stocking of hatchery fish in the Sacramento River and estuary has been prohibited because of iridovirus
(Kohlhorst pers. comm.). However, regional DFG biologistsare attempting to re-establish white sturgeon
in Lake Shadta through stocking.

Severa white sturgeon aguaculture programsarein progress at the University of Cdifornia, Davis, to study:

1t

1t

nutrition;

reproductive endocrinol ogy;

domestic broodstock development and spawning;
hatchery technology;

population genetics,
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# pahology and virology;

# molecular biology;

# environmentd physology; and

# age, Sze, and population structure (Pacific States Marine Fisheries Commission 1992).

At least two commercia aguaculture ventures are currently in operation.

GREEN STURGEON
Harvest

Rdaively little is known about harvest of green sturgeon in the Centrd Vdley. Trends in harvest are
assumed to be smilar to trends in harvest of white sturgeon.

Fish Resource Agency Policy/Goals

Thereis presently no active management of green sturgeon in the Centrad Valley, beyond whét is deemed
necessary to protect white surgeon. Moyle et a. (1994) included green sturgeon as a Species of Specia
Concern in Cdifornia and recommended it for threastened species status. USFWS (1994) listed recovery
objectives and criteriafor green sturgeon.
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SECTION IX. KEY AFRP DOCUMENTS

PROCESS OF DEVELOPMENT FOR THE AFRP

A source document for guidelines used to develop the Working Paper was the May 1994 Anadromous
Fish Restoration Program (AFRP) Plan of Action (POA), which issummarized below. The POA outlines
the process that the Core Group origindly envisoned would be followed in developing a Restoration

Program by October 1995. Deviationsfrom the POA have occurred as aresult of delaysin development
of restoration actionsand evolution of the public involvement concept. Whilethe POA caled for release of

aDraft Restoration Program, the U.S. Fish and Wildlife Service (USFWS) and the Core Group havesince
endorsed the concept of first releasing aworking paper that identifies restoration needs on the basis of the
best available technicd information. The working paper will remain open for revison to provide

opportunities for input from groups with additiond technicd information; the find AFRP Plan will be
developed based on the technical recommendations in the working paper as modified to reflect public and
interest group concepts of reasonableness.

Introduction and Purpose of the Central Valley Anadromous Fish Restoration Program, Plan of
Action, May 1994

The CVPIA requiresthe Secretary of the Interior (Secretary) to develop and implement aprogram, “which
makes dl reasonable efforts to ensure that, by the year 2002, naturd production of anadromous fishin
Centra Vdley rivers and streams will be sustainable, on along-term bas's, at levelsnot lessthan twicethe
average levels attained during the period of 1967-1991" (Section 3406[b][1]). The Secretary is dso
authorized and directed to provide flows of suitable quality, quantity, and timing to protect dl life Stages of
anadromous fish on dl CVP-controlled sireams.
The plan of action to develop the AFRP involves the following tasks:

# identify the Seps necessary to develop the AFRP,

# generdly identify the reponsbilities of the agenciesinvolved in the development of the AFRP,

# provide dl participating entities with guidance needed for its devel opment,

# communicate to the public the overdl intent of the effort and the activities to be undertaken,
ad

#  describe amechanism to solicit and incorporate public input into the process.
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Participants

USFWS hasthe adminigrativelead for devel opment of the AFRP, whichincludesthedirect participation of
the U.S. Bureau of Reclamation (USBR), National Marine Fisheries Service (NMFS), U.S. Environmental
Protection Agency (EPA), Cdifornia Department of Fish and Game (DFG), and CdiforniaDepartment of
Water Resources (DWR). AFRP development will be directed by a Core Group composed of
representatives from these Sx agencies.

Other agencies with expertise and statutory or proprietary interest may include the U.S. Army Corps of
Engineers (Corps), the U.S. Bureau of Land Management, the U.S. Natural Resources Conservation
Service, the U.S. Forest Service (USFS), and the California State Water Resources Control Board
(SWRCB). The public will also be invited to participate.

General Approach to Development of the AFRP

In general, the Core Group is responsible for directing the technica teams and developing a draft AFRP
Plan; technical teams are responsible for providing specific recommendations to the Core Group; and
USFWSisresponsiblefor overseeing all aspects of the process, providing policy guidance and support to
the Core Group and technical teams, and developing the fina AFRP Plan.

The Core Group directing AFRP devel opment depends on technical teamsto providewritten productsand
advice in deveoping the AFRP. Five of these teams are addressing chinook saimon and steelhead in
maingem Sacramento River, upper Sacramento tributaries, lower Sacramento and Ddlta tributaries,
Sacramento-San Joaquin Delta, and San Joaquin River and tributaries. Three additional teams are
addressing striped bass, American shad, and white and green sturgeon. The remaining team is addressing
measurement of success. The Core Group and technica teamswill aso carefully consider dl publicinput.

