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FREFACE

Interagency staff representing the U.S. Fish and Wildlife Service
had lead responsibility in preparing this report. Drafts have
been reviewed by members of the fisheries/water quality committee
of the Interagency Ecological Studies Program for the
Sacramento-San Joaquin estuary and by other salmon experts. The
Interagency staffs and their consultants have also met on several
occasions to discuss the interpretation of specific data and
general approach to the report itself.

The report reflects the fisheries/water quality committee members’
aareement on most points. Committee members will provide direct
testimonv on areas of disagreement.

Agency management was not part of the review process and may
differ on how study results can be used in managing salmon
resources,
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Section 1
SYNOPSIS OF SALMON MANAGEMENT NEEDS
IN THE ESTUARY
Introduction

The main objective of this report is to describe the
conditions that provide for the protection of chinook salmon in
the Sacramento-San Joaquin Estuary. This information should help
the Board in setting standards that will provide reasonable
protection of beneficial uses in the Estuary. Chinook salmon are
a beneficial use that support an intense commercial and
recreational fishery whose annual catch averages about 400,000
fish. This represents a significant economic and recreational
resource for California.

Chinook use the Bay and Delta habitat as a salmon nursery and
for juvenile and adult migrations to and from the ocean and their
freshwater habitat. Available evidence indicates that existing
water quality standards in ﬁhe 1978 Delta Plan are inadequate for
salmon protection énd will result in the survival of juvenile
chinook migrating through either the Sacramento or San Joaquin

Delta being substantially less than historical survival rates.

Stock Status and the Delta Problem for Salmon

Four runs of chinook salmon (fall, late-fall, winter and
spring) are produced in the Central Valley. Fall-run are the
focus of this report and comprise'over 50% of ali spawners. The
Sacramento Basin accounts for over B0% of the production.
Naturally produced chinook stock in Valley streams have declined
by over 50% since the early 1950's. These losses are attributable

to habitat reduction in both upstream and estuarine areas.



The evidence presented in this report will demonstrate that
habitat alterations in the Délta liﬁit salmon production primarily
through reduced survival during the outmigrant (smolt) stage.
These lower survivals are associated with decreases in the
magnitude of flow through the estuary, increases in water
temperatures and water project diversions in the Dglta.

Smolt mortality in the Estuary will impact resulting adult
salmon population levels. However, other factors that influence
stocks and their measurement in upstream and oceanic waters make
that impact difficult to quantify. Nevertheless, increasing smolt
survival rates through the Delta is a critical step toward
restoring natural salmon production in the Central Valley.

Since the early 1970's, juvenile chinook salmon produced at
the Feather River, Nimbus and Hokelumne River hatcheries have been
trucked downstream and released iﬁ the Sacramento River at Rio
Vista or ‘adjacent to Carquinez Strait. Since these fish are not
exposed to Delta hézards their contribution to the ocean fishery
and to subsequent spawning runs is often high. Chinook salmon
ffom Coleman and Merced River hatcheries are released in upriver
areas near the hatcheries to prevent the straying of returning
Spawners which occurs when juvenile salmon from upriver are
released in the Estuary. The release of hatchery fish in the
lower estuary has enabled a relatively intense ocean fishery to
remain stable concurrent with reduced natural salmon populations.
The success of the hatchery projram, however, increases the risk
of overharvesting natural stocks or of hatchery fish that must

pass through the Delta. \
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Estuarine Salmon Ecoloagy and Conditions for Improved
Salmon Protection

Juvenile Salmon Migration and Abundance

Fall-run salmon migrate through the Estuary to the ocean from
April through June with peak abundances seen in May. Salmon of
the other three runs migrate between fall and early spring.

The abundance of smolts at Chipps Island is positively |
corrélated to Sacramento River flow at Rio Vista.

Smolt migration through the Bay/Delta system takes about 10
to 15 days. Rough estimates of the annual number of fall-run
smolts leaving the Delta from 1978 to 1986 ranged from about 10 to
50 million fish. These represent about 200,000 to one million

adults respectively to the ocean fishery.
Smolt Survival

‘Sacramento River Delta

The-survival of marked hatchery smolts through the Sacramento
Delta between Sacramento and Suisun Bay is positively correlated
to flow and negatively correlated to both temperature and the
percent of the flow diverted off thé Sacramento River through the
Delta cross channel and Georgiana Slough at Walnut Grove.

Smolt survival increased with increasing Sacramento River

flow at Rio Vista, with maximum survival observed at or above



20,000 to 30,000 cfs. This ;elation was based on two iﬁdependent
measures of survival.

Smolt survival is hichest when water temperatures are below
66°F. Temperatures.of 76°F or higher afe lethal to salmon and
stress would occur as temperatures approach that level. |

Diverting smolts off the Sacramento River into the Central'
Delta lessens their survival. Evidence of this is 1) when about
65% of the Sacramento River was diverted to the Central Delta,
tagged smolts released immediately above the Walnut Grove
diversion point survived at only 50% of the rate of those released
immediately below'Walnut Grove, 2) when the cross'channel was
closed, the difference in survival for the two groups was zero at
high flows, and abouﬁ 25% at low flows, and 3) survival of tagged
smolts released in the Central Delta was about 50% less than those
released in the Sa;ramento River below Walnut Grove during years
of low flow and similar temperatures. Hence, closing the Cross
channel is of considerable benefit to salmon survival at low flows
when temperatures are acceptable.

Since both temperature and diversions increase as flows
decrease, it is.difficult to detemine the relative contributions
of these factors to changes in survival observed in the Estuary.
We believe, however, that both temperature and diversions cause
survival to decrease as flows decrease.

Existing flow and operational standards in the 1978 Delta

pian are inadequate. Salmon flow standards at Rio Vista range
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from 1,000 to 5,000 cfs which would yield from zero to 2% survival
based on the relationship between smolt survival and flow.

Striped bass Delta outflow standards in May and June afford higher
protection and would improve survival to an estimated 5% in dry
years to 35% in wet years.

Hater development in the Sacramento Valley has reduced inflow
to the Delta during the April-June.smolt migration period. These
reductions combined with the present Delta diversions off the
Sacramento River have been enough to reduce average smolt survival
in the Sacramento Delta by at least 30% since 1940.

Potential measures to improve smolt survival through the
Sacramento Delta include: increasing flows, closure or screening
of the Delta cross channel, e}imination of reverse flows in the
lower San Joaquin and reducing Project export levels in the

southern Delta.

San Joagquin Delta

Typical conditions in the éan Joaquin Delta are detrimental
for smolt survival. This is attributed largely to low Delta
inflow from the San Joaquin River, the effect of which is
accentuated by diversions typically exceeding inflow during smolt
migration periods. High water temperatures (typically 70°F in
May) associated with low flows also stress juvenile salmon.

Survivallof tagged smolts migrating from the San Joaquin
drainage through the Delta increased with increased Delta inflows.

Smolt survival and resulting adult production was most favorable



in wet years when flows at Vernalis during smolt migration was
greater than total CVP-SHP exports. The benefit of increased
river flows to returning spawner numbers reflects benefits to
juvenile survival both upstream and in the Delta.

Survival of tagged smolts released in the southern Delta was
higher for smolts migrating down the San Joaquin River than'for
those diﬁerted to the west toward the CVP-SWP pumps via upper 01d
River indicating that diversion is a key factor affecting smolt
survival. In two of the three years studied, survival of fish
released in upper 01d River, and thus exposed to the Projects’
diversions, was 40% to B0% lower than those released in the San
Joaquin below the upper 0ld River Junction. In the third year
there was no difference observed. |

The rate at which smolts migrated through the San Joaquin
‘Delta about doubled as inflow at Vernalis increased from 2,000 to
7,000 cfs.

There are no existing San Joaquin River flow standards in the
1978 Delta Plan for smolt survival. Project export limits in May
and June provide some protection. Fish screen operational
criteria also provide some protection after the fish are diverted
from the river. |

Potential measures to improve smolt survival in the San
- Joaquin Delta include: reductions in CVP-SWP export levels, a
barrier or a screen at the head of upper 01d River, increased
flows, and elimination of reverse flows in the lower San Joaquin

River.- Continued juvenile survival studies are needed in the San



b
Joaquin system to better enable us to evalute varied salmon

protective measures.

San Francisco Bavy

Available data is too sparse to draw any conclusionS on the
influence of Delta outflow on smolt survival in the Bay. Data
from 1984 indicates survival through the Bay for large juvenile
salmon was relatively high (81%) for a rather low Delta outflow
index of 10,000 cfs. Ocean tag recoveries available in 1988 and
1989 reflecting smolt tag releases in the Bay in 1985 and 1986
will provide two more estimates of survival throuch the Bay at

vutflows of 10,000 cfs.
Salmon Rearing

Fall run chinook fry rear both upstream and in the Estuary
with peak abundances seen in the Delta in February and March. As
Delta inflow increases, fry become both more numerous and more
widely distributed in the estuary.

The survival of tagged fry was greater in the upper
Sacramento River than in the Delta, while that in San Francisco
Bay was the lowest.

| Fry reieased in the northern Delta appeared to survive better
than those released in the Central Delta except in years of very
high Delta inflow.

Chinook fry that rear in the Delta contribute some portion of

Central Valley salmon production with that proportion increasing



as runoff increases. That contribution is probably small relative

to that upriver rearing but still significant.
Adult Migration

Chinook spawners of the four runs migrate through the Estuary
at different times throughout the yYear. Adult migration data was
gained with CDFG sonic tag studies in the mid 1960‘s. Findings
from that work indicated that: migrations through the Estuary are
aided by positive downstream flows of *homestream water"” and
temperatures less than 66°F. |

Dissolved oxygen concentrations below 5 mg/l block upstream

migration.



“ 4
Section 2

INTRODUCTION

In July 1987 the State Water Resources Control Board
initiated a water quality/water rights proceeding on the San
Francisco Bay/Sacramento-San Joaquin Delta. The Board's objective
is to review and refine as necessary the present water quality
standards identified in the 1978 Water Quality Control Plan for
the Delta and Suisun Marsh to insure that beneficial uses are
protected. Fish and wildlife resources including chinook salmon,

(Oncorhynchus tshawytscha), are a beneficial use that are

dependent upon the Bay and Delta habitat for critical portions of
their life history. Chinook produced in the Central Valley
support an intense commercial and recreational fishery whose catch
averages about 400,000 annually representing a significant
economic and recreational resource for California.

Several problems have the potential to limit salmon
production in the Bay/Delta system. These are primarily
associated with decreéses in the magnitude of inflow to the Delta
and water project diversions in the Delta from the Sacramento and
San Joaquin rivers. The main objective of this report is to
describe basic ecological relationships and needs of chinook
salmon in the Estuary and to assess if present h@bitat protection
under the 1978 Delta Plan are meeting those needs.

The report also provides infofmation on the status of Central_

Valley stocks and management activitiesAof direct impact on the
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stocks (harvest regulation and hatchery production). This
additional information is provided to the Board to gain a more
comprehensive view gf the varied and complex factors that
influence the overall chinook salmon resource in California The
needs of salmon in upstream habitats are provided in separate
exhibits by the California Department of Fish and Game and U.S.
Fish and Wildlife Service.

The majority of information presented is the result of work
done through the Estuarine Salmon Element of the Intéragency
Ecclogical Study Program for the Sacramento—S;n Jpaquin Estuary.
The program is represented by the California Departments of Fish
and Game (CDFG) and Water Resources (DWR), the State Water
Resources Control Board, and the U.S. Fish and Wildlife Service,
U.S. Bufeau of Reclamation and U.S. Geological Survey.
Cooperative work with the San Joaquin River Salmon Proaram (CDFG,
Region 4, Fresno) yielded salmon data from the San Joaquin Delta.

The Interagency salmon studies were initiated in 1978 with
emphasis on 1). indexing fall-run juvenile chinook abundance using
seine and midwater trawl surveys, and 2) estimating juvenile
-survival using an extensive mark-recapture program using coded
wire nose tags (CWT)._ Salmon fry rearing and smolt outmigration
were documented under varied flow and diversion rates, migration
routes, and other environmental conditions to identify salmon
needs in the estuary and potential limitations to survival and
production. These recent studies'have yielded considerable new

knowledge of estuarine fall-run juvenile salmon life history in

|}
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the Estuary since the establishment of the 1978 Delta Water
Quality Plan which relied on minimal knowlédqe to establish salmon
protective standards. Additional information was gained from the
scientific literature and from cooperative efforts with other
salmon proagrams under the direction of U.S. Fish and Wildlife

Service and the Department of Fish and Game.

Life History
Chinook salmon also called king salmon, spawn in fresh water
but spend most of their adult lives in the ocean (Figure 2-1).
They are the largest of five species of salmon native to the
Pacific coast of North America. Chinook salmon and steelhead

rainbow trout, (Salmo gairdneri) are the principal salmonids using

the Sacramento-San Joaquin Estuary. There are four distinct
salmon runs in the Sacramento system (Figure 2-2) that are named
for the season of their upstream migration: spring, fall, late
fall, and winter. Today, fall run are the principal run found in
the San Joaquin drainage. About B0% of the Central Valley chinook
of all four runs are produced in the Sacramento River basin.
Typically, over 90% of all Central Valley spawners are fall run
fish.

