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Boat anglers fishing in the upper Sacranmento River



PART 1 - INTRODUCTION

This plan is intended to outline the Departnment of Fish and Gane's
(DFG restoration_and enhancenent goals for salnon and steel head
resources of the Sacranento and San Joaquin river systens and to
provide direction for various DFG programs and activities. A |arge
Part of the DFGs success in attaining these goals depends on the

evel of concern by the public and the decisions nmade by ot her
governmental agencies. Therefore, this planis also intended to _
provi de the understandi ng and persuasive argunents for the restoration
and enhancenent of the State's salnmon and steel head resources.

Legi sl ation (Chapter 1545/88) mandated that DFG make a maj or new
effort to restore salnmon, steelhead trout, and anadromous fish. Thi s
docunent was the first step in devel opnent of a series of basin plans
for all anadronmous fish waters.

The general goals of the DFG are: (1) restore al] depleted sal non and
steelhead habitat to a condition capable of sustaining poBuIatlon

oal s; 82) at |east double the natural sal pon production by the year
000; ( P devel op an annual steelhead run in the Sacramento River
system of 100,000 fish; (ﬁ% ensure prqfer mtigation and conpensation
of existing projects that have resulted in resource |oss or Ich are
continuing to cause resource damage: (%2 ensure that future projects
ei ther avoid adverse inpacts to sal non and steel head and their
habitats or provi de conpensation where inpacts cannot be avoi ded: and
(6) enhance the quality of fishing opportunities for inland sport,
ocean sport, and commercial .users and maintain popul ations at |evels
capabl e of supporting sustained year-round angling opportunities. A
conpl ete description of the nmandated goals and objeéectives are stated
in the Salmon, Steelhead Trout, and Anadronous Fisheries Restoration
Act (Chapter 1545/88).

I-1 General Description of Resource and Area

1-1-A Geographi c and Geol ogi ¢ Description

The Sacranmento and San Joaquin rivers flow through the great
Central Valley (Figure 1). The valley is a structural “downwarp
extending from Redding on the north to Bakersfield on the

south, a distance of nore than 400 m | es. It covers an area of
15,000 square mles or about one-tenth of the State.

California Coast nges, on the _north by the Klamath unt ai ns,
and on the east by the Cascade RanPe and the Sierra Nevada.
About the northern third of the valley is known as the
Sacranento Valley. The Sacranento River drajns the Sacranento
Val l ey southward along to its confluence wth the San Joaquin
River, near Suisun Baz and then flows westward through San
Francisco Bay to the Pacific Ccean.

The Central Valle%ais bordered on the west and south by the
y

The Central Valle¥'s southern part is called the San Joaquin
Vall%y. Most of _the San Joaquin Valley drains northward al ong
the San Joaquin River, but the southern part is a basin of
interior dra|na%% tributaries to ephenmeral [akes. These | akes
spill into the San Joaquin River drainage during wet years.

The Central Valley is a depositional basin filled with a thick
sequence of sedinentary rocks of Jurassic to Recent age.

During Jurassic and early Cretaceous periods, what is now the
val |l ey were deep ocean and continental shelf areas. Subducti on
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of ocean floor under the western margin of the North Anerican
Continent resulted in the uplift of fhe Sierra Nevada. Lat er,
when subduction stopped, the Coast Ranges were uplifted. Over
time the structural trough between the two nountain ranges
Flffed wth a deep sequence of Cretaceous narine deposits

0

owed by Tertiary to Recent continental deposits.
The present geonorphic configuration of the valley includes a
central zone of rich agriculfural soils on the river flood
plain. On both sides are extensive foothill areas that slope

gently toward the valley floor. These are alluvial fan and
strFan1dep05|ts that are being eroded by the present stream
systens.

1-1-B Chi nook Sal non Natural H story

Al though five species of Pacific salnon are occasionally found
I n the Sacranent o- San Joaquin river system only chinook sal non
(also called king salmon), Oncorhynchus tshawtscha (Wl baum,
have hatchery an naturally_reprouu0|ng popul ati ons. Because
of their size and food quality, they are highly grlzed by bot h
comercial and sport fishernmen. Thé Sacranent 0- San Joaquin
river systemhas historically been an inportant spawning area
for this species.

Chi nook salnmon were fornerly distributed fromthe Ventura R ver
in southern California northward to the Canadian Arctic, and
they may mgrate |

a

| ; te mles upstreamto spawn. Wthin the
hi storiC geograp n
0

f
h of chinook salnon, California has the
sout hern-nmost™ popul ation.  Environnmental conditions in
California are typically nore variable than those encountered
in more northern™clines. Therefore, the species nmust be
85Po{tunlst|c in selecting spawning and rearing habitat in
i fornia.

oS

Several distinct seasonal spamnin? mgrations occur in
California's Central Valley, and thesé seasons are used to
categorize different races of fish as follows:

1+ Fall-run Salnon. Fall-run salnon are Presentl t he nost
nunerous of the races. Fall run mgrate into the river
system from July through Decenber and spawn fromearly
Ctober through |l ate Decenber. Peak spawning occurs 1n
Cct ober and Novenber, aIthough the timng of ‘runs varies
fromstreamto stream | ncubation occurs from Cctober
through March, and juvenile rearing and outm gration of
smolts occur from January through June. Al though the
nHjQrIIY of young chinook salmpn mgrate to the ocean
during their first few nonths follow ng energence, a small
nunber renain in fresh water and mgrate as yearlings.
Chi nook sal non mature at 3-4 years oOf age, a t hough
sexual ly mature 2-year-old males ("jacks’) are conmon.
Fortunat'ely, nuch of the area in which fall run _
hi st ori cal spawned was downstream fromthe sites of major
dams; therefore, this race was not as severely affected as
sPr|n - and winter-run sal non which spawned at higher
el evaf’i ons.
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Late-fall-run Sal non. Late-fall-run sal non mgrate into
the Sacramento River from m d-Cctober through md-April
whi ch overlaps the fall-run spawning mgration from
m d- Cct ober through Decenber. The}/ spawn from JanuarK
through April.  I'ncubation occurs from January throug
June, “and rearing and outmgration of fry and snolts occur
from April through md-CQctober. Al thou late-fall-run
sal mon were recogni zed prior to 1970, they were not
included in Central Valley spawning stock inventories.
Only after the construction of Red Bluff Diversion Dam
was enumeration possible.

Winter-run Salmon. Mst winter-run salnmon mgrate into
the Sacranento River system as 3-year olds, wth about

90 percent spawning in"the main stemof the river. A few
winter-run salnon may still spawn in the Cal averas River.
Wnter-run salnon enter the cranento River from md-
December through md-July and primarily spawn in the upper
mai n stem Sacramento River frommd-April to md-July.

The winter run usually appears in the Sacranento R ver
near Red Bluff in Decenber and often spends a relatively
long time in the river before spawning. |ncubation occurs
frommd-April through md-August, with outmgration of
frP/ and snmolts beginning in late July and ending the

foll owi ng June.

Historically, wnter-run salmon spawned during May and June
in the MCoud River. The conpletion of Shasta and Kesw ck
dans in the early 1940's Dbl ocked their access to this
stream Wnter-fun sal non, however, were able to spawn
successfully below Keswi ck Dam taking advantage of cool er
sumrer water tenperatures afforded by water storage project
rel eases. This run increased dranati cal I¥ during the .
1940's and 1950's, eventually surpassing the spring run in
S|%r[1)|f|cance. Unfortunately,” total salmon counts at

RBDD beginning in 1970 indi'cate a dramatic decline in
winter-run stocks. Froma high of 117,808 wi nter-run
spawners in 1969, the popul ations have declined to

|, 000 2,000 spawners in recent years.

Spring-run Salrmon.  Spring-run salmon were historically the
nost abundant race in the Central Valley. Now only the
Sacranmento River and its tributaries suPport a remant run.
This race mgrated to higher elevation to spawn in areas
uEstream of the locations where najor dans have been built:
therefore, they were nuch nore adversely affected by water
devel opment than were the fall run. Construction o
barriers to migration, higher water tenperatures, and
streanflow altération have resulted in the extinction of
spring-run chinook in the San Joaquin River system
Spring-run salnon enter the Sacramento River Tromlate

Var ch ™t hrough Septenber. Many early arriving adults hold
in habitats that maintain cool-water tenperatures through
summer before spawning in the fall, Spawning occurs from
m d- August through early Cctober with the peak in _
Septenber.  Spri n?- and fall-run salnon spawning overlap in
early Cctober in the main stem Sacranento R ver. _

| ncubation occurs from m d- August throuPh m d- January w th
rearing and outmgration of fry and snolts beginning in
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| ate Novenber and continuing through April. Because this
race is a fall s auner like the fal'l run, they have likely
hybridi zed with run in the main stem uppér Sacramento
and Feat her rrvers A genetically discrete strain may
still exist in Deer and M|l creeks where the two racés are
geographical |y separated when they spawn.
Spawni ng ?enerally occurs in swift, relatively shallowriffles
or along the edges of fast runs where there i35 an abundance of
| oose gravel he femal es dig Tﬂaunrng redds in the gravel and
deposif their eggs in Iayers S are fertilized by the
e and buried In the gravel by the fenmale. \Water percol ates

m
through the gravel and Supplies oxygen to the devel opi q?
enbryos. An average female chinook sal non produces 3, 000-6, 000
eggs depending on size and race of the fish.

Sal mon sel ect spaunrn? riffle areas within a narrow range_ of
velocity and depth nvestigators have given much attention to
developrng |nfornat|on on depth-velocrty preferences_ for
spawni ng. ~ Vel ocrty general ly regarded as a nore inportant
paraneter than depfh for determning the hydraulic suitabilit

of a particular srte for spawning. ~The velocity determnes the
amount of water which will pass over the incubafing eggs.

Dept hs under 6 inches can be prohibitive for spawning
activities. In general, Ptrnunrspaunrng velocity is 1.5 feet
per second (fps), ranging from1,0-3.5 fps. Salnon usually
spawn at a depth rang |n% fronrO 5-3.0 feet.  Summer-spawni ng,

W nter-run saInDn have been observed spawni ng at depths
exceeding 21 feet, much deeper than other races.

Substrate conposition is another crrtrcal factor in determning
the suitability of a section of river for spawning. Chinook
sal mon require’ clean, |oose gravel for burldrng redds. The
average size of chinook sal mon redds i s approxi mately

165 square feet. The redds dug by late s auners may” overl ap
hose ‘dug by early spauners by mofe than percent.” The
erritory required for a wWni ng &ﬁrr has been estinmated to be
etween 200 and 650 square fee ere spawni ng occurs
roughout a protracted spawning season, as nany as three or

ur. redds may be dug in the area equivalent to the territorial
quirenents of one pair. A conservative range for the

asonal requirenents for nrnrnunrspaunrn? area per fenale IS
-100 square feet. Requirepents appear fo be variable

penpen upon the size of the fish and the characteristics of
e stream

It is inmportant that the substrate conposition be |low in sand

and fines so that its Pernmeability to water remains high

t hroughout the incubation and energence sequence. The presence

of fines inhibits the Passage percolatron) of water around the

wg?s and t hus reduces he oxy?en supp y to devel oping enbryos.
er passage through a gravel tends to increase with increased

water velocity above the substrate Al so, oxygen requirements

of devel oping eggs and sack fry or alevins increase wth

I ncreasing tenperature. For these reasons (tenperature,

di ssol ved~ oxygen), the m ninum percolation rate needed to

ensure good survival can var consrderabI% and no srngle

standard for nmaximum al | owabl e fines can be applied to al

situations. Transported sedi ments deposited on redds cause



suffocation of eggs or alevins especially if sedi nent
deposition increases after egg deposition, . Several authors
have proposed "optinmum' stréanbed conposition. Mst propose
10 or 20 percent fines by volune as the acceptabl e nmaxi num

n general, the substrate chosen by chinook sal non for spawni ng
s conposed nostly of gravels fromO0.75-4.0 inches in dianeter
with small er percéntagés of coarser and finer materials.
Al t hough some spamnln? wi |l occur in suboptiml substrates,
cubation success will be |lowered. Gavel is unsatisfactory
when it has been cenmented with clays and other fines or is
settling out and covering e?gs during the spawni ng and _
I ncubation period. The preféerred fornula for %{avel deposi ted
f or enhancenent purgoses is 80 percent in the 0.5-2.5 inch
di aneter range and 20 percent in the 2.5-4.0 inch dianeter
range.

Water tenperature greatly affects fish populations. Wen
natural or artificral occurrences cause tenperature shifts away
from optimum ranges, salnon and steel head popul ations are
reduced. Unfortunately, as flows are reduced bel ow dans,
tenperatures tend to i'ncrease. In general, the preferred
tenperature for chinook sal non spawning is 52 F wth | ower and
upper threshold tenperatures of 42 F and 57 F. Acceptable
%gng;rétures during upstream mgration may be sonewhat higher,

Eggs usual |y hatch in 40-60 days, and the young "sac fry"
usual |y remain in the gravel until the yolk sac is conpletely
absorbéd. The rate of “devel opnent is faster at hlgher wat er
tenmperatures.  Significant egg nortalities occur a
tenperatures in excess of 57.50F with total nortality normally
occurring at 62 F. A useful nmethod of estimating timne of
emergence is calculation of degree-days. Chinook sal non eggs
require approximately 750 degrée-days” for hatching and an
approxi mate equal théermal period for resorption of the yolk sac
for a total of 1,425 degree-days. Degree-days are conputed b
nultlphqu? the 1 ncubation teriperature ( F-32) by the nunber of
el apsed 24-hour periods. Thus the total time fromspawning to
emergence at 50 IS approximately 79 days.

After energence chinook salmon fry attenpt to hold position in
the water Colum and feed in low velocity areas such as slack
water and back eddies. They nove to sonewhat hlgher velocity
areas as they grow larger. ~Myvenents of fry produced by
fall-run adults occur during the Decenber to March period.
Timng of downstream mgration of fingerling or pre-smolt |
kgven|les varies according to run, but it iS typically during
rch, April, and h@x. I'n California nost young chinook sal non
enter the ocean as aﬁe snolts where they femain until their
third or fourth year en they return to fheir hone streamto
spawn (2- and 5-year old fish also participate in the_s%amn|ng
runin small nunbers). Some straying of individual fis
bet ween stream systems occurs on a regular basis, but the,
anount of straying may increase substantially when mgrating
fish encounter” adverse or confusing environnmental conditions
such as caused by the punping in the south Delta.



| -1-C Steel head Natural History

The steel head trout, Oncorhynchus nykiss, is an anadronous
strain of rainbow trout that mgrafes to sea and later returns
to inland rivers as an adult to-spawn. In contrast to chi nook
salmon, not all steelhead die after spawning. Wth natura
spawni ng greatly reduced in the Sacranento-San Joaguin river
system ~steel head popul ations are nostly dependent on
hatcheries to maintain fishable populations. Steel head are
highly prized and utilized by inland sport anglers.

St eel head are general ly distr
the Al eutian |slands. VVthIP
[
C

i buted fromsouthern California to

Cal rnia's Central Valley a

¥ pr ced steelhead is only found
st utaries. No, significant

ur i he San Joaquin R ver

vi abl e popul ation of natura
in the Sacranento R ver and
st eel head popul ati ons now oc
system

0
odu
rib
nt

In the Sacramento River, u strean1n1grat|on occurs_ from

earlg August through Novenber with the peak occurring in

m d- Septenber.  Some upper Sacranmento River steel head runs peak
in md-winter. Sacramento River system steel head spawners are
smaller than those found in other Systems: averaging 2-3 years
at maturity and weighing 1-12 pounds. The Eel River straih of
st eel head has been T ntroduced into the Arerican R ver at

Ni mbus Fi sh thcherﬁ (NFH) and has m xed with the American
River strain: this has resulted in steel head |arger than the
upper Sacranento River race. Mid R ver steel head were al so
introduced in the Anerican R ver, but the results of that
experinent are unknown. Spawning in the Sacramento River and
its tributaries usually occurs from January through March, and
i ndi vidual s which survive return to the sea betweén April and
June. Females in this river systemcontain an average of

3,500 eggs, with a range of 1,°500-4,500.

Li ke other sal nonids, steelhead prefer to

spawn in clean, |oose
ravel and swift, shallow water where the fe
e

mal e steel head dig

heir redds in the gravel. Gavel fromthe excavation forns a
mound or tail-spill on the downstreamside of the pit. Eqgs.
deposited along the downstreamnargin of the pit are bur|gg In

the gravel as excavation proceeds. ~ An average of 550-1, 300
eggs are deposited in each redd. The males fertilize the eg%s
as they are deposited in the redd. \Water percolating throug
the gravel supplies oxygen to the devel opi ng enbryos.

Ri ver depth-velocity criteria for spawning and rearing

steel head differ slightly fromthose for salmon. Velocity

appears to be about the 'same as for chinook salnon, 1.5 fps,

but depth is slightly less, to about 0.75 foot. G avel
article sizes selected by steel head vary from about
.25-3.0 inches in dianmeter and are sonewhat snaller than

t hose selected by chinook sal non.

St eel head seemto tolerate fewer fines than chinook sal non,
Rrobably because oxygen requirements for devel opi ng enbryos are
igher. ~ A positive correlation has been denonstrafed beiween
st eel head qu and enbryo survival and the percolation rate of

water through gravel. ~Oxygen content of the water is also
positively correlated wth“egg survival
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The average size of a steelhead redd is smaller than that of a
chinook salnon. Redd sizes range from 22, 5-121 square feet
and average 56 square feet. Female steelhead spawn in six to
seven redds; however, sone overlap nag_occur as severa

femal es may spawn in the sane area. i nce nost races of

steel head 1n the Sacranento system are considerably smaller
than in other streans, their Spawning area requirenents are
probably |ess.

Water tenperatures required by various life sta?es of steel head
are | ower than those for chinook salnmon. The preferred
tenperatures for rearing and for adult steelhead in the _
Sacramento River are between 50 F and 58 F,_althﬂu%P hhey nnll
tolerate tenmperatures as low as 45 F. Studies show that’ the
upper preferred tenperature limt for rainbowtrout in Serra
Nevada streans is 65 F. The tenperature range for spawning is
somewhat lower, ranging from39-49 F, and the preferred ,

I ncubation and hatching tenperature is 50 F. ring the egg's
"tender" stage, which may last for the first half of the

i ncubation period, a sudden change in water tenperature may
result in excessive nortality.

Egg devel opnent in the Sacramento River systen1takes pl ace from
Decenber through April. The rate of developrment is a function
of tenperature with higher tenperatures favoring faster,

devel opment. At 50°F hatching occurs in 31 daysS: at 55 F

hat chi ng occurs in 24 days.

New y hatched sac fry remain in the gravel until _the zolk sac
is completely absorbed, a period of 4-8 weeks. Emergence Is
followed by a period of active feeding and accel erated grow h.
The diet of newy energent fry consists prinmarily of snall
aerial insects and invertebrate drift. As they grow, fry nove
frPn1the shallow, quiet nargins of streams to deeper, faster
wat er .

Unl i ke juvenile chinook sal non, whlch_typlcaII% em grate soon
after emerging fromthe gravel, juvenile steelhead usually
remain in fresh water for a period of at |east one year.
Because rearing steel head are present in fresh water all vyear,
a?eqﬁﬁtf_flow and tenperatures are inportant to the population
at a i mes.

CGeneral ly, throughout their range in California, young _
steel head spend from|-2 years in fresh water before nigrating
downst ream In the Sacramento River steel head generally
emgrate as |-year olds during spring and early summer nonths.
Em gration aﬁpears_to be nore closely associated with size than
age, 6-8 inches being the size of nmoSt downstream m grants.
Downstream m gration in unregul ated streans has been correl ated
with spring freshets. However, in large regulated streans,
spring freShets do not appear to be necessary to stimulate
downstream m gration.

Adult steel head generally return to their parent streamto
spawn, however, Straying does occur. About 2-3 percent yearly
exchange of individuals in two neighboring coastal streans has
been observed denonstrating that popul ation m xing can occur.



Juveni | e steel head trout

| -1-D Description of Chinook Sal mon and Steel head Resources

The Central Valley has supported average annual runs of 272,000
chi nook sal mon during the [ast 10 yearS and has contributed an
average of 365,000 fish to ocean fisheries. O the fish
returning to spawn, 89 percent have m.grated up the Sacranmento
Ri ver system and spawned principally in the American, Yuba,
Feat her "and upper Sacranento rivers, and Battle Creek

}Flgure 1). e remaining 11 percent mgrated into the San
oaguin River sYsten1and Spawned in the Cosummes, Mkel ume,

St ani sl aus, Tuol utme, and Merced rivers.

Fal | -run sal non now nake up 88 percent of the Central Valley
sal mon population. This race spawns at | ower elevations than
spring-run; therefore, theb were |less affected by dans.
Hstorically, the Central Valley salmon popul ation was
conprised nostly of spring-run chinook salnmon. This race also
robably nade up nost of the early inland commercial catch.

he construction of dans on the pmajor tributary streans
prevented their access to historic spawning areas and resulted
In their demse. Presently this race nakes up only 5 percent
of the total valley run.

Alnost all Central Valley steelhead return to the Sacranento
River system The average yearly run into this systemis about
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35,000 fish, nost of which are produced at Col eman Nati onal
Fish Hatchery (CNFH) on Battle Creek, at N mbus Fish Hatchery
NFH) on the Anerican River, and at Feather R ver Hatchery
F on the Feather River. The CNFH is Federally owned and
operated: NFH is Federally owned, but operated by the State:
and FRH is State owned and operat ed.