Each technicd tesmwill compileand review data presented in adraft document prepared by the DFG titled
"Centrd Valey Anadromous Sport Fish Annua Run-Size, Harvest, and Population Estimates, 1967-1991"
(Millsand Fisher 1994). The technicd teamswill use the datain the document to assst in:

# determining levels of naturd production (or numeric restoration goals) for each species by
geographic area,

# identifying factors potentialy limiting naturd production and developing an array of potentia
solutions to overcome those limiting factors,

# developing actions to ensure that natura production for the species will be sustainable, and

#  identifying areas needing further sudy.
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After each team has devel oped and andyzed aligt of actionsfor each species, the Core Group will compare
lists, identify conflicts between actions and species, and develop or ask the teams to develop dternative
programs that meet the needs of dl anadromous fish species.

With productsfrom thetechnica teams, public input, and other information, the Core Group will develop a
draft AFRP Plan. After developing the draft AFRP Plan, the Core Group will circulate it for interagency
and public review and comment. Following receipt and anaysisof comments, USFWSwill finadize, adopt,
and publicly release the AFRP Plan.

Restoration Goal and Program Evaluation

The CVPA identifiesan AFRP god of naturd production of anadromousfish at twicethe average atained
during 1967-1991 in Centra Valey riversand streams. 1n 1967-1991, data collection effortsvaried and
generdly did not focus on estimating natural production; estimating levels of naturd production for 1967-
1991 will be chalenging for most species and drainages because of incomplete data. The technica teams
will work individualy and together with the Core Group to devel op estimates of naturad production and to
document estimation procedures, rationde for adoption of those procedures, and judtification for fina

estimates.

The Core Group and technical tesmswill set numeric goasfor each speciesand race by individua sireams.
If doubling the naturd production of agpeciesor racewithin aspecific stream provesinfeasible, the unmet
production increment will be transferred to other individua streams.

A monitoring program to evauate the effectiveness of the AFRP will focus on determining yearly levelsof
natural production and the effectiveness of restoration measures for each of the species and races of

anadromous fish in each drainage idertified in the AFRP. The AFRP will be consdered successful when
natural production of target speciesisdoubled inthelong term. Long term, in thiscontext, must encompass
a least saverd generations of fish (not less than five) over avariety of hydrologic conditions (to alow for
natura variation in production) and will continue indefinitely. The Core Group and technica teams will

document criteria and methods selected and the rationale used to determine these criteria and methodsiin
the pogition paper or in the AFRP Plan itsdlf.

Relationship to Other CVPIA Investigations, the Programmatic EIS, and Other Ongoing Activities
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Because the AFRP Plan must be developed and implemented by October 30, 1995, this effort will be
based largely on exigting data. Effortsto develop additiona dataand information (required by the CVPIA
or initiated to fill data gaps) will be undertaken concurrently with the development of the AFRP and will
include the following investigations:

# aplan to address the fish, wildlife, and habitat concerns on the mainstem San Joaguin River;

# exiging and future water supply, water qudity, and fish and wildlife water needs of the
Sanidaus River Baan;

# messures to maintain suitable temperatures for anadromous fish survival in Centrd Valey
streams and the Delta;

# theneed and opportunitiesfor additional hatchery production while avoiding adverseeffectson
remaining wild stocks,

# waysto diminae bariersto sdmon and stedhead migration in Central Vdley sreams,
# thefeashility of temperature control devicesat Trinity Reservoir to conserve cold water;

# the need to modify operations or congtruct new or improved facilities a the Delta Cross
Channd (DCC) and Georgiana Sough to assst migration of anadromous fish;

#  other measuresto protect, restore, and enhance naturd production of sdmon and stedheadin
tributary streams;

# ecologic and hydrologic modelsto support our understanding of the Centrad Valey ecosystem;
ad

#  in consultation with the DFG, recommendations for indtream flows for anadromous fishon all
CVP-controlled streams.

Concurrent with the development of the AFRP and pursuant to Section 3409 of the CVPIA, USBR is
preparing aprogrammiatic environmenta impact statement (PEIS) to generally cover thedirect and indirect
impacts and bendfits of implementing Title 34, including the AFRP.

Numerous other activities in the Central Valley will either contribute to or be affected by the CVPIA
implementation and the AFRP. Severd projects being consdered for implementation would, if
implemented, aso affect anadromousfishes. Inthecourse of devel oping the AFRP, extensive coordination
with the agenciesinvolved and consideration of the potentid impact of their actionswill berequired. Many
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ongoing federd, Sate, and private activities have the cgpability to contribute to anadromousfish restoration
and could be incorporated into the AFRP.

Compliance with the National Environmental Policy Act and the Endangered Species Act

The options and dternativesthat will be consdered for the AFRP will beincorporated into and addressed
in the PEIS that will cover the effects of implementing the CVPIA and will satisfy the requirements of the
Nationa Environmenta Policy Act for development of the AFRP. The needs of threstened and endangered
gpecieswill betaken into account and incorporated into the AFRP Plan. Consequently, formd andinformdl
consultation under provisons of Section 7 of the Endangered Species Act will be initiated to ensure
compliance with the law and protection of listed species.