Spawning occurs where gravel size, porosity and water
velocity enables the female to build a spawning redd, and deposit
eggs to be fertilized and covered. Successful incubation of the
eggs (50 to 60 days to hatching) requires sufficient flows to

remove waste products and silt, yet low enough to prevent eggs
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CHINOOK SALMON LIFE HISTORY

SPAWNING
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/ FRESHWATER
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Figure 2-1: Chinook salmon life history diagram. \
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from being washed downstream. Temperature and dissolved oxygen
conditions also affect hatching success.

The young salmon emerge from the gravel about 30.days after
hatching. The youné free-swimming fry, about one and one quarter
inches long initially, rear for a few months in riverine or
estuarine habitat feeding on insects and zooplankton. Upon
reaching about three inches in length, they undergo physiological
changes tﬁ;med smoltification that enable them to survive the
transition from fresh to salt water. These salmon are called
smolts.,

Smolts enter the ocean at various times of the year,
depending on the run, to begin their growth to the adult stage.
Central Valley chinook typically remain in the ocean from between
two and four years before they begin their return to fresh water
to spawn and die.

Adult salmon use the.odor of their homestream waters to gquide
them upstream to the spawning grounds from which they hatched.

A general'description of the seasonal spawnihg, incubation,_
rearing and migration for the various runs in the Central Valley
is provided in Figure 2-3. ThES'assemblage of runs results in
salmon inhabiting both the Bay/Delta and river habitats throughout

the year.

Present Delta Salmon Standards

The 1978 Plan provides flow standards for salmon miqtation in

the Sacramento River at Rio Vista that range from 1,000 to 5,000

‘



AOOUTYD JO suni anoj Jo

1

15

*A3TT®A TRajUB) aY3 uUT uouTes

S9T3IsTa830eaeys La03STY BT

‘€-7 9anbig

—

NOILYHDIN
ONY ONIBY3IH

NOLLY@NINI
ONINMYJS

NOILvHDIN
11ngy

NOILLYHOIN
ONY DNINVY3IY

NOILVENINI
ONINMYYS

NOILYuBIN
41nay

NOILYHDIN
ONY ONib Y3

NOILYAnaN|
DNINMYdS

NOILVHBIN
4Inqy

NOILyHoIN
ONY ONIVYIY

NOLLYBNIN)
ONINMYdS

NOILYHODIN
i7nav

NNf

AVW

ddv

dvw.

LEE]

NV/(

23d | AON] 1DO

d3s [onv | 1nr

NNY:
ONIYdS

NNY NNY
JIINIM

11vd 31W1

NNQY
1vid



16

cfs and vary by month and water year type. Operational criteria
for the protection of salmon migration in the 1978 Plan requires
closure of the Deltg Cross Channel between January 1 and April 15
Qhen Delta outflow (DOF) éxceeds 12,000 cfs. When the Delta Cross
Channel at Walnut Grove is closed, it lessens water diversion and
movement of young salmon into the Central Delta. Fish screen
operational criteria at the Central Valley and State Water Project
fish facilities in the south Deltﬁ also are part of the 1978 Delta
Plan. Protective standards for striped bass under the Plan yield

further protection for salmon.
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4
Section 3

SMOLT MIGRATION AND ABUNDANCE
Migration Period

Smolt (770 to 100 mm) and yearling size (2100 to 150 mm)
salmon are found in the Estuary nearly year-round based on
mid-water trawl sampling (Ganssle 1966, Messersmith 1966, Sasaki
1966, Aplin 1967, Kjelson 1982). Sampling in the 1960's and 1980
showed twé migration peaks, one in the spring and a smaller one in
the fall (Figures 3-1 and 3-2})}. Based on the size of the young
salmon (Figure 3-2) and adult spawning times (Figure 2-3), large
juveniles collected in the fall appear to be late fall
subyearlings, or fall run yearlings that over-summered in the
river further upstream. The larger fish obsérved in January
through March are probably winter run or spring run smolts. The
majority of outmiérants pass through the Estuary from April
through June aﬁd are largely fall-run smolts. Very few juvenile
salmon are present in the Bay or Delta between July and September
(Figure 3-1) presumably due to high water temperatures in the
Delta that may be lethal to salmon.

The numbers of fall—run juveniles passing Chipps Island
between April and June are highly variable as measured by midwater
trawl samples (Appendix 1) (Figures 3-3 and 3-4{. About half of
the fish are seen in May, while the remainder is split about

equally between April and June (Table 3-1). A similar trend in
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Table 3-1. Distribution (percent) 6f total midwater trawl catch
of smolts by month at Chipps Island in 1978-1987.

Percent of Catch

Year April May June

1978 27 40 33
1979 - 19 52 29
1980 14 34 52
1981 34 so 16
1982 18 49 33
1983 | 19 | 49 .32
1984 11 66 3 23
1985 26 63 - o0
1986 37 55 8

X (78-B6) 22 51 27

1987 44 54 2
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outmigration periﬁdicity also is seen from the midwater trawl
samples taken at the Golden Gate Bridge since 1983 (Appendices 2
and 3}.

The juvenile chinook in trawl samples at Chipps Island
represent fish of both Sacramento and San'Joaquin Valley origin,
hence, potential differences in the timing of outmigration from
the two drainages can not be determined but the San Joaquin
outmigration appears earlier. Smolt migration out of the San
Joaguin basin peaks about 1 May (CDFG Exhibit 15 regarding salmon
needs in the upper San Joaquin drainage). Kelley et al. {(1985)
found that the majority of smolts left the American River between
mid-May and mid-June.

We have found it difficult to predict exactly when peak fall
run smolt outmigration may occur in a given year. A major problem
is the mixing of smolts from both natural, instream spawning and
those of hatchery origin in the Chipps Island midwater trawl
catch. Major releases of fall-run hatchery smolts are made both
above (in upper Sacramento River), in (at Rio Vista), and below
the Delta (Suisun and San Pablo bays) (Table 3-2, Appendices 4 to
S). Most hatchery smolt releases begin in late May, thus smolts
collected in April and early May are probably of natural origin
while those later are a mix of both sources.

In 19B5 and 1986, mass releases of Coleman Hatchery smolt
production were made in the upper Sacramento at Red Bluff and in
Battle Creek in the second week of May. Travel time between the

upper Sacramentc and Chipps Island is about B to 10 days. Hence,
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Table 3-2. Fingerling and smolt and yearling fall run hatchery releases in
millions by release year (Brood Year + 1) from Merced,
Mokelumne, Coleman, Feather River and Nimbus Hatcheries from 1978

to 1985.
Fingerling and Smolts (450-45/1b)

Release Year
Release Site 1978 79 80 81 82 B3 . B4 85
Above Delta 6.0 4.7 13.0 14.8 11.0 12.1 ° 10.2 14.0
Rio Vista 7.7 B.1 3.9 0 2.2 o1 0 0
San Pablo Bay .3 .2 .2 6.9 3.3 - 5.6 2.7 6.3
Total 14.0 13.0 17.1 21.7 © 16.5 17.8 12.9 20.3

Yearlings (<45/1b)

 Release Year
Release Site 1578 79 B0 Bl B2 83 B4 BS
Above Delta 2.7 2.6 2.3 1.8 1.7 1.7 .6 .4
Rio Vista 1.0 1.1 1.3 1.1 1.1 0 0 0
San Pablo Bay .2 .2 .5 1.5 2.8 1.3 4.0 8.1

Total 3.9 3.9 4.1 4.4 5.6 3.0 4.6 B.5
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the peak mid-water trawl catches in Figure 3-3 in late May of
those years reflect the Coleman hatchery smolt release. This
observation was confirmed by the trawl recoveries of tagged smolts
that were part of those releases. These tagged smolts were
recovered at the same time the sharp rise in catch occurred in

late May.

Smolt Abundance

The relative abundance of smolts at Chipps Island since 1978
has ranged from a mean, April through June, midwater trawl catch
of 10 fish per tow in 1984 to 48 fish per tow in 1983 (Table 3-3).
Smolts from the Sacramento basin presumably dominate the indéx
since from 78 to 99% of the fall-run spawning occurred there since
the fall of 1977 to 1986 (Appendix 10, and Pacific Fisheries
.Management Council CPFMC]) 1986.

A smolt abundance index based on trawling at the Golden Gate
Bridge from 1983 tb 1986 is provided in Appendix 11.

An estimate of the total number of fall-run smolts passing

Chipps Islahd between 1978 and 1986 has ranged from about 10 to 50

million fish.

Year: 1978 1979 1980 1981 1982 1983 1884 1985 1986

Total Smolt x 10%: 32 22 20 9 39 53 12 21 23

These estimates were achieved by expanding the total trawl

catch using the fraction of time sampled and a measure of the
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Table 3-3. Mean catch of salmon smolts per 20 minute tow with
our midwater trawl at Chipps Island during April, May
and June from 1978 to 1987.

] . 1/ MeanZI Percent 3/
Year April May June Annual Mean= Temp™ Diverted-
1978 23.1 ° 34.0 27.6 28 63 45
1979 14.9  41.6 23.2 25 63 55
1980 5.6 14.0 21.1 17 62 38
1981 17.3 25.3 8.3 15 67 55
1982 18.9  S51.7  34.6 38 60 27
1983 24.8 65.0 42.8 48 - 57 23
1984 3.2 20.0 7.0 10 64 50
1985 10.3 - 24.7 4.1 20 66 61
1986 22.5  32.9 4.7 24 65 44
1987 15.4 19.3 0.8 16 ‘N2 NA

1/ Total catch divided by the total ndmber of tows for April
through June. - '

2/ Degrees Fahrenheit, Sacramento River at Freeport (mean April
through June). _

3/ Percent of the Sacramento River diverted at Walnut Grove (mean
April through June).
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trawl’'s effectiveness to collect chinook smolts (Appendix 12).
These estimates should be considered very rough approximations of
the annual Central Valley fall-run smolt production. They
represent natural as well as the hatchery smolt production that
was released in or above the Delta but do not include hatchery
fish released downstream of Chipps Island.

Survival rates appear to average about 2% during ocean
residence between the time a smolt enters salt water to attaining
adulthood (3 to 4 years old) based on ocean adult tag recoveries
Of CWT smolts released in Suisun Bay (Appendix 13, Figure 3-5).
This indicates that an annual production of 10 to 50 million
smolts per year would make from 200,000 to 1,000,000 adult chinook
available to the ocean fishery (i.e., (10,000,000) times {.02) =
200,000 adults).

Smolt Abundance and Flow

The abundancé of smolts at Chipps Island from 1978 to 1987
dappears to be influenced by the rate of river flow. The
correlation between smolt abundance and mean daily flow at Rio
Vista during April through June has a correlation coefficient of
0.90 (Figure 3-6). While the correlation coefficient was
significant, there wWas no apparent relation between flow and smolt
abundance at flow levels between 7,000 and 19,000 cfs. When
including data fronm the two high flow yeafs, 1952 and 1983, a
significant correlation observed. 1In those years we saw a major

increase in outmigrants. Unfortunately, we did not have a mean
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April-June flow that fell between 20,000 and 50,000 cfs to
evaluate smolt production under those conditions.

Mean Rio Vista flow (April-June) is well correlated (r=0.82,
p<0.01) with mean flows entering the Delta at Sacramento during
the previous December to March period of fall-run incubation and
rearing. Thus, the large numbers of smolts leaving the Delta in
1982 and 1983 could in part be the result of the increased flow
upstream during incubation and rearing as noted by Stevens and

Miller (1983).

Migration Rate

We estimated the rate of smolt migration by dividing the
dlstance between the site of release of coded wire nose tagged
(CWT) hatchery smolts and the site of midwater trawl recovery
{(Chipps Island or the Golden Gate) by the number of days between
release date and the date the gréatest number of tagged smolts
were recovered. These estimates assume that the fish traveled the
most direct route between the release and the recovery site and
that hatchery fish migratory behavior is similar to natural
smolts. Detailed migration rate data are found in Appendix 14,

We found that smolts migrated through the Bay and Sacramento
Delta at a rate of from 3 to 20 miles per day (Table 3-4). There
did not appear to be a difference between the smolt migration rate
in the Sacramento Delta or San Francisco Bay but in the upper
Sacramento, they migrated faster. 'This most likely reflects the
dampening effect of tides on smolt migration through the Bay and

+
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Table 3-4. Summary of migration rates through the Upper Sacramento
River, Delta and San Francisco Bay estimated from CWT salmon
released in those areas and recovered by trawl at C?;pps
Island or the Golden Gate Bridge from 1978 to 1987.41

Migration Rate in Miles Per Day

Delta

Upper River 2/ (Sacramento 27 San Franc%sco Bay
Year {Battle Creek)= or Courtland)% (Port Chicago)2
1979 ' B.5
1980 10.9, 5.2
1981 7.5
1982 20, 7.5, 6.3 _
1983 57.4 3.4 4.0
1984 5.7 8.0. 6.7
1985 35.8 5.7 ’ 4.4
1986 41.0 4.9 10.0
1987 41.0 _ 5.7, 6.8

1/ Site of CWT smolt release in parenthesis.
2/ Recoveries made by trawl at Chipps Island.