1-1-E H story of Early Commercial Fisheries

Sal mon were_an_ inportant food |ten1dur|n% t he gold rush aBd
railroad building era of the 1850% Italian 'nmgrants began
to fish for salnon in the Sacranento and San Joaguin rivers to
meet the demand

The first sal non cannery was_set up in 1864 under the nane of
Hapgood, Hume and Conpany. The cannery was built on a floating
scow and was | ocated on the Sacramento River in what IS now the
town of Broderick. The young industry had sone setbacks when
initially skeptical Americans were hesitant to purchase the
product. ©~ A narket was devel oped in Australia and South )
Aneri ca. By 1883, 21 canneries were established in California
most of themin the Bay Area. G| netting, fyke nettlng and
seining were the principal methods used prior to 1870. t was
reported fishernen got as nany as 700-800 pounds per day in
fyke traps located at Ro Visfa.

The newy formed State Board of Conmm ssioners (SBQO) eﬁﬂressed
concern tor the fishery which had declined by 1870. e
SBC reported mning activity had al nost destroyed runs in the
Anmerijcan, Feather, "and Yuba rivers. In response to this
decline, the SBC contracted with the U 'S. Fish Conm ssjon
USFC) to supply eggs for propagation purposes to stock the
acramento River. oon afterwards, the commercial salnon catch
began to increase and b% 1880 reached al most 11 million pounds.
Thi's increase was attributed to inproved fish cultural
practices which gave great inpetus to this phase of fishery
managenent . During the 1880's catches renal ned above
6 mTlion pounds, and by 1886 there were a reported 3,000
persons fishing for sal non.
The USFC reRort for 1883-84 expressed concern about dans be|n8
| aced on the Stanislaus, Tuolume, and San Joaguin rivers an
ributaries to the Sacramento River. The USFC advocated a | aw
to require screens on all diversions to prevent |oss of young
sal mon mgrating downstream

Conmer ci al cannerg operations were term nated b¥ the State

| egislature in 1920. The nmean annual catch of the gill-pet
fishery for the 1915-58 period was 1,984,931 pounds.” This was
about 4 mllion pounds |ess than annual Production of the
flshery_for the 1870-1914 period: the principal cause
identified for this decrease was the large increase in the
ocean troll fleet. Still as many as 6,463,245 pounds were
landed in the inland fisheries as |late as 1946. this equal ed
about 293,784 fish. The gill-net fishery was termnated in
1957 by the State legislature.

H storically on their upstream m

: nel I sal mon popul ati ons
endured intense fishing pressure

ation
om fyke traps, gill nets,

r
rom
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and other presently banned harvest nmethods. Habitat _
destruction frommning, |ogging activiti ef, and irri %atl on
activities also exacted heavy tolls. Populations wer

[f')erl odically depressed but were able to make great rebounds
rom | ow nunbers when advant ageous environnental conditions
occurred. Unfortunately, st artlnﬂ In the 1940% when high dans
were constructed, resiliency of these popul ations was | ost

when diversions reduced flows and mgration routes to their
historic spawning areas were bl ocked.

| -2 Present Restoration and Enhancenent Program

Restoration and enhancenent of sal non and steel head fisheries in

the Central Valley requires a conbined effort of the fjsheries
agencies, water-di'stribution and | and- nanagenent agencies, and the
public. = Restoration efforts seek to raise fish production and

Popul ation nunbers in a debilitated salmon or steelhead streamto the
evel s that naturally occurred prior to a damaging incident or
project. Mtigation'is the degree to which adverse inpacts are
reduced by project design or resource restoration efforts.

By contrast, . enhancenent Progra_m; seek to inmprove on existin
conditions, independent of previous factors that affected th
popul ation or habitat.

| -2-A Habitat Rehabilitation

The DFG the United States Fish and Wldlife Service QUSFV\B),
and the National Marine Fisheries Service (NVFS) are the
fishery agencies principally involved with restoratjion in the
Sacranent 0- San Joaquin river system  The DFG has the only
significant fisheries enhancenent program  This program uses
speci al bond funds and annual budget appropriations to create
spawni ng_and nursery habitat. The United States Bureau of
Recl amati on (USBR) and the USFWS attenpted an enhancenent
project at Red Bluff D version Dam (RBDD) that has proven
unsuccessful. The DFG and Departnent of Water Resources (DWR)
have becone extensively involved in a programto restore
streamand riparian habitats in the upper Sacramento River
drai nage under the Senate Bill 1086 |egislative mandate
(Chapt'er 885/ 86).

Several spawning habitat inprovement projects have been

I npl enented by DFG on the Sacranento River from Redding to
Anderson and ‘on tributaries such as dear, Mil ,and Deer
creeks. Unless hydraulic controls are present, recreated

gfish

spawning riffles are usually short lived. Mst of the work to
gate hats OIbeen experinental ‘and | ong-term benefits have not been
ocument ed.

Mai nt enance of screens and |adders on tributary streans S?AY?S
many thousands of young sal non and steel head each year.. _
diversions on MII, Deér, and Antelope creeks are ‘provided with
both screens and |adders, and two natural falls on Deer Creek
have been |addered. Attenpts are being nade to inprove the

| adder at MCorm ck-Saeltzer Dam on Cear Creek, As a
condition for Federal Energy Regul atory Conm ssion ( FERC)
relicensing, Pacific Gas and Electric  Conpany  (P&E)
constructed a new screen and |adder at their “diversion on
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South Cow Creek. A new screen is planned for the Owick
diversion on Battle Creek. The DFG constructed and operates a
screen on the Anderson-Cottonwood Irrigation District (AC D)
diversion at Redding and operates the old fish | adder there.

In 1988 and 1989 DFG pl aced approxi mately 30,000 cubic yards. of
ravel in the upper Sacramento River near Kesw ck Dam Fundi ng
or these projects was RartlaIUéFe&PVIded by the USBR.  The

DFG in cooperation with DWR, S , .and NVFS, is currently

pl anning for another project which will add 100,000 cubic yards

of gravel to the river for replenishnent of spawning beds

dowistream  Qther gravel restoration projects are underway or
being planned in the San Joaquin River system

|-2-B Mtigation Projects

There have been numerous actions taken to prevent or mtigate

i mpacts to the sal mon and steel head resources of California's
Central Valley which were caused by land and water use

devel opnents. = These actions have generally been in the form of
PhychaI_construct|on, | egal actions, or operational procedures
0 mnimze fishery |osses.

The construction and operation of the State Water Project (SWP)
and the Central Valley Project $CVP) has resulted in
significant adverse inpacts to the salnmon and steeLhead _
resources of the Central Valley. _Anadronous fish hatcheries at
the base of three project reservoirs were constructed to
mtigate for the |ost” sal non and steel head habitat upstream of
thosé dams. To conpensate and protect downstream resources,
ermt conditions or nenoranda requiring mnimum instream flows
el ow project dams were established. Unfortunately, those
fl ows have frequently proven inadequate to maintain healthy
popul ations of salnon and steel head. Operational features
desi gned to mnimze project inpacts have included: control-
ling the rate of instream fl ow change to protect snmall fish on
stréam edges: trucking of snolts from hatcheries to the
estuary; release of large Pulses of water to assist and
encourage downstream m gration of hatchery and naturally
produced snolts; and the operation of najor diversion dams
Inaway to mnimze inpacts to upstream and downstream
mgrating fish.

Physical constraints typically are features of water

devel opnent and delivery projects. Many of the major,
irrigation diverters have been required to screen their intake
structures to mnimze entrainnent of downstream migrating
juvenile salnon and steelhead. Rearing facilities are being
used at several locations to increase snolt production or
produce larger snolts to replace those that woul d have
gaturally béen produced, were it not for dans and water

i versi ons.

Legal and admi nistrative measures taken to protect the sal non
and steel head resources include the passage of |aws, = .
establ i shnent of fishing regulations, adoption of policies,

bi ndi ng agreenents signed. by resource agencies and, resource
devel opers, and the adoption of a variefy of planning
docunents. The California Environmental "Quality Act “( CEQA),
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Nat i onal Environmental Protection Act, Federal O ean Water Act,
and the Fish and Wl dlife Coordination Act provide nuch of the
| egal basis for environnmental protection and restoration for
the State's fishery resources.

The Fish and Gane Code contains many sections which either
specifically. or generaIIK provide for the protection and
continued exi stence of the native stocks of sal non and
steelhead in California. Sone of these sections and key
provi sions are:

Section 1505 - Provides for the protection of certain spawning
areas on State-owned lands. Requires the Director to

di sapprove any alterations of any prine sal non and
steel head spawning are€as when in his opinion such alterations
woul d prove del eterious to fish life."

Section 1600 - ldentifies the inportance of California's fish
and wildlife by stating "The protection and conservation of the
fish and wildlife resources of this state are hereby declared
to be of utnost public interest.”

Section 2760 et seq. - Provides policy relative to protection
and restoration of the State's fishery resources and nakes
specific flndlnﬂs relative to the inpacts caused by water
devel opment.  The Act (Keene-Neilson Fisheries Restoration Act
of 1985) states that "California intends to nake reasonabl e
efforts to prevent further declines in fish and wldlife,
intends to restore fish and wldlife to historic |evels where
possible, and intends to enhance fish and wildlife resources
where possible.”

Section 5900 et seq. - The laws found within this chapter deal
with dams, conduits, and screens as they relate to protection
of fishery resources. Project devel oper responsibilities for
provgglng_ﬁdﬁguate bypass flows, fish ways, and fish screens
are idenfified.

Section 6100 - This section gives DFG the authority to require
screens_and screen mai ntenance on any new water diversion after
1?7ﬁl¥hkfh the DFG finds to be deletérious to sal non or

st eel head.

The Fish and Game Conm ssion %FGi) has adopted vari ous
regul ations and policies which are designed to protect the
State's salnon and steel head resources. Regul ations restrict
size and nunbers of sport-caught fish to enSure that sufficient
nunbers of fish survive to spawn. The FGC policies for the
ELOtBCt!OH of sal non and steel head have been adopted to guide
Ginits review of land and water devel opnent proposals. The
t r emendous Publgc val ue of sal non and steel head is recogni zed
and the protection of this resource has, therefore, been given
a very high priority b¥_the FGC. A nunber of Federal acts and
E[o ects which affect Tisheries are appended to the published
TJEI gﬂg Gane Code and the California Adm nistrative Code
itle 14.
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Y wat er- or hydro-power-distribution agencies within the
ral Valley are directly or indirectly involved wth
protectlon of “sal non and_ steel head fisheries through their
obligation for certain mitigation measures. These mtigation
measures include: mnipumTlow rel eases, hatcheries, spawning
channel’s, i ntake screening, and tenperature control .

There are four hatcheries in the Central Valley that raise
chinook sal non and steel head trout and one hattchery that raises
only chinook sal non.

Col eman National Fish Hatchery (CNFH). This Federal |y operated
hatcherv 1s rTocated on Baitle reek about 15 mles northeast of
the town of Red Bluff. This hatchery was built by the USBR as
part of the salvage plan to mtigate for the |oss of historical
pamnlng areas where access for sSalmon and steel head was
b ocked b% constructlon of Keswick and Shasta dans. This
hat ch ery as been in operation since 1943 fat about the sane
tine the older Battl e Oreek Hatchery was closed) and is funded
and operate % t he USFMB Its present yearly production goa
is 12 mllion 90/Ib (fingerling) fall-run chinook sal non,
2 mllion 40/1b Fflngerlln Q) Iat -fal I -run chinook sal non,
and 1 million 7/Ib (yearling) ste Ihead After planned
i mprovenents are successfully conpleted, it may al so have the
capability to rear spring- and mn ter-run sal mon.

Feather River Hatchery (FRH). This DFG operated sal non and
steelhead hatcherv 1s Tocated in the town of Oroville The
hat chery was built by the DAR to mtigate for the Ioss of

hi storical spawning areas when access for chinook sal non and
st eel head trout was bl ocked by c onstruction of Oroville Dam
The faC|I|ty started opera |0 in 1967. The cost of rearing
mtigation fish is paid by the DAR.  The hatchery has an annua
producti on goa to raise 8.0 mllion 30/Ib (fingerling) fall
run salnmon, "2.0 mllion 50/Ib (fingerling) faII-run sal mon,
and 0.4 nillion 3-4/Ib (yearling) Steelhead. An adjunct to
the hatchery, the Thermdlito Annex, has a goal of rearing

.6 mllion 3WIb (fingerling) fall-run sal mon, paid for
pr|nC|paIIy from Sal non Stanp noney and sal non | anding tax

recel pts.

Ni mbus Fish Hatchery (NFH). This DFG operated sal non and
st eel head hatcher¥ I's Tocated on the Anerican Rjver about
20 mles east of the Gty of Sacramento. This hatchery was
built by the USBR to conpensate for the loss of access to

hi storical spamnlng areas resulting fromthe construction of
Ni mbus and Fol som dans It started operation in 1955 and has
been run by DFG the cost of rearing mtigation fish is pa d by
the USBR " Its present yearly production goal is to raise
mllion 50/Ib (fingerlin I-run chinook sal mon and 0. 5
mllion 3-4/1b (yearllng? stee head.

Mokel ume River Fish Installation (MRFI). This fjsh-rearing
faciTity 1s Tocated near the town Of (Jene ts Th| hat chery
was built by the East Bay Mini ci pal ility District (EBMD)-to
mtigate for the |oss of "access to h|stor|cal spamnlng areas
resulting fromthe construction of Camanche Dam It sStarted
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operation in 1965. The hatchery is operated by DFG  The cost

of rearing mtigation fish (100,000 sal non or ‘steel head) is,

aid by EBMID. “Its present annual production goal is to raise
mll1on 30/lb (fingerling) chinook sal mon_and_ 40,000 yearling

steel head. The cost™ of rearing the non-mtigation fish is paid

by Salmon Stanp noney and DFG

Merced River Fish Facility (MREF). The nost southerly hatchery
IS lTocated about b mles east of the town of Snellina. It was
constructed with Davis-Gunsky funds by the Merced Irrlﬂatlon
District (MD to enhance runs in the Merced River which had
been depressed for _many years. The facility has been in
operation since 1971. " |t is operated and primarily funded

bx DEG with partial facility maintenance paid by MD from

t he Davis-Gunsky account. °~The annual production goal is

0.3 mllion 8-10/1b (yearling) and 0.4 mllion 70/Th
(fingerling) fall-run” sal non.

During the late 1950% and early 1960's, arti

channel s were believed to be a viable method
salmon.. A few spawning channels were built
i ncl udi ng ones on the Feather and hmkelynuﬁ

| arge Tehama- Col usa Fish Facility (TCFF
conjunction with the RBDD project.

i cial spawni ng
of producing
in California
‘rivers, and at the
ich was built in

Al though artificial sgamnlng channel s work for sonme species of
Paci fi C salnon, they have not been successful for chinook. Al
of the above spawni hg channel s have been converted to rearing
ponds. Very small spawning channels with short raceways for
rearing may have a limted potential

|-2-C Gtizens' Participation

Gtizens play a mgjor part in the managenment of sal non and
steelhead in" California. The popularify of salnmon and
st eel head can be neasured both by the sport and conmerci al
fisheries and by the public interest in nature filns, books
?E%?Z'”es and nature_ educatigon. A recent survey conduct ed for
found the vast majority of the public to be interested in
protection of fish and wildlife. Salnon and steel head are
associ ated by the public with clean natural streams and have
been widely Considered a mark of a healthy environnent.

Commercial fishermen's and sportsnmen% organi zati ons take an
active part in debates over harvest regulations and frequently
participate in hearings and negotiations over |and and water
project mtigation and restoration. They have shown strong
support for governnent funding for restoration and enhancenent
prograns.

The followng is a list of some of the principal private groups
i nvol ved in Sal non and steel head restoration and nmanagenent in
the Sacranento-San Joaguin river system



-16-

1. United Anglers of California _

2. Callfornla_Sﬁortflshlng Protection Alliance
3. Anmerican Fisheries Socrety

4. California Striped Bass Association

5. QCalifornia Trout, Inc. ,

6. Sacramento River Preservation Trust

7. Salnmon Unlimted _

a. San Joaquin R ver Systens Commttee

18' Trout Unlimted

%gper Sacranmento River Salnmon & Steel head Advisory
mittee

| -2-D Regul ation of Salnon and Steel head Catch

Qcean. . The U S, Secretary of Commerce (USSC) annually .

promul gat es re%ulatlons_governlng_the sport and conmercial take
of salmon in the Exclusive Econom c Zone (EEZ) which is the
3-200 mle offshore zone where nost of the utilization of

Cal i forni a% sal non occurs. The Secretary's regul ation naking
deci sions are based on the "sal non pl an" devel oped b% t he
Paci fic. Fishery Management Council (PFMC). The FGC has the
responsibility to establish regulations Tor the sport catch in
State waters ithe_C)S mle area offshore which is inside the
EEZ), and works with PFMC to make State and Federal regul ations
conpatible. The Director of the DFG takes actions to conform
the regulations for comercial salnmon fishing in State waters
with those established for the EEZ

Sal mon regul ations for the EEZ are promul gated by the USSC
ursuant to authority vested by the MagnuSon Act” (Public Law
4- 265) . Under_this Act five Tregional councils have been

established. The councils are responsible for_the nana%enent

of fish stocks in the EEZ including salnon. The Council,

whi ch |s,resgpn5|ble for devel opi ng sal non glans for

California, egon, and Washington,” is the PFMC._  The _
ui delines for devel opment of sal non plans by PFMC are found in
he "Framework Plan" adopted in 1984.  The nanagenent goal s of

the PFMC are defined within this plan, including salnon

spawni ng escapenent goals for key sal non stocks in the PFMC
management area.

The PFMC uses the status of the follow ng three key stocks to
base ocean salnon regulations for California:. (1) Sacranento
River fall-run chinook salnon, (2) Klamath River fall-run
chinook salnon, and (3) natural spawning O egon coastal coho
salmon.  The current escapenent goals for Kl amath River chinook
safnnn ﬁre found in the ninth amendment to the PFMC' s origina
sal non pl an.

Each year the PFMC goes through a process for develo
sal mon regul ations for the EEZ and State waters. Th
?t??e process, conducted from January through April
ol 'ows:

pi ng. annual
IS SiXx
is as

Stage 1 - Review of previous year fisheries, sport and
commerci al .

Stage 2 - Devel opnent of ocean stock abundance estimates for
key sal non stocks for the com ng season
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Stage 3 - Devel opment of regulation options.
Stage 4 - Public review of regulation options
Stage 5 - Adoption of plan, i.e., regulations.

Stage 6 - Transmittal of plan to Secretary of Commerce who
then promul gates regul ations (the regul ations are
then recordéd in the Code of Federal “Regul ations,
Title 50, Chapter 6, parts 620 and 661).

The State goes through a process by which State requl ations for
waters O3 mles offShore are conformed to the PFMC pl an.

The Director of the DFG has the authority to conform State to
Federal regulations affecting the comrercial salnmon fishery
under Fish and Game Code section 7652. This process requires a
public hearlngatp receive input on how the Federal regulations
woul d affect California fishernen, and then filing o
regulatlons wth the California Secretary of State through the
Ofice of Administrative Law

Qcean _sport regulations in State waters are under authority of
the FGC. Unlike the commercial fishery, the Federal

regulations in the EEzare generaIIY bf ought into conformance
with the State regulations pronul gated by the FCGC

Inland Waters. The FGC regul ates the take of all gane fish,
Including salmon and steel head trout, in inland wafers: the
authority to requlate take was given to the FGC by the

Legi slature (Fish and Gane Code section 200).

The intent of regulations controlling the take of salpon and .
steel head trout as defined in Fish and Game Code section 206 is
. ..to preserve, properly utilize, and maintain each species
and subspeci es. The procedures used by the FGC to adopt

regul ations are described in the follow ng paragraphs.

Proposal s to add, amend, and or/and repeal regulations are
adopted by the FGC as a result of a four-neet|nﬂ_hear|ng
process héld in odd-nunbered years. Based on this hearing
process, required by Fish and Game Code section 206 and
descri bed bel ow, proposals which are heard and adopted by the
FGC becone | aw

1. The FCC first receives pr0ﬁosals for regulations fromthe
H@i_ﬁgher agencies, and the public at the August FGC
i ng.

In preparation for the Cctober FGC neeting, the DFG then
has to conplete an analysis on all the groposals recei ved
and support or oppose each one. The DFG prepares a nore
detail ed anal ysis of the public proposals it supports and
presents this analysis in the formof an "Initial Statenent
of Reasons." This formhas to contain (1) a description of
t he probl em and how the proposed regulation will alleviate
the problem (2) the language for the proposed regulation;
and (3) a discussion of alternative proposals.
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The DFG al so prepares an "Environmental Checklist" of all
the proposals it supports: this form provides an anal ysis
on potential negative inpacts on the environment of the
proposed regulation. The checklist is required by CE

2. At the Cctober neeting, the FGC Provides an opportunity fo:
publ i c discussion of the proposals presented at the August
meeting. Representatives of the DFG have to be present at
this meeting to respond to (1) questions concerning
proposals fromthe public which it has opposed and
(2) objections to regulations that it has proposed

In preparation for the Novenmber FGC neeting, the DFG
prepares an additional analysi s which includes the
1) itens discussed in the Tnitial Statenment of Reasons,
2) a summari zation of the publjc te?tlnnng heard at the
t'ober FGC neeting, and FSF a justification why a public
proposal was rejected. The formused to nmake this
resentation is called a "Pre-adoption Statement of
easons.