Public Involvement

Throughout development of the AFRP, the public will be encouraged to provideinput. All input receivedin
writing or at public meetings and workshops will befully considered and incorporated, if gppropriate, into
the AFRP. Core Group and technica team meetings will be open to observation by the public, and
members of the public will be able to submit written comments to be considered by the group.
Representatives of interested parties and members of the public with expertise in technical areas may be
asked by the Core Group to serve on technical teams, dthough the Core Group will not include members of
the public. Public meetings and workshopswill be held periodicaly in variouslocations during the process
of developing the AFRP. In addition to open meetings of the Core Group, aseriesof three workshopswill
be held a multiple locations.

GUIDING PRINCIPLES AND ASSUMPTIONS
One of the source documents for guidelines used to develop thisworking paper was described above for
the "Centrd Valey Anadromous Fish Restoration Program, Plan of Action, May 1994". Presented inits

entirety below is another source document titled "Position Paper for Development of the Centrd Valley
Anadromous Fish Restoration Program”.

POSITION PAPER FOR DEVELOPMENT OF THE CENTRAL VALLEY
ANADROMOUS FISH RESTORATION PROGRAM
INTRODUCTION

The Plan of Action (POA) for the Centra Valey Anadromous Fish Restoration Program
(Program) identifies the steps necessary to develop the Program (USFWS 1994). One of
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the stepsincluded the preparation of a Position Paper to be developed by the Core Group.
This document is adraft of the Position Paper described in the POA.

This Pogition Paper is areference document for use by the Core Group and thetechnica
teams to guide Program development. Because it was impossible to anticipate al issues
prior to drafting the Position Paper, this paper will be amended and supplements added as
needed. To determineif your copy is current and to request copies of the Position Paper,
contact the Public Information Officer, Centrd Vdley Fish and Wildlife Restoration
Program, 2800 Cottage Way, Sacramento, California 95825, (916) 978-4460.

The paper isdivided into three sections. (1) Programgod and definitions, (2) Intent of Title
34, and (3) Implementation criteria. Thefirst section statesthe Program goa and develops
generd definitions for each of the terms used in the Program goa. The second section
presents and interprets the intent of Title 34 and reexamines some of the definitions
presented in thefirst section. Thesefirgt two sectionslay the foundation for the last section.

In the last section, implementation criteria are discussed for the 1967-1991 (basdline)
period and for thefuture. Discussonsof implementation criteriaare separated because the
two periods require different criteria As discussed later in this paper, limitations are
imposed by the type or quantity of data collected during the basdline period. Future
monitoring programs may be designed to avoid these limitations.

PURPOSE OF POSITION PAPER

The purposes of the Position Paper are two-fold: (1) to explain or clarify the Core Group's
position on issues related to devel oping the Program and (2) to document reasons used to
develop these positions.

PROGRAM GOAL AND RELATED DEFINITIONS

Title 34 requiresthat "...natura production of anadromousfishin Centrd Valey riversand
streams be sustainable, on along-term bag's, a levelsnot lessthan twice the average levels
attained during the period of 1967-1991..." (Section 3406[b][1]). Severa termsneedto
be clearly defined before the program can be designed to meet this requirement: natura

production, anadromous fish, Central Vdley rivers and streams, sustainable, long-term
bass, and average levels.

Natural Production

Title 34 defines naturd production as: ... fish produced to adulthood without direct human
intervention in the gpawning, rearing, or migration processes' (Section 3403[h]). To apply
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thisdefinition, we must devel op an understanding of the meaning of each of the components
of the definition. Important components that have been identified to date are thefollowing:
production, adulthood, and direct human intervention.

Production

Ricker (1958) defined production as "the total elaboration of new body substance in a
stock in a unit of time, irrepective of whether or not it survives to the end of that time."
Although Ricker's definition includes changes in mass as well as numbers of figh, Title 34
specifies™... fish produced to adulthood..." and therefore production will refer to numbers of
fish produced.

Becauseafishcanonly be"...produced to adulthood...” onceinitslifetime, anindividua fish
should not be counted twice. In addition, production should be measured over adiscrete
timeinterval. Becauseal stocks under consideration are seasond spawners, adirect and
smple approach will be to count the fir &-time spawner s each spawning season.

Ricker's definition aso sates that a fish is counted toward production for the time period
over which production isbeing measured "...irrespective of whether or not it survivesto the
end of that time’. Using Ricker's definition, juvenile fish that did not survive to adulthood
would be counted. The definition of naturd production in Title 34 specifies "... fish

produced to adulthood..." and therefore does not count juvenilefish On the other hand,
Title 34 does not discriminate between adult fish that return to spawn and those teken in
recregtional and commercid fisheries. Because Ricker's definition includesfish that do not
surviveto theend of thetime period, and because the definition of natural productionin Title
34 specifies fish produced to adulthood, all naturally produced, adult fish shall be
counted, including those that are harvested prior to spawning.

Including harvested fish is congstent with the definition of production in the Cdifornia
Samon, Stedhead Trout and Anadromous Fisheries Program Act. The Cdifornia Act
defines production as "the surviva of fish to adulthood as measured by abundance of the
recreational and commercid catch together with the return of fish to the states spawning
streams.” Because both the Federd and State acts have smilar purposes and goals, and
because implementation of both acts should be coordinated, it is convenient that the
definitions of production being implemented for both acts are Smilar.