3/ Recoveries made by trawl at Golden Gate.
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Delta. We found no relationship between smolt migration rate and
the magnitude of flow in either the Sacramento Delta or the Bay.
Even during the sprlng of 1982 and 1983 when river flows were very
high, migration rates remained similar to that of the other dryer
Years (Table 3-4). Migration from the upper Sacramento to Chipps
Island ranged from 36 to 57 miles per day. In 1983 it was more
rapid than in 1985, 1986 or 1987 suggesting that the increased
flows in 1983 ihcreased migration rate down the main Sacramento
River above the Delta (Table 3-4),

By evaluating migration rates and distances traveled we found
that on the average, fall-run smolts pass througﬁ the entire Delta
and Bay in about two weeks while migration from the upper

Sacramento to the Delta takes about a week.
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Section 4

SMOLT SURVIVAL

We compared smolt survival under varied conditions in an
attempt to identify the factors operating in the Estuary that
influence the number of smolts entering the ocean. Survival
experienced by smolts in the Estuary will have a direct affect on
the number of adult salmon that are produced.

Smolt survival in the Estuary was estimated by using two
separate approaches using the recovery of marked hatchery smolts.

The first approach was based on recoveries of marked adult
chinook from the acean fishery two to four years after they were
released as marked smolts. They were used to estimate survival
through the Delta between the town of Sacramento (at the northern
edge of the Delta) and Suisun Bay (Figure 3-4),.

TheRfrac;ion_surviving between Sacramento and Suisun Bay, S

1 2
equals Ml MZ

from the Sacramento release; Ml is the number released at

OI
where Rl is the number of marked adults recovered

Sacramento; R2 is the number of marked adults recovered from the
Suisun Bay release:; and Mz is the number released in Suisun Bay.
We assume both release groups survive the same after paSsing
Suisun Bay. Hence differences in the two reéovery rates reflect
mortality of the Sacramento group as they migrated through the

Delta. The fact that these survival estimates are based on a
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ratio allows us to make comparisons beﬁween years because the
effects of variation in ocean survival on Delta survival estimates
have been factored out. Detailed marked smolt release and adult
recovery informatioﬁ, resulting Delta survival estimates and
methods are provided in Appendix 13 and 15.

The second approach used to estimate smolt survival, ST' was
based on midwater trawl recoveries of coded wire tagged smolts at
Chipps Island. These fish were released further upstream in the
Delta. Details of the methods, and release and recovery data for

this approach are provided in Appendices 16 and 17.
Smolt Survival in the Sacramento River Delta

Effects of Flow

Based on ocean tag recoveries, the survival of smolts through
the Delta from Sacramento to Suisun Bay was related to mean daily
Sacramento River flow at RlO Vista (Figure 4-1). Survival, SO'
increased rapidly with an increase in flow from about 5,000 to
21,000 cfs where survival appears maximum. Smolt survival remains
at about 100% at Rio Vista flows over 21,000 cfs. Survival values
over the theoretical maximum of 100% for 1982 and 1983 may reflect
sampling imprecision or some unknown bias. This indicates we
should view all values as indices of survival rather than as
absolute values. Smolt survival measure, SO' is.believed to be a
closer representation of absolute survival than ST' since bias

associated with trawl net avoidancé s eliminated.
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The values for 1983 and 1984 probably are biased high
relative to other years since they were planted about 26 miles
downstream of Sacramento {at the “Courtland" site) and thus
traveled a shorter dlstance than smolts released in earller years
at Sacramento. They are labeled differently in Figure 4-1.
Survival indices in 1984 Probably are more biased than in 1983,
since flows were much lower in 1984,

Our second ﬁeasure of smolt survival through the Delta, that
based on tag recoveries from trawling at Chipps Island, also was
correlated with flow (Figure 4-2). Maximum survival was reached
at flows of about 30,000 cfs at Rio Vista. The élope of this
relationship is less than that from our ocean recovery based
estimate possibly due to the survival indices being lowered due to
net avoi&ance. Releases in 1983 to 1987 were made at Courtlahd
and thus are labeled differently.

Both relatienships show that very high flows (~50,000 cfs at
Rio Vista in 1983) do not substantially increase salmon smolt
survival over that observed at from 20,000 to 30,000 cfs but that

increases in flow up to those latter levels are highly beneficial.

Validity of Survival Indices

HWe attempted to evaluate any potential biases and imprecision
characterizing our survival measures. We evaluated the |
unavoidable differences in fish release size, dates of release and
temperature conditions at the release sites between the two
release groups (Sacramento and Suisun Bay) in a given year and no

biases were identified (Aspendices 18 and 19). Data was \
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insufficient to evaluate potential site differences in fish
predation or effects associated with food abundance and salinity,
but there is no reason to believe they would be sufficient to
cause a spurious reiationship between survival and flow.
Additional evidence that these survival measures are unbiased is
the fact that the two, essentially independent methods yielded
Survivals that were well correlated with each other (Figqure 4-3),

In some years we made multiple releases of marked smolts
using different tag codes at the same release site and time.
Returns from these replicate releases indicate that sampling
variability is small (Table 4-1) relative to the overall Variation
in survival estimates (Figures 4-i and 4-2),

While we did not identify biases and replications indicated
that estimates are quite precise, the fact that estimated
survivals ranged from zero to more than 100% indicate that some
érrors exist. Any relationships developed between survival and
individual environmental parameters thus should not be viewed as
Precise predictive models. Nevertheless, these relationships are
useful in assessing the needs of chinook salmon. They also are
useful in making comparisons of relative survival under different
conditions.

Finally, we acknowledge that all our marked/recovery
experiments with both smolt and fry use hatchery produced salmon
that are released sites with little acclimation to the natural
water temperatures. The question is often raised, do hatchery

fish behave and survive as wild fish do? We do not know. Our
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attempts to quantify this concern with limited experimental data.
contacts with fellow biologists in the United States and Canada
and review of the scientific literature has been fruitless. Our
sense is that recently planted hatchery fish would not survive as
well as wild fish even though size and condition appear identical.
However, even with some potential bias of this type, we believe
our use of the survival measures, as indices, enable us to gain
valuable infofmation about the factors influencing survival of all
juvenile salmon in this Estuary. The relationships between
unmarked salmon abundance and flow, temperature and diversion
provide evidence that unmarked natufal salmon also respond to
these three environmental factors similarly to the marked hatchery

fish.
Mechanisms Underlying the Flow:Survival Relationship

Two reasons could explain why increased flow as an

independent mechanism would improve survival.

Turbidity

Increased turbidity associated with high flow could lessen
the effectiveness of sight-feeding predators and thus decrease
smolt mortality. Turbidity in the Delta increases with higher

river runoff but we do not have direct measures of predation to

test this hypothesis.
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Toxicity
Highiflows would dilute harmful pollutants and thus increase

salmon smolt survival. This hypothesis also cannot be tested.

Temperature

We found that smolt survival, SO' in the Delta was negatively
correlated to mean water temperature between Sacramento and Suisun
Bay (Figure 4-4). The highest temperatures experienced by smolts
are in late May and June (Appendix 20). A

Temperatures acuﬁely lethal to chinook salmon smolts are
about 76°F, (Brett et al. 1982, Orsi 1971). Chinook salmon, are
stressed as temperatures rise and temperatures over 65°F are
usually considered undesirable for juvenile chinook (Brett et al.
1982, Banks et al. 1971). Energy needs also increase as
temperatures rise (Brett et al. 1982) and food may be more
limiting as temperatures increase (See Appendix 20). Chinook
smolts consume both insects and zooplankton during their estuarine
migration (Kjelson et al. 1982). We do not have sufficient data
to evaluate if food densities of either type are limiting to
salmon during their week long migration through the Delta but it
is possible.

Since many of our CWT smolt releases were made from mid May
to early June when temperétures were often high, it is possible
that the flow:survival relationship in Figure 4-1 is not accurate
for April and early May when temperatures are lower. If high

temperatures are a major cause of the lower survival at low flows
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in Figure 4-1 then the smolt survival for April and early May
would be expected to pe somewhat higher at lpw flows than shown in
Figure 471. _

Average late ﬁﬁy and June water temperatures in the lower
Sacramento River between the mouth of the Feather and American
rivers have ihcreased in the last ten Years by about 2-3°C
(Appendix 20). 1In several years (1977, 1978, 1979 and 1981)
temperatures in this reach have been near or exceeded lethal
levels in early June. These changes could adversely affect

outmigrant salmon,

Diversions Off the Sacramento River

Chinook smolts are assumed to enter the Central Delta via the
Delta cross channel and Georglanna Slough diversions. Schaffter
(1980} found that the densities of salmon in the Sacramento River
above the diversion channels at Walnut Grove were similar to those
in the Delta cross channel suggesting that fish are diverted in
pProportion with the flow at that location Their survival might
be expected to decrease with such an alteration in their migration
route since the smolts would travel a longer route where they
would be exposed to increased predation, higher temperatures, a
greater number of agricultural diversions and a more complex
channel configuration making it more d1ff1cu1t to find their way
out to sea. 1In addition, upon reaching the mouth of the Mokelumne
‘on the lower San Joaquin River they are often exposed to upstream

(reverse) flows moving to the south via 0ld and Middle Rivers
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toward the Project pumping plants and sometimes to reverse flows
in thé San Joaquin River itself.

Smolt survival in the Delta was correlated with the
percentage of water diverted from the Sacramento River at Walnut
Grove (Figures 4-5 and 4-6). The percent diverted was calculated
from the ratio of the sum of the estimated flows in the Cross
channel and Georgiana Slough over the flow in the Sacramento River
just above the cross channel timeé 100. The flow in the
Sacramento River was calculated by subtracting the flows in
Steamboat and Sutter Sloughs from Sacramento River flow at I
Street in Sacramento. Channel flows were either DAYFLOW values or
based on formuli provided by the Department of Water Resources
(Appendix 21).

We evaluated the impact of salmon being diverted off the
Sacramento River by comparing the survival indices of CWT smolts
released 3.5 miles above and 3 miles below the diversion point at
Walnut Grove. We also made tagged smolt releases in the Mokelumne
River in the Central Delta (Figure 4-6). Survival of the various
release groups was based on the Chipps Island trawl recovery of
CWT smolts released from 1383 to 1987. Detailed recovery and
survival information is provided in Appendices 17 and 22,

We found that in three of four years (1985, 1986, and 1987),
that under high diversion rate ()>60%) with the Delta Cross channel
gates open, the survival of smolts released above the diversion
was about 50% less than for those released below the diversion
‘Table 4-2). When the cross channel gates were closed, there was

no difference in survival of these two groups during the high flow



DELTA SMOLT SURVIVAL

46

[ r= -0.65 (p<0.05)
83
a
82
&
71
e 4 gy
&
69
oD f—— 80 4
&
70a A :
3
0 I 1 [ al881 1§ ]
0 20 40 60 80 100

Figure 4-5,

PERCENT DIVERTED



47

5 |

a4 SaimonRelesse S§;r.

DELTA CROSS CHANNEL

]
ANTIOCH

OLD RiveRdD

Figure 4-6. Detail schematic of the central portion of the
_ Sacramento-San Joaquin Delta including major water
diversion channels and coded‘wire.tagged salmon

release sites.
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Table 4-2. Survival indices of-coded wire tagged (CWT) chinook smolts
released at several locations in the Sacramento-San Joaquin
Delta from 1983 to 1986 and recovered by trawl at Chipps Island,

Release Site 1983 1984 1985 1986 1987

Above Diversionl/ 0.61(0.0053) 0.34 0.35 0.40
gates opened

Above Diversion 106(0.00386) 0.67
gates closed

Below Diversion2’ 1.05(0.0034) 0.77 0.68 0.88
gates opened ‘

Below Diversion 1.333/(0.0029) 0.85
gates closed '

N. Fk. Mokelumne R,%/ NR 0.51(0.0036) 0.28 0.36 NR

S. Fk. Mokelumne R.%/ NR 0.86(0.0049) 0.23 0.26 NR

Lower Mokelumne R.2/ 1,13(0.0032) NR NR NR NR

Lower 01d River R.&/ 0.33(0.0011) 0.16(0.0005) 0.2 0.23 NR

1/ 3.5 miles above Walnut Grove on Sacramento R. (Courtland site);

2/ 3.0 miles below Walnut Grove on Sacramento R. {Ryde).

3/ Release at Isleton.

4/ Release site at Thorton Road.

2/ Release site 2 miles above the junction with the San Joaquin River.
€/ Release site at the southeast corner of Palm Tract.

NR= No Release.

Values in pParenthesis are expanded CHT récovery rates from the ocean fishery.
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year of 1983, and about a 25% difference in the very low flow year
of 1987. There was no apparent difference in survival between
these groups in 1984 when the cross channel was open which is
unexplained.

Release temperatures at the sites above and below the
diversion point in a given year were nearly identical indicating
that the survival differences were due to the diversion process
and not to temperature differences in the Sacramento River (Table
4-3). The 1987 data indicate that closing the cross channel even
during low flow years can Yield a major increase in Delta smolt
survival.

Tagged smolts released in.the Central Delta, just east of
Halnut Grove, in the north and south forks of the Mokelumne River
{(mouth of the Mokelumne in 1983), represented smolts that had been
diverted off the Sacramento River. These smolts had survivals
slightly lower than those released above the point of diversion
during 1985 and 1986 presumably because some fraction of the
groups released above the diversion point remained in the
Sacramento River and experienced better survival as indicated by
the survivals of those released below the diversion point. This
confirms that fish once diverted into the Central Delta have
poorer survival than those remaining in the Sacramento River.