3. At the Novenber neeting, the FGC again provides
an opportunltr for an open Publlc i scussi on of
groposed regul ations presented at the August neeting.

epresentatives of DFG are again present to %

questions and objections fromthe public. A _
considering the public testimony and prior to ad{ournnent
of the neetln?,_ he FGC is required to announce the
regulations it intends to add, anend, or repeal.

esPond to
te

After the Novenber neeting, and in preparation for the
Decenber neeting, the DF (1% prepares additional analysis
of the issues discussed in the Pre-adoption Statenent,

(2) summarizes public testinony from Cctober and Novenber
meetings, and_(3) provides the | anguage for the proposed
regul ation. The formused to nmake thi's presentation is
called a "Final Statement of Reasons.”

4. At the Decenber neeting the FGC may choose to hear. _
addi tional public testinmony concerning the regulatjons it
intends to adopt. Then at; or within 20 days of the
Decenber neeting, the FGC shall add, anmend, or repeal any
proposed regul ations received at the August FGC neeting.

5. Wthin 45 days after adoption by the FGC, DFG shall publish
and distribufe the newy adopted regul ations.

PART |1 - RIVER SYSTEMS AND RESTORATI ON NEEDS
I1-1 Upper Sacranento River System

11-1-A Physi cal Environnent

The Sacramento River is the largest river systemin Caljfornia
and the State's nost inportant chinook salmon river. The basil
represents about 17 percent of California' s land area, yet
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¥a|_el ds 35 percent of it's water su%ply. The upper _Sacranent o
ver conprises the section fromthe mouth of the Feather R ver
to Keswick Dam including all tributaries.

The Sacramento River and its nunerous tributaries drain _parts
of the Coast Ranges, Klamath Muntains, Cascade Range, Sierra
Nevada, and great vall e%/ geonorphic provinces. Fromits
headwat ers in the Kl amath Muntains, the Sacranento River is a
cool, clear, sparkling nountain stream = As it f]ows southward,
It is joined by nunerous small tributaries draining the

met anofr phi ¢ rocks of the Kl amath Muntains on the west and

the vol canic Cascade Range on the east. Near Redding the
river is broader and slower, but bel ow Jell|¥_s Ferrg it enters
|ron_Canyon and forms a series of rapids (Figure 2). At .

Red Bluff the river enters the valley Pr_oper. Above, it is a
bedrock stream controlled by the under Y]l n% geol ogy. Bel ow,

it is an alluvjal streamflow ng through the Sacramento Valley
controlled by its own water and” sedi ment discharge.

Bet ween. Red Bl uff and Colusa, the Sacramento River is a typical
meandering gravel -bed stream eroding its banks on the outside
of bends “and de OSItIn% lgravel bars on the inside. Below the
town of Colusa to the of Sacranento, the river is a

sand-bed stream Here both natural and man-made | evees contro
the river. Normal and low flows stay in the river while flood
flows are diverted through an overflow and bypass system

Geo%raphy. The Sacramento Valley, in the reach fromthe nouth
h

of the Feather River to Kesw ck Dam ranges up to 50 mles wide
wth relief ranging fromabout 570 feet above nean sea | evel
just bel ow Kesw ck Dam to about 20 feet at Verona. The reach
fromRed Bluff to Chico Landing lies in a region of
agricultural bottomands and Iow, flat-topped ridges generally
covered with grass, brush, and trees. Downstream Past t he
Sutter Buttes, the river meanders through intensive %/ _
cultivated fields and the Gty of Sacramento and continues into
the Delta. About 4 mles bel ow Keswick Dam the river widens
to about 500 feet. Near Redding the river is broader and
slower, but below Jellys Ferry it enters lIron Canyon and forns
a series of rapids before entering the alluvial plains of the
Sacramento Vall'ey near Red Bluff.

CGeol o Above Redding the Sacramento River drains the Kl amath
untal ns geol ogi c province on the north and west. Here the

Kl amat h Mount ai ns consi st nostly of Jurassic and ol der

met anor phi ¢ and i gneous basement rocks that are generally hard
and erosion resistant. Tributaries such as the Pit and Md oud
rivers drain the Cascade Range on the east. . The Cascade Ranpe
consist nostly of Tertiary to Recent volcanic rocks, generally
tuffs, breccias, and flows.

Bel ow Redding .the Sacranento River enters the great valley

(Tgeol ogic province. Between here and Jellys Ferry, the river

| ows across ol der alluvial deposits, FromJellys Ferry to

Red Bluff, the river flows through deelg, narrow fron Canyon, a
zone of recently uplifted volcanic rocks. Tributaries entering
in this reach include Oear and Cottonwood creeks on the west
and Stillwater, Cow, Ash, Bear, Battle, and Paynes creeks on
the east (Figure 2).
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Bel ow Red Bl uff the Sacramento River flows over deep alluvia
deposits. Near the river Cpaternarg-aIIUV|aI fan deposits
fromtributaries surround a central belt of stream alluvium and
flood plain deposits. Soils here are deep, rich, and widely
used for agriculture.

On the west side, rolling valley foothills are underlain by th
Tertiary-Quaternary Tehana Formation, nostly silt and clay wt
I nterbedded sand and gravel. C?aternary_terrace deposits and
t he reddi sh, cemented gravels of the Pleistocene Red Bl uff
Formation cap the Tehama in places. . Cetaceous shal es outcrop
along the western_valley rim \estside streans include

Red Bank, Elder, Thomes; and Stony creeks.

e
h

On the northeast side, the valley nerges with the Cascade Range
of volcanic breccias, volcanic cones and basalt %Lateaus,

rugged foothills, and deep streamcut valleys. This area
contains a |arge portion of Lassen Vol canic” National Park. The
| ower foothillS consist of erosion-resistant volcanic nudflows
and streamdeposited fanglonerates. Eastside tributaries of
the Sacramento River that drain this area include Antel ope,
M1ls, Deer, and Big Chico creeks.

Tributaries draining the west side generally carry large
quantities of sedinent while east side tributariesS carry
consi derably |ess.

Hydrol ogy. The clinmate has noderate, wet w nters and hot,

dry sunmers. Eighty-five ﬁercent of the precipitation occurs
from Novenber to April. The mean seasonal precipitation is

36 inches at Redding, 22 at Red Bluff, and 19 near Col usat
however, precipitation in nuch of the headwater area may reach
60 inches or nore.

Since Decenber 1943 flows in the Sacranento River have been
regul ated by Shasta and Keswick dags. The nean annual runoff
Is apout 6.3 mllion acre-feet. Since 1963 the river has

recei ved an average of over 1 mllion acre-feet of water from
the Trinity R ver “basin. The maxi numrel ease since Shasta Dam
began operation was 81,400 cubic feet per second (cfs) on

April 1, 1974. The mninumflows since 1960 have been
determned by the flow agreenent with the DFG (m ni mum

2,000 cfs) and have ranged down to about 2,300 cfs, with the

| owest daily average being 2,460 cfs.

Wnter flows in the river at Redding are Iar?ely determned by
flood control operations during nornmal and we Fl ows

during critically dry years are determned by the DFG
agreement .

Summer flows are generally determ ned by downstream needs for
irrigation and at "times for salinity control. Normal sumver
flows range from about 12,000-14,000 cfs.

Two major diversions occur in the river: RBDD inmediately
downstream from Red Bluff and at den Colusa Canal near
Ham lton Gty.



Aerial view of Shasta Dam showi ng Lake Shasta
and t he upper Sacranento River

11-1-B Sal non Resource

There are four distinct races of chinook sal non that spawn in
t he uPper Sacranmento River. They are named for the tine period

t he irst enter fresh water. Fall-run fish usually spawn
within a few weeks of their arrival in the fall. Late-fall run
spawn in the winter. The spring run spend the sunmer in deep
cool pools and spawn in the fall. Wnter-run fish enter the

river in the winter and spawn early the follow ng summer.

Past . Both spring- and fall-run, chinook sal non_were abundant
In the upper cramento River prior.to Federal -State water
devel opnent, al though significant declines were noted by 1929.
Causes of the declines were thought to include overharvest,

bl ockage by irrigation danms (ACID during 1917-1927), and

habij t at de%radat[on (railroad construction and hydraulic

m ni ng) . here is limted information on the magnitude of the
sal mon runs prior to the construction of the CVP and the early
decline of the populations. However, in 1905 the conbi ned

chi nook sal non egg collection at three upper Sacranento R ver
egg stations Located off the nmain river represented a traﬁp|ng
of "at |east 30,000 adult spawners, which would indicate that.
the total fromall other tributaries and main stemcould easily
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exceed that nunber by nore than tenfold. Based on total catch
data for the Sacramento-San Joaguin rivers, it has been
estimated that the peak chinook salnon runs in the Sacranento
R ver system may have been as large as 800,000 to. 1 mllion
tls?glgnth an average run size of "about 600,000 fish prior
0 :

The first serious effort to determne the size of the chinook
sal mon run in the upper Sacranmento River began +ust rior to

the construction of Shasta Damas part of an eftort to eval uate
the project's inpact. Estinmates of fall- and spring-run chinook
are considered |ow for the upper Sacranmento River during the
preproject sanpling period due to inefficient sanpling.

Spring- and wi nter-run chinook sal non were both headwater
spawners prior to the placenent of Shasta Dam  The winter run
was wel | established in the MOoud R ver.

Present. Begjnnlng_ln 1950 conpl ete data on the distribution
of talT spawni ng chi nook sal non becane avail able for the
Sacramento River system A peak value of 403,000 spawners was
observed in 1953, Wwhich was specul ated to be _the highest
escapement during the 1939 to 1969 period, Based on an

anal ysis of the S annual sal mon spawni ng stock reports from
1956 to 1985 for main stem Sacramento R ver (excluding
tributaries), there has been about a 50 percent decline in the
spamnlng popul ation in the last 15 years, primarily in the
reach above Red Bl uff.

The first estimates of spring-run chinook sal non Populatlons
began in 1967 through counts at RBDD. These counts show
dramatic fluctuations in run sizes over the |ast 20 years wth
the average annual run size being 12,600 fish. [t i's doubtful
that the sprlng_run on the main stem Sacranento River continues
to be a truly distinct race because of the overlap of time and
place of spawning with fall-run chinook salnon. This overlap
resulted fromthe construction of Shasta Dam which forced these
two races, whose historic spawning areas had been spatially
separated, to spawn in the same section of stream Genetically

pure popul ations of spring-run salnon may exist in the upper
reaches of a few Sacranenfo River tributaries |nclud|nP 11|
and Deer creeks. M1l and Deer creeks spring-run populations

have undergone drastic declines (80-85 percent) in the past
2 decades.

Late-fall-run chinook sal non counted at RBDD show a dramatic
decline over the last 20 years. The runs during the 1980's are
only one-third of those observed during the late 1960%

Wnter-run chinook sal mon have suffered a severe decline since
the beginning of counts at RBDD. The runs during the 1980's
have been only 5 percent of those recorded during the 1960's
The decline prpnPted conservation grou€§ to file separate
petitions to list the winter run as a Federal "threatened
SRECIGS" and as a State "endangered species.”" In 1989 the
NMES and the FGC approved the petitions when the popul ation
declined to 547 fish. Inplenentation of protective actions
aretplanned by Federal and State agencies to restore the

wi nter run.
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During the period of 1976 through 1985, the conbined average
annual run of %hl ook salnon in"the ugper Sacramento River
ri :

n
including all i butaries has been 233, 888.

Salnon_Fisheries. During recent gears the Central Valley river
systens have been the origin of 90 percent of the comrerci al
chinook sal nbn catch | anded between San Franci sco and Monterey,
40 percent of California north coast andln%?, and a simlar
percent of the Oregon |andings O the tot PODU|atL0n upon
which this harvest is based, about 50 percent of the fish
originate in the upper Sacranento River.

The nmarket value of the average size run of fall chinook
salmon in the upper Sacranmento River du&%ng the 1980 to 1985
period was approxi mately $22 m|lion. IS I's based on
econom st Phil Meyer's ‘actual business revenue and profit

estimates W thout considering estinmates of income nultipliers
for the community at large which could increase this value b
39 percent. If the restoration efforts for the fall run were

successful and the increased stock were utilized b% t he
fishery, ~the market value of the production would be

$79 m’llion annually W thout considering incone to the, _
comunity at large. ©~ The difference betWween the econom c vyield
fromrestored and present popul ations shows significant benefit
to the econony of comunities along the coast, San Francisco
Bay, . and the Sacramento and San Joaquinrivers, where
significant sport fishing occurs.

Potential. The long-term objectives for production of each
race of adult salmon inthe upper Sacranmento River and jts
tributaries are displayed below. Restoration of chinook sal nmon
stocks to these levels would be conparable to the levels of the
1950's.  These goals are expressed as spawni ng escapenents t hat
are needed to maintain the sustainabl e catches.

The following are restoration goals for production of adult
chinook sal mon from the upper cramento River (figures in
t housands of sal non):

Rati o of

St ock catch to
St ock Escapenent * catch escapenent Tot a
Fall 300 600 21 900
Late fall 25 50 2+ 1** 75
W nt er 70 42 0.6:1 112
Spring 70 105 1.5:1 175
Tot al 465 797 1, 262

* Escapenent equal s nunmber of spawners plus nunber
harvested in river

** Al'though the catch: escapenent ratio for Sacranento River

te-fall-run chinook sal non has not been ascertained, it
eftrpated to be substantially higher than the ratio

all run.

ounmY

[
i
for
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The nethod sel ected for achieving the production goals shoul d
concentrate on restoring the streamenvironnent to high
productjvity and maintaining high survival of snolts _
emgrating fo the ocean. The hatchery production objective
shoul d. be to augnent natural production while holding
conpetition with natural production to a mnimm |o0Ss of

genetic stock should also be avoided. There is Ieg;slatlve
Intent contained in the Fish and Game Code that affirns the

oal of maintaining natural habitat in a condition that allows
i gh Egoduct|v1ty of all types of fish and wildlife gFISh and
Game Code sections 1505, 2601, 1301, 2761, 2762, 2765, 5937
5900, 1600, and 1400). There is alsqo FGC policy directing DFG
to make natural rearln% of salmon and steelhead”a priority over
hat chery groduct|on= dditionally, California Water Code
section 1243 establishes the intent to preserve fish and

wildife resources in natural systemns.
I1-1-C Steel head Resource

Steel head trout provide an inportant recreation resource in
California. Central Val]|ey ﬁopulatlons are alnost entirely
the result of an aggressivé hatchery production program but
opportunities exist for increased natural production

Past. There is little information on the magnitude of the
steel'head trout population prior to construction of Shasta Dam

Present. There was a notable increase in the size of the
steelheag trout populations jn the ugper Sacramento River bel ow
Shasta after conﬁl tion of the Shasta project. This may have
been due, in part, to the favorable flow and tenperature .
conditions created by the damduring the sunmer rearln% peri od
and the di spl acenent ™ of upstream popul ati ons down to the

Reddi ng ar ea.

The estimated annual population of adult steelhead in the upper
Sacranento River ranged up to 28,000 fish during mark and
recaPture studi es conducted in the 1950% The nunber of adult
st eel head pa55|n?_RBDD since 1966 shows a steady decline to

l ess than 5,000 Tish per year in the 1980% |In 1983 the count
reached an all time |ow of” 2,000 fish. The present steel head
stocks are predomnately a hatchery product. The status of the
wld stocks is |argely ‘'unknown, but the nunbers of |ate-
spawni ng winter steelhead in MII| and Deer creeks are very |ow.

Steel head Fisheries. The estimted sport catch of steel head
guring studies conducted in the 1950% was as hl?h as 11,000
fish. - During the late 1960% the estimated sports catch ranged
as high as 7,000 fish. These historical catches represent
markef values in the vicinity of $2 mllion annual |y w thout
consi dering community induced benefits. Presently, the actual
counts over RBDD represent only one-fifth of the estimted
sport catch during the 1950% ~ Thus, the present sport catch
Is less than one-tenth of the historical, Indicating |oss of
significant benefits to the econony and communities along the
upper Sacranento R ver.

Potential. The | ong-term objective for production of adult
steel[head in the upper Sacramento River and its tributaries is



-26-

50,000 fish. Inproved or expanded hatchery production may be
necessary to attain this goal along with inproved f|ow and
habitat <conditions. Inprovenent of conditions in Cear Creek
coul d be expected to contribute significantly toward this goal.

[1-1-D Natural Production

Chi nook sal non natural production occurs predomnantly in the
mai n stem upper Sacramento River. The natural production of
chi nook sal non accounts for approximately 70-90 percent of the
total run since 1967.

St eel head production in the upper Sacranento River is

predom nately hatchery mintalned. Mst of the natural
roduction of steelhead occurs in tributaries to the upper
acranento River. Successful spawning in the main stemof the
Sacranento River is limted by the | ack of smaller-size gravel,
which is principally confined"to w de, braided areas in The
river. Additionally, the discharge of heavy netals from
Spring Creek Debris Damis diluted to limtS that are partially

protective of sal non {_uveni | es but not of steelhead juveniles

(which are nore sensitive).
|I-1-E Hatcheries
Present and future Luveni | e chinook sal mon production goals for
CNFH are displayed bel ow
_ Size at Tot al Tot al _
Chi nook rel ease present future . Rver
speci es (fish/1b) number nunber di stribution
Fal | 90 12 mllion 11 mllion Upper Sacranent
Late fall 40 2 mllion 1 mllion per Sacrament
W nt er 0 0 1 1/2 mllion per Sacrament
Spring 0 0 2 mllion per Sacrament
Trucki ng experiments usi n(r:; fish produced at CNFH indicate that
planting fish downstream fromthe upper Sacranento River
results™in extremely poor returns to the hatchery. These

returns are | ow enough to result in insufficient” broodstocks to
meet the hatchery goals. Sonme conprom se between direct
hatcherY rel eases and trucked downstream rel eases wi |l probably
be devel oped to neet future production goals.

The steel head popul ation is predom nately maintai ned by CNFH.
éBBE)OXI mately 65 percent of the steel head mdgratl ng past the

appear, ~ based _on fish sanpling at the dam to be hatchery
propagated fish. The long-termobjective of CNFH is to produce
and rel ease sufficient yearling steel head to contribute 5,000
hat chery produced adults.

[1-1-F Environnmental Problens and Preferred Solutions
| nadequat e Instream Fl ow Rel eases from Kesw ck Dam The

existing fTows from Kesw ck Dam are I nadequafe for salnmon. The
present flows are stipulated for the Shasta project in a 1960
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agreenment that is included as a termin the State Water Rights
License #9956 dated 1972. M nimum fish flow rel eases descri bed
in the |icense are:

"Bypass or release at Keswi ck Dam at |east:

January 1 - February 28 2,600 cfs
March 1 - August 31 2,300 cfs
Septenber 1 - Novenber 30 3,900 cfs
December 1 - Decenber 31 2,600 cfs

ion of the schedul e
fs from Sept enber
ry years when fl ows

at
C
d

(There is an unofficial modific
allowing a stable flow of 3,250
t hrough "February, except during
may be reduced.

In practice, these stipulated flows are almays exceeded during
the export phase (April through Septenber) of reservoir
OReratlons and general ly during

phase of reservoir operations.

The stipulated fl ows do not adequately protect against the
dewat eri ng of redds because stable flows are not required
during the incubation periods of the four races. Typically,
rel eases of 6,000 cfs from Keswi ck Dam occur _during 't he onSet
of fall spawning due to requirenents in the Delta and ot her
water and power needs. As these needs dimnish during the late
fall and early winter, the need to store water can initiate a
reduced or stipulated m nimum streamflow rel ease affecting
redds of fall-, late-fall-, and spring-run salnmon and rearing
of winter-run juveniles. Additionally, the agreenent |acks a
flow reduction rate that will mnimZze stranding of young

sal mon and st eel head.

After conpletion of the present instream flow study being .
conducted for the DFG the final flow recommendations for fish
production will be developed. These recommendations will

I nclude stable flow regines for prevention of dewatering of
redds and a conbination of the different flow needs for the
life stages of the four races of sal non. Collectlvel¥ t he
early |iTe stages of these four races are present in the river
year-round and nust be accommodated. Recommendations will be
PrOV|ded to reduce stranding of young fish during periods of

| ow reducti ons.

The flow needs could be provided through a fornmal Menorandum of
Agreenent between the USBR DFG, and the USFWS. The new
Agreenent shoul d replace the existing Agreement and be i ncl uded
as atermin State Water Rights License #9956.

Al though_ fishery naintenance is not a stated purpose in
congressional authorization for the Shasta project, the _

U S. Departnent of Interior (USD) recognized fish protection
as a mscel | aneous proiect function in a report forwarded to
Congress on February 24, 1947 (USDI 1946).

| nadequate Water Quality for Fish Production. There are
Intermttent problens of Tethal concentrations of dissolved
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nmetal s discharged into the river at Keswick Damfromlro
Mountain Mne. = Rel eases from Shasta Dam are nade to di
toxi cants fromthe Iron Muntain Mne: however, limted _
availability of dilution water has resulted in major fish kills
In sone years durlng the wet season when_ |eaching and overfl ow
occur. very year the levels of netals in the river in the
Reddi ng area ‘eXxceed the safe levels for sal non and steel head

as determned by toxicity tests conducted by the DFG and ot her
wor kers.  These  chroni c exposures can reduce the growh rate
and di sease resistance of youn?_salnnn. ~The exis |ng scheme
for dilution manipulation 1s stipulated in a Menorandum of
Agreenent_ between DFG USBR, and the State Water Resources
Control Board (SWRCB).

There is also a problemwith intermttent water rel eases from
Shasta Damwith tenperatures that are lethal to jncubating

sal mon e%gs (tenperatures %reater than 57 F). Shasta Dam has
fixed md-level outlet to The river which can result in

rel ease of warmwater from upper |ayers of the reservoir as

it is drawn down to |ow |l evels during bel ow nornal water years.
I ncreasi ng water demands on the CVP W ll increase the frequency
and intensity of the tenperature problem

n
ute

The water quality control plan for the Sacranmento River basin
established by the Central Valley Regional Water allt¥_
Control Board (CVRWXB) and approved by the SWRCB specifies a
wat er tenperature objective of 56 F be attained in the sal non
spawni ng area. Available tenperature records in the river,
between” Red Bl uff and Redding show there has been a significant
failure to attain the tenperature objective.