Whether or not a fish atains adulthood is key to determining whether or not to count that
fish toward the production goad. Adulthood is defined below.

Adulthood
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Section 3403(h) includes the phrase "...fish produced to adulthood..." as part of the
definition of naturd production. Adulthood is not defined within Title 34. Adulthood is
generdly defined as the state, condition or qudity of being fully developed and mature.
Applying this definition to fish is complicated by the fact that most fish continue to grow
throughout life (i.e., cessation of growth can't be used to indicate full devel opment) and may
become sexualy mature severd times during their lifetime (i.e., although deve oped gonads
can be used to indicate maturity, lack of developed gonads cannot be used to indicate
immeturity). Becausethe presence or absence of external characters can't dways be used
to identify adult fish, and because sexud maturity (i.e., developed gonads) is a trangtory
date, fishery managers often use Size or age criteriato indicate maturity.

An adult fish will be defined as one that is capable of reproduction. Ability to
reproduce should be based on some externd characterigtic, such assize. Because Title 34
requiresthat production be compared between basdine and god periods, the same criteria
for determination of adulthood will be applied to both periods.

Direct Human Intervention

The definition of natural production precludes "...direct human intervention..." in the
spawning, rearing, or migration processes of an individud, naturaly produced fish. A
definition of direct human intervention is key to understanding the definition of naturd
production. Humans have pervasively intervened in the structure and function of the
Sacramento- San Joaguin system. All anadromousfish that spawn in the system have been
impacted by this intervention. Indeed, Title 34 has as one of its purposes"...to address
impacts of the Centrd Valey Project on fish, wildlife, and associated habitats...” (Section
3402[b]). But not dl human intervention is direct. The word direct is an important
component of the phrase™...direct human intervention...”.

Direct human intervention is any action taken in the absence of intervening
elements. Any form of intervention thet requires handling of fish isdirect intervention due
toalack of intervening dements. Any action that includes one or moreintervening dements
would be considered indirect intervention.

Hatchery and artificiad propagation, including supplementation and out-planting of eggs or
any other life-stage, requires handling of fish by humans during the spawning and rearing
processes and therefore are forms of direct intervention. Trangporting fish, including truck
and barge transport, and fish salvage require capture and handling of fish during the rearing
or migration process and therefore are forms of direct intervention. Hatchery and artificia
propagation, transport and salvage of fish, or any processthat requires handling of any life-
sage of fish will be consdered direct human intervention.
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Title 34 dearly dates that fish produced with direct human intervention should not be
included in counts of natural production. In devel oping the Program, wewill avoid counting
hatchery- produced fish or fish produced with any other form of direct humaninterventionin
counts of natural production. The Core Group has determined thet there will be one
exceptiontothisrule: the progeny of naturally spawning fish slvaged at the John E. Skinner
DetaFish Protective Facility and the Tracy Fish Protective Facility, if they reach adulthood,
will be counted as naturaly produced.

An example of aform of intervention that does not fit the definition of direct interventionis
flow manipulation. When we manipulate flow to benefit fish, flow acts asthe intervening
element. Humans directly dter flows and flows dter fish spawning, rearing, or migration
processes. Therefore, flow manipulationisnot adirect but an indirect form of intervention.
Congtruction of fish ladders, screensand barriersareformsof indirect intervention because
each of these dtructures act as the intervening eement. Reservoir or flow manipulations
(including Ddtaflowsand flowsto maintain desired stream temperatures), ladders, screens,
barriers, and other forms of habitat ateration and enhancement activities will not be
consdered direct human intervention because each of theseisor hasan intervening e ement
and does not require handling of fish.

Because the definition of naturd production in Title 34 includesthe phrase™...produced to
adulthood...", fish that are not subject to direct human intervention until after they reach
adulthood would still be considered naturaly produced. For example, anaturaly produced
fish that returned to a hatchery and was spawned in the hatchery would be considered
naturaly produced. Obvioudly, its progeny would not be considered naturaly produced
because they were produced in ahatchery. Similarly, naturaly produced adult fish whose
migration was subject to direct human intervention would still be consdered naturdly
produced, athough their progeny would not be considered naturally produced.
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Anadromous Fish

Title 34 definesanadromousfish as™...those stocks of salmon (including steelhead), striped
bass, sturgeon, and American shad that ascend the Sacramento and San Joaquin riversand
their tributaries and the Sacramento- San Joaquin Delta to reproduce after maturing in San
Francisco Bay or the Pacific Ocean” (Section 3403[d]). Thisdefinition identifiesfive groups
or species of fish: sdmon, steahead, striped bass, sturgeon, and American shad. The
American Fisheries Society recognizes sedhead as the common name for the anadromous
form of Oncor hynchus mykiss and striped bass and American shad as the common names
for Morone saxatilis and Alosa sapidissima (AFS 1991). Clearly, Title 34 includesthese
speciesin the definition of anadromous fish. The names salmon and sturgeon both include
multiple species of fish and the meaning of these termsin relaion to Program devel opment
needs clarification. The term "stocks' in the definition of anadromous fish dso needs
claification.