Smolts moving down the Mokelumne have the opportunity to turn
west when they enter the lower San Joaguin or to continue into the

southern Delta toward the Project pumping plants. In low runoff
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Table 4-3. Diversion, flow and temperature conditions in the

1983 1984 1985 1986 1987-of 319g7-¢f

Percent Diverted® 23 62 65 64 69 69
Sacramento R. FlowbP 47746 9041 7168 7734 5273 5160
San Joaquin Flow® (Q west) 35773 680 7518 47679 469 -10019
Temperatured above Diversion 60 66 64 73 66.5 66.5
Temperature below biversion 61 66 €6 74~ 64 67
Temperature, Mokelumne R. 62 70 64 70 NRD NR
Temperature, Lower 01ld R. 63 75 €8 74 NR NR

2/ from Sacramento River at Walnut Grove

o g
-

In
~

a/

®
-

(1]
~

at Rio Vista (cfs)
at Jersey Point {cfs)
OF at release site

mean North Fork and South Fork Mokelumne River

0 = Cross channel gates opened
C = Cross channel gates closed
estimates of Q west are from DWR and does not include input form east side

streams, thus it is probably bias low by about 10-20%. Information

NR = np release
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years as 1984, 1985 and 1987, the direction of the net lower San
Joaquin flow (at Jersey Point) is often reversed or very low which
would be expected to hinder smolt migration to the ocean. This
may partially explain the low survival of tagged smolts released
in the Mokelumne in 1985 and above the Cross channel in 1987 with
the gates opened, since San Joaquin flow was reversed or only
slightly positive (Table 4-3). During 1984 that flow was only
slightly higher than in 1985 yet survival in 1984 was much highter
(Table 4-3). Hence, hydrology in the lower.San Joaquin deoes not
5eem to explain the better sﬁrvival in 1984. R

An additional group of CWT smolts was released in lower 01d
River south of the San Joaquin River (Figure 4-6). These releases
were designed to represent Sacramento River smolts that had
migrated via reverse flows into the south Delta toward the Project
pumps .

'Their survival was the lowest of all release groups for all
years and probably reflects more harsh conditions in the southern
Delta. Higher water temperatures and reverse flows (Tables 4-3
and 4-4), predation near the south Delta Project fish screens and
the fish screen salvage process itself all could contribute to
higher smolt mortality in the southern Delta (see CDFG Exhibit
Number 17),

The similar survivals of the Mokelumne release groups
compared to those from the Lower 01d River in 1985 and 1986 also
suggest that some of the smolts moving down the Mokelumne were

carried into 0ld River. The greater difference betwe'n the two
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Table 4-4. Average temperatures in degrees Centrigrade plus or minus 1
standard deviation for April throug?'June from 1971 to 1985
for stations throughout the Delta.% :

Central NorchI Southern Chipps Fish

Months Delta Delta< Delta Island Facility
April 15.36 13.73 15.73 15.1 16.14
+1.37 +2.05 +1.78 +1.39 +1.62
May 18.28 16.5  19.11 17.90 19,38
+1.54 +1.76 +1.58 +1.17 +1.02
June 21.16 20.10 22.05 20.57 22.70
: +1.31 +1.70 +1.58 +1.21 +1.33

1/ Data from California Department of Water Resources, water quality
monitoring survey, '

2/ At Greens Landing near Hood on Sacramento River.
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groups in 1984 could be due to the nearly lethal (759F) Lower 01ld
River temperature (Table 443). We do not know why the survival of
the lower 0l1d River group was low in 1983, wﬁen flows and
temperatures appeared favorable, |

The salvage process at the water projects’ (SWP/CVP) fish
screens provides a means to estimate the minimum numbers of tagged
smolts that are carried into the southern Delta from the
Sacramento Basin. This is a minimum estimate since mortalities in
the southern Delta prior to salvage would not be included.
Intensive sampling for tagged smolts at the salvage facilities in
1985, 1986 and 1987 indicated that a very small percentage (0 to
0.36%) of the CWT smolts released in the Sacramento River { just
above the Walnut Grove diversion) or in the forks of the Mokelumne
River (Table 4-5) were salvéqed in the southern Delta. While
these percentages are small, given that there are tens of millions
of fall-run smolté.leaving the Sacramento Basin each spring, the
number salvaged that were from the Sacramento could be large. If,
for example 20 million smolts left the Sacramento, it is
reasonable that as many as 72,000 of the salmon salvaged in the
south Delta facilities might be from the Sacramento (0.0036 times
20 million). This is a significant fraction (31%) of the average
annual smolt salvage (230,000)in April through June for the years
1970 to 1985 (Appendix 23),

It is interesting to note that the majority of these tag
recoveries were made at State Hater Project facility (Table 4-5)

suggesting that the fish from the Sacramento Basin are more likely



Table 4-5.

Year and
Release
Location
1985

SF Mokelumne
NF Mokelumne

Courtland

13986

SF Mokelumne
Courtland
1987

Courtlang
gates closed

Courtland
gates opened

Ryde
gates closeq

Ryde
gates opened

1/ These re
sampled.

2/

and SWP Fish Faci)

%)
o
Q.
m

6-62-34
6-62-36
6-62-38
6-62-39

6-62-40
6-62-41

6-62-46
6-62-43

6-62-53
6-62-54

6-62-56
6-62-57

6-62-55

6-62-58

These fish were recovere
the SHp facility from 5-

er the Delta fish
sporadic sampling at the fac
majority of markegd Delta fis

Number

Released

100,386
101,237
107,162

103,750
104,000

49,781
50,421

49,083
51,836

51,103

51,008

54

recovered during intensive siypling at the cvp
ities 'in 1985, 1986 and 198747 '

Expanded
Nurber
Recovered - /
from the UnexpandedZ Fraction
cCvp SWpP Other Total Recovered
9 80 8 97 .000973/
4 10 12 26 .000263/
0 0 4 4 .000043/
12 360 -- 372 .00359
8 0 - 8 .00008
26 28 - 54 .0011
12 114 -- 126 . 0025
0 o -- 0 0
6 180 - 186 .0036
6 0 -- 6 . 0001
0 0 .- 0 0

present expanded numbers of salvaged fish based on fraction of tine

d in a handling and trucking experiment in 1985 at
16 to 6-13 and could not be expanded in any way
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to be seen there than at the Federal (CVp) facility. The opposite
is true for recoveries of tagged fish released in the upper 01d
River representing fish from the San Joaquin Basin, i.e., more of

them are seen at the Cvp facility (See Appendices 24a-ey},

Application of Smolt Survival Relationships

The survival estimates in Figure 4-1 do not represent the
annual survival of the total population of fall-run smolts
micgrating through the Delta, but only that of each exper1menta1
release of marked fish at a specific time. To estimate the
overall survival of the population each year, we calculated an
annual (weighted) estimate of fall-run smolt survival through the
Sacramento Delta using the survival:flow relationship on Figure
4-1. Flow in the relat1onsh1p is meant to be an "index parameter"
representing the net survival response of smolts to changes in
.flow, temperature and diversion. This approach yields some error
since as noted eaflier. survival was measured during May and June
and not April when lower water temperatures could have raised
survival and altered the relationship shown in Figure 4-1. It is
Possible that if we had measured survival at the low flows
(<10,000 cfs) in April of 1970, 78, 79, and Bl that those
respective survival values in Figure 4-1 would be somewhat higher.
He believe it likely though, that low flow and high diversions in
April can limit smolt survival.

He used the equation, smolt survival (Y) = 0.000056x - 0.258
for Rio Vista flows (X) between about 4,600 and 22,000 cfs (Fiqure

4-1). A Delta smolt survival index value of 1. 0 was assumed when
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flows were above 22,000 cfs. Data from 1932 to 1984 were not used
in the equation since 1982 éhd 1983 were over I.Q which we
considered maximum survival, and because 1983 and 1984 data
reflects releases mﬁde at just above Walnut Grove ("Courtland")
rather than at Sacramento. Survivals were calculated from the
mean flow at Rio Vista each month and then multiplied by the
average percentage of smolts collected at Chipps Island that month
(Table 3-1). The estimates annual weighted survival indices of
smolt population for the years 1978 to 1986 (Table 4-6) ranged
from 0.16 in 1985 to 1.0 in 1983. The annual smolt survival
indices during 1978, 1979 and 1981 are not near iero as depicted
in Figure 4-1 but range at a minimum of from 0.27 to 0.65 (Table
4-6),

He uséd the same equation desﬁribed above to estimate the
smolt survivals that are Presently provided under the salmon and
striped bass flow standards in the 1978 Delta Plan. Striped bass
standards are for Delta outflow (May and June) thus we transformed
them to Rio Vista flows in Hay and June using correlation between
the two flows in the 2 months (see Table 4-7) to enable us to
Project smolt survival with our equation. These projections
indicate that the Rio Vista flow salmon standards alone would
yield essentially ne benefit to smolt survival (Table 4-7)., The
striped bass outflow standards for May and June afford better
protection with a pProjected index of survival of 0.05 in dry years
'to 0.35 in wet Years (Table 4-7). The existing operational

standards provide for closing the Delta Cross channel for a Table



57

Table 4-6. Estimates of annual Delta smolt survival derived from
monthly survival indices times the percent of the
annual numbfy of smolts migrating past Chipps Island
that month.=

Estimated Survival Indices
(Percent migrating past Chipps Island)

Estimate of

Annual
Year A M J Survival
1978 1;00 (27) .B2 (40) .11 (33) .63
1879 .46 (19) .36 (52) .09 (29) .30
1980 .85 (14) .47 (34) -42 (52) .49
1981 .48 (34) .21 (50) .02 (1&) .27
.1982 1.00 (18)Y 1.00 (49) .98 (33) .99
13983 1.00 (19) 1.00 (49) 1.00 (32) 1.00
1984 .58 (115 .32 (66) .22 (23) .33
1985 .10 (26) .18 (63) .18 (10} .16
1986 1.00 (37) .27 (55) .09 (08) .53

1/ Monthly survival is estimated from monthly flows at Rio Vista
using our linear relationship between survival and flow
{y=0.000056x-0.258x where y=survival and x=mean monthly Rio
Vista flow). Data used to derive the equation was from.
1965-1971 and 1978 to 1981.
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Table 4-7. Flow standards for salmon and striped bass and projected smolt
survival through the Sacramento Delta under the existing 1978

Delta plan.

Salmon {(March 16 - June 306)

Year Type Rib Vista Flow Projected Salmon Survival
Het 5000 .02
Above Normal 3000 0
Below Normal 3000 0
Dry/Critical 2000 0

Striped Bass

(May 6-31)
_ Delta 1/ Estimated - Projected

Year Type Outflows Rio Vista Flow - Salmon_Survival
Het 14000 10945 .35
Above Normal 14000 10945 .35
Below Normal - 11400 9504 W27
Subnormal 6500 _ 6788 _ .12

Snowmelt
Dry 4300 5569 .05
Dry/Critical 3300 5015 .02

(June)
- Delta 2/ Estimated Projected

ar e Outfiows Rio Vista Flow Salmon Survival
Wet | 14000 10763 .34
Above Normal 10700 9080 .25
Below Normal 8500 B468 22
Subnormal 5400 6378 .10

Snowmelt _
Dry 3600 5460 .05
Dry/Critical 3100 5204 .03

1/ Delta outflow in May was converted to Rio Vista flow in May by
using the equation ¥=3187.1+.55412x where x=Delta outflow and
¥=Rio Vista flow. The €quation wasg developed by regressing
Delta outfiow to Rio Vista flow from 1956-1985 (r=0.99).

2/ Delta outlfow in June was converted to Rio Vista flow in June
using t)he same method as for May, with the equation
¥Y=3623.7+.50998x and r=.97.
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portion of the time from April through May when the Delta outflow
index is greater than 12,050 cfs but we have not attempted to
estimate that added benefit.

In an attempt to index the presumed changes in smolt survival
through the Delta over time for the various water year types, we
used -flows from the Department of Water Resources (1987) and their
1587 Bay/Delta Hearing Exhibits 28 to 30 to project Delta inflow
for the unimpaired, 1920, 1940, and 1990 levels of development.
These exhibits simulate flows from the Sacramento Basin rather
than Rio Vista flows so we regressed smolt survival on Sacramento
River flow at I Street. Smolt survival peaked at an I Street flow
of 31,000 cfs. The survival:flow relationship probably vields
lower survivals per unit flow than occurred historically because
fish were not diverted at the Delta cross channel before 1950.

The diversions of smolts through the cross channel lessens
survival as shown previously, The resdlting survival estimates
should provide comparisons of survival at various flow regimes.