During extrenely wet years a prolonged turbidity problem occurs
In the upper Sacranento River long after tributary streans have
cleared during the summer. Turbid silt-laden waters are stored
in the reservoir and released to the river over |ong periods of
time. Persistent turbidity can reduce the growh rate of
juvenile salnmon, reduce production of food itenms for fish, and
Interfere with angling.

The pollution fromthe Iron Muntain Mne is to be renedi ed

by the Environmental Protection Agency Superfund Program

é PA 1986). The programcalls for conpletion of source contro
eatures by 1991 that could reduce netal Ioadlng by up to

80 percent.” Dilution nmanipulation would still De a required

feature, but the demands for dilution water should be substan-

tially reduced.

The_tenPerature probl em can be abated through optinum use of
avail abl e col d-water reserves in Shasta Reservoir and Trinity
River trans-basin diversion. This can be acconplished through
structural nodification of the outlet system at Shasta Dam and
nodi fication of the \Wiskeytown Reservoir outlet to Spring
Creek Power house.

A multilevel outlet structure will allow Shasta Damto be
operated in a manner to avoid turbid water releases fromthe
reservoir during the spring and instead rel ease the clean
wat er available in the upper |ayers.
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Main_ Stem Sacranento R ver Spawning Gavels. In the river near
Kesw cCK Dam nany historic salnon spawning riffles are arnored
by cobbles that are large and difficult to nmove.  Spawni ng
ravel recruitment from upstream areas has been elimnated by
he dam The avail able spawning gravels in the river are
derived from bank erosion (about 85 percent), tributaries, and
chute cutoffs.

These sources have been reduced by gravel mning and bank
rotection projects. Increased gravel |osses are a threat due
0 proposed increases in these activities.

The followi ng are actions that could correct the |ack of
spawni ng gravel s:

1. Acquire gravel-rich streanmbanks or deposits fromwlling
sellers and allow themto erode into the stream

2. Place artificial spawning habitat in suitable side-channel
areas.

3. Enmploy alternate nmethods of river channel nanagenent t hat
do not include arnoring the stream banks.

4. Place additional restrictions on gravel mning in
tributaries that provide valuable gravel recruitment.

5. Purchase the spawni ng-gravel conponent of the gravel m ned
by commercial extractors.

6. Purchase gravel rights and/or riparian |ands as is under
negotiation for Cear Creek.

7. Periodically place additional gravel in the river
I medi at el y” bel ow Keswi ck Dam for natural distribution
downst r eam

Fi sh Passage Problens at Anderson-Cottonwood Irrigation
Dstrict (ATD) Dam. The operation of this_seasonal 1lashboard
damrequires thatf the release from Kesw ck Dam be reduced

or 4 days to allow installation, renoval, or adjustnent of
ashboards to provide the desired water delivery rate to the
nal (agreement between the USBR and ACID). These reductions,
whi ch sofretimes exceed 8,000 cfs, occur during the spawni ng and
I ncubation period of the winter-run chinook. “As a result,
nter-run fry and juveniles are stranded and killed along with
her young salnonids. The flashboards are typically in place
omearly April to early Novenber.

S5«

—1!—"§

ere are also water Quality |nﬁacts associated with the flow
ductions |nclud|n%_|ncreased eating of the river at |ower
low and decreased dilution of downstream waste waters
Rice-field drainage during the spring herbicide season greatly
contributes to thi's probl ém

—~=s _| o)
—0=>

The ACI D Dam does not allow efficient passage of upstream
magrating adults over the existing |ladder. "The |adder is a
1920% desi gn that does not provide adequate attraction flows
and it approaches the damat 'a 90 angle. Asa result,



- 30-

nortality occurs and passage of winter-, spring-, and fall-run
chi nook salmon is delayed, sonetinmes to the point that fish
have to spawn bel ow the dam

The followng are alternatives for correcting the ACID Dam
fisheries problem

1. Reconstruct the ACID Damto allow head adj ustment w thout
altering the Keswick Dam release. This design would
incorporate an efficient fish adder. Operafion and
mai ntenance of this partially renodel ed structure would be
stipulated in an agreenent between the ACID, USBR, and DFG

2. Change the point of diversion for ACCD Damto Cear O eek
via a release from Wiiskeytown Reservoir. The iIncreased
rel eases woul d _additionally benefit anadronous fish
production in Cear Creek.~ Aternative diversion systens
are.

a Supply the ACCD s entitlenent of 400 cfs entirely from
Clear Creek and thereby elimnate the Sacranmento” River
diversion. The only econom c¢ nethod of diversion would
be construction of mles of canal from Seltzer Dam on
Cear Creek. Lost power production equates to
approximtely 425 feet of head. The water would not
represent |ost yield since releases at Kesw ck Dam
exceed mnimumfish flows by approxi mately 300 percent
during the irrigation season.

b) Supply only that portion of the ACID s entitlenent that
IS needed to prevent flashboard adjustnent at the .
Sacramento River diversion. This could be acconplished
by pumping from Cear Creek into the ACDs canal for
lTmted periods during the start and finish of the
irrigation season. The instream fl ow recommendati ons
for ear Creek restoration would probably provide nost
of the needed flow for the cana] wth little f|sh_eré/
Inpact to lower Cear Creek during the summer period.

c) Install and operate punmps to supEaI_y the District's
entitlement fromthe Sacranento R ver and elimnate t
necessity of operating the damduring critical salnon
production peri ods.

he

d Construct a new fish |adder with adequate fish
attraction and passage flow

Col eman National Fish Hatchery: I nsufficient Conpensation for
Shasta Project Inpacts. Over 187 miles of streamthat had
Spawni ng habitat capabl e_of supportlng 118, 000 sal non were

bl ocked "by Shasta Dam  The estimated run above the dam at the
time of project construction was 60,000 sal non, excluding

W nter run. Later counts indicated that the sal mon run was on
the increase from previous declines; therefore, the 60,000
figure was bel ow the nornmal annual popul ation nunber.  The
Shasta Sal non Sal vage Pl an goal, however, was officially
establ i shed at 25,000-26,000 fish, including those 8roduced by
artificial propagation: this plan was part of the 1949
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agreenent between USBR and USFWS. The current Eroduction goa
for CNFH of 18,650 returning adult spawners is 41,350 sal nbn
| ess than the estimated run~of 60,000 fall spawners.

In 1949 the USFWS identified features of the Shasta project
that they thought woul d offset the tremendous |oss of spawning
and rearing habitat; these were increased fall flow and cool er
wat er tenpératures below the dam  Since 1949, however, Iong-
term inpacts have nanifested thenselves, including: |[ost
8rave| recruitment, arnpring. of riffles in upper river reaches
ewatering of redds during W nter flow reductions, increased
summer and fall water tenperatures with increasing demands for
seasonal reservoir yield, and continued fish nortality from
insufficient dilution of acid mne drainage.

The Plan also called for the construction of propagation
facilities for handllng up to 30 mllion s rlnﬁ-run chi nook

sal non eggs at Darrah prlngﬁ in addition to the construction
of the Kesw ck Fish Trap. alternate and | ess expensive
mtigation plan was attenpted including propagation of sprin
run at CNFH and hauling trapped spawners to Deer Creek. Bot

of these mtigation neasures conpletely failed due to _
unsui tabl e wat'er tenperatures at CNFH and habitat conditions in
Deer Creek that limt popul ation size.

In 1949 a Menmorandum of Agreement between the USBR and the
USFWS wai ved the USBR obligation to carry out any further

el enents of the Sal mon Salvage Plan with the exception of

mai ntaining the Keswick Fish Trap. Under this Menprandumthe
USFWS accepted responsibility for all operational funding of
the hatchery with the exception of the power supply.

The followng are a collection of actions that could lead to
offsetting net Shasta Project annual fisheries |osses of
approxi mately 100,000 returning adult chinook sal non:

1. Inplenent the CNFH Devel opnent Plan_fa USFWS plan to
upgrade Col eman fish production facilities).

Fundi ng for inprovement and operation of CNFH, and .
construction and operation of a new hatchery satellite at a
suitable location, along with other necessary nodifications
of the Shasta project, should be provided in a |ong-term
contract simlar to all other cooperative ErOJects and
hatcheries in California. Sinmilarly, the hatchery could be
operated by the DFG along with all "other mtigation
hatcheries in California.

2. Fix the Keswick Fish Trap to operate at higher river flows

and reduce stress on fish. It is questionable whether or
nottwﬁnger-run chi nook sal non can be handl ed successfully
in the trap.

3. Build additional hatcheries at sites that have suitable
wat er avail able wi thout the necessity for chillers and
| ocate farther upstream than CNFH. kbtchery oBeratlons at
t he upper end of the river would better distribute the fish
for sport fishing and natural spawning. Siting a new
hatchery on Cear Creek, for exanple, would be superior to
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I mprovenments at Battle Creek because: (1) cold water is
avai | abl e from Wi skeyt omn Reservoir; (2) there are no
upstream hatcheries and their associated di sease probl ens
in the watershed; and (3) water use is conpatible with

ot her purposes, such as restoring 16 m|es of anadronous.
fish habitat on Cear Creek and providing water for solving
the ACID problem (discussed separately). ~ A potentia
suitable site has also been identified at Kesw ck Dam

4. Restore adversely affected habitat for spring-run chinook
sal mon on Deer Creek to increase natural production
Deer Creek continues to have inadequate flows bel ow
diversions identified as affectlng spring-run sal mon nearly
50 years ago. MIIl Creek also offers habitat rehabilita-
tion potential and a restoration project should be

devel oped.
| nadequat e Instream Fl ows and |nsufficient Screening of _
D versions On ITnportant Iributary Streans. he Ssireans having
the nost problens and the best restoration potential include:
Battl e, I'l, Deer, Cear, Antelope, and Butte creeks. In the

springtime, agricultural diversions entrain juvenile
outmgrants and fail to provide sufficient water for downstream
passa?e to the ocean. During the fall and spring upstream

m gration and spawni ng periods, sone agricultural diversions
are barriers, and hydroelectric diversions on Clear and Battle
creeks do not provide adequate flows for spawning and rearing.

The followng are solutions to the wi despread problens in upper
Sacranmento River tributaries:

1 Instream fl ow studies have been conpleted on Jear Creek
and w || soon be cpnﬁleted on Battle Creek. Recommended
stream flows for fish production based on these studies
shoul d be included in the FERC license for the Battle Creel
project and the Water Rights Permt for the Cear Creek
project. Restoration would be directed toward fall-_ and
spring-run chinook salnmn and steel head. PrOVIdIQ% j ust
a 30 percent increase in the annual flow of C ear eek
as recommended in the instream flow study, wll provide
16 mles of restored anadronous fish habitat. By
subtracting the snall additional Wiskeytown Dam rel ease
fromthe Keswick Dam rel ease, the project would not consune
significant conservation storage.

There are limted opportunities to procure streamfl|ow
bypass on the diversions on the other tributaries due to
the age of the existing water rights. Mninmm flows could

ossi bly be achieved by petitioning the SWRCB to reopen the

icense for these diversions. Alternately, flow could be
provided through the use of water fransfers or groundwater
punFlng to provide for the needs of the water diverters.
m?lfe Halntalnlng flow conditions necessary for production

of fish.

2. Adult sal non passage problens can be elinminated through
construction of new | adders or replacenent of ineffective
| adders on diversions on Butte, Cear, and Deer creeks.

I'T Creek has three diversion dans which could be
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consolidated into two diversion dams. This mﬂ%}d r educe
the mgration delay caused by barriers and provide a
5|gn|f|cant anmount ~ of spawni ng area preV|ousIg I nundat ed by
a dam  Seasonal augnentation of flows could be provided

t hrough conjunctive water use for both fish and wldlife.

3. Install nodern effective screens on M1, Battle, and Butte
creek diversions and obtain needed bypass flows for the
Antel ope Creek screens. Ot her .rraéor Salgramanto Ri vef
tributaries, such as Cow and Chico creeks, shoul d be
thogPugth surveyed to identify barrier or screening
probl ens.

Water Quality Problens on Tributaries. Sedinment discharges are
EXTremelry nigh in some tripbutaries 1o the detrinent of salnon
and steel’head” production. — During devel opnent activities

on either private or public Tand,” the best management practices
should be required for sedinment control. The DFG should work
cooperatively with the Soil Conservation Service, :
California Departnent of Forestry, and county and | ocal
government to achieve reduction of sedinent discharge from
private |ands.

G avel s made unusabl e due to conpaction resultlnP from

sedi mentation can be tenporarily restored or reF aced b% stream
channel nodifications including” ripping gravel s with heavy
machi nery, placenent of catchnents for gravels |nstﬁllat|og of
ydraulic control structures to flush conhpacted gravels, an
construction of spawning riffles.

Red Bl uff Diversion Dam Causes Passage Problens for Both Adul t
and_Juvenr e SalmoniadsS.. RBDD and the Tehana- Col uSsa_ Cana
justifred-1n Iarge part by the sal non enhancenent benefits that
was anticipated fromthe TCFF and planned water turnouts in
Thones and Stony creeks. According to a 1967 USFWS report, the
conbi ned productjon _fromthe single purpose and dual purpose
ghanlnel S "o tLokbeR307|,(E)5|00f gpamners, I nc uding 3,000 that were

| Spl ace ake Rre urt. In addition, ter turnouts to
Thoﬁes and %ﬁony creeks were to support 51088 and fé,886

sal mon, respectively. The ecoponic beneflts exBect?d_fron1an
addi tional 54,000 sal mon were instrunental 1n justifying
construction of the dam and canal for irrigation purposes.
A recent report prepared for the CGtizen' s Advisory Conmttee
on Sal non and Steel head Trout in consultation wth” DFG contains
estimates that RBDD has resulted in an annual |oss of 114, 000
chinook. sal non and 6,000 steel head. Extended over the |ife of
Ehgo ro ectd I%h%_lq$s of salnon to date is estinmated to be

, 508, adu i sh.

The Tehama- Col usa spawni ng channel s have not worked because of
a nyriad of problenms, and the turnouts to Thomes and Stony
creeks were never inplenented.  Sqg, not only wasn't the

prom sed enhancenent ever realized, the pro{ect created very
serious passage problenms for both adult and juvenile sal non.
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Eelay tinme for fall-spawning fish reduces reproductive success
due to reduced e?g viabilit over pe femal es, and prespawni ng
nDrtaI|h¥ The ength of the dela |ncreases with higher flow
due to difficul tles associated with finding the fishway. After
operation of RBDD began in 1966, the proﬁortlon of sal npn
spawni ng bel ow Red Bl uff significantly ihcreased over the
pre-project condition.
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The DFG studi es have indicated that survival of downstream

m gr ant juvenlle sal mon and steel head that do not pass the dam
I's, respectively, 46 and 25 percent greater than those that
must pass through the dam he turbul ence bel ow the dam
disorients the fISh and increases predation on juveniles.

O her docunented | osses of juveniles result from entrainnent
Into the Tehama- Col usa and Corning canal intakes due to

I neffective screens.
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A 5-year Fish Passage Action Program for RBDD probl ens was
initiated by the invol ved flsherY and wat er agencies in Cctober
1983. The program was devel oped to identify and inplenent
corrective measures.

The following are partial solutions to the RBDD fish passage
probl em and are being inplenented:

1. Raise ﬂates during the non-irrigation season (Decenber
t hrough March) to provide direct upstream passage of adult
wi nter run and downstream passage for juvenile fall run.

2. Cbnpléte and test screening of Tehama- Col usa Canal
headwor ks.

3. Reduce. predation through alterations of the dam gates,
operations procedures,  and construction of a new fish
passage structure.

4. Inplenment solutions identified in the Fish Passage Program
presently under devel opnent.

5. Monitor inplenented solutions and continue studies to solve
any renaining problemns.

A conplete and thorough follow up report will be needed on RBDD
and TCFF.  The report shoul d docunment the expected |evel of
enhancement which was not net, and define the problens caused
by the dam and associated facilities. A cooperatjve State and
Federal plan for correcting the problenms and providing the
resource restoration and enhancenent benefits prom sed needs to
be devel oped and i npl enent ed.

For exanple, fish passage problens would be |essened if the
RBDD gates were raised for a greater length of time: alternate
wat er “supplies could include punping part of the year and/or
tributary storage devel opments on Red Bank and South Fork
Cot t onwood cr eeks.

The Tehama- Col usa Fish Facility Fails to Meet Production

by ectives. The Take 1 npounded by RBDD 1 nundates a spawni ng
area tnat Tornprlx accommodat ed approxi mately 3,000 sal non.
The loss of this habitat was to be mtigated by the Single
Pur pose Spawni ng Channel portion of the TCFF. °~ There are
tenperature, algae, and sedinment problens that have .
intermttently Feduced the capabilities of this facility to
meet its Product|on goals. Qpening of the RBDD gates for .
passage of w nter-run chinook sal mbn presently neans forgoing
wat er “delivery to the TCFF and precludes rearing of fish during
the spring nonths.

An additional production goal to provide 54,000 fall-run adult
sal non was established as an enhancenent and mtigation feature
and was incorporated into the overall feasibility and cost

anal ysis for the project. The production of salhon in the

Dual” Purpose Canal at the TCFF as originally anticipated is not
now expected to occur.  Results of experimental use of this
canal -1i ke spawning facility indicate nmany major problens woul d
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need to be solved to sal vage its useful ness. It could be used

as a rearing facility, and a net benefit of 5,000 adult sal non

may result over planting the fish directly from CNFH
RB

|t appears necessary to keep the gates open at DD for

wi nter-run chinook Salnmon passage. Even with the gates closed,
the TCFF has not proven feasible for spawning, incubation,

or rearing. The Single Purpose Canal shoul d be nothballed

and the Dual Purpose Canal shoul d be abandoned.

Production of fish in the upper Sacranento River should be

I ncreased over existing levels to provide the mtigation and
enhancenent that were promsed with the RBDD facility.

Spawni ng gravel coul d be salvaged out of the Dual Purpose Canal
to conplefent in-river spawning. Hatchery production could

be increased by construction of facilities at Kesw ck Dam or

G ear Creek and increased production at CNFH

Mortality at Unscreened D versions and Probl em Screens on the
Sacranento RiVEr. Between the cities of Redding and Sacramento
there are over 300 diversions on the Sacramento River. In
total the diversions take over 1.2 mllion acre-feet and
unknown nunbers of juvenile fish annually fromthe river.

Small fish are extrenmely vulnerable to entrainment in |arge
diversions that are |ocated near the streanbank.

Only four diversions on the main river have fish screens: of
these, two are adequate. The Genn Colusa Irrigation D strict
(GCI D) operates one of the |argest diversions (3,000 cfs), and
it haS screen b¥ﬁass deficiencies and overall design

defici enci es. e RBDD screens are being inproved.

!nteragencY coordi nation and funding should be established to
inventory the water diversions, including their design,

| ocation,” and construction. A uniform sCreening policy and

speci fication should be established anong agencies andthe

DFG Installation or reconstruction of Screens should be _
acconplished at private diversions with assistance from public
funds.  The diversions currently under pernmt with the

U S. Arny_ Corps of En?|neers (USCCE) should require full
installation and mai ntenance of facilities to conply with
adopted screening specifications.

Adult Salnon Stray into Irrigation Systens and Fl ood Bypass

Dr al ns. Fal I -run chinook salnon enter the [arge Colusa Drain

outtalT at Knights Landing as well as canal syStems and waste

gate outfalls on tributaries including Stony, Butte, and Chico
creeks: and other streans.

A programto construct and maintain barriers at the Colusa
drain outfall and, where possible, on other drain discharges
needs to be funded and inpl enented.

Bank Protection Decreases Rearing Habitat and Increases _
Predation.  The USFW5 haS surveyed rearing habitat [n the river
petween Red Bluff and Chico. Inportant rearing habitat

i ncl udes natural eroding banks, edges of gravel bars, snall
backwat ers and eddys close to lamnar flow, and structures in
the river where |lamnar flow occurs. The placenment of riprap
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bank protection elimnates these inportant rearing. areas

adj acent to natural banks and gravel bars. In addition, the
riprap provides cover for fish species that prey on juvenile
sal non ‘and st eel head.

Where bank protection projects nmust occur, the best way to
limt the associated habitat loss is to use the palisade-type
structure instead of riprap. Habitat [oss caused by riprap
bank protection can be partially mtigated for by the foll ow ng
measur es:

1. Construct the project at a slope of 51 or 6:1 with _
pl acenent of gravél between rock rubble on an annual basis.

2. Provide escape cover structures on the riprap by cabling
l ogs or trees to the bank.

3. Alowerosion of natural gravel banks and only riprap areas
where absolutely necessary for public safety.

4,  The Rreferred solution is to limt bank protection activity
to that which is absolutely necessary:. and, if possible,
establ i sh a neander belt ich, even if |evied, would
permt no pernmanent devel opnents.

Enhancenment Qpportunities

per River Gavel |nprovenent. There are substantial deposits
Oof gravel suitable for salnon and steel head in pool areas, high
fl ow channels, and gravel bars along the upper Sacranento
River. This gravel represents the remant of gravel that was
in long-term transport down the system prior to Shasta Dam
The portion of this gravel that would normally have been in
sites suitable for sal non spawning has been carried downstream
or deposited on areas only i nundated during the highest flows.
Repl acement of this gravel in excess of the needs for
restoration of historic runs could constitute enhancenent.