Salmon - Sdmonisacommon namefor at least Sx species of fish. Five speciesof sadmon
have been observed in the Sacramento River: chinook ©. tshawytscha), coho .
kisutch), sockeye (O. nerka), pink (O. gorbuscha), and chum (O. keta) sdmon (Moyle
1976, Fry 1973). Chinook salmon are common in the Sacramento- San Joaguin system,
the other four speciesarerare. Based on observationsof adults during 1949 through 1958,
Hallock and Fry (1967) concluded that sockeye, pink, and chum salmon entered the
Sacramento River regularly enough to beregarded asvery small runs, but that coho salmon
were 0 scarce and irregular that they should be regarded as strays. Juvenile coho salmon
were planted in Mill Creek in 1956, 1957, and 1958, but by 1963 coho salmon were
amogt as scarce asthey had been before theintroductions (Halock and Fry 1967). During
the baseline period, there is no evidence that coho, sockeye, pink, or chum salmon
maintained sAif-sugtaining spawning runs in the Centrd Valey (Fisher pers. comm.).
Becausethe definition of anadromousfish specifies”...sdmon... that ascend the Sacramento
and San Joaquin rivers...to reproduce...” and because chinook salmon is the only salmon
known to reproduce in the system on aregular basis during the basdline period, the use of
the word sdimon in the definition will be interpreted to mean chinook saimon.

Sturgeon - Two species of sturgeon are found in the Sacramento-San Joaguin system:
white sturgeon (Acipenser transmontanus) and green sturgeon (A. medirostris) (Moyle
1976). Because both species of sturgeon reproduce in the Sacramento- San Joaguin
system, the word sturgeon will be interpreted to include white and green sturgeon.

In summary, the species of anadromousfish identified by Title 34 that reproducein
the Sacramento-San Joaquin system include chinook salmon, steehead, striped
bass, white sturgeon, green sturgeon, and American shad. The Program will be
designed to double the natura production of the anadromous forms of these Six species.
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Other anadromousfish - Title 34 doesnot identify severd species of anadromousfish that
spawn in Centra Valey riversand streams. These include threespine stickleback, brown
trout, and two species of lamprey and smdt (Fry 1973). The Program will not establish
restoration goals specific to these species.

Stocks

For purposes of the Program, a stock is defined as a group of individuals which are
morelikely to matewith each other than with individualsnot included in thegroup.
The term stock describes a fish population that spawns in a particular stream, or stream
reach, at a particular season and that do not interbreed to a substantia degree with any
group spawning in adifferent place, or inthe same place a adifferent time. Thisdefinition
does not rely upon absolute reproductive barriers. In fisheries management, stocks are
recognized to maintain and improve the genetic basis for management.

Severd stocks which meset this definition are dready recognized. For example, chinook
samon aredivided into severa races based on the season during whichthey enter therivers
to begin their upstream spawning migrationsasfollows. fdl, late-fal, winter, and soring runs.
Others stocks which might be recognized in the future will likely become stocks of specid
concern.

Good evidence exists for sdmon and stedhead that these species return to their natal
sreams to spawn. There is some evidence and little reason not to expect that the same
relationship holdsfor some of the other anadromous species. Asstated in the POA for the
Program, the objective of the Program will beto doublethe natura production of dl species
and races within specific individua streams, and to preserve genetic stocks. If it proves
unfeasible to double the natura production of aspeciesor race within aspecific sream, the
unmet production increment will be transferred to other individud streamsin the following
order of priority: (1) another stream within the same drainage system, (2) another stream
within the larger basin, such as the Sacramento River Basin, and (3) any siream within the
Centrd Valey.

Central Valley Rivers and Sreams

For the purposes of the Program, Central Valley river sand streamsar edefined asall
rivers, streams, creeks, doughsand other water cour ses, regar dlessof volumeand
frequency of flow, that drain into the Sacramento River basin, the San Joaquin
River basn downstream of Mendota Pool, or the Sacramento-San Joaquin Delta
upstream of Chippslidand.
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Sustainable

Sustainable means capable of being maintained or kept in exigtence. In Title 34, sustaingble
refers to naturd production, which is defined as ... fish produced to adulthood without
direct human intervention...." Elimination of direct human intervention as a legitimate
aternative requires reliance on restoration and maintenance of habitat conditionsthat alow
anadromous fish populations to sugtain themsdves at levels consgtent with numeric
restoration goals. Therefore, inthe context of Title 34, sustainableisdefined as capable
of being maintained at target levels without direct human intervention in the
Spawning, rearing or migration processes. Production levelsspecified by numeric gods
will be considered sustainable when they are maintained under the entire range of conditions
resulting from legal human activities, as superimposed on natura varigbility inherent in the
system. Humean activities shdl include, but not be limited to, agriculturd diverson and
discharge, exports, flow manipulation, water pollution, dredge andfill, channd modification
and damming.

Thereisan dement of timeimplicitin sustainability. Therefore, if natura productionisto be
sustainable, modifications to system operations as well as improved physicd habitat and
water quality must be provided into the future.  Title 34 requires that "...natura produc-
tion...be sustainable, on a long-term bass' and provides for annua funding without a
specified expiration date. Theintent of Title 34 isthat numeric restoration goa's continueto
be realized or exceeded in perpetuity.