The results indicate that Delta smolt survival through the
Sacramento Delta has decreased with lesser inflow to the Delta
caused by water development in the Sacramento Valley (Table 4-8).
The greatest differences, as expected, were seen in the dry and
critical years. The Projected decrease in inflow to the Delta
between unimpaired flows and that of the 1990 level of development
was reflected in an average drop in Delta smolt’survival of about
40% while the projected difference in survival between 1940 and

1990 averaged 2B%. These estimated decreases in survival are an
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Table 4-8. Average estimated Delta fall-run smolt survival indices by

(no developmf7t) at 1920, 1940, and 1990 levels of
development .=

Hater
Year (Sample Unimpaired 1920 level of 1940 level of 1990 level of
Types Size) No_Development Development Development Development

Het (19) .97 .92 .91 . .83
Above (10) .91 .85 .83 .61
Normal

Below (10) .84 .69 .66 .41
Normal

Dry ~  (10) .76 .57 | .55 .33
Crit- (B8) .33 17 .21 W12
ical

Mean ' .76 .64 .63 .46

the average percent from 1978 to 1986 of total outmigrants going to sea
(22% in April, 51% in May and 27% in June). Monthly survival indices
were estimated fronm monthly flows using our linear relationship between
salmon survival and flow at "I" Street where y = 0.00005x - 0.465 when

Y = survival and x = mean monthly "I" street flow. Data from 1969-7) and
1878-B1 was used to derive the equation. Monthly flows for the four
different levels of development was obtained from California Department

of Hater Resources (RBob Zettlemoyer, pPers. comm. and DWR Board exhibits
28-30).
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approximation of the minimum impact of water development in the
Sacramento Basin on salmon.pfoduction as they only include the
effects of reduced flows énd do not correct for the fact that
there was no Cross channel prior to 1950 which should have
improved survival Per unit flow in those earlier years in the

Delta.

Summary

The above information on smolt migration through the
Sacramento Delta indicates that migrating chinocok smolt survival
is improved when:

1. Flow in the Sacramento River is increased, with maximum

survival observed when flows at Rio Vista are at or above

about 20,000 to 30,000 cfs.

2.  Temperatures are below 66°F.

3. The diversion of smolts off the Sacramentoc River via the
cross channel are eliminated. Closing the Delta cross
channel is beneficial to survival, particularly at low flows
when temperatures are acceptable.

4, Flow is seaward in the lower San Joaquin River at Jersey
Point (i.e., no reverse flows)..

It is important to understand that chinook salmon smolt
survival through the Delta is improved by the combination of
increased flow and decreased.diversions and temperatures.
Increasing Sacramento River flow at Rio Vista will decrease the

negative affect of diversions but m:y not lower water temperature
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sufficiehtly to help survibal if ambient air temperature ig high.
In 1987 the closing of thé Delta cross channel under very low
flows (~5,200 cfs at Rio Vista) provided a 60% increase in smolt
survival with wateé'temperatureé of 669F. He know that when the
percentage of the Sacramento River diverted is high (>60% at
Walnut Grove) and when temperatures are high (>68°F) we have very
Poor survival. Fish that are diverted off the Sacramento are
helped by preventing reverse flows in the lower San Joaquin but it
is far better to keep them out of the Central Delta.

"The survival:flow relationship and other evidence on
diversion and temperature effects indicates.that.the present
salmon flow standards in the 1978 Delta Plan are indadequate and
would provide very low survival for smolts in the Delta when the
Cross channel gates were open and or when temperétures were over.
68°F. Meeting the stfiped bass flow and operational standards in
the 1978 Plan would pProvide some increase in survival. Water
development in the Sacramento Valley has reduced flow to the Delta
during fall-run smolt migration. These reductions combined with
the present Delta diversions off the Sacramento River have been.
enough to reduce average survival by an average of at least 27%

Since 1940.
Smolt Survival in the San Joaquin River Delta
Smolt migrating through the southern Delta from upstream

tributaries often face harsh environmental cunditions to include

high temperatures, low flows and high diversion rates. During
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most spring outmigration periods, project exports in the south
Delta off 014 River are greater than the flow in the San Joaquin
River at Vernalis. Between 1970 and 1984, flows exceeded exports
in the San Joaquin River in only four years (1978,'1980, 1982 and
1983). 1If salmon smolts go with the diverted water as appears to
be the case in the Sacramento Delta at Walnut Grove, they are
exposed to the CVP/SWP diversion facilities. Other interagency
studies indicate that such €xposure results in increased
mortalities. Negative aspects of smolt exposure to the south
Delta Project diversions include: predation at the Project fish
screens and in Cliftdn Court Forebay, louver screen
inefficiencies, temperature stress and handling losses in the fish
facility salvage proces. A review of the fish screen salvage and
associated predation losses is provided bf the Department of Fish
and Game in Exhibit 17 entitled "Entraihment Losses™,

Increased flow in the San Joaquin River at Vernalis decreases
the percentage of water diverted down 0ld River and probably the
numbers of salmon that enter Cld River. Higher flows in the San
Joaquin River in May decrease water temperature (CDFG Exhibit 15).
Temperatures in the southern Delta are uSually higher than other
parts of the Delta (Table 4-4).

Various evidence indicates that increased flows to the San
Joaquin Delta during fall-run smolt migration Yield greater adult
production. Such a relationship should, in part, reflect the
lessening of fish being diverted to the pumping plants and lower
Delta water temperatures. Both conditions should inc-ease smolt

survival through the San Joaquin Delta.
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He have observed that the_greater flows in the San Joaquin
River during the April through June smolt migration results in a
greater number of returning adult spawners two and one-half years
later (figure 4-7 and Appendix 25). Adult spawners and chinook in
the ocean catch are primarily three Years old, hence, the 2-1/2
- year lag (Reisenbichler, 1986; Appendix 13). A plot of both
escapement and flow during smolt migration over time is another
way to show that the three increases in spawner levels seen in the
San Joaquin since 1958 have been associated with springs of high
runoff (Figure 4-8).

Additional relationships of this type are found in Department
of Fish and Game Exhibit 15 describing the needs of salmon in the
upper San Joaquin drainage. Evidence in that Exhibit indicates
Tuolumne River spawner escapement per unit of flow during spring
smolt migfation has decreased over time. This decrease in salmon
production reflects increased storage in that drainage, the
increased impacts of both the CVP and the SWP diversions in the
Delta, and of decreases in flow on the main San Joaquin by the CVP
(Friant Dam).

Reisenbichler (1986) who modeled Central Valley fall-run
chinook populations to describe the influence of environmental
change and increased fishing on spawner-recruit relations'was able
to document a negative relationship between San Joaquin fall-run
chinook survival (after adjusting for spawner density) and CVP/SHP
exports., Survival from egg to adult in yéafs when exports
exceéded the flow in the San Joaquin averaged about 74%, less than

in other years (Figure 4-9),
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Figure 4-7.

SAN JOAQUIN FLOWS

Spring flows (mean of Apriil through June) in the San
Joaquin River at Vernalis (1956-1984) eéxperienced by
the juveniie outmigrants versus the resulting adult
escapement in the San Joaguin 2-1/2 Years later.
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Figure 4-9.Spawner-—recru1t relation for fall chinook salmon from the

San Joaquin River, 1955-%¢ year clasges. Numbers a&ssociated with a

Square identify year classes used to derjve the relation. Other year

t]asses. except for 1972, were hot used becauge they were affected by

water withdrawals that exceeded the downstrean flow of the river. The
1972 yeer class was rejected 2s an outlfer(fronm Reisenbichler, 1386).
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Based on the above evidence, studies were initiated by the
San Joaquin River Salmon Study (CD?G, Region 4, Fresno) and the
Interagency Program to determine if increased river flows in the
‘San Joagquin would increase_the survival of smolts through the
southern Delta to Chipps Island.

Our direct measures of smolt survival through the San Joaquin
Delta are from 1982 and 1985 to 1987 data. Delta survival indices
of smolts migrating from the San Joaquin Valley were based on
Chipps Island trawl recaptures of spray marked (1985) and CWT
smolts (1982, 1586 and 1987). Marked smolts were released at Dos
Reis in the San Joaquin River downstream of Mossdale, in the upper
0ld River adjacent Steward Tract, in the Merced River and at the
mouths of the Stanislaus and Tuolumne rivers (Figure 4-10). These
smolt releases are meant to represent fish migrating out of the
tributaries and through the San Joaquin Delta, and.fish exposed to
two different migration paths through the Delta. Intensive |
sampiing at both the CVP and SWP fish salvage facilities from 1985
to 1987 provided an estimate of the total number of marked fish by
release group that had entered the facility and were salvaged by
expanding the number of CHWT smolts collected using the'fraction of
time sampled. Survival indices, ST' for each tagged smolt release
group were calculated from tag recoveries in the Chipps Island
trawl. Releaée.conditions, fish salvage facility recoveries and
sﬁrvival information is provided in Table 4-9 and Appendices 24a

to 24e.
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Figure 4-10. Schematic of the southern Delts and San Joaquin
River Tributaries showing marked salmon relesse
sites, CVP/SWP salvage facilities (fish screens)
and Chipps Island in the Sacramento-San Joaquin
Delta. Releases sites are: 1. San Joaquin
River at Dos Reis, 2. Upper 01d River 3. Lower
Stanislaus River, 4. Lower Tuolumne River and
5. Merced River at Snelling.
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The survival indices of tagged smolts between upstream
release points in the.San Joaquin drainage to Chipps Island were
over three times greater with higher San Joaquin River flows in
1982 (0.62) and 1986 (0.5B8) than with low flows in 1987 (0.17)
(Table 4-9). These smolts, released in the Merced in 1982 and at
the mouth of the Stanislaus in 1986, had San Joaquin River flows
ranging from about 8,700 to 12,000 cfs at Vernalis while those
released at the mouth of the Tuolumne in 1987 only had about 2,200
cfs. The survival index in 1982 is considered minimal due to less
trawling effort than in 1986 and 1987. Both 1982 and 1986 flows
in the San Joaquin were greater than the Project export levels and
resulted in greater survival.

The percentage of flow diverted off the San Joaquin into
upper 0ld River (Appendix 21) increased from 60% during the high
flows of 1982 to B5% during the low flow of 1987 (Table 4-5), The
1982 smolt release at Dos Reis in the San Joaquin River below the
upper 0ld River junction survived at essentially the same rate
(0.60) as those released in the Merced River indicating very
little mortality occurred between the Merced and Dos Reis.
Tehperatures were relatively similar during 1986 and 1987 but
cooler in 1982 which could have provided sdme advantage. The
fraction of these "above Delta® releases that were salvaged at the
facilities (13% in 1986 and 9% in 1987, Table 4-9) sheds
uncertainty as to what fraction of these fish were diverted off
the San Joaquin and where and by what cause mortalities occurred.

Additional data f:om tagged smolts released immediately above and
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below the junction with upper 01d River aré needed. Nevertheless,
these available data squest_that higher flows and decreased
diversions off the San Joaquin in the southern Delta improve smolt
survival during downstream migration through the Delta.

'The survival of marked salmon released in upper 0l1d River and
in the San Joaquin at Dos Reis from 1985 to 1987 suggest that it
is generally advantageous fot smolts to remain in the San Joaquin
River. Survivals of the Dos Reis fish (released below the upper
01d Rlver diversion point) was at least 40% qreater than those
released in upper 01d Rlver-in_1986 and 1987, and similar in 1985
(Table 4-9). This suggests fish diverted off the San Joaquin down
upper 014 River to the Project diversions would generally suffer
greater moralities than those not diverted. The results from 1985
Suggest in that year it did not make any difference.

The survival of salmon released at Dos Reis to Chipps Island
while variable (0.34 to 0.82) did not appear affected by the
variations in flow. Temperatures were considered adverse (70°F)
but we could not evaluate their impact. The survival index (0.82)
of the Dos Reis release in 1987 was surprisingly high at a very
low San Joaquin River flow and high temperature.

The smolts released at.Dos Reis arrived at Chipps Island in a
shorter time in 1986 (4 days) than in 1985 or 1987 (10 days)
Ssuggesting that the higher flows in 1986 (7,000 versus 2,000 in
1985 and 1987) increased their rate of migration, which should be
beneficial to survival.

As expected, in all taree Years a greater fraction of smolts

from upper 0ld River release group were salvaged at the facilities
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than from the San Joaquin release (Table 4-9). This reflects the
direct route to the salvage facilities of fish from the upper 01d
River release. More of the upper 0ld River release were seen at
the CVP facility (Appendix 24). Smolts from the San Joquin
release were seen at the facilities_in relatively small numbers (3
to B% of the number released) (Table 4-9). Those that were
salvaged from the San Joaquin release were primarily at the State
salvage facility (SWP) and had arrived there about five to six
days after those from the upper 0ld River group (Appendix 24a-e).
This appears to reflect their longer migration route down the San
Joaquin and then to the south via lower 0ld River reverse flows
(Table 4-9). Smolts migrating down the San Joaquin may not be
highly vulnerable to reverse flows in the lower 0l1d and Middle
Rivers. This is suggested by the low percentage salvaged and
relatively high survival indices for the Dos Reis release in 1985
and 1987 when flows were low and reverse flows were present in the
lower San Joaquin River (Table 4-3). Appendix 24a-3 provides.
detailed daily recoveries of each release group by salvage

facility.

Summary

The available data indicates that the survival of fall-run
smolts migrating from the San Joaquin drainage through the Delta
increases with flow. Smolt survival and resulting adult
production is most favorable when flow at Vernalis is greater than

the amount of Central Valley and State Water Project diversions.
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Smolt survival generally is better for fish that avoid being
divérted off the San Joaquin into upper 0ld River than for those
that are diverted toward the pumps suggesting that diversion is a
key mechanism affeéting smolt survival. Increased flow in the San
Joaquin lessens the percentage of water diverted down 01d River
and probably the numbers of fish that enfer 0ld River.

Increase flow also appears to increase migration rate. Smolt
migration rate over doubled as inflow increased from 2,k000 to
7,000 cfs. Temperatures in the San Joaquin Delta channels are
often considered adverse to migrating chinook smolts (often 70°F
or higher). Tagged smolts that are released in ﬁhe San Joaquin
below the upper 01d River Junction were not salvaged at the fish
facilities project in high numbers suggesting that they may in
Some way avoid being carried with reverse flows in lower 014 and
Middle rivers to the pumping plants.