I mprovenment coul d be acconplished through freguent deposi tion
of the smaller-size conponent of gravel needed by sal ron and
steelhead in areas historically used for spawning. More

per manent gravel d%§95|ts can be created b¥ installation of
retaining weirs. nplete restoration of the historic runs
wll require use of nost of the areas suitable for this nethod
of habitat inprovement.

Hat chery Production. There are potential hatchery sites along
the upper Sacranento R ver and on the major tribataries. O
the tributaries, dear Creek appears to have the greatest .
potential for an enhancement hatchery. Beyond the production
necessary for restoration of the historic runs, a hatchery
could result in significantly increased economc benefits from
both the ocean and inland fiSheries.




PART 111 - ATTAINING THE GOALS
I11-1 Restoration and Enhancement Needs

Maj or | osses of sal mon and steel head production that resulted fromthe

dlsneqard and degradation of the Sacramento-San Joaquin river system

Per5|s. Nat ural’ly reproduci ng popul ations continue to be depreéessed
hroughout nost of "the system

Several unique races of salnmon and steel head have been severely

af fected by dam construction. Sprln%gnun chi nook salmon in the upper
San Joaquin River were elimnated by Friant Dam  The Anerican River
spring-run steel head was extirpated and the fall-run steel head, which
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provided a fishery beginning in Septenber in the American R ver, was
severely decimated by N nbus Dam  The fisheries these races supported
have been partially replaced in the Arerican River by fall-run chinook
and a late-run of Steelhead fromthe Eel R ver.

Wnter-run chinook salnmon in the upper Sacranento and Cal averas rivers
have been adversely affected by Shasta, Red Bluff Diversion, and

New Hogan darms. pring-run chinook salnon in the upper Sacranento and
Feat her rivers have beéen confined to the sane spawni ng grounds used by
fall-run chinook and have hybridized with them the mxing of these
races which spawn at the sane tine has probably greatly reduced the
nunber of Pure sprln%-run chinook in the Central Valley. A pure
strain of this race hopefully still occurs in Deer and" MII| creeks.

In these streans_ spring-run chinook are able to mgrate to their

hi storical spawning areas which are at higher elevations, spacially
separated from fall-run sal non.

Overal | Productlon of the stream sections still available to sal non

and steel head can be inproved through a variety of nethods. The

m ni num requi rements for sal non and steel head production are Water

quality and quantity, suitable spawning and nursery areas, mgratory

corridors which provide the nost direct route to the ocean for _

#uven|les and to spawning areas for adults, and reasonable protection
rom over harvest.

Hat chery production can be enployed to augment natural production and

has been used to offset lost natural production. Wen brood stock is

careful ly chosen, hatcher¥ production can also be used to maintain or

rebuil d depleted races. This may beconme the only neans of maintaining
any significant popul ations of spring-, late-fall-, and winter-run

chi nook sal non.

The hatchery system of the Central Valley has hel ped maintain the
fall-run chinook sal non flshery_and supported a steel head fishery in
the American River and | esser fisheries in other parts of the

Sacramento River system and the Delta. Restoration of fish
popul ation through hatchery production al one necessitates we
recogni ze some risks: vulnerability to massive disease |osses due
to confining of fish to hatchery and the |oss of genetic integrity of
sone races. The threat of disease increases as the dependen?e for
mai nt enance_of a run on artificial propagation increases. |f present
trends continue, habitat |osses and interactions wth hatchery-
Produced chinook may result in the di sappearance of the winter-run, .
ate-fall-run, and spring-run chinook salnon. The prudent alternative
for restoring and maintaining the Central Valley sal non and steel head
resources is to utilize extensive restoration of environmenta
conditions to maxi mze natural production in conbination wth
careful ly planned hatchery augnentati on.

Restoration of habitat |lost as the result of l[and or water

devel opment requires nodification of the project and concessions on
the part of the developer. For this reason, significant restoration
of habitat is a conplex process of evaluation, arbitration, and
reconciliation. Successiul methods of habitat restoration include
mai nt enance of water quality and quantity during critical |ife stages,
I mprovenent of spawning gravels and nursery habitat, and devel opment
of safe mgratory corridors.
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111-1-A Water Quality and Flows

Achi evenent of water quality objectives for sal mon and _
steelhead in California is largely dependent on the quantity of
water available. Tenperature, turbidity, and non-point

pol [ution sources are nost easily controlled by flow
regulation. Also, flowis necessary to dilute point sources of
pollution where on-site control is not currently in effect,
such as Iron Mwuntain Mne. The volune of instream flows are

I nportant considerations for maxim zing fish production with
avai | able water supplies. These factors nust not only be

consi dered for fish passage needs, but also for the instream
residency requirements of the fish

"The survival of aquatic life in surface waters subjected to a
wast e di scharge or other controllable water quality factors,
shall not be I'ess than that for the same water body in areas
unaffected by the waste dlschar%ﬁ{.." This objective for
inland surface waters is fromthe Water Quality Pl'an Report of
the SWRCB and the CVI . This objective of no 0SS of
aquatic resources due to water quality inpacts clearly supports
FGC policies as they relate to salmon” and steel head. ~ The
mai nt enance of quality habitat to allow recovery of sal mon and
fteglheadlresgurces I's essential if the goal of restoration is
0 be realized.

Perhaps the nost critical water quality elenent for the
successful recovery of the anadronous Sal nmonids in the Central
Valley is tenperature. H|sior|call¥, the fish were able to
mgrate upstreamto areas with constant supplies of cool water.
Now, however, the dans restrict the fish to | ow el evations
where they are susceptible to lethal water tenperatures,
particularly in dry and critically dry water years. This
situation i5S exacerbated by irrigation schedul es which demand
| arge quantities of water i pring and early sumrer. These
irrrgation demands deplete the cool water stored in nost
reservoirs which is needed by salnonids in [ate sunmmer and
early fall. The key to solving the water tenperature problens
at the various resefvoirs is to achieve sufficient rel eases of
cool, late-spring, late-summer, and early fall flows to allow
anadQ?nUus fish a safe passage to and from the spawni ng
grounds.

r
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Reserving cool water for storage through the summer may be
Partlally achi eved by devel opi ng of f-stream storage south of

he Delta so that wnter flood flows can be held there for
south valley irrigation and domestic supplies. Qperationally,
this could allow Increased upstream storage of cool water for
release later in the year. Installation of tenperature control
structures on any reservoirs that do not currently have them
woul d al | ow the dam operators to select or save cool er water
that woul d be needed in the late sumrer and fall
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Iel eratures critical to salnon inland life history are as
ol [ ows:

Critical Factor Degr ees Fahrenhei t
Spawni ng 42-57.5

| ncubat i on _ 53-57.5
Preferred rearing 53-57.5

Maxi mum gr owt h 54- 60

G owt h ceases 65- 69

Let hal 17

Dependi ng upon the river reach and the timng for each life
stage of each race of chinook sal non, the objectives for
various river reaches will differ. However, 'to ensure growh
and to control the virulence of common fish diseases, rearing
tenperatures nmust be maintained below 65 F, and in no_case
shoul d water tenperatures be allowed to reach 77 . For

i ncubation of eggs, 56 F nust not be exceeded.

Qt her water quality parameters such as heavy netals, turbidity,
di ssol ved oxygen, etc., are thoroughly addressed in the _

Wt er %yal|t¥ Plan Report. The atfainment of these objectives
Wou enefit sal non and steel head and should be strongly
support ed.

Fl ow objectives, like tenperature, W ll be specific for each
river to nmaximze salmon and steel head production. Generally,
however, flows nust be sufficient to allow successful
inmgration and spawni ng of adults and incubation, rearing, and
emgration of snmolts to the ocean

Migration. Flows nust be sufficient to allow fish to safely.
pass all critical riffles, fish_|ladders channel bifurcations
diversions, or any other obstruction they may encounter during
their upstream mgration

Sspawning. Successful spawning flows are detern_ped by depth

and velocity of mater_oeer thg spawni ng beds. Tne ge%eraP

%oal for spawning habitat, therefore, 1s a mabfr depth of .
.5-3.0 feet and a velocity of 1,0-3.5 fps. nter-run chinook

s?lngn gpamnlng preference  may significantly vary fromthis

st andar d.

I ncubation. Flows nust be sufficient to maintain water over
the redds with a velocity |ess than that which would displace
the gravels. Intergravel flow should be at |east 26 feet per
hOU{ to provide adequate oxygen and renoval of metabolic

wast es.

Rearing. Water flows needed for successful rearing nust be
suffrcrent to allow the young fish in shallow water areas to
escape predation_and, also, sufficient to raise aquatic

i nvertebrates which the young fish rely for food. ~Each river
wll require different flow regines to attain these goals.

Emigration. Successful downstream m gration of Salnmonid snolts
is critical for the restoration of wild stocks of sal non and




- 79-

steel head. The flows nmust be sufficient to carry the fish past
all major diversions. Each river will require a different flow
regime to maximze snolt survival. |In sone cases, such as the
San Joaquin River system the timng of flowreleases in the
tributaries may be coordinated in a“nmanner to provide a

cunul ative downstream flow increase (i.e., tine the fish flow
relfﬁs%s fromall storage reservoirs to coincide with one

anot her) .

111-1-B Sal non and Steel head Losses to Water Diversions

Losses of Juveniles. Losses of juvenile chinook salnon, and to
a resser degree steel head can occur at all water diversions.
The | osses becone smaller as fish progress out of the Delta

into the wider bays further downstream

The magni tude of |oss at_ any given diversion depends_on a
conplicated set of relationships which include the size of the
fish, the timng of their mgration, and the volume and
velocity of the diversion inrelation to the flow continuing
past the diversion

For exanple, evaluations at the CVP and SWP screened Delta .
intakes provided conmbined | oss estimates as high as 2.3 mllion
juvenile chinook salnmn during 1986. Studies at the P&E

ower plants in the estuary during a conparable period,

owever, showed juvenile chinook Sal non and steel head | osses

were relatively mnor but still significant. These power
plants are |ocated further downstream where the direct effects
of the facilities are small in relation to the volunme of water

from which they draw.

The | osses at the Federal and State projects are nost
S|9n|f|cant to youn? sal non fromthe San Joaquin R ver system
al Though fish diverted fromthe Sacranmento River by the Delta
Cross annel are also lost. There are both direct and _
indirect |losses at the facilities. The indirect |osses of fish
diverted fromtheir normal path are due to predation,

emgration delays, stress, and high water tenperatures.

To reduce juvenile fish entrainnent in the Delta, the DFG and
the NS are consulting with the USBR and DWR regardi ng

nodi fications of facilities and operations of the CVP and the
SWP pumps. U timtely both State and Federal projects should
be nodified to utilize a common intake or intakes with fish
screens and sufficient bypass flows.

The current trappin? and trucking practice at the Delta
gu s, as at sone other diversions, should only be considered a
topgap or supplenental measure.

Also, the DFGis attenpting to set up field crews in 1990 to
identify, evaluate, and inplement remedies to fish entrainment
at water diversions.

I ncreased flows, Punping_curtailnents,
appropriate operating criteria are the
probl ens.
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Losses of Adults. The direct loss of adults at water
diversions 1s relatively insignificant, however, the indirect
effects can be significant. al mon mgrating up the _

San Joagui n River "have been shown to_experience substantial .
del ays when flows are low, and |ow djssolved oxygen and/or_ high
water tenperatures result. These delays are significant since
the timng of mgrationis crucial if the adults are to reach
the spawning gravels in healthy enough condition to spawn
successful ly.

A sonewhat different problemexists for Sacranento River
upstream mgrants which can be detoured through a greatly

| engt hened pat hway by rerouted water flows. perations of the
Staf'e and Federal " punps. can cause Sacranento River fish to
enter the San Joaguin R ver side of the Delta due to their
attraction to Sacranento River water which is drawn across the
Delta by the punps. They then mgrate up the Mkel ume River
systen1 ut can be blocked if the Delta Cross Channel gates are
cfosed after this mgration began. Many will then fal'l back
downstreamto Georgiana Sl ough and begin _a del ayed m grati on.
Sone fish may stray to the Mbkel ume or Cosummes$ rivers.

Adul t nlﬂrants al so face the problemof irrigation dans that
retard their progress and return canals that enpty confusing.
m xes of water into the main channels. As power and irrigalion
PijeCtS have *increased, water is diverted fromone stream

hen rel eased back into another stream channel, or slough.
Where this happens, progeny fromthe stream where the origina
di version occurred wll "be attracted during their adult .
magration to stream channel, or slough where the water is

rel eased (assumng the practice of dlvertln? from one stream
and releasing into the other is ongoing). n these instances
the adult fiSh are attracted into a stream or channel which may
be unsuitable for spawning of adults or for the later rearing
of juveniles.

Positive outflow fromthe Sacramento and San Joaguin rivers,
mnimze mxing of the flows above Threem|e Slou%h, and
mai nt enance of unobstructed mgration corridors should be
provi ded through statutory and nmechani cal procedures.

111-1- C Spawni ng Habi t at

In the Sacranento River drainage nost sal non spawn in the nain
stemand in the largest of tributaries, while steel head
spawni ng tends to take place primarily in the tributaries.
Spawni ng sal noni ds exhibit a preference for certain water
velocities, depths, and gravels. Typical redd construction
sites are in swift, shallow areas af the head of riffles. As a
general rule the larger races of fish choose spawning | ocations
of higher water velocCity and coarser gravel than snaller fish.

The DFG has authority under several Fish and Game Code

sections to protect Spawni ng habitat andeart|C| ate in the
regu!atorg function of other agencies. I sh Ganme Code
section 1505 directs the DFG t0 manage, control, and protect
spamnln? areas in certain streans on State-owned |and. These
aﬁpear o0 include nuch of the prinme sal mon_spawni ng habitat in
t he Sacranent o- San Joaquin river system  The principal effect
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of this section is to give the DFG authority to prevent _
dredgi ng or_ other instream work that would be harnful to fish
Pabltat. The useful ness of the action, however, has been

imted by uncertaintx regarding the extent of State ownership
of the streanbed in the various spawning streans.

Addi ti onal re%gJatory_authorlt over streanbed alterations is
given to the Gin Fish and me Code section 1601. In.
general, these sections require public and private agencies to
notify the DFGif they are going to divert, nodify, or change
the natural flow or level of any river, stream or |ake tha
has fish or wi|dlife resources. = The DFG can suggest

nodi fications in such projects to protect resources.

G avel Inprovenent. Sone nethods for inproving Sal nonid
Spawni ng gravelrs are: (1) cleaning silt and fine sedinments
from existing spawning gravels, (2) instream gravel placenent,
(3) gravel replenishnent, or (4) creating artificial spawning
channels. I nplenentation of these nethods. requires. carefu
Plannlng and design by experienced or specially trained
echnicirans. The following are brief discussions of several
gravel - enhancement techni ques:

1. Gavel cleaning may be apProprlate In sone streans where
all conditions are present for successful spawni ng except
that the gravels contain |arge anounts of fine silts. he
gravel s_may be "cemented" and inpossible for the fish to
move. This condition can be alleviated by mechanica
means.  The gravels nay be ripped with craw er tractors and
spike rippers. This allows the finer sedinents to be
separated from spawni ng-si ze gravel s and noved downstream
by a flushing flow There are al so nechanical screening
devices that separate fines fromusable gravels and then
deposit the silts off site. Both methods work fairly well,
but may have only a short-term benefit.

2. Instream gravel placenment may be appropriate in some
| ocations where gravel Quality has deteriorated. This
approach requires that it be feasible to inmport spawning-

size gravel s and place themin areas where they can be

expectfed to remain and be used by sal non or steel head. The
process involves careful consideration of hydrol ogic
paraneters to |ocate and design the nost uséful structure.

[

e
0
e
I

The DFG has_an |nventor¥ of 29 possible sites on the
Sacranento River. O these, six have excellent potential
Construction at one site has been conpleted and a second
has been schedul ed.

O her streans have been investigated for spawning habit at
restoration or enhancenent. Cear Creek enters the
Sacranento River near the city of Anderson, and if a secure
i ncreased water flow and ap?roprlate | ands can be obt ai ned,
this streamoffers excellent spawning habitat inprovenent
opportunities. Al three major tributaries in the San

Joaquin River drainage have potential for this technique.
3. Gavel replenishnent may be the feasible approach to

repl acing depleted spawning gravels. \Were the
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construction of a dam has occurred, natural replenishment
of gravel from upstream areas has been interrupted.
G avel s from upstream of the dam may be transported b

truck or railroad and stockpiled bel'ow the dam Uhdey t he
proper conditions the gravels can be placed in the channel
for distribution by the flows. Appropriate size gravels
laced in the channel can then be successfully used bY t he
ish if water depth and velocity are kept at optinumlevels
during the spawning and incubation period.

4.  Artificial spawning channels have generally been .
unsuccessful in California. Their chief success in other
west coast areas appears to have been for sal mon species
ot her than chinook.

Spawni ng gravels will become covered with silt if an
adequate” filter system flushing velocity, or settlin
basin is lacking.” Spawning fish may not” distribute evenly

in the channel, " or prespawning nortality of adults may be
excessive if conditions are not acceptable to the fis
and/ or they exhaust thenselves trying to escape the system

None of these problenms are insurnountable. However, while
there may be sone | ocations where artificial spawning
channel s "are feasible, it must be recognized that thé cost
of solving problems with this nethod may exceed the val ue
derived from increased production

Gavel Protection and Replacenent. Authority under.

FIsSh and Gane_Code secilon 5653 also allows regul ation of

suction dredging and this authority should be reviewed for

adequacy. Sectrons 2014 and 5650 provide for action against

Ggllutlon and ||tter|n%. The DFG al so cooperates w th Regiona
ter Quality Control boards to control pollution

The California State Lands Division should be repetitioned
to affirmthe position that all streamchannels in the
systenlshall be construed to be under State control until
otherwise litigated, and to provide DFGwith a map depicting
all stream channels legally held other than by the State.
The DFG shoul d continue to register strong opposition to

any project detrinental to salnmon or steelhead spawning

or nursery habitat and require any feasible alternative

avai |l abl e to avoid such damage. ere damage occurs, ful
restitution (on site if PQSSIb|e) shoul d be required through
admnistrative or litigative action by the DFG (Fish and Gane
Code section 12015).

The construction of |large dans has interrupted the transport of
course sedinents which rePIenlsh spawni ng ar eas. Bank
protection and | evee construction has also reduced the
recruitment of gravels. The result has been a reduction of
avai |l abl e spawning areas upstream of major tributaries or a
meandering river channel. ~The DFG has been eval uating nethods
of adding new gravels to depleted areas. Early efforts had
limted SuccesS while nore recent attenpts seemto be working
well. In 1988 and 1989 the USBR provided funds to the DFG to
continue this effort. One of the challenges for the future is
to find adequate gravel sources. Possible sources may be from
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rivers upstream of the dam that is causing th
Anot her source is fromareas that are bel ow t
spawni ng.

probl em
S

e
hose used for

Structural Barriers to Mgration. Every river and nost |arge
fributarres 1n the sacranent o-san Joaquin drainage that support
spawni ng popul ations of sal monids have a portion of thejr
wat er shed bl'ocked by dams. Some of these barriers are | ow
enough that fish passage structures are provided to allow
upstream access. QO her barriers remain_inpassable. Sone of
these inpassabl e dans have fish mtigation facilities in
conjunction with the damconplex to reRI ace the wild fish .
production |ost above the barrier. Qher danms do not provide
for any fish mtigation. Wen the DFG has the opportunity to
review the operation of any dam the status of anadronous
fishes affected by the barrier should al so be reviewed and
reconmendati ons made for appropriate mtigation neasures. |t
is appropriate to require mtigation for | 0ost access to

spawni ng_habi tat above Englebright Dam on the Yuba R ver,
Goodwi n"Dam on the Stanisl"aus River, La G ange Damon the

Tuol ume River, Crocker-Huffmn Damon the Mrced R ver, and .
Friant Damon the San Joaquin River. Although |aws were not in
| ace, or not clearly interpreted to require mtigation when
he P_r ojects were first constructed, any renewal or

modi fications should be subject to the current |aws.

There sonetines are problens at barriers that have fish passage
facilities. Adult sal monids rraY) have difficulty | ocating the
fish ladder. Streamflows may be t he

dam | ocation. Because of water diversion at the dam wate
tenperatures in the stream bel ow rra)( be too high to suppor
anadromous fish. Progeny of fish, that have nigrated past a
barrier and successfully’ spawned, mght be lost into water
diversions that have ineffective fish screens.

| t

too low for fish to retag\ch
p

t

Every effort should be made to identify and correct fish
passact;e problens at dans. Application for a new barrier
structure rmust be reviewed and Rrow de inits operati n(I:; schene
for anadromous fish %assage. The DFG shoul d conti nual ¥ revi ew
existing structural barriers and require nodification o

oPeratl ng procedures or facilities at structures that adversely
affect fish passage.

Gavel Recruitment. Spawning gravel recruitment is affected by
Interception_at large dans, Ccomrercial gsravel extraction, and
by bank erosion protection practices. s an exanple, the DWR
determned the gravel budget, an accounting of the general
ravel inflow and outflow for the Sacramento River between

esw ck Dam and Ham lton Gty, and concl uded:

1.  Shasta and Kesw ck dams now trap all coarse materials
originating upstream  Approxinately one-third of the
re-dambed | oad is now denied to the Sacranento River
el ow Kesw ck Dam

2. QGavel extraction, primarily in tributary streans, is a
thriving business in this river reach. A nmst 2 mllion
cubi c gards of potential spawning gravel naterial are
renmoved annually.
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3. Approximately 85 percent of the gravel recruitnent cones
from bank erosion in the main stemriver. Bank-protection
practices, typically riprapping, reduce this natural
recruitment process.