Long-Term Basis

Long-term will encompassat least sever al gener ationsof fish (not lessthan 5) over
avariety of hydrologic conditions (to allow for natural variation in production) and
will continue indefinitely.

Average Levels

Asdated in Title 34, thegoa isto sustain natural production”...at levelsnot lessthan twice
the average levels attained during the period of 1967-1991..." To attach numeric valuesto
thisgod, we need to estimate average levelsof production. One problemisthat averageis
not aprecisedatigica term. In gatistics, theterm average can gpply to severa measures of
centra tendency (Langley 1971). The most commonly used measure of centrd tendency is
thearithmetic mean (Lapin 1975). Consequently, the public generdly understands average
to mean arithmetic mean and it isreasonable to assumethat thiswastheintent of theauthors
of Title 34. Therefore, the definition of average will be the arithmetic mean.
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INTENT OF TITLE 34
Habitat Restoration

Of the Six purposes of Title 34, three are particularly germane to discussion of the intent of
Title 34 asit rdlates to the Program. These three purposes are listed below:

(1) to protect, restore, and enhance fish, wildlife, and associated habitats in the Central
Vdley and Trinity River basins of Cdifornia (3402[d));

(2) to address impacts of the Centrd Valey Project on fish, wildlife and associated
habitats (3402[b]);

(3) tocontributeto the State of Cdiforniasinterim and long-term effortsto protect the San
Francisco Bay/Sacramento- San Joaquin Delta Estuary (3402[€]);

In addition, Section 3406(b)(1)(A) States that the Program "...shall give firgt priority to
measures which protect and restore naturd channd and riparian habitat vaues through
habitat retoration actions, modifications to Centrd Valey Project operations, and
implementation of the supporting measures mandated by this subsection..." Because Title
34 directs that the Program shal emphasize habitat restoration, emphasiswill be placed
on restoring habitat.

Natural versus Hatchery Production

Title 34 requiresthat "...natura production of anadromousfishin Centra Valey riversand
streams be sustainable, on along-term bas's, a level snot lessthan twicethe averagelevels
attained during the period of 1967-1991..." (Section 3406[b][1]). The requirement that
natura production be sustainable on along-term bass suggeststhat theintent of Title 34 is
for the definition of natura production to extend between generations of fish. Naturd
production should be sdlf-sugaining. The Program should not depend on hatchery-
produced fish to sustain populations of naturally spawning fish.

In addition, Title 34 requires investigations of "...opportunities for additiona hatchery
production to mitigate the impacts of water development and operations on, or enhance
effortsto increase Central Vdley fisheries, Provided, That additiona hatchery production
shdl only be used to sipplement or to re-establish natura production while avoiding
adverse effects on remaining wild stocks' (Section 3406[€][2]). This section provides
ingght into the intent of Title 34 asit relates to the roles of natura and hatchery production
and emphesizes avoiding adverse effects of hatchery production on wild (naturdly



2-1X-14

WORKING PAPER ON RESTORATION NEEDS

produced) stocks. Under Title 34, hatchery production should only beused asalast
resort to supplement or to re-establish natural production, and then only after
investigations on the desrability of developing and implementing additional
hatchery production.

Adverse effects of hatchery production on natura stocks can include reductions in
population size caused by competition, predation, disease or other factors (Sholes and
Hdlock 1979, Waples 1991). A large potentia for negative interaction exists when these
stocksinterbreed (Hindar et a. 1991, Taylor 1991, Waples1991). The adverse effects of
interbreeding increase as hatchery- produced fish become more prevalent in the neturaly
spawning population. Interbreeding reduces interpopulation diversity and may lead to a
reductionin overadl productivity and agreeter vulnerahility to environmenta change (Weples
1991). Outbreeding depresson may also result from interbreeding. In addition, large
populations of hatchery-produced fish thet areindigtinguishablefrom naturdly produced fish
may intensfy effectsof harvest on naturdly produced fish (Wright 1993). Thesmplest way
to avoid adverse effects on naturally produced stocksis to minimize the opportunities for
interaction between naturdly and hatchery-produced fish. The Program should be
designed to avoid adver se effects of hatchery production on natural stocks.

Harvest

Title 34 does not directly address harvest. Title 34 defines naturd production as. ... fish
produced to adulthood..." (Section 3403[h]) and requires that natural production be
increased. Inclusion of the term production, and especialy production to adulthood,
suggeststhat Title 34 doesnot intend for restriction of harvest to be used asameans
of achieving Program goals. As gated in the definition of production, harvested fish
should be included in counts of production. Sound harvest management is designed to
harvest only excess production, alowing for enough fish to escgpe harvest to maintain
production &t the highest level the habitat can support.