While the above conclusions'appear logical and biologically
sound, there is a need for continued mark/recapture studies in the
San Joaquin Delta to brovide 4 more extensive data base with which
to draw conclusions as to the factors and behavior éharacteristics
influencing the survival of fall-run smolts throughout that

system.
San Francisco Bay Smolt Survival

In 1984 CWT post-smolts were released at both Port Chicago

and the Golden Gate Bridge to achieve an es.imate survival through
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the Bay using the method based on tag recoveries from the ocean
fishery. Similar releases'of CWT smolts were made in 1985 and
13986 but recovery data will not be available until 1988 and 1989.

The post;smolt (7110 mm) release in July of 1984 at a Delta
outflow of 10,000 cfs yielded an estimate of Bl% survival through
the Bay (Appendix 13),

He also estimated smolt survival (ST) through the Bay (from.
1984 to 1986} using tag recoveries from daily midwater trawling at
the Golden Gate of CRT smolts released in Suisun Bay. This effort
yielded survival indices that were extremely variable, ranging
from 0.75 to 2.39 at a.relatively constant Delta outflow of about
10,000 cfs. We have not been able to document the exact reasons
for the wide range in these survival indices as measured by
trawling at the Golden Gate but believe it may be due to the
extreme tidal fluctuations at the Gate which may increase sampling
bias and variability. However it is evident that we cannot
evaluate the poteﬁtial importance of Delta outflow on smolt

survival in the Bay with the ST data.

Summary

OQur available data is too sparse to draw any conclusions on
the influence of Delta outflow on smolt survival in the Bay. The
1984 data indicates survival was relatively high for a rather low
Delta outflow index of 10,000 c¢fs. Ocean tag récovery data that
will be available from the 1987 to 1989 fishing season from CHWT
smolt releases in 1985 and 1986 will yield two more :stimates_df

smolt survival through the Bay at ocutflows of 10,000 cfs.
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Section 5
INFLUENCE OF FLOWS DURING SMOLT OUTMIGRATION
ON ADULT PRODUCTION

Oﬁr evidence indicates that fall-run smolts experience
greater mortality in the Delta with decreasing flows, higher
diversions and higher temperatures. Junge (1970) concluded that
nonselective smolt kills as caused by diversion or high
temperatures that occur in the Delta, would result in direct and
proportional decreases in adult salmon production. Conversely, an
increase in survival and in the number of émolts entering the sea
should result in greater adult numbers. We have observed that
smolt survival through the Delta and the numbers of smolts leaving
the Delta are positively correlated with flow during the smolt
migration period (Figures 4-1, 4-2 and 3-6). Hence, we would
expect that increased flows during outmigration will yield more
adults.

Again, flow éan be used as an "index* parameter to reflect
overall Delta conditions during smolt migration. Flow levels also
reflect temperature and diversion levels since both temperature
and diversions are well correlated with flow.

Correlation analyses have been used in an attempt to evaluate
the importance of flow to the adult abundance of fall run chlnook

Central Valley chinook have historically returned to spawn at
ages ranging from primarily 2 tq 5 years. Thus several year

classes contribute to the spawner escapement in any one year.
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This causes difficulty when attempting to quantify accurately the
escapement of a given year class since measures of salmon age
composition from Central Vélley stocks are limited. 1In recent
years, returns of Enown age (coded wire tagged) spawners indicate
that most are three years old. Hence, Qe used a 2-1/2 year lag
between the time of smolt migration and escapement but the
approach still yields imprecision in the adult escapement
estimates;

Correlations between spawner escapement (15958 to 1986) in the
three San Joaguin River tributaries and mean April through June
flow at Vernalis (1956 to 1984) 2-1/2 years earlier yielded a
positive relationship (Figure 4—7);

We also found that total Central Valley adult spawner numbers
(1960-1986) were more roughly related to the May Delta outflow
experienced'by the smolts 2-1/2 years earlier {1958 to 1984)
{Figure 5-1, Appendix 25).

Earlier work by Dettman et al. (1987) using two-year moving
averages of total spawner escapement, Sacramento River flow, and
Delta outflow found a positive correlation between upper
Sacramento River salmon escapement and spring flows from 1952-1967
but no relationship for the 1968-81 period. The use of two-year
moving average is designed to overcome, in paft, the problem of
several year classes contributing to spawner escapement in any one
year. A variety of changes occurred about 1967 which increased
: thé factors that influenced salmon spawner abundance and fhis

possibly lessened the correlation between flow and escapement,
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These include the closing of Red Bluff Diversion Dam, increase in
Delta diversions by initiation of State Water Project ekports, the
transfer of Trinity River water to the Sacramento basin, and
increased trucking-of hatchefy production around the Delta.

Dettman (et al. 1987) found a relationship between spring
flow and spawner numbers for the Feather but none for the
American. They suspected that the trucking of hatchery production
around the Delta and lower Sacramento River from the Nimbus and
Feather River Hatcheries could mask potential relationships
between flow and total adult production for those two streams in
recent years. |

To overcome this problem, Dettman and Kelley (19B7) estimated
the number of naturally produced chinook salmon that returned to
spawn in the American and Feather rivers. They found that the
number of natural fish in both rivers declined since the early
1970's. Natural returns were positively correlated (r=.48 for the
Feather and r=.57 for the American) to June flows in the
Sacramento River upstream of the American River. They were
negatively correlated (r=-.56 for the Feather and r=-,70 for the
American) to late May through June temperatures downstream of the
American River.

The above evidence indicates that while there are
correlations between adult production, flows and temperature, it
is very difficult to predict the number of adult.returns based
" only on flow or temperature during smolt migration. This is not

unexpected since Central Valley salmon production is influenced by
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a variety of additional f;ctors both in fresh water and in the
"ocean. A major pfoblem appears to be the difficulty in estimating
the contribution to Spawner escapement of hatchery fish that were
not exposed.to flow and temperature in the Delta and Lower.
Sacramento River. In addition, there is variation and error in
measuring spawner levels and the annual age composition of chinook
escapement.

Reisenbichler (1986) found that bias due to the lack of age
composition was a greater problem for the estimates of California
chinook spawner numbers by brood year than that caused by sampling

error in spawning counts.

Summary

The above analyses indicates that there are only fair
correlations between the.spéwner returns of fall-run chinook
salmon and flow and temperature experieﬁced by outmigrant smolts.
Howevef, considering that many factors limit adult salmon
production, the correlations are relatively good and indicate that
flow, temperature (and diversion) still are important. The
relationship appears obscured in part by the major contribution to
adult salmon stocks of hatchery smolts that are not exposed to the
flows being evaluated. The relationships are potentially further
damaged by inaccurate spawner escapement estimates (by year class)
due to the lack of age composition data. Even fhough it is
difficult to Quantify the expected benefits of increased flows and

decreased diversions and temperatures to adult salmon production,
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it wouid alﬁays appear beneficial to.maximize the ﬁumber of
juvenile outmigrants. This would résult in: (1) the maximum
production of salmon when the ocean environment is “good”, and (2)
more salmon than would be available otherwise when the ocean

environment is “poor".
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Section 6

FRY REARING

The following information on chinocok rearing in the Estuary
is based on our annual seine survey data and our coded wire half
tag fry recoveries. A description of the methods used is provided

in Appendix 26.

Timing, Distribution and Abundance

Fall-run chinook fry generally emerge from the gravel of
upstream spawning areas from December to February. Most probably
rear to smolthood in rearing areas above the Delta but some
migrate to the estuary and their abundance in the Delta is usually
highest in February or March (Appendix 27). Chinook fry that move
into the Estuary rear there for up to several months prior to
smolting (Kjelson et al. 1982).

In the Estuary the greateét concentrations of fry were
observed in the north Delta and the least.in San Francisco Bay
(Table 6-1). Fry in the north Delta originate in the Sacramento
drainage, while_in the central Delta, fry from both the San
Joaquin and Sacramento basins are present. This fact was
confirmed when tagged (CH1/2T) fry released in the north Delta
were recovered in the Central Delta and at the CVP/SKWP fish screen

facilities (Appendices 28 and 29).
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Table 6-1. Average catch per seine haul of Chinook salmon fry
' in the Bay-Delta Estuary and Lower Sacramento River,
January through April, 1977 through 1986.

Northern Central San Francisco deer
Year Delta Delta Bay Sacramento
1986 30 10 2 27
1985 10 3 0 2
1984 11 4 0 9
1983 39 9 v 30
1982 21 4 1 23
1981 12 2 0.5 23
1980 17 2 4 NS
1979 33 6 NS NS
1978 16 NS NS NS
1977 .37 - NS NS NS
n = 12 9 | gl/ 7

1/ These eight stations are circled on'Figure 18-1.

n = The number of seining stations in respective areas of the
Delta, Sacramento River and San Francisco Bay.
NS = Not sampled.
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Flow Influence on Fry Abundance and Distribution

Our seine data indicates that estuarine chinook fry abundance
is increased and distribution more widespread when river flows are
high (Figure 6-1). Fry are restricted to the Delta in lower
runoff years but are found further downstream into San Francisco
Bay in wetter years. The high runoff during February of 1986
resulted in the highest monthly (February) fry seine index (6
fish/haul) observed in San Francisco Bay (Appendix 27).

We found a significant relation between relative fry
abundance in the northern Delta and mean daily Sacramento River
flow at "I Street” in February (Figure 6-2). The San Francisco
Bay fry index also was correlated to the mean Delta outflow in
February (Figure 6-3).

Several mechanisms may explain why more salmon fry are seen
in the Delta and in the Bay in'years 6f high runoff: a) high flow
may physically remove them from upstream rearing areas (Kjelson et
al. 1982), and b) increased turbidity may give them a cue to
initiate a downstream migration. |

A total of 12 of the CWl/2T fry released below Red Bluff
Diversion Dam or at the nearby Tehama Colusa Fish Facility since
1980 were recovered as fry in the estuarine seine surveys. This
is a small number compared to the numerous recoveries from north
Delta releases during the same period (Appendix 28)., This
indicates that most fry produced in the upper Sacramento River,
may rear above the Delta. Possibly most of the fry seen in the
Delta are of American or Feather/Yuba River origin as those

streaus are so much closer to the Delta.
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Figure 6-1. Abundance and distrubution, from January through
April, 1981 to 1986, of chinook salmon fry through-out the Delta
end Bay in wet and dry years, including mean daily February flows
at "I" Street in Sacramento. The size of the circles represent
relative abundance estimates.
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87

-y
SAN r=0.72 (p<0.10)
80
4 .
FRANCISCO BAY
3 A
FRY ABUNDANCE
2 | B6 os B3
INDEX
1. G2 @
81
[
ES . . e 84 o ) rl A A yh '4
J -y 14 v T rd r 4 y 4 ra v
20 40 60 BO 100 120 140 160 180

Figure 6-3.

DELTA OUTFLOV X 1000 CFS (X FEERUARY FLOW)
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April) San Francisco Bay fry index (catch per seine
haul) and mean daily February Delta outflow in cfs,
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Fry Survival

Our coded wire half tagged (CW1/2T) fry releases in the Bay,
Delta and upper Sacramento River during late February or early
March were designed to assess the differential survival of each
release group. Survival was indexed by tag recovery rates from
the ocean fishery (Appendix 30). This allowed us to make
comparisons in river and estuarine survival between release groups
for a given year but not between years since ocean conditions vary
and thus could make comparisons invalid.

The ratio of CW1/2T fry recoveries indicate that survival of
fry released in the north Delta (Courtland, Isleton, Ryde) was
higher than for those released in the Central Delta (Mokelumne
River) in dryer years (1981 and 1984) (Table 6-2}. Fry released
in the Central Delta were meant to represent fry that were
diverted off the Sacramento River. This suggests that in dry
years when more fry would be expected to be diverted off the
Sacramento, their.survival will be decreased. In the wet yvears of
1982 and 1983 the ratios of survival between the north and Central
Delta of the two release groups were similar. This indicates that
even those that are diverted into the Central Delta in wet years
{probably a smaller fraction than in dry years) would not have
greater mortalities than those that remained in the Sacramento.