4. The river systemis in dynamc balance, i.e., gravel inflow
and outflow are about equal. _ Any increase in gravel
extraction or in bank protection over present [evels wll
result in a reduction in spawning gravel.

These conclusions are typical for rivers in the Central Valley.

W thout gravel replenishment from above dans or from bank
erosion, gravel beds in the river tend to armor with |arge
cobbl e and rock, and usable gravels are swept downstream™ The
sane logic that is used to require mtigation for spawning
habi tat "I ost above an inpassabl e dam shoul d al so justify
mtigation for spamnlng abitat |ost through gravel
deterioration below a dam Such mtigation should be grave
replacenent with retention structures to reduce gravel ‘erosion.

The conflict between commercial gravel operations and sal npn
spawni ng gravel needs is difficult to resolve. There is little
area for conprom se. Every effort nmust be made to keep grave

m ni ng operations out of stream beds, and existing conmerci al
operafions should be nmonitored closely to see that these
activities have a mninumeffect on sal nonids. Replacenent or
conPensatlon nust be required for any deterioration of gravel
quality or loss of habitat caused by gravel m ning.

In sone stream reaches, bank protection is _slowy elimnpating
the principal source of spawning gravel. Except for public
heal th or safety, riprapping or other forms of bank protection
that prevent gravel recruitment should not be allowed.

| nstead, the DFG and cooperating agenci es shoul d require other
measures of bank ﬁrotectlon. For exanple, |evee setbacks
and/or allowing the streamto neander Wi thin 100 yards or w der
buffer strips can achieve equival ent public benefits while.
protecting fisheries. Gavel deposits accessible to the river
or the spawni ng-gravel conponent shoul d be purchased in fee

or easenent.

111-1-D R verine Rearing Habitat
Util the ear|¥ 1970 s very little was known about riverine
rearing habitat needs and it was not assuned to _be a problem
Recent i nformation suggests, however, that rearing habitat

may be as inportant, or nore inportant, than spawni ng habitat.

New y energed salnon fry attenpt to seek out noderately

shall ow, Slack water areas. In controlled flow streans this

type habitat is encroached upon by riparian vegetation and is

eventual |y | ost as the channel beCones nore U Shaped. This

%%pe of enhcroachnment is common on the Sacranento River above
w Creek, a reach of the river that has suffered the greatest

declines in habitat.

As the young sal non grow and nove down river, they begin to.
prefer Steep, cut banks and the cover of exposed rootS. This
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tyPe_of habitat, which frequently forns as a result of bank
cutting, is a prine candidate for riprap bank protection.

Recent st udi es have shown t hat younﬁ salmon | argely avoid

riprap areas, and predators fayor those areas. |In some cases
attenpts have been made to nodify the r|praﬁ banks to include a
relatlvelg flat slope on part of “the bank where small gravel is
pl aced., tudies to determne if this type of nodification is
effective are not conclusive.

As the young fish move further down river past Knights Landing,
fhe encounter sunmmer water tenperatures that may becone

ethal.  Some of ﬁhe t?nperature Increase. is due to return
flows fromagricultural drains, and some is due to the |oss of
dense riparian forest which once shaded the channel. There is
evi dence of substantial summer warmng near the Gty of
Sacranmento which may reduce the juvenile salnon rearing
capacity of the river

[11-1-E Hatcheries

Chinook Salmon. Estimates of the contributions of Central

ValTey hatcheries to the Statew de ocean catch of chinook,

sal non have ranged from 16 percent in 1986 to 40 percent in
1983. The variation seens to be related to the success of
natural reproduction, wth poor survival of naturally

produced iuvenlles occurring during dry spring conditions.

Alnost all Central Valley hatcheries can denonstrate success
in maintaining the runs 1n their rivers and supporting
significant inland fisheries. This success is part]y due to

the results of various coded-wire tagging studies that led to

I ncreased_survival of hatcherY fish and partly due to an

i ncrease in the magnitude of the overall hatchery program

St udi es have shown that rearing chinook to advanced fingerling
(30/1b) size and trucking those fish to the estuary gives about

the sanme return to the fisheries (about 4 percent)” as rearing

those fish to yearling (10/1b) size for release above the
Delta, Becausé advanced fingerlings are one-third the size of

¥earl[ngs, a hatchery can produce al nost three tines as many. §
rucking advanced fi'ngerling (50/1b) chinook to the esIuary ‘

also gives far better Teturns (I-2 percent) than planting those
fish in the river (O-1 percent). Recent studies have as goals

the identification of the optlnun1plant|n% | ocation_in the Bay.
Partial tag returns to date indicate the Dbest plant|nﬁ | ocati'on

may be in the uPﬂer Bay because overall returns are the sane

as planting at e Golden Gate and plant|n? expenses_ are

substanti al |l ess. Another partly conplefed study indicates

tPatthantlng at night gives bettefr returns than daytinme

pl anting.

Hat chery production goals for Feather R ver, N nbus, and

Mokel unmie Ri ver hatcheries have been set at rearing as many
heal thy 60/1b advanced fingerlings as possible, trucking
snolts to the Bay to provide growi ng room and planting all of
their production into the Bay when the sal mon reach 307|bh.

FRH has not been able to nmeet” its goal because of a |ack of

t rucking capacity and hastIanted earlings in the Feather
River each year.  The MRFF and CNFH do not share these goals
Hegaﬁse their desired result includes maximumreturn to'the

at cheri es.
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Steel head. Over 90 percent of the Central Valley's steel head
(trout over 15.4 inches fork length) are derived from

hat cheries. Coded-wire taggln?_studles usi ng Feather River and
Ni mbus hatchery steel head year[ings have shown that increased
survival of planted yearlings is nost closely related to

I ncreased size at planting; optinmmsize for” hatchery
production seens to be from 3-5/Ib. Planting Feather R ver
earllnﬂ steelhead in the estuary leads to greater returns to
he fishery overall, but results in greater straying rates to
the Arerican River wwth lower returns to the hone siream _
Feather River steel head yearlings are planted bel ow Yuba Cty
to avoid harvest of juveniles by trout anglers during their
outmgration in the 'Feather River. Tine of planting may al so
increase survival, but nornallz st eel head yearlings nust be
planted prior to April 1 to make hatchery Space available for
rearing chinook salnon fingerlings. Steelhead from NFH are
lanted in Carguinez Strait. Steel head year|lings reared at

RFI survive well, but return as adults mainly o the Anerican
River. Hatchery prograns are maintaining runs of 15, 000-20, 000
steel head in both thé Anerican and Feather rivers. ~The USFWS
IS testlng other measures, such as trucking CNFH yearlings for
pl anting downstreamas far as Princeton

The hatchery needs of the Central Valley for sal non and
steel head are:

1. A new hatchery in the upper. Sacranento R ver near Kesw ck
Damto be used to rebuild winter- and spring-run sal non and
steelhead. A primary goal of the new hatchery would be the
| ong-term mai ntenance of the unique, genetically pure races
of winter- and spring-run salmon which are indigenous to
the upper Sacramento R ver

e or_ Stanislaus rivers to
qe San Joaquin R ver system

2. A large hatchery on the Tuol um
rear Sal non and steel head for t |
M ni mum capacity should be 2 mll on(year i ngs and 600, 000
advanced fingerling salnon, and , 0
This hatchery will create a base for W I
and thereby raise the hi runs fully utilizing the .
habitat in wet years. |t wll also create the opportunity

to establish new runs of spring-run salnmon and steel head.
3. Modernization and expansion of CNFH and NFH

4,  Added rearin C%Pacity at NFH for steel head to produce
anot her 100,000 3/Ib yearlings for planting in rch.

5. A firm source of eggs on the Mkelume River. Mokel utme
Ri ver hatchery has frequently had to rely on eggs from .
Ni nbus or Feather River hatcheries. One  means of assuring
an egg source would be to ensure that spawning adults can
return to the hatchery. Increased instream flows for,
mgration are needed from Camanche and Pardee reservoirs.

i
500, 000 yearl1ng steel head.
for the | ow runs of sal non
by ful
S

|11-2 - Studies and FEval uations

Studi es have been carried out by the DFG DWR, Departnent of Parks and
Recreation, the Department of Boating and Waterways, and their
predecessors relating to sal non and steel head popul ati ons and habitat.
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Federal agenci es incl udi ng11 t he USFWS, NMFS, USBR, USCOE, the United
States Forest Service and their predecessors have also carried out
simlar studies. The studies have ranged from original biological
surveys, through assessnent of the effects of hydraulic mning and
subsequent channelizations, to the present assessnent of Delta water
needs and the status of the Sacramento River w nter-run chinook
salmon.  There still remains man% gaps in our know edge of our sal non
and steel head resources and how best to restore, enhance, and manage
for future generations. Continued monitoring of those fishery

popul ations, including their utilization and their life histofy needs,
Is essential to our managenment efforts.

111-2-A Monitoring of Fish Populations

Delta Diversion/Flow Effects. Studies on the effects of the
CVP and the SWP are berng conducted by the Interagency

Ecol ogi cal _Study Programfor the Sacranento-San Joaguin
estuary. These studies are intended to denonstratethe direct
and indirect effects of flows and diversions on outm grant
chinook salmon. The initial study enphasis was on the
Sacramento River system _and_al t hough those studies are

conti nui rag work in the San Joau(_:_{w n River SXSt emrecently
comrenced in cooperation with DFGs Region

Results of the studies to date have been presented to the
SWRCB at their ongoing Delta hearings.

Direct Losses of Salmon and Steelhead. Direct |osses of _
salnon and steelhead at _the State and Federal punp intakes in
the south Delta are estimated fromfish sal vage data gathered
at the State facility. Salvage records are maintaine bESFt he
operators at the two facilities under the scrutiny of a DFG
biol ogist. These records are used, along with the results of
experiments with marked fish, to estimaté the direct |osses.

[ ndirect Losses of Salnmon and Steel head. Esti mat es of

Indirect ToSSeS _are constrained by a rack of infornation
regard| ng the size of outmgration in each river. Studies to
dafe have documented. the relative loss attributable to the
various | ocations and factors, but estimtes of the actual
nunbers | ost cannot be nmade with any_ precision. Quantifica-
tion of the loss will require an additional study to determne
the magni tude of the juvenile population entering the Delta on
any g| ven year. Mtigation for indirect |osses Tesulting from
the SWP and CVP punps should not await this quantification.

Upper Sacramento River Mnitoring. The RBDD adult fish count
S an ongol ng St u&% conducted year-round in the fish |adders.
Personnel” of "the USFWs and the DFG jointly conduct the counts.
The  USFWS enunerates fish noving throuah the fish passage
facility during daylight hours. The DFG sanples a portion of
the daytime run to 1dentify the proportions of the four races
of chinook sal mon present “makes night counts for niqght
correction factor,* and adjusts the counts for angler-catch to
obtain an estimte of spawning escapenent.

A procedure is needed for counting fish during periods ofhigh
and turbid flows or whenever the damgates are raised and the
| adders are not operating.
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W suspect that we are underestimating angler catch, .
therefore, overestinmating escapenent.” The present estinates
of angglﬁg nortality are based on surveys nade during the

m d- 1970%  The nature and distribution of fishing effort has
changed S|?n|f|cantly in the interim An intensive angler
survey on tThe Sacrarento River is being set up for

inpl ementation in the fall of 1990. A"simlar angler survey
W { be needed in the future within the San Joaguin River
system

Aerial flights over principal spawning areas are nade during
the spawning period of each chinook salnon rat+ These are

al ways conducted on the main stem Sacranmento River and al so
include sonme tributary streanms. =~ The location, distribution
and density of spawners is noted on maps during each flight.
This information is used to evaluate the effects of ter
projects or construction upon salnon spawning: to help
describe the effects of physical conditions Upon sal non and to
assist in estimating the proportions of spawning salnon in the
mai n stem Sacranment0 R ver above and bel ow RBDD

The flight schedule for fall-run chinook salnon is every

2 weeks.” Usually one flight per season is made for late-fall-
and for spring-run salnon.” Some flights permt the collection
of relatively little informtion because of poor visibility
due to bad weather or turbid water. \eekly observations
during peak spawning periods would increase the probability of
accurate estimates.

The principal estimate of spawning stock escapenent above

Red Bluff 1s derived fromthe counts at RBDD described above.
The estimate of the segment of the run spawning in tributary
streams, however, is made by carcass surveys. _Previously only
three tributaries, MII| and Deer creeks bel ow RBDD and Battl e
Creek above RBDD, have been exam ned with suffjcient freguency
to obtain escapement estimates. Several additional creeks
above Red Bl uff have annual runs of chinook sal non and have
been included in the annual carcass survey beginning in 1989.

Anot her reason the tributary surveys are included is to,
correct the annual estimate of chinook sal non spamnlng_|n t he
mal n stem Sacranmento River below RBDD. This estimate™is made
by proportional conparison with the area above RBDD., The
ratio of known count past RBDD to percent of total river redds
above RBDD is conmpared with the ratio of unknown count bel ow,
RBDD and the observed percent of total redds.  The estimate is
bi ased because the estimated nunber of fish using the nain

st em above RBDD includes fish that actually spawned in
trletﬂrles and were not subtracted fromthe mai nstream

popul ati on.

Each spring, in cooperation with the USFW5, the DFG makes
adult fish counts at fishways in dams on the |ower reaches of
Deer and MII creeks. In some years the USFWS does a diving
survey in the summer residence area, and DFG conducts a
carcass-recovery program in the principal spawning areas.

In future years, adult counts will be made w th “state-of-
the-art electronic fish counters.
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Part of the State"s responsibilities for the Wi nter-run

chi nook sal non recovery programis to nonitor the angler
catch i n fresh water to assure a sufficient nunber of” adult
winter-run chinook survive to spawn. The DFG has conducted
a census in the river reach fromKnights Landin to_R?d Bl uf f
during the months April through June.” The census wll be
included in the newy inplenented Sacranento R ver angler
survey.

Anot her part of the winter-run chinook salnmon studies is to
find out where and when Rgamnlng takes place. \eek
hel i copter flights from througp md-July are nade over
the river fromthe mouth of Deer Creek to Kesw ck Dam

Data col | ect ed durlng t he observations of spawning . .
distribution are used to evaluate the effects of raising the
RBDD gates for fish Passage and to maintain a relative I ndex
of the spawning popul ati on.

The DFG Wil | try to capture, tag, .and release wild wi nter-run
chi nook salnmon“fry to nonitor their contribution to the ocean
catch and other factors in their life history.

Fal | -run chi nook sal mon and steel head are tagged at CNFH on
Battle Creek. This is a _cooperative effort between the USFWS
and the DFG to eval uate CNFH producti on. Date of rel ease,
size of fish at release, and |[ocation of release, as well as
ot her aspects of hatchery production, are being investigated.

O her studies needed to adequately nonitor sal non and
steel head fisheries in the upper Sacramento River include:

1. A tagging study with reward tags that determ ne harvest
rate and | ocation of catch should be conducted, since
there is no current watershed-w de census of steel head
angl ers, Because over 75 percent of the steel head
counted past RBDD are of CNFH origin, it is of paranount
i mportance to the fishery that ha cher¥ steel head

roduction be successful. Success of the fishery includes
he need for adequate escapenent back to the hatchery.

2. New angler catch statistics fromthe entire Sacranmento
River System are needed for adult salnmon and steel head.
No coordi nated census program has taken Place since the
md-1970's. COver the yeais the nature of the fishery has
changed, i.e., the nunber of anglers, boat ragps, fishing
uides, and resorts have all inCreased. The Sacranento
ver angler survey was recently inplenented.

Red Bluff Diversion Dam Evaluation. Based on results of the
previous studies conducted at RBDD, the USBR, USFWS5, DFG NMES,
and DAR initiated a 5-year Fish Passage Action Programin 1983
to devel op methods to 1nprove upstream and downstream
anadromous fish passage.

The USBR imedi ately began a program  The USFWS is perforning
the field studies and wll propose recommendations. The
primary concerns are: (1) nortality to juvenile sal nonids

m grating downstream past RBDD, and (2) delay of upstream
mgrating adult salnonids bel ow RBDD
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Studi es concerning possible causes of downstream mi grant
Salmonid nortality 1nclude:

1. Determnation of |losses attributable to diversion into the
Tehama- Col usa and Corning canals and evaluation of the new
I nt ake screen.

2.  Measurenment of direct injury from passing under the dam
gates or through the fish |ouver bypass facility.

ulting fromconcentration of
|

3. Evaluation of predation re
n ake Red Bl uff and

S
predaceous fishes and birds
| medi ately below the dam

4. Measurement of delay of juvenile salmonids in Lake Red
Bluff during downstream m gration.

These studies are ongornP and neasures identified to inprove
huveprlejfrsh passage wi Il be inplenmented as they are
evel ope

Studi es of possible delay of mgration of adult sal nonids at
RBDD are continuing. A programto determ ne optinum operation
of RBDD for u streanrpassage of adult salnonids 1~ being
conducted b Principal goals are to identifythe

ef fects of gate operatrons and flows on fish behaviof. Chinook
sal mon are tradio tagged and their novenents ronitored under
different operation Scenarios. ., Wnter-run chinook sal mon are
al so being radio tagged to nmonitor their behavior, |n relation
to the rai'sed dam gates from Decenber through April

The NVFS was |nvest|gat|88 a proposal to help solve Juvenrle
Sal noni d predation at An attenpt was made to develop a
comrercial fishery for squawfish that woul d not be detrinmental
to adult salnon and steelhead. However, dioxin concentration
in resident sguawfish prohibit human consunption.

The DFG parti ci ates In predation evalyation throug

c00 era Ive coded-wire tag programs using CN uced sal non.
Part of these juvenile salnon and steelhead %Logra regurred

mar ked-fi sh rel eases %bo% and bel ow R maJ or
goal I's to discover t est place to re ease fish to maxi m ze
survival as well as return to the hat chery.

The DFG al so hel ps eval uate the effect that rars ng t he RBDD
ates has upon wnter-run chinook salnon. Aerial Surveys are
onducted over the river to i1dentify the location and abundance

of spawning winter-run fish both abové and bel ow RBDD

The 5-year eval uation program ended in October 1988. \While
Pro ress has been made in inproving upstream and downstream

passage at RBDD, additional investigation and solutions
are needed.” Wrk that should be continuéd includes:

1. Evalua o ofapre%atron upon juvenile sal nonids. = Predation

Is stil e maj or source of donnstreanrnrgrant
nortalit y t RBDD. = |t renarns unknonn I f, or und r nhat
dam operating condjtions Bre datio econe% g

the l'ake created above RBD suspect ut do not now
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to what degree, predation occurs in the RBDD fish |adders.
Further efforts to reduce these |osses could result in
consi derabl e benefits to the resource.

2. Evaluation_of dan1gate mani pul ati on for adult flshREassage.
More work is needed before operational changes at DD can
optimze fish passage. R ver conditions have not been
sufficiently variable during the present studies to test
all critical spill conditions. Several experinental
designs renmain to be eval uated.

Eval uation is needed to determne the effects of raising
the gates during the non-irrigation season for winter-run
chinook salmn adult fish passage.  Results from a nodest
evaluation effort made during the first year the gates were
raised were encouraging. Further investigation wll| be
required each year 1o assure that significant benefits are
being realized for the winter-run chinook

3. Investigation of a special dam gate nodification for _
downstream mgrants. Eval uate the use of an overflow weir
in Gate 11 that will reduce the tendency of steelhead to
take tenporary residence above the dam

4,  Evaluate potential for Gate 6 fish ladder. An additiona
fish ladder in md-river denonstrated prom.se for. redu |nP
del ay of dam passage by adult salnonids. Evaluation shourd
be made of any |adder "configuration proposed or installed.

111-2-B Habitat Studies

The habitat requirenments of juvenile outmgrating sal non and
steel head in the Sacranento-San Joaquin rivers and Delta are
not fully understood. Information has been devel oped on wate
tenperatire needs and spawning flow requirements. ~However, the
overal| requirenents for rearing and outmgration needs further
i nvestigation.

The USFWS has conducted limted evaluations to the fishery
value of patural river bank habitat versus stabilized riprap
banks. Since extensive reaches of the main river channel's are
al ready riprapped, further evaluations are needed to assess
current inpacts and, if appropriate, develop alternatives which
recreate rearing habitat and cover while maintaining bank and

| evee integrity.

St eel head ﬁopulatlons_have not been able to sustain S|9nhf|cant
| evel s without extensive hatchery supplementation. Fufther
research into habitat requirenents and habitat availability to
under stand the continuing decline of naturally produced

steel head and to correct those habitat deficiéncies are needed.

The DFG wi || begin an eval uation by nonitoring hatchery-reared
st eel head gearllngs by rel easing representative lots of fish
with reward tags. = Returns w Il "be obtained from anglers,

creel census crews, and field sanpling.



-02-

[11-P-C Instream Fl ow Quantification Studies

Wth the onset of water projects in California, streamfl|ows
for fish began to dimnish’in order to meet water demands or
provide flood protection. In nobst cases, inadequate flow
rel eases were agreed upon for political reasons or for |ack of
know edge about “instream flow needs. Today our know edge on
Instream fl ow needs has increased substantially. Through the
use of standard hydraulic simulations of various waterways
conmbined with extensive data files on mcro-habitat use of
various life stages of fish, we are able to quantify habitat
conditions provided at various increnents of flow. udi es
enpl oyi ng state-of-the-art methodol ogi es, have been conpleted
?r_grf underway on both main stemrivers and nine of the larger
ributaries.