Title34 requiresthat natura production beincreased. There aretwo mechanismsby which
natura production can be increased: (1) increasing the productivity of the exigting habitat,
and (2) increasing the amount of habitat. These mechaniams are consstent with the
emphads Title 34 places on habitat restoration. Doubling productivity of existing habitat
would provide more offspring from the same number of spawners. If exiging spawning
habitet is being fully utilized, then increasing the number of spawners by reducing harvest
would not increase production. If production of naturaly produced fish is doubled and
escapement isheld to present levels, then harvest of naturdly produced fish could morethan
double.
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The second mechanism, doubling the amount of habitat, would accommodate twice the
number of spawners. Thiswould aso provide twice the number of offspring. Under this
scenario, harvest of naturdly produced fish could double. Under either mechanism, barring
other harvest redtrictions, we would expect a least a doubling of harvest of naturdly
produced fish. To meet the Intent of Title 34, harvest should be maintained at levels
that allow sufficient numbersof naturally produced fish to spawn to meet goalsfor
at least doubling natural production.

IMPLEMENTATION CRITERIA

As dated ealier, criteria for determination of natural production will conform to the
definition of natura production andintent of Title 34, including definitionsand interpretations
of intent discussed and refined in this Position Paper. Because determination of natura
production in the past will require different criteria than in the future, criteriafor thesetime
periods will be discussed separately.

Criteria for the basdine period - In the past, data collection efforts have not focused on
edimating natura production and existing datamay not provide direct estimates of natural
production. In order to establish numerica goasfor theProgram, averagelevelsof natura
production must be estimated for the basdine period. Estimates will require assessng
exidting dataand developing criteriato determinewhich dataare germane. Criteriamay not
grictly conformto the definitionsin and intent of Title 34 but are acompromise necessitated
by alack of data on natural production.

As explained in the POA, the Core Group and technica teams are responsible for
developing thesecriteria. Technical teamsare asked to develop initid criteriaand estimates
of average levels of natura production for the basdine period.

Where data are lacking, technical teamswill make assumptionsto expand existing data, or
put existing data in perspective. For example, run-sze estimates for American shad exist
for only two years. In addition, young American shad abundance has been sampled during
the fal emigration each year since 1967, except for 1974 and 1979 (Mills and Fisher, in
preparation). The American shad technical team could look at young American shad
abundance data to determine if run-Sze estimates for adults are representative of the
abundance of shad for the basdline period. This approach has assumptions (chief among
theseis that abundance of young American shad can tell us something about average adult
run-sizes) which are probably violated to some degree and isonly presented asan example
of what might be consdered. Technica teams will document options considered for
edimating natura production in issue papers that will be appended to the Program Plan if
not in thetext. Data quantity and gpplicability toward estimating natural production varies
between species and drainage. Each technical team will need to address these issues for
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each speciesand drainage separately. Criteriafor determining natura production during the
basdline period will be gpplicable to exigting data.

Because there is ardative wedlth of datafor chinook salmon and because several Teams
ded with chinook salmon, specific criteria are proposed for them. Most of the data
necessary to estimate production of each stock of chinook salmon for the baseline period
are compiled in Mills and Fisher (1994). The proposed procedure for estimating yearly
production of each race of chinook salmon for each stream during the basdline period
follows

Inthefollowing explanations and formulas, Pisfor production, E isfor escapement, H isfor
harvest, and h isfor the portion of total production not produced naturally. Subscripted
letters following the normd Ietters and prior to the first commarepresent different races of
chinook sdmon asfollows. Ffor fdl, L for late-fdl, W for winter, Sfor pring, and Cfor all
races combined. Subscripted |etters following the first comma represent the following: O
for ocean, D for downstream, | for instream, N for natural, H for hatchery, and T for total.
Subscripted letters following the second comma represent the following: CV for Centrdl
Valley, SFfor San Francisco, M for Monterey, and other letter combinationscorrespondto
Specific sreams (e.g., AM for American River). Subscripted letters following a third
commarefer only to ocean harvest and are C for commercid and R for recreationd. Inal
cases, a subscripted X acts as a"wildcard” place holder for an unspecified subscript.

1. A portion of production returns to spawn in each stream, both naturaly and in the
hatchery. Some of these fish are captured before spawning. These fish are counted
toward production for the stream in which they spawned or were harvested according
to the following:

a. To determine the tota spawning escapement (E x 1.xx) for each race in each individua
dream, sum the estimated number of each race of chinook salmon returning to spawn
naturaly (Ex nxx) and in hatcheries (Ex n.xx) for each individua stream.

Ex.txx = Bxnxx + Expxx

b. To determinethe portion of production for each race returning to each stream (in-river
run-size, P xx), add E x 1 xx tothe estimated number of each race of chinook salmon
harvested in each stream (Hy | xx). Estimatesof Hy  xx do not exist for al sreamsand
al years. Where estimates are not available or are inadequate, best professiona
judgement must be used. Technicd Teams shoud document options considered for
esimation of Hy  xx inthe Program Plan or inissue papersthat will be gppended to the
Program Plan.
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Px.ixx = BEx,txx + Hxixx

C. Todeerminethetotal number of each race of chinook salmon returning to the Centra
lew (Px,|’cv), Uum Px1|,xx for dl sreamsin the Centrd leQ/ ( EPX,I,XX) .

Px,icv= EPx,l,xx

d. To determine the tota number of chinook sdmon (al races combined) returning to the
Centrd Vdley (Pc, cv), sum Py, cv for al races of chinook sdmon ( Py cv) .