The survival of CW1/2T fry released in San Francisco Bay (at
Berkeley) from 1980 to 1982 was consistently lower than that for
fry released in the Delta {Table 6-3) indicating that conditions

in the Bay during those years were less favorable for rearing than



Table 6-2. Ratios of ocean tag recovery rates from CH1/2T (coded wire
half tagged) salmon fry released in the North Delta
(Courtland, Isleton and Ryde) and in the Central Delta

{(Mokelumne),
North Delta Flow at I Street
North Central Central Delta- in February
Year Delta Delta Ratio in cfs
1881 .0011 .0005 2.2 24,239
1982 .0005 .0004 1.3 59,646
1583 -0004 . 0006 .7 79,039

1984 . 0020 . 0008 2.5 32,372



90

Table 6-3. Ocean tag recovery rates of CW1/2T salmon fry released at
Red Bluff, in the North Delta and San Francisco Bay, the

Red Bluff Mean February

Site Ocean Tag Index Delta Flow (I Street)
Year Release Recovery Rate Ratio in cfs
1980 Below Red Bluff 0071
Diversion Dam 3.2 52,576
Clarksburg (Delta) .0022
Berkeley (SFBR) .00004
1981 Below Red Bluff .0016
Diversion Dam 1.5 24,239
Isleton (Delta) .0011
Berkeley (SFB) .00008
1982 Below Red Bluff .0037
Diversion Dam 7.4 59,646
Isleton (Delta) .0005
Berkeley (SFB) .00009
1983 Ryde/Courtland .00042 | © 79,039
1984 Below Red Bluff .0031
Diversion Dam 1.5 32,372

Ryde/Courtland (Delta) .0020
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in the Delta. While salinity was hiqher in the Bay in 1981 (25
ppt), which may have hindered survival, it should not have been a
probleh in 1980 and 1982 (16 and 15 ppt reéspectively). Wagner et
al. (1969) found chinook fry could withstand salinities up to 20
ppt. We recovered CW1/2T fry by seine three to four weeks after
release in the Bay in 1980 and 1982 indicating salinity did not
cause immediate mortality for those release aroups. Water
turbidity is typically lower in the Bay which may cause higher
pPredation losses than in Delta waters and this could explain the
lower survival in the Bay.

Over the four year period of measureﬁent, t&g recovery rates
for CW1/2T fry released in the upper Sacramento River below Red
Bluff were consistently higher than those released in the Delta in
the same years (Table 6-3, Appendix 30). The greatest difference
between Delta and upriver fry survival as shown in Table 6-3 by
using a ratio, appeared to be in 1980 and 1982 when Sacramento
River inflow to the Delta was greatest (50,000 to 60,000 cfs in
February at I Street). This may be due to increased rearing
habitat in the upper Sacramento River with increasing flows since
there is considerable portions of the upper Sacramento River that
have a flood plain that becomes available for fry rearing at high
flows. Such habitat is not present along the leveed Delta
channels. Fry survival indices were more similar in both the
Delta and upper Sacramento River in the drier years of 1981 and
©1984.

Although we have the above comparisons between upper Rivar

and Delta fry survival, the relative importance of Delta fry
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rearing compared to that'upstream has not been quantified. This
is due to difficulties in accurately assessing relative fry
densities in both Delta and upriver habitats. Given, however,
that fry are present in the Delta and some do survive, we can
conclude that they do contribute to adult salmon production. That
contribution is probably higher in the wet years when we see the

greatest numbers of fry in the Delta.

Summary

We have evidence that fall-run chinook fry rear in the
Bay/Delta system. Estuarine fry catches increase and distribution
broadens with greater inflow to the Delta. The survival of tagged
fry in the north Delta appears to be higher than for those
released in the Central Delta except in years of very high river
flow. Fry survival is greater in the upper Sacramento River than
in the Delta while that in central San Francisco Bay was the
lowest for these three regions. Fry that rear in the Delta
contribute some portion of Central Valley adult salmon production
but we don’t know how that compares to that of upstream rearing.
The contribution is probably more significant in the Delta in high

runoff years than in years of low runoff.
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Section 7

ADULT ESTUARINE MIGRATIONS

Adult chinobklmiqrating upstream are found in-the Estuary
throughout the year. Fall-run fish are present in the Estuary
beginning in July and continuing into November. The late-fall run
follows a month or two later in December and January. The
greatest number of spawners are seen in the Estuary between
October and February. The winter run migrates through the Delta
from January to April, while the spring run is present from March
through July (Figure 2-3).

No recent studies of adult chinook needs in the Bay/Delta
Estuary have been undertaken. Essentially all of our knowledge on
chinook upstream migration through the Estuary is the result of
sonic tag studies done on returning fall-run fish from 1964 to
1967 (Hallock et al. 1970).

Both the Sacramento and San Joaquin stocks follow the
salinity gradient through San Francisco Bay to the western Delta.
Here fish from both river drainages must choose their path
upstream. San Joaquin River salmon primarily utilize the mainstem
San Joaquin although some use 0ld and Middle rivers (Hallock, et
al. 1970, |

The path of Sacramento basin chinook is more diverse. The
majority probably follow the mainstream but some also use the
lower forks of the Mokelumne River through the Central Delta.

More salmon apparently are drawn to the Sacramento River water

entering the Mokelumne and lower San Joaquin when cross Delta
v
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water transfers are high (Hallock et al 1970). The fish can
reenter the main Sacramento River via Georgiana Slough and the
Delta cross channel.

The presence of Sacramento River water in the Central and
south Delta channels causes migration delays for salmon from both
river basins (Hallock et al. 1970). The apparent value for "home
stream" water for guidance to'upstream spawning grounds indicates
that positive downstream flow will enhance upstream migration.
Reverse flows in the lower San Joaquin hamper or at least delay
migration (Hallock et al. 1970).

Temperatures over 65°F nhave partially blockéd migrations in
the San Joaquin River past Stockton ang blocks of water with
dissolved OXygen concentrations of less than 5 mg/1 constltute a
virtual barrier to adult migrants (Hallock et al. 1570). Low
summer dissolved oxygen (DO) levels near Stockton in the 1960°s
and 1970‘s were attributed to low flows and hich BOD loading from
cannery wastes that were not adequateiy treated. Improved sewage
treatment at Stockton in 1379 appear to have lessened the problem
in recent years (DWR, Harlan Proctor, pers. comm. ). Improved
flows and water quality associated with New Melones operations may
also have helped. Late summer and early fall dissolved oXygen
levels since then have remained above 5mg/l. Up to 1984 a
Partial rock barrier was conétructed in upper 014 River when DO
levels were expected to be limiting to salmon migration. The
barrier increased flows past Stockton and raised DO levels above 5

mg/1l when flows past Stockton were over 400 cfs,
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We found no relationship between the number of spawners
-returning to the San Joaquin and the amount of San Joaquin river
flows pfesent at Vernalis during September for the yYears 1958 to
1985. This suggests that flow levels during upstream migration

are not a major factor in determining returning run size.

Summary

Salmon spawner migration through the Estuary appears to be
helped with a positive downstream flow of “homestream water" and-
temperatures less than 66°F. Adult migrants need a path clear of
obstructions.and a dissolved oxygen concentration of more than 5

mg/l.
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Section 8
THE STATUS OF CENTRAL VALLEY CHINOQK STOCKS

The California Department of Fish and Game, the U.S. Fish and
Wildlife Service., and the U.S. Bureau of Reclamation have all,
over the years, counted salmon at various times and places in the
Central Valley. Fry (1961) described counts made as earlj as
1937. The early counts were irreqularly made, usually for a
specific purpose such as to establish mitigation levels for parts
of the Central Valley and State Water Projects.

Since 1953, the Department of Fish and Game has made annual
estimates of spawning fish on each of the major rivers. The
counts include both grilse and adult fish from both natural and
hatchery production. They are usually referred to as estimates of
spawning "escapement" since they describe the numbers of chinook
that have escaped'the ocean fishery and returned to spawn.

The estimates ére summarized in Appendix 10 and illustrated
in the following figures. They are good evidence that the salmon
spawning runs, since the regular counts started in 1953, have
fluctuated greatly (Figure B-1). The total runs plummeted from
over 600,000 in 1953 to 120,000 in 1957, and then back up to
almost 500,000 by 1960. In the last 20 years the total run has

tended to be lower averaging about 250,000 to 360,000 fish.
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Upper Sacramento River Run

The upper Sacramento River has always supported the largest
of the Central Valley chinook runs. Most are fall spawning fish
whose young emigrate through the Delta either as fry that moved-
down with high flows during the winter or as larger smolts
emigrating down in the spring. These runs declined from peak
levels of 422,000 in 1953 to 77,000 in 1957, climbed in two years
to 272,000, and then persistently dropped for the next 15 years
(Figure B-2). Since the 60s, this fall upper Sacramento River run
has stabilized at levels of about 50% of those in the 1950s.

The winter run chinook was the next largest run. Counts of
this run have only been possible since the Red Bluff Diversion Dam
was built. Estimates based on these counts have declined until
they are now only a few thousand fish. This upper Sacramento
winter run and the late fall run are in serious trouble, and major
efforts are being made to identify and correct the problems that
are causing the declines (FWS Bay/Delta Hearing Exhibit 29).

The spring run on the upper Sacramento is the only one of the
four not showing a recent declining trend. The numbers of spring

run fish have fluctuated around 10,000 to 20,000 since 1969,

Sacramento River Tributaries

There are major chinook runs utilizing Battle Creek and the
Feather, Yuba, and American rivers. There afe also small runs on
most of the other tributaries but they are not regularly counted.
The Battle Creek runs appear to be recovering from the low levels

of the late 1960s and 1970s (Figure B-3). The Feather and the

¥
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Figure 8-3. Annual estimates of fall chinxok spawning in the

principal tributaries of the Sacramento River. All but the,

Yuba River are partially supported by hatcheries (Taylor 1973,
Reavis 1983, Pacific Fisheries Management Council 1984, and

Dettman, Kelley, and Mitchell 1987).
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Yuba rivers runs are maintaining themselves, and the American
River run has increased significantly. The runs in all of these

four tributaries are partially supported by hatcheries.

The San Joagquin River

The Friant Dam project completely destroyed the upper San
Joaquin River stock of 30,000 to 60,000 mostly spring run salmon
in 1945. Since then, only fall run populatipns in the tributaries
remain. They have gone through three major cycles of abundance
followed by extreme scarcity since the counting began in 1953
(Figure B-4). These fluctuations are évidence tﬁat the San
Joaguin system still has a large potential and that problems

affecting these runs are worthy of major attention.
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Section 9

MANAGEMENT OF CENTRAL VALLEY CHINOOK

Chinook salmon production in California is affected not only
by inland, estuarine and oceanic environments but also by man's
harvest and hatchery management programs. This section is
designed to give a brief overview of the influence of present
management activities. Only through an appreciation of these
actions combined with a definition of salmon habitat needs both
inland and in the Bay/Delta system can a wise decision be made to
achieve comprehensive protection for the chinook resource.

Major efforts also are expended by the State and Federal
governments in the area of salmon habitat protection and
enhancement. These activitiés are too numerous to summarize in
this report but some will be the subject of the California
Department of Fish and Game and U.S. Fish and Wildlife Service

Hearing exhibits on upstream salmon needs.

Harvest Management

Central Valley salmon aré primarily harvested by the ocean
fishery off the California coast. The ocean sport and commercial
fishery have taken an average of about 89,000 and 439,000 Central
Valley chinook per year respectively, since 1975 (Figure 9-1,
Appendices 31-33). About 35,000 salmon are believed tolbe taken
by the inland sport fishery each year. Central Valley salmon
provide about 65% of the total California chinook harvest in the

i
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ocean. The California commercial troll fleet numbers about 2,500
vessels and expends about 50.000 days of effort per year (1984 to
1986), while the sport fishery averages 164,000 angler days
annually (PFMC 1986).

The Pacific Fishery Management Council (PFMC) recommends
requlations to the Secretary of Commerce affecting the harvest of
salmon along the California, Oregon and Washington coasts. The
PFMC relies upon the California Department of Fish and Game (CDFG}
for data and inpﬁt necessary to manage Central Valley chinook
stocks. The CDFG and the California Fish and Game Commission are
the management authorities for California fish and wildlife
including territorial ocean waters off California (0 to 3 miles).
The National Marine Fisheries Service (NMFS) has regqulatory
responsibility to implement annual harvest regulations proposed by
the PFMC in federal waters (3 to 200 miles offshore).

The principal harvest management objectives affecting the
PFMC’'s annual regulatory plans include: the establishment of
ocean harvest rates to allow sufficient spawners for coptimum
natural production and to achieve production goals; a level of
harvest that when both hatchery and natural stocks are fished, the
weakest natural stocks for which specific objectives have been
defined are sustained; and regulation of the fishery so that
optimum catch provides for the social and economic values of the
fishery (PFMC 1986).

Harvest management measures used to meet the above objectives

in the ocean include: time and area closures, quotas, minimum
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size limits, recreational bag and possession limits and gear
restrictions. The number of commercial vessels in the ocean
fishery is presently limited by State authority.

The California Fish and Game Commission regulates the harvest
of salmon inland throuagh fishing seasoﬁs and areas, gear and
methods of take and possession limits.

The PFMC ocean harvest rate index for the Central Valley
chinook is defined by the ratio of the ocean chinook catch south
of Point Arena divided by that catch plus the Spawner escapement.
The index has fluctuated from 52 to 74% between 1970 and 1985 and
the trend has been relatively stable (PFMC 1986): The harvest
rate index is believed to have increased in the last 30 years from
a mean of about 50% in the 1950's to 65% in the 1980's
(Reisenbichler 1986). |

The key Central Valley chinook stock approved by the PFMC for
ocean fishery management purposes is fall-run chinook of the
Sacramento River basin. The PFMC escapement goal range for
Sacramento féll run chinook is 122,000 to 180,000 adult spawners
and has been met in all but.two years since 1970, however, the
returns have been increasingly dependent upon hatchéry production
(see discussion below). It is assumed by the PFMC that because of
the overlapping ocean distribution of Central Valley chinook
stock, attainment of the escapement goal range for Sacramento
River fall chinook will protect the other Central Valley stocks

from overfishing,
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Hatchery Management

Natural populations of chinook salmon in the Central Valley
have been supplemented by hatchery production through facilities
operated by state or federal governments.