épper Sacranento_River Instream Flow Study. The study is
esigned to provide infornmation which w il gui de devél opment of
USBR nodij fi cati ons of flow rel eases fron1|tsT%r01ect facilities

to optimze fisheries values on the river. e study iIs
designed and funded by DFG and DWR

The study area extends from Redding to Hamlton City on the
upper Sacranento River. This area is nost directly under the
i nfluence of the USBR project and is of primary inportance to
chinook salnon. The tributaries are not included because they
are the subject of other studies. The study area has been
segnmented to best account for incremental flows from the major
tributaries, ~as well as for various project features and najor
di version points.

The primary study objective is to develop a nodel for upper
Sacranment o™ Ri ver_ “chi hook sal non spawni ng and rearing habit at

requirements. G eatest enPhasls Is placed on the fall and .

W nter runs, but an attenpt will be nade to gather information
on all races of salmon, as well as other species, if the
opportunity presents itself. Information gathered on habitat
references wll be used in a habitat simulation nodel.
basurenments of flow and stage w be made at one river

discharge, with at |east two nor
the prediction nodel to be used.
investigation will be prepared i
curve charts, which will allowt
concl usions _and provide abasis f

n

t

stage measurenents to all ow
The results of the
a report and a series of
e agencies to reach their own
or conparison to other study
t be included, and information
on seasonal changes will be restricted by the [imted presence
of éhﬁ fish and the ability to sanple
condi tions.

e
n

h
results. Diurnal changes will no
r

under high-fl ow
Spawni ng habitat preference information wll_ include water
depth, velocity, cover, and substrate. Rearing habitat
preference will be collected by free diving and will also
I nclude water depth, velocity, cover, and substrate.

The separate segnents of the river to be evaluated are:

1. Hamlton Gty to Tehama (Sl) 30 mles - Chosen because of
sinuosity and slope changes.
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2. Tehama to Red Bluff (s2)14amles - Changes in river wdth,
sl ope, flow, sinuosity, and bank and bottom conposition.

3. Red Bluff to Cottonwood Creek (S3) 30 nile% - Fl ow change,
ch?nge Nnto canyon-type river, sl'ope and change in bottom
material s.

4,  Cottonwood Creek to ACID ($4) 25 mles - SIoPe, bank and
bottom type changes, flow and channel norphol ogy changes.

San Joaguin River Studies. The nmjor problemfacing the

San Joaqurn Rver fisheries is flow depletion. Aong wth
this problem the entrainment of fish inwater diversions: the
outflow of agricultural, donestic, and nunicipal return water:
and high tenperature can create a lethal condition for sal non
popul ations. = Present studies include evaluation of variations
In reservoir release patterns and survival of outmgrants

t hrough the system

Needed additional or expanded studies include:

1. Devel opnent of flow standards to maxim ze spawni ng for
adFIt sal non and incubation for survival of juvenile
sal non.

2. Devel opnent of flow volunes to provide acc%ss for adulﬁ
sal mon to spawning grounds and to MRFF. The study woul d
devel op strategies to prevent straying of upstream mgrants
into drainage channels and canal s.

3. Devel opnent of a conprehensive spawni ng and rearing habitat
restoration program  The study would entail thorough
hngtuflcatlon and quantification of existing and potenti al

abitat.

4. Evaluation of legal flow constraints and opportunities for
i nproved water réleases. The study would identify al
opportunities for flow augmentation, water-use transfer,
and inproved flow timng.

5. ldentjfication and quantification of water diversions and
associ ated fish |osses.

6. Evaluation of available data concerning the effects of
drai n-water constituents on anadronous fish

111-2-D Hatchery Use Eval uation

Hat chery production has played an inportant role in the maintenance of
sal mon and steel head production throughout the Central Valley. h

t he Ieplslatlve_dlrectlve in Chapter "1545/88 to double the current
natural production of sal non and steel head, DFGnust exam ne current
hatchery practices and how hatchery production interacts with a
natural 'y produced populations. Therefore, during the next 10 years
DFG wil|” devel op a nonitoring system thrpuPh t he expansi on and
coordination of existing prograns, that will better determne the role
of hatcheries in the overall managenent of Central Valley sal non and
st eel head resources.
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PART |V - PRCPCSED ACTI ON

xv-1 - Organization

The DFGis charged with preservation and managenent of California's
fish and wildlife for the public benefit. \Weére Federal |ands or
projects, or interstate or international fisheries are involved,
agenci es such at the USFWS and NVFS share this responsibility. = The
fish and wildlife agencies are nandated to protect and w sel’y nanage
fish and wildlife résources and be the advocates for those resourceés.
To acconplish its objective of conservation of the State's sal non
and steel head resources, DFG efforts involve the Inland Fisheries
Division (IFD), the WIldlife Protection Division (WD), and the

Environnental * Services Division (ESD).  Each of these divisions is
assigned separate but related responsibilities.

The IFD is responsible for fisheries managenent. This includes:
(1) fish habitat restoration and enhancenent, (2) species |
preservation, (3) devel opment and operation of fish protection and
roduction facilities, and (4) provide technical assistance to

he FGC, WPD, and ESD. To acconplish its duties, IFD works wth
Il levels of government as well as colleges, universities, and

r

a
private groups.

The WPD i s responsible for enforcement of the provisions contained in
the Fish and Game Code and California Administrative Code_Title 14,

and for certain Federal regulations pertaining to fish. The WPD nay
consult with the other divisions for advice relative to these
enforcement responsibilities. Devel opment and enforcenent of laws to
protect salnon and steel head requires WPD to work closely with the FGC
and with other State and Federal enforcenent agenci es.

The ESD works to protect and maintain wildlife resources and habitats
in conjunction with devel opnent and use of California' s |ands and
waters.” Its primary task is to coordinate DFG review and response to
regulator agenci es” on proposed projects, plans, and policies that
affect wildlife resources. This is acconplished through subm ssion of
written corments and recommendations; meeting and negoliating wth
agencies: and participation in public hearings before various
overnnental boards, conm ssions, and regul atory a%enctes., Most
ata which supports DFG positions is provided by the divisions _of
Wl dlife Managenent, Inland Fisheries, and Marine Resources. Data and
i nformation concerning instream flow requirenments, water quality, and
toxi cants are devel oped by ESD and IFD.

The DFGs activities relative to salmn and steel head are funded
through fishing license sales, fees, Federal cost-sharing Prograns,
proposi tions approved by popul ar vote, special legislated funds_ for
resource restoration and enhancenent, and mtigation funds provided by
| and and water project sponsors.

In addition to DFGs central office in Sacranmento, there are five
regional offices throughout the State. O these, four regiona

eogr aphi ¢ subdi vi si ons have operational responsibilitiesin the
Sacranent o- San Joaquin river drainage. Each of these regional offices
includes a wildlife protection, environmental services, and inland
fisheries staff to carry out DFGs mandated activities. Wthin each
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r sal mon and steel head conservation are

gion the responsibilities fo i
a he appropriate staff fromthe

S
red and coordinated with
adquarters office.

re f
sh t
he

| V-2 - Sacranento-San Joaquin River System Managenent Criteria

The Sacramento-San Joaguin river system including the Delta and bays,
shal | be nmanaged for maxi mum production of sal non and ste?lh%ad adul t
fish for long-term public benefit. Comercial and sport fishing are
recogni zed valid uses of this resource and shall be encouraged for the
maxi mum utilization consistent with | ong-term perpetuation of al
identified naturally occurring races and po?u ations ofsal non and
steelhead. Consistént with this intent are the follow ng specific
managenent criteria:

1. Natural production shall be given priority over artificial
production relative to managenent of sal non and steel head
resour ces.

2. Salnmon and steel head shal |l be managed for perpetuation and
restoration of all endem c and naturally occurring races or
popul ati ons.

3. DFGpolicy on interbasin transfer of salnmn and steel head shall be
adhered t0 in all transfers of eggs or fish.

4. Inproved water conditions shall be actively pursued, and benefits
in one area shall not be exchanged for net | osses in another area

5. Full restoration of salmon and' steel head popul ations shall be
sought from all detrinental projects.

6. Publicly oPerated fish-rearing facilities shall be enployed when
necessary ftor fisheries restoration when they are of short-term
?ura};?n (temporary) and are nore econom cal "than State-operated

acilities.

7. Hatchery expansions and new constructions shall be enployed where
there are no workabl e habitat restoration or enhancement™
opportunities and where it can be shown to be conpatible with the
natural production and maintenance of endem c stocks.

8. Hatcheries shall be operated under a genetic stock managenent
plan to perpetuate and restore naturally occurring endem c stocks
and provi de the broadest seasonal distribution of fish in the
river system

9. Hatcheries shall be operated in a manner consistent with DFG goal s
described in this plan.

| V-3 - Position on |ssues

The follow ng are Department of Fish and Ganme position statenents
concerning specific 1ssues affecting Sacramento-San Joaguin river
sal non and st eel head:
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1IV-3-A Sal non and St eel head
[t is the policy of the Fish and Gane Commi ssion that:

To nmaintain an adequate breeding stock, surtable spaumrn?
areas and provide foh the nat ural reah P? f Yogng 0
mgratory srze Hat cher productron sha be Imted to
areas where it is necessary to suppl ement natural

production in coastal streans.

That resident fish will not be planted or develo ed in
coastal  steel head and sal pon streans, except af ter grror
Comm ssi on approval (a) where the %ﬁreantr t%e

adapt abl e to anadromous$ runs, or (b) durin - summer
period in those Individual streans consrdered on a
wat er - by-wat er basis where there |s a h| demand for

angling recreation and such planting o 8eve | opment has
beén déeterm ned by the Departnent not to be detrimental to
the anadromous speci es.

That sal non and steel head may be rescued whenever the ueter
supply in a streamis inadeqUate to maintain fish

| V-3-B Steel head Rai nbow Trout
[t is the policy of the Fish and Gane Conmi ssion that:

The steel head rainbow trout in California is recognized as
a valuabl e resource with strict environmental reqlirenments
and a limted range.

Steel head waters include all streans or stream sections
accessible to steeIhead along the California coast and in
the Sacramento-San Joaguin river drainage above the Delta,
and such other waters as the Comm ssion nay desrgnate

The greatest fishery value of this resource is its
otential to p rovi de recreational anglrng for sea- run frsh
nagenment shal | be, d|rected touard providing sum
and narntarnrn% a vigorous, health Y resource glrn

huvenr e steelhead will be restricted he extent,

ecessary to Insure optimm spawni ng stock and angl'i ng
opportunity for sea-run fish,

Resident fish wll no be Planted or devel oped in steelhead
waters. Resident f|s not be anted r devel op e in
drarna es of stﬁel head ueters wh re e oP|n|oP t he
DePartnent suc antrng or deve nent u% nterfere

h steel head populatl Prog ra threatened or
endan?ered species, Wt |n the specres natural range, are
exceple

California' s steel head resources are I% % g ePeHdent ugog
the quality and quantity of habitat. ause ol ~danmage an

threats to this restr|c ed habi t at , nPhasrs shal | be

pl aced on nana enent ?rans to I nven ory and protect and,

wherever poss| rest e or 1nprove the habitat

natural s eelhead st ocks.
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The Departnent shall seek prevention or alleviation of

t hose aspects of projects, devel opnents, or activities .
whi ch woul d or do exert adverse inpact on steel head habitat
or steel head populations. Al avallable steps will be
taken to prevent |oss of habitat, and the Departnent shall
oppose any devel opnent or project which will result in

i rreplaceabl e | osses of fish.

The Departnent shall devel op and inpl enent ﬁlans and
prograns to inprove the protection of steel head habit at
Incfuding, but not limted to, assessnent of habitat status
and adverse inpacts, |and-use plannjng, acquisition of
Interests in streans threatened with adverse devel opnents,
and research on effects on habitat changes caused bY _
activities such as overgrazing, gravel extraction, T1ogging,
road construction, urbanization and water devel oprent.

The Departnent shall develop and i nplement prograns to
measure and, where appropriate, increase steelhead _
opul ation size and angl er use and success, consistent with
he ob{ectlves of providing quality angling and maintaining
a healthy resource.

Artificial propagation of steel head, excePt for mtigation,
shal | be for the purpose of inproving angling for sea-run
fish, and should Include strains or varieties of steel head
whi ch have the greatest potential to contribute to
recreational angling. Artificial production of rearing and
stocki ng prograns shall be managed so as to produce m ni mal
interference wth natural Sal nonid stocks, and such
prograns shall be periodically reviewed to assess their
effécts on these stocks.

Juveni | e steel head rescue shall be limted to instances
where habitat conditions are tenporarily inadequate to
maintain fish [ife and when suitable rearln?_areas are
available with the capacity to rear rescued Tish to snolts
w thout inpairnment of other steelhead popul ati ons.

Rescue shoul d be undert aken onlr i n special circunstances
i nvol ving | arge nunbers or steelhead of special

signi ficance.

The follow ng streans or stream sections are deleted from
the steel head waters described in Item]| of this policy:

Bi g Lagoon, Hunboldt County.

Stone Lagoon, Hunbol dt County.

Arroyo Seco Creek, Mnterey County.
Nacimento Rver, San Luis Obispo County.

North Fork Battle Creek, Shasta County, upstream
from Mant on.

SIS R R

6. Cow Creek, Shasta County, upstream from Fern Road
and | ngot.
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7. Mddle Fork Cottonwood Creek, Shasta County,
upstream from Pl atina.

8. Antelope Creek, Tehama County, upstream from
Ponder osa \Wy.

9. Beegum Creek, Tehama County, upstream from Beegum

10. Deer Creek, Tehama County, upstream from H ghway 32
at Wndy Cut.

11. MIlI Creek, Tehama County, upstreamfromHole in the
G ound Canp.

IV-3-C Publicly Operated Rearing Prograns for Salmon and Steel head

| t

is the policy of the Fish and Gane Conm ssion to:

Support the utilization of the State's sal non and stee
resources for public rearing programs, within the fol
constraints:

| head
owi ng

A. Only those fish surplus
Departments prograns sha
prograns.

to the needs of the

Il be utilized for such

B. The suitability and acceptance or rejection of proposed
prograns shall "be determ ned by the Departnent.

c. Priority of allotnent of available surplus fish anong
accept abl e progranms shall be based on past performance
on existing prograns and the Departnent's eval uation of
the potential of proposed new prograns.

D. Routine care and food costs shall be the financial
resPonS|bLI|ty of the sponsoring group. The Departnent
Wi | PfOVIde techni cal advice and counsel and speci al

assi stance as appropriate.

It is recognized that natural production provides the_great
bul k of the State's sal mon and steel head resources. e
Departnment's goals of maintaining and inproving this
production shall not beconme subservient to the goals of
publicly operated rearing prograns.

|V-3-D Sacranento and San Joaquin R ver Salnon Survival

| t

is the position of the Departnent of Fish and Game that the

oStale Vater Resources (ontrol board should take the 10l1owng

actions:

The SWRCB adopt a position that restoration of sal non and
st eel head of the ntral Valley to historic levels is of
equal inportance as the mai ntenance or expansion of
agriculture in the valley.
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Sacranento River Sal non Survival

1.

San

The SWRCB shoul d adopt an ob%ective of maintaining the
survival rate of each race of salpmon snolts passing
through the estuary at the historical |evel

Wil e we recommend adopting the concept for all races
of salnmon, information exists only for fall run,
Hence, the objective for other races should be in the
formof planning guidance.

The first objective should be to inplenent reasonabl e
measures to 1nprove survival within the estuary.
Measures to be considered should include:

a. Maintaining mnimmflows at Ro Vista.

h. CQurtailing exports at peak outmgration periods.

G osing or screening the Delta Cross Channel.

oo

Screeni ng Georgiana Slough

@

Screening agricultural diversions.
f.  Decreasing water tenperatures.

. Cbnstructin?_a new conbi ned CVP-SWP Del ta punp
intake facility wth a screen and a downstream
bypass fl ow

If the objective cannot be fully attained through such
measures in the estuary, then actions outside the
estuarY m ght be considered to provide equival ent
benefits with habitat inprovenent having priority.

The nost directly affected parties should 0|ntly
devel op a nut ual y_acceptab e plan before Phase Il of
the Bay-Delta hearln% starts. The SWRCB st aff
participation woul d be wel coned during the process.

The SWRCB. shoul d establish, as a planning objective,
the principle that any further water devel opnent
projects in the Delta should be directed toward
attaining the above objective while naintaining an
unobstructed route for the upstream mgration of sal non
t hrough the estuary.

Joaqui n System Sal mon Production

The Board should direct major upstreamwater rights
hol ders in the San Joaquin River system(i.e., USBR
Gty of San Francisco, QD, SSJID,~ MID TID and MD)
to work with DFG USFW5, and NVFS to prepare a plan for
the restoration of salnon in the San Joaquin River
systemupstreamfromthe Delta and submt it to the
S| by 1992 for consideration relative to thei
{hghts. The SWRCB, shoul d i nst fl
e

t
o] r water
_ stitute inproved flows in

interimto begin restoration
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2.  For planning purposes, the SWRCB shoul d adopt an
obj ective of maintaining the survival of salnon snolts
gass!ng t hrough the estlary at historical |evels.

ufficrent information is not_90|nP to be currently

avai lable to establish historical levels for the
San Joaguin River system Hence, we recommend that the
SWRCB adopt a group of interimmeasures designed to
I mprove survival substantially.

Measures to be considered shoul d i ncl ude:

a. A mnimmflow at Mssdale at [east in nornmal and
wet years.

b. Coordination of spring releases in the three
major tributaries made pursuant to existing
agreenents to achieve a pulse flowinto thé Delta
in late April and/or early My.

c. Restrict total exports fromthe Delta to sonething
| ess than the San Joaguin River inflow when flows
are being augnented pursuant to (b).

d.  Provide that physical nodifications be made so that
t he Rroportlon of the flowin the San Joaquin R ver
whi ch enters the head of Od Rver fromApril
to June 15, can be controlled. W believe a
reasonabl e objective is that not nore than
20 percent of the flow should enter A d River,
except during fl oods.

e. Provide physical nodifications so that the flow
remaining in the San Joaquin River at the head of
d River is sufficient to maintain dissolved
oxygen above 5 ppmin the San Joaguin R ver between
Stockton and Turner Cut.

f. Measures to mnimze |osses of salnon to Delta
di versions and replacing those sal non unavoi dably

| ost.
The DFGis willing to work with other parties to
gevelop specific rnterimobjectives to reconmend to the

3. The SWRCB shoul d establish an objective of elimnating
flow reversals in the San Joaquin River by 1995. To
protect sal non using the San Joaquin River system it
IS preferable to isolate the diversion of Sacranmento
R ver water fromthe San Joaquin portion of the Delta.
But, we do not think the problemw Il be resolved in
this manner at the upcom ng hearing.

| V-4 - Sal non and Steel head St ock Mnagenent Policy
| V-4-A Policy and CGoal

It 1s the policy of
of all identifiable

the DFG to maintain the genetic integrity
st ocks of salnon and steéel head in



-101-

California. To protect the genetic integrity of California
sal non and steel head stocks, "each sal non or steel head stream
shal | be eval uated by the DFG and the stocks classified
according to their probable genetic source and degree of
Integrity. Managenment and restoration efforts will be
?U|ded_by this classification system and policies relatin
o artificial production nust also be conpatible with this
classification systens.

g

IV-4-B O assification and Managenent System

The classification systemshall be enployed to define the

appropriate stocks and the role of artificial production for
managenent of each sal non and steel head streamin California.
This classification may be applied to drai nages, individual
streams, or segments of streanms as necessary to protect
discrete stocks of salnmpn or steelhead. . Only designated .
appropriate stocks may be placed or artificially produced in
any streamw thin the guidelines specified undefr this
classification system = Exceptions to these managenent
constraints may be allowed only under energency conditions that
substantially threaten the long-termwel fare of the fishery.
Exceptions nay only be ?ranted upon subm ssion of a witten
request, which details the energency conditions, by a region or
an | FD Assistant Chief to the Chief "of IFD. The IFD Chief wll
review the request and make recomendations for aPProvaI or
denial to the Deputy Director of Fisheries who w t hen
approve or deny the’request.

Sal non and Steel head Stream O assificati on System Ter ns:

1. The salmon or steel head stocks stream managenent goal shall
manage streans for the fO||QMAn% appropriate stock and only
t hose stocks may be placed in the Stream (each termis
progressively inclusive of the preceding terns):

a. Endemc - Only historic naturally reproducing fish
originating fromthe sane stream or ftributary.

r

r

b Natural |y reproducing stocks wthin drainage - _
Natural | y reproduci ng stocks fromthe drainage of which
the streamis part.

C Hat chery stocks within basin - Stocks which nmay include
hat chery produced fish fromstreans within the

rai nage

d Natural |y reproducing stocks fromout of basin, -

Nat ural |y reproduci ng stocks from streans outside the
basin of which the streamis part.

e. Hatchery stocks out of basin - Stocks which may include

out
hat chery produced fish fromstreans outside thé basin

f. Any stock - Any stock which appears to exhi bit
characteristics suitable for the stream system
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2. Artificial production Iimtations shall be defined
according to the follow ng termns:
pr

a. None - No artificial oduction or fish plantieg .
ermtted. Manage for natural reproduction. Rearing
abitat fully occupied by natural production in nost

years.

b. Supplenmentary - Artificial production is |ess desirable
than natural” production and is allowed only to the
extent that it provides for full stocking of the
stream Artificial production shall be Construed to be
a tenporary neasure until such tine as the DFG
determnes'the streamto be fully stocked, but shal
not continue beyond 6 years without formal review by
t he appropriate” Regional Fisheries Managenent
Supervi sor and Inland Fisheries Division, representa-
tive. Releases of artificially reared fish shall be
distributed to mnimze disruption of naturally
produced sal mon or steel head.

c. Conplenentary - Artificial production is as inportant
for fishery management purposes as natural production
and hat chery Pro uction may be used on a ?ﬁr nenf
basis to conplenment natural production. e level of
hat chery production shall not significantly interfere
with natural reproduction and survival

d. Hatchery - Managed principally for hatchery production
with natural production protected but considered
secondary.

| V-4-C Departnent of Fish and Gane Fish Screen Policy

It is the policy of the DFGto provide all necessarx measur es
to mnimze fish | osses caused by ent&ﬁlnnent or ot her hazaids
associated with diversion of water. ese nmeasures may Include

fish screens, cessation of diversion during critical periods,
or relocation of diversion points.