Pcicv = EPX,I,CV

2. A portion of production is harvested in the ocean and downstream of aressin riverswhere the
stream respong blefor this production isnot easily identified. To assign these harvested sdmon
to individua streams, the totad number of sdmon faling into this category is summed and
subdivided to race and stream, proportiona to the portion of production attributed to each race
and returning to each siream, according to the following:

a.  Todeterminethe Central Valey component of ocean harvest (Hc o.cv), Sumcommercid catch
at San Francisco (Hc o,sr.c) and Monterey (Hc.om c), Sum recreationa catch at these same
ports (Hc0,sr.r + He.om r), ad add these together. Thisestimate of He o cv isbased onthe
Centrd Valey Index (CVI), where harvest of Central Valley stocks equalslandingsat mgjor
ports south of Point Arena(San Francisco and Monterey). Useof CV1 to estimatethe Centra
Valey component of ocean harvest assumesthat the number of Centrd Valley chinook sdmon
harvested from ports north of San Francisco is balanced by the number of chinook salmon
from drainages north of the Centrd Valey harvested from San Francisco and Monterey. To
carry He o cv forward in subsequent ca culations, assumethat each chinook salmon harvested
in the ocean fishery is equivaent to an adult sdlmon returning to spawn.

Hc.o.cv = Hcosec + Hcomc + Heoser + Heomr

b. To account for that portion of inland harvest that occurs downstream of streams for which
production is being estimated, estimate portion of inland recrestional harvest captured
downstream of spawning streams (He p.cv). Information necessary to estimate He p cv may
not be avallable. If an edtimate exidts, useit. If an estimate of inland harvest for the entire
Central Valley exists (Hx 1 cv), then sum dl assignableinland harvest ( Hx i xx) and subtract it
from Hy  cv to determine He p cv. I other options exist, these should be explored. Hep cv
could be assumed to be smdl and therefore | eft out of the caculaionsor could beincludedin
Hx 1 xx, in which case it would aready to assgned to an individud stream.
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c. Todetermineocean and downstream inland harvest for the Centra Valey (Hc 0+p,cv),3m
Hc,o,cv and Hep cv.

HC,O+D,CV = HC,O,CV + |_|C,D,CV

d. To assgn portions of H o:+p.cv to Specific races, subdivide H: o+p.cv t0 €ach race,
proportiond to the portion of production for each racereturning to the entire Centrd Valley
(Px.1.cv) to the portion of production for al races combined returning to the entire Centra

lew (ny|,cv).
HX,O+D,CV = HC,O+D,CV . (RJ,CV/PCJ,CV)

e. To assgn portions of Hy o+p,cv t0 Specific streams, subdivide Hx o.p cv tO each stream,
proportiona to the portion of production for that race returning to each stream (Px; xx) to
the portion of production for that race returning to the entire Centrd Valey (P« i cv).

HX,O+D,XX = HX,O+D,CV " (PX,I,XX/PX,I,CV)
3. Todeerminetota production for each race and stream (Px 1.xx), SUm Px xx and Hx o+p xx-

I:)X,T,XX = I:)X,I,XX + HX,O+D,XX

4. A portion of thetota production was not produced naturaly (h). For the basdline period, only
hatchery-produced salmon will be considered to be produced by other than natural means. To
determine the natura production for each individua stream (P« n.xx), multiply Px 1 xx by (1-h).
Technical Teams should document options considered and chosenfor estimation of h inissue
papers that will be appended to the Program Plan or in the text for the Program Plan.

Pxnxx = Pxrxx ® (1'h)

Numeric restoration goasfor chinook salmon in each stream will be calculated as at least double the
average of Py nxx for each of the years during the basdine period.

Criteriafor the future - In the future, opportunities exist to improve estimates of natural production.
Theserange from augmenting historic data collection activitieswith effortsto estimate the proportion
of fish that are naturally produced, to designing new data collection to better account for natural
production. The Core Group and technica teams are responsible for designing future monitoring
programs.
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The Core Group and technica teams have and will identify deficienciesinthe basdinedata. Future
monitoring activities will be designed to address and avoid deficiencies. For example, monitoring
programs should focus on estimating production, including harvest, on acongstent and regular basis,
preferably yearly, in dl of the sreamsin the Centrd Valey.

Monitoring programs should aso estimate natural production, requiring some means of separating
naturaly produced fish from fish produced by other than natural means. At the very least, naturdl

production must be discernablefrom hatchery production. Severd methods can be used to separate
naturaly produced fish from hatchery- produced fish, including use of scale (Scarnecchiaand Wagner
1980) or otolith (Paragamian et d. 1992) characteristics and constant fractiona (Hankin 1982) or
complete marking of hatchery-produced fish (Wright 1993), including incorporation of genetic
markers (Waples 1991), inducement of otolith banding patterns (Volk et d. 1990), and more
standard methods such as dlipping fins. In addition, recommendations for the future should include
managing naturaly and hatchery-produced fish separatdly.

In addition, better estimates of harvest of Central Valey sdmon in the ocean and of dl anadromous
fish in the Bay, Ddta, and in each individud river and stream in the Centra Valey should be
developed. Harvest should be monitored continudly.
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