The U.S. Fish and Wildlife Service operates Coleman National
Fish Hatchery on Battle Creek, southeast of Redding in the upper
Sacramento Drainage. The California Department of Fish and Game
operates salmon hatcheries on the Feather, American (Nimbus
hatchery), and Mokelumne {(Figure 2-2). The objective of these
facilities is to compensate for_habitat losses attributed to the
damming of salmon streams for water and power resource
development. The Merced River hatchery is a fishery enhancement
facility operated by the CDFG.

The majority of Central Valley hatchery p;oduction is as
fall-run smolts from Coleman, Nimbus, Mokelumne and Feather River
hatcheries (Table 3-2; Appendices 4-8)}. Annual production goals
from these facilities total about 20 million fall run smolts.
Additional production of late-fall and §pring run chinook takes
place at the Coleman and Feather River facilities. Merced River
hatchery primarily rears fall-run yearling chinock (Appendix 9).
The relative'contribution of hatchery salmon to the Central Valley
spawning escapement probably varies widely and is difficult to
estimate accurately. Spawner escapement attributed to hatchery
chinook is relatively low for the upper Sacramento, (15-25%,
Reisenbichler, 1986; U.S. Fish and Wildlife Exhibit 29) and San

Joaquin system, (<(S%, CDFG, William Laudermilk, pers. comm), while
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estimates are mﬁch higher (over 50%) for the Feather and American
Rivers (Dettman et al, 1987).

Coleman hatéhgry releases its production in the upper
Sacramento below Red Bluff Diversion Dam or in Battle Creek from
April to June. Hence, all salmon from that hatchery migrate down
the Sacramento and through the Delta and San Francisco Bay. Fish
produced in the Merced River are released in the Merced River as
yearlings in October and November and also migrate to sea via the
Estuary.

Slnce the early 1970 s juvenile chinook propagated at the
Feather River, Nimbus and Mokelumne Rlver_hatcherles have been
trucked downsteam and released at Rio Vista or near Carguinez
Straits (since about 1981) at the upper end of San Pablo Bay.
Since they are not exposed to upstream and Delta mortalities,
their contribution to the ocean fishery and to subsequent spawning
runs is often high. This is supported by ocean tag recovery rates
of smolts released in Suisun Bay (at Port Chicago) when compared
to those released at Sacramento (Discovery Park) (Figure 3-5),
Nearly all of the Nimbus and Feather rivers hatchery production is
trucked around the Delta and pPlanted in the Bay. |

However, the release location of juvenile salmon affects
where the fish will return to spawn. 'Mental imprinting to quide
later homing by spawners appears to take place during their
downstream migration. Hence, salmon that ‘migrate to the ocean the
entire distance from where they were hatched are more likely to

return to their natal streams than those that are trucked
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downstream for release. Available coded wire tagged recoveries of
tagged hatchery fish that were released in various locations in
the Central Valley indicates that fish trucked to the Estuary are
more likely to stray than those released in their stream of birth
(Hallock and Reisenbichler 1979, Dettman et al 1987). Because of
this, hatchery production is released in the upper Sacramento and
Merced rivers and not trucked downstream.

There is concern that this straying may harm the "genetic
integrity"'of wild stocks. We believe that the fall, spring, late
fall, and winter runs of salmon utilizing the Central Valley are
genetically distinct. We do not yet know whether this is true of
the fall run California chinook in the different rivers.

The program of rearing chinook to smolt size and trucking
them around the environmentai dangers of the Sacramento River and
the Delta has proven successful in terms of maintaining the ocean
fishery. Because of the high straying rates of these trucked
fish, they may also be maintaining the run in the Yuba and helping
reduce the decline in the upper Sacramento. The ;ery success of
the hatchery program, however, increases the risk of
overharvesting natural stocks or Coleman Hatchery fish that must
pass down the Sacramento River and through the Delta. Actions to
increase the survival rates of those emigrants are a critical
element in making the hatchery program compatible with the natural

reproduction.
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Appendix 1
Relative Abundance Indices Based on

Midwater Trawl Samples

Methodoloay

Annual relative abundance indices of fall-run smélts that
were leavihg the Delta were estimated from 1978 to 1986 by
sampling 2 to 7 days/week during daylight hours at Chipps Island
near Pittsburg, California with a 9.1 by 7.9 m (3.2 mm mesh, code
end) midwater trawl. The trawl fished approximately the upper one
half of the water column where over 90% of the smolts are found
during daylight (Wickwire and Stevens, 1970). Ten tows/sampling
day were taken from April through June. Abundance indices egualed
the mean catch per 20 minute tow. Tows were generally made
against the current and distributed across the channel with 3 or 4
tows per day made on the north, middle and southern portion of the
channel. Engine speed was held constant during each tow to keep
the volume sampled/tow consistent.

Another relative smolt abundance index was gained using an
identical size midwater_trawl at the Golden Gate Bridge in San
Francisco Bay. That sampling occurred primarily from April

through July from 1983 to 1986.
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Appendix 3.

Distribution (percent) of total midwater trawl catch
of smolts by month for San Francisco Bay at the
Golden Gate Bridge.

Year April May June
1983 10 39 51
1984 8 50 42
1985 9 63 28
1986 12.5 62.5 25

X 10 54 36
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Appendix §. Coleman National Fish Hatchery fall run chinook g;oduction
releases by release year (BY+l) from 1968-1977.%7 a11
production released in the Upper Sacramento River unless noted

otherwise.

Release Year Fingerling & Smolts (1-10qm) Yearlings(<10qm) Total
oB* 2,994,000 7,363,000 10,357,000
694 1,278,000 2,231,000 3,509,000
70% 2,947,000 3,057,000 6,004,000
FRE] 5,129,000 2,519,000 7,648,000
T2k 7,203,000 -- 7,203,000
734 4,697,000 -- 4,697,000
74 4,527,800 -- 4,927,800
75 1,210,212 -- 1,910,212
76 2,801,000 1,112,000 3,913,000
77 5,519,000 593,000 6,112,000

*# Combined fall and late fall production.

1/ Reference: Report of the USFWS on Problem A-6 of the Central Valley Fish
and Wildlife Managment Study 5-82. :
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Appendix 7. Mokelumne River Fish Installation (MRFI) fall run chinook
hatchery p{9duction releases by release year (BY+l) from

1965-1986.
Number
Release Fingerlings Number
Year & Smolts Site Released Yearlings Site Released
65 74,000 MRF1I 0 -
66 76,000 MRFI 0 -
67 77,000 MRFI 0 -~
68 178,000 MRFI 0 --
69 38,000 MRFI 0 --
70 497,000 MRFI 0 -
71 565,000 MRFI 0 -
72 561,000 MRFI 0 -
73 41,000 MRFI 0 --
74 176,000 MRF1I : 55,000 MRFI
75 7.000 MRFI 50,000 MRFI
76 68,000 MRFI 52,000 MRFI
77 71,000 MRFI 163,000 MRFI
78 0 743,000 Rio Vista
79 0 827,000 Rio Vista
80 105,000 MRF1I 850,000 Rio Vista
Bl 105,050 MRFI 1,075,000 Rio Vista
B2 170,000 MRFI 1,041,000 Rio Vista
83 89,000 MRFI 768,000 San Pablo Bay
B4 0 811,000 San Pablo Bay
85 0 1,367,000 San Pablo Bay
B6 0 1,972,600 San Pablc Bay

1/ Data was obtained from State of California office memo to Richard Beland
from Region 2, subject: The Mokelumne River: Make-do salmon management,
dated August 16, 1982. Updated by Fred Meyer per. comm. (CDFG) 6/10/87
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Appendix 9.
produiyion releases by release year (BY+l) from 1971 to
1985.=
Number
Release Fingerlings - Number
Year & Smolts Site Released Yearlings Site Released
71 59,100 Merced River 0 -
72 1,500 Merced River 202,000 Merced River
73 0 - 286,000 Merced River
74 0 - 176,500 Merced River
75 0 -- 0 -
76 0 -- 8G,000 Merced River
77 75,000 Merced River 0 --
78 100,000 Merced River 245,000 Merced River
79 0 -- 16,940 Merced River
80 0 - 0 --
Bl 0 -- 276,850 Merced River
B2 102,572 Merced River 251,915 Merced River
83 0 -~ 145,657 Merced River
84 -0 -- 275,380 Merced River
85 789,556 Merced River 371,350 Merced River

121

Merced River Fish Facility fall run chinook hatchery

1/ Reference: California Department of Fish and Game, Annual reports from
Merced River Hatchery.
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Appendix 1l1. Mean midwater trawl catch per 20 minute tow at the
Golden Gate Bridge during April, May and June from
1983 to 1986,

Annual
Year April May June Mean
1983 4 16 21 17
1984 1 6 5 5
1985 4 - 29 13 20



Appendix 12
Total Smolt Abundance Estimates

Based on Expanded Midwater Trawl Samples

Methodology

The annual number of fall-run smolts passing Chipps Island,
n.

N, was estimated from the equation N. = i , Where
ti(.OOSS) _
n. = total number of smolts collected by the midwater trawl during

1l

the April through June outmigration period of year i, ti = the
fraction of time the trawl sampled during the entire migration
period and 0.0055 equals the .estimated average fraction of smolts
passing Chipps Island that are collected by the midwater trawl,

We estimated the fraction collected by the trawl (0.0055) by
dividing the trawl catch of CWT smolts by the estimated "known"
number of CWT smolts that were passing Chipps Island divided by
the fraction of time sampled. The "known" numbers of CWT smolts
were estimated by multiplying our estimated Delta survival rate of
a given year times the number of CWT smolts released in the north
Delta that same year. For example, in 1980 we estimated Delta
survival of CWT smolts to be 41%. A total of 183,000 CWT smolts
were released in the north Delta that year indicating about 75,000
should have survived to pass our trawl site. Dividing the total
number of CWI smolts caught in 1980 (€5) by the gstimate of 75,000
smolts and then dividing that quotient by the fraction of time

sampled (.136) yields the fraction 0.0063. The average fraction
for the years 1980 to 1984 was 0.0055.
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Appendix 12 (Cont.)

The fraction 0.0055 is very similar to the fraction derived
if one assumes the catch efficiency of the net in turbid Delta
waters is 100%, that the salmon vertical distribution makes them
fully available to the trawl when they are in its path, and the
width of the trawl when fishing is about 6.5 metérs or about 70%
of the total width (9.1 m). Field observations and the work of
Watson et al., (1984) indicates that the 70% value is reasonable.
The width of the channél is about 1200 m. Therefore, the net
would fish, %3§3EE’ or 0.0054 of the channel width. This

approximation suggests that on the average the midwater trawl is

very efficient.
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Appendix 15, Methodology for adjusting survivail rates for
marked salmon released at Rio Vista (1969-13971)
instead of Port Chicago.

In 1969, 1970 ang 1971 experiments were designed for other
purposes so Planting sites were not exactly the same as used in
1978-1982 (Sacramento and Port Chicago). Yet, they provided an
opportunity to obtain additional information about survival of
young salmon migrating through the Delta. To ultilize this data
and allow comparisons, we standardized all survival estimates to

z = 7199 S4
d

Where: Z = instantaneous mortality rate (where an "instant"
=1 )mile), and

Sd = estimated survival over distance d between the
release points (d measured in miles}.

The mortality rate per mile (Z) and the total distance between
Sacramento and Port Chicago (69 miles) were the?sgsedlto)estimate
survival between these two points using § = 72 miles)

over one. Thus releases made at Courtland were not-corrected for

the differences in distance, but were noted in the text as being
bias high.
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Appendix 16
Smolt Survival Estimates

Based on Midwater Trawl Marked Smolt Recoveries

Methodology

Our Delta survival index, §T’ was based on the recovery of
coded wire tagged (CWT) smolts (released between 1978 and 1986)
recaptured by daily mid-water trawling at Chipps Island or the
Golden Gate. 5. = R/MT(0.0078) where R is the number of trawl
recaptures from CWT salmon released upstream of the trawling site;
M is the number of marked salmon released, and T is a factor
daccounting for the portion of time sampled when the marked fish
were passing the trawl site (time between capture of first and
last marked fish). The value (0.0078) equals the trawl width (9.1
m) divided by the width of the channel at Chipps Island (1200 m).
Another fraction was used for the Golden Gate trawl site. The
survival index based on the midwater trawl has the advantage of
providing results at the end of the emigration season whlle the

survival estiamte based on ocean tag recoveries requires waiting a

minimum of three years.
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Appendix 1B,

Year

1969

1570

1971

1978

1579

1980

1981

1982

1883

1984

136

Mean length and size difference of tagged salmon,
released at Sacramento, Courtland, Rio Vista and
Port Chicago, used for our Delta survival estimate

(S,) derived from ocean tag recoveries.

Mean Difference
length in mean length
Release Site - _{mm) (mm)
Sacramento 8g9.7 1.0
Rio Vista 88.7
Sacramento B6.5 0.0
Rio Vista ' 86.5
Sacramento 86.0 _ 8.5
Rio Vista 77.5
Sacramento 90.9 1.8
Port Chicago 89.1 '
Sacramento 74.5 -B.7
Port Chicago 83.2
Sacramento S6.9 : 9.1
Port Chicago B7.8
Sacramento 89.7 -0.4
Port Chicago S0.1
Sacramento 76 ' 4.0
Port Chicago 72
Courtland 79 -3.0
Port Chicago 82
Courtland