Fi sh and Gane Code sections 5980-5993, 6020-6028, and 6100
provide authority for the Departnment to require fish screens
and adequate bypass fl ows.

The Departnment will construct and operate, or require
construction and operation of adequate fish screens on
aut hori zed water diversions when other equally effective
nmeasures to protect fish cannot be used.

The Department will seek public funding support for _
construction of fish screens or other appropriate protective
measures if the owner of the diversion is not responsible for
costs. Wen it is necessary to avoid |osses until financial
responsibility for a fish screen is established, the Department
may proceed wth construction and operation using publjc funds,
then require restitution upon determ nation of responsibility.
The Department will expeditiously determne financial
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responsibility for existing and new fish screens. The
EEp artment wi'lll also determne if other neasures are needed
to reduce adverse fishery effects of water diversions.

The Departnment will provide technical assistance to owners of
wat er diversions for the devel opnent of neasures to mnimze

adverse effects. \Were financial respon5|b|I|ty is allocated
to the owner of a diversion, the EePartneB bﬁ rei mbur se

for technical or construction assistance eyon at require

for prelimnary problemidentification and planning.

| V-5 - Recommended for |nmmediate Action
| V-S-A Habitat Restoration Project Proposals

Al though there are many potential opportunities for habitat
restoration or enhancenent projects, identification of

i ndi vi dual projects reQU|res a substantial conmtment of
nmanpower resources.  Additionally, each project requires

desi gn, englneerln% construction, and adm nistration.
Acconpl i shirent of habitat devel opnent projects by DFG requires
a greater allocation of personnel and rmaterials.

Spawni ng gravel rejuvenation project on the Feather River
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In _rranY cases, Substantial benefits from habitat inprovenent
projects require increased water releases from water

| npoundnment ‘projects. The DFGs top priority for sal non and
steel head restoration and enhancenent is inproved water flow
and quality throughout the Sacranento-San Joaquin rivers and
Delta systémns.

The foll ow n% Is alist of projects that should be acconplished
prior to 1993 by brFrGcin cooperation with other agencies and
private interesfs:

Sacranento River System
1. Main Stem River
a. Wrk wth USBR to eerdite t he design and construction
of a multilevel intake structure on Shasta Damto
Vv

optimze water tenperatures in the Sacranento Ri
downstream to RBDD.

er

b. Wrk with the Environnental Protection Agency and USBR
to expedite the cleanup and continued dilution of heavy
netals in the acid mne wastes originating fromlron
Mountain M ne.

c. Evaluate alternative designs for nodifying ACCD damto
elimnate or mnimze flow flucutations and to provide
uni npaired fish passage, then inplenment the best

alternative design.

d. Develop and inplenment a continuous gravel replenjshnent
Pro%amfor the upper Sacrapento Rjver fr(f'Jm eswi ¢k Dam
o Cottonwood Creek. @G avels should be of sufficlent
quantity to replenish those which have been | ost since
%hebcolnsttructl on of Shasta Dam and which will continue
0 be lost.

e. lnprove instream flows to maxi m ze habitat conditions
and mnimze adverse inpacts. The soon-to-Dbe-conplete
instream flow study results should be used in
determning nodified flow rel eases.

f. Wrk with USBR, NMFs, and USFW5 to design %nd const ruct
a_new fishway on the east bank at RBDD. = The new
fishway is intended as an alternative to raising the
ates to facilitate both up and down-stream m%_ratmn.
h_egefore, the new facility nust neet the follow ng
criteria:

FIf ow capacity nust be between 5,000 and 10, 000
cfs.

Provi de upstream passage for_ adults and

downst ream passage for ~juveniles.

Both the upstream and downstream headwor ks at

the new fishway nust be inmmediately adjacent
to the respective faces of the dam
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- Be equipped with fish trappin?_and handl i ng
facilities and gates for shutiing down
i ndi vidual channels within the facility.

- The gates on RBDD wi || continue to be opened
until the new facility can work properly.

g. Evaluate fish |osses associated with the 300 water
diversions along the Sacramento R ver. | dentify and
i mpl enent _ corrective measures where appropriate. costs
g% sp{Fenlng nost of the larger diversions nay exceed
mllion.

h. Gavel sources, both in the streamand on adjacent
| and, should be acquired on the nain stemand al
tributaries with runs of 200 or nore fish. \Mere
acquisition is infeasible, other actions should still
be taken to protect spawning gravel such as: . )
negotiation with project sponSors, consultation with
| ocal government, application of Fish and Game Code,
and identification of State lands.

i. Correct the B{ro_bl em of water tenperature associ ated
with Colusa Drain overflow

Sacranento River tenperatures in the | ower reach becone
mar gi nal or excessively warmin Nh¥ June, and July.
Hgh nortality of juvehile salmon then occurs.

In 1985, 843,000 acre-feet of drain water was

di scharged to the Sacramento River durlnﬁkAprll to
Septenber from two sources: the Colusa Drain and
Sacranmento Sl ough. The CVRWXCB standards allow the
wat er discharge to be no warner than 68 F. [t would be
extrenely difticult to keep the discharge water at or
bel ow that tenperature to avoid increasing the
tenperature of the main river. The water should be
recgcled for agricultural uses or diverted into a
holding area until (it can be safely released. I f DEG
I's not successful in achieving this solution, the USBR
and the SWRCB shoul d devel op neasures to greatly reduce
the volunme or redirect the discharge to acceptable
receiving waters.

j. Examne all return channels such as Colusa Drain and
Sutter Slough to determne if adult salnon stray into
such channel’s and die, or whether they are able to

reach suitable spawning habitat. [f Tish are | ost,
then permanent magration barriers should be constructed
at the return channel outfall. If fish are success-

full¥ spawni ng, then neasures to jnprove inmgration of
adults and the subsequent em gration of juveniles
shoul d be i npl enent ed.

Cear Creek
I mpl ementation of the follow ng actions could annually

I
%roduce nore than 30,000 adult fall-run chinook sal non,
, 000 adult spring-run chinook, and 5,000 adult steel head.
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Request USBR to nmake rel eases from Wi skeyt own Dam

in order to maintain the follomnn? flows at
McCormi ck- Sael tzer Dam 200 cfs from Cctober 15 to
March 1, and 150 cfs fromApril 1 to October 14; these
flows will inprove habitat conditions for fall and
spring-run chinook sal non and steel head.

Construct a new fish | adder at MCorn ck-Saeltzer Dam
to provide 8assage for adult salmon and steel head to
the upper 10 mlés of the creek

Construct a fish screen on the diversion canal at
McCor mi ck- Sael tzer Damto prevent entrainnent of
outmgrating juvenile sal non and steel head.

Purchase riparian and nmain channel |ands and gravel .

| eases, and restore channel and gravel bar productivity
through weir and gravel  placenment, channel alignment,
and revegetation. - Acquire sufficient stream fTows

to meet salnon and steel head year-round water.

needs. Land and gravel |ease purchase and initia

habi tat devel opment will cost $6.5 mllion. Annua
operation and nai ntenance woul d cost $250, 000, and the
vater costs are present|y unknown but could exceed
$500, 000 per year if other arrangenents are not made.

Battl e Creek

a.

MII

Wrk with P&E to screen five major Battle Creek
diversions. Substantial |osses of both spring-
and fall-run chinook sal non juveniles wll be
alleviated by this action. his prelimnary cost
estimate is $300, 000.

Construct a physical barrier to prevent adult sal non
and_steel head fromentering the Gover Ditch bypass. .
A mninmumestimate of 100 adult fish are lost” In this
ditch annually. The estinmated cost of construction
i's $50, 000.

Request FERC to nodify PRE s Battle Creek project
license to obtain adequate flows to maxim ze instream
habitat and spawning conditions.

Creek

Pur chase property bel ongi
rights sereg byythe di?e

n he hol ders of water
r

d ough Dam and specify the
r
n

t
?t d ough Dam  Renove
I

gt
Sion at
ity of "the decreed

e ow required under
Al so reestablish

Creek damaged by cattle

wat er right as_m ni num st
Fish and Game Code sectio
the riparian zone along M|
grazi ng.

I ncrease minimumflows during critical periods through
an exchange of water with LoS Mlinos Mitual Water
Conpany. ~Exchange water m ght be obtained from

ground water well's or fromwater stored on seasona
wet | ands on the Dye Creek Preserve.
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Reconstruct the spawni n?_ riffle downstream of the
q[o%cl;g ([)J%n Reconstruction costs are estinated
a , )

I mpl ement ation of these measures can result in
PFOdUCIng runs of about 2,000 sPrlng-run sal nron, 6, 000
all-run salmon, and 2,000 steel head.

Creek

(bt ai n adequate stream flows through negotiation with

water districts or through water exchanges.

6. Butte Creek

a.

C.

Eval uate fish passage and entrai nment problenms at 12
existing irrigation dans. Construct or reconstruct
fish |adders and screens as necessary.

| mpl enment instream habitat restoration work in |ower
Butte Creek.

(bt ai n adequate streamflows to facilitate upstream and
downstream m gration of sal non.

San Joaquin River System

1. Main Stem River

a.

Devel op alternate water delivery systens for El Solyo,
Patterson, West Stanislaus, and Banta Carbona systens
in April and May, or rescreen diversions if alternative
delivery systens cannot be devel oped.

Purchase 100, 000 acre-feet of Cass Il water from CVP
f(MIIert_on) In average and above average water %/ears
or delivery to Mendota Pool asan alternative to
transfer fromthe Delta. Use conparable water storage
from San Luis Reservoir conveyed via the Delta-Mndofa
Canal and rel eased down Vol ta Wast eway, Newnan

Wast eway, or _other conveyance systens to augment

San Joaquin River flows at, or immediately Dbel ow, _the
Merced River confluence in April and early May. This
wat er coul d then be availabl'e on demand to hél p convey
snolts past the diversion points to the Delta, and to
i mprove water quality (tenperature).

Screen irrigation punp intakes where other equally
effective alternatives cannot be found.

Eval uate the placenent of a radial-gate control or fish
screen on Ad River to shunt San Joaquin flows and
snmolts down the San Joaquin River past Stockton.

Ootain SWP and CVP punping curtailnents during major
juvenile salnmon outnmigration periods. Tributary water
managenent may hel p narrow the "w ndows" for ngjor
outmgration periods.
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f.  Construct a _major hatcher¥ and egg-t aki nfg facility on
either the Stanislaus or Tuolumme river for the
production of 2 mllion yearlingrand 10 mllio snolt
sal non ah 500,000 yearling steel head.

2. St ani sl aus Ri ver

a. Enter into a long-termcontract with USBR for purchase
8f | 00, 000+ acre-Teet of Ne Mlones water fo in-
asin uses.

b. Negotiate with USBR DWR and |local water districts to
I nprove and make pernmanent the allocation of flows
provided in the existing DFG USBR agreenent.

C. Reconstruct the river channel:
- one-half mle below Knights Ferry:

- bel ow the OHE Gravel Conpany on the north side of

the river and inprove the side channel for spawning
and rearing habitat:

- add hydraulic controls and make gravel additions in
te 3-mlereach below the OHE Gavel Conpany for
spawni ng and rearing habitat;

- establish a defined channel through the abandoned
gravel pit between Lovers Leap and Rock Damto
Create an inproved migration corridor;

- renove the encroachi n? vegetation constrictin
channel along the south bank near Rock Damto
restore spawning and nursery habitat:

g the

- add hydraulic controls and make gravel additions
adj acent to the USCOE Hor seshoe Road Park:

- nodify the side channel at Honolulu Bar to
elimnpate juvenile salnon stranding,

r
gravel and add gravel t@ inprov Spawning habitat
'n this area: and

- establish a defined channel through the old gravel
pit at USEO C(akdale Recreation Area.

d. Construct a SUDP! enental hatchery along with an
egg-taking facility for the production of
2 mllion yearling salmon and 500, 000 yearling

st eel head.

e. Screen all irrigation punp intakes that ar hazardous.
to salnmon and steel head (unless otyher equall effective
measures can be inplenented).

3. Tuolume R ver

a.  Mdify the channelwbelo LaGange Damo reduce sal mon
stranding due to flow fluctuations.
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Reest abl i sh channel structure:

- across from Zanker Ranch (alternative
channel s),

-at M J. Ruddy Gavel Pl ant,
-at Reed Gravel Pits, and

- at several gravel gits bet ween Basso Bridge
and Turlock Lake State Recreation Area.

Secure adequate streamflow rel eases to neet all
life-history requirements for salnmonids.

Design and install a mgration barrier to adult
sal mon on Dry Creek to elimnate the straying
probl em

ntake structure for the
ic water supply to

se of water.

for an i
0' s domest
onj unctive u

Suppor

Aty o

i

Screen irrigation }an i?t akes hazardous to sal non
y

(unl ess other equa effective nmeasures can be
i npl enent ed) .

p
1

Devel op alternatives, such as enlargenent of LaGange
Reservoir, to elimnate or reduce peaki ng- power

di scharge into the Tuol ume River during December
throu%h m d-March.  Qperational changes may be feasible
to achieve fishery benefits.

Renmove Dennett Dam

Review O D and MID boundaries and assess capability
and feasibility of OD servicing MID custoners
north of Mddesfo in dry years. Salvaged water_
from MIDcoul d augnent” f1ows on the Tuol utme River.

Merced Ri ver

a.

(btain (purchase) water fromMD for interimspring
fl ow augmentation in April and May.

Construct gravel restoration projects between MRFF
and the town of Cressy.

Reconstruct wing dans and bypass structures on
the six riparian diversions (see Davis-G unsky
Agre_errelnt) to inprove juvenile sal non

survival .
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original cost/benefit ratio that justified construction and
operation of the Tehama-Colusa facilities required an
enhancenent feature of 54,000 increased chinook sal non
escapement. The Rro;ect al so included 3,000 chinook escapenent
as mtigation. The project has not net any of its enhancenent
or mtigation obligations. The total deficit should be
conpensated by the project beneficiaries through cooperative
devel opnent and inplenentation of a conprehensive fishery
restoration program

The CNFH provi des only ﬁartlal regéacenent of fish production
lost as the result of @he Shast Dam project. This facility_
suffers from poor water, supplg i nefficient design, poor siting
for main stem salnmon runs, ‘and deteriorating equi pnent and
structures. Sone of these problens can be Correcfed through
restoration of habitat and upgrading of the facility: but Tts

wat er supply for year-round production of fall-, lafte-fall-
winter-, and spring-run chinook salnon and its siting off the
mai n st em probably cannot be conpletely renedial. The State

shoul d_consi der assunlng operation responsibilities for _any new

upper Sacranento River Federal hatcheries and urge the Federal
overnnent to construct and fund operation of new production
acilities on Cear Creek and at Kesw ck Dam

Flow Fluctuation Rates. Rapid flow fluctuations result in
eroded redds, dewatered redds, isolated adult fish, and
stranded (or grounded) {uvenlle fish. astudy should be
conducted to determne the tolerance of fish’to flow
fluctuations and to devel op specific criteria and recomrenda-
tions for each river in the Central Valley. These
reconmendat i ons shoul d be submtted to the water nanagenent
agenci es and be incorporated into any future flow agreenents.

Central Valley Project. A conplete review and anal ysis shoul d
pe conducted on the CVP water devel opnen and delivery system
to quantify salmn and steel head |osses.  The review should

i nclude the Sacranento and San Joaquin rivers, the Delta, the
punpi ng qjant and screens, and the effect of agriculture return
wat er . he review should be Federally funded

Based on the analysis and summary of |osses, the DFG shoul d
work with the USBR, USFWS, and NWS to request Federal
appropriations to provide full restitution for all accunul at ed

Ish [osses. These agencies should also take corrective action
to significantly reduce 0290|ng | osses. In many instances one
of thé justifications of Federal water projects was " |sherr
enhancenent benefits"; therefore, net fishery benefits should
be produced.

Straying of Adult Salnon in the San Joaguin River System

Sal non mgrating up the San Joaguin River to spawn in the
Merced River have a greater than normal tendency to stray.

This is due to water being diverted fromthe Merced R ver,

and | ater returning to the San Joaguin River upstreamfromthe
confluence of the two rivers. As the spawners approach the
confluence, many are attracted to the San Joaquin River which
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has a_confusing mxture of Merced River water. Unfortunately,
the fish tenpted to go up the San JoaquinRi ver wll end upin
areas wWth no spawning or rearing habitat.

Conplinmentary Flow Schedules. . River and Delta fish production
and survival cod € greatly increased with inproved and
conPI|nentary flow schedul es. Devel opnent of such schedul es
woul d require careful conpilation and analysis of the factors
and alternatives affecting fisheries throughout the system

The study woul d involve conpilation of all the significant flow
schedul es and | egal mandates for all Sacramento and San Joaquin
rivers and upper Delta tributaries. The study team should
include a fishery biologist, a water rights expert/legﬁl .
advisor, a conputer programer, and a study |eader. The object
of the study would be t0 work with other agencies haV|n? t he
data bases, “software capability, and managénent authorify to
devel op a conputer program and user instructions that could
dlsplay the fishery benefits in the rivers and the Delta of
variable flow schedules fromthe tributaries.

The effort would require the cooperation of USBR, USCOE,
U. S. Geol ogical Survey (USGS), . ., and the [ocal ' water
agencies. ' The potential benefit would be to reduce fish |osses
due to stranding, poor water quality, and entrainnent{ and
Increase spawning, rearing 'ad angling success both |n the
rivers and the reservoirs.” The principal benefit would be to
gater_nanagers responsi bl e for nmaking frequent flow adjustnent
eci si ons.

San Joaquin River Hatchery A najor salnon and steel head
production-faciTity 1S needed to cuetur San Joaquin River
stocks and increase system production by 100, 000 chi nook

sal non and 10,000 steélhead. The Tuol uime River has been
identified as one possible |ocation for a hatchery that coul d
provide production of this magnitude, but other sites are also
under consi deration.

Plans and specifications, including costs for construction and
operation, and a benefit analysis are needed prior to fully
commtting to construction. The hatchery would have to produce
approximately 2 mllion yearling and 600,000 advanced
f{ngFﬁI|§g chinook salmon and 0.5 mllion 3-4/1b (yearling)

st eél head.

Merced Rive Fish Facility. A devel opnent plan should be
conplefed o MRFFTO INncrease production enough to result in
20,000 additional  adult chinook salnon.. An adequate water
supply and a feasible method for assuring an adequate egg
supply of Merced River stock needs to be identified and secured
betrore facility enlargenment is funded.

PART V - CONCLUSI ONS

The Sacranento and San Joaquin rivers have the potential to produce,
t hrough natural spawning and hatchery production, as many chinook

sal mon and steel head as were ever known prior to the large water
devel opments and other human nodifications of the system  These fish
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Il be largely different stocks than those that were endenmic to the
systemis upper” tributaries. Toget her v%th,t e hatchery systemthere
iS a potential for najor expansion of the fishery.

This plan ProPoses retention and restoration of all known stocks, and
enhancenment of steel head and fall-run chinook sal non popul ati ons.

Emphasis will be placed on restoration and enhancement of natural
habitat and naturally produced fish, Intensive habitat nanagenent
w |l be required throughout the system but especially within the
Delta and estuary where outm grant juvenile survival and adult
upstream passage “are the nost “inportant limting factors.

The public, together with all |evels of government, must work in
concert to reach the goals of this plan. = The DFG clearly has the
constitutional and | ead responsibility for inplenentation of the plan.
Mtigation will norpally be acconplished by the | ead agencies for
gpefhfIBFEFOjeCtS W th assi stance and encouragenment, when necessary,

y the

This plan will be updated biennually to keep it current as progress is
made toward neeting the restoration goals. .  Details of the specific
actions to be taken within each river section, tributary, and in the
Delta will be prepared and distributed as appendices to this report.
These appendices wll be updated as needed.
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GLOSSARY OF ABBREVI ATI ONS

on- Cottonwood Irrigation District
ifornia Environnental Quality act

feet per second

n National Fish Hatchery

| Valley Project

Central Valley Regional Water Quality Control Board
me

Department of "Fish and Ga
Department of Water Resources )
East Bay Municipal Uility D strict
Excl usi ve Econom ¢ Zone o
Federal Energy Regul atory Conm ssion
Fi sh and Gang” Conmm ssi on
feet per second
Feat her River Hatchery . _
Fish and WIldlife Coordination Act
Federal Water Quality Act _
A en-Colusa Irrigation District
Merced Irrigation District
Modesto Irrigation District
Merced River Fish Facility _
Mokel umme River Fish Installation
Nat i onal Marine Fisheries Service
Ni mbus Fish Hbtcherﬁ _
Cakdale Irrigation strict
Pacific Gas and El ectric Conpany
Paci fic Fishery Mnagenent unci |
arts per mllion

ed Bluff Diversion Dam
State Board of Comm ssioners _
South San Joaquin Irrigation District
State Water Project
State Water Resources Control Board
Tehama- Col usa Fish Facility
S. Bureau of Reclamation

. Arny Corps of Engineers
Department of Interior
Fi sh Conm ssi on _

Fish and Wldlife Service
Secretary of Commerce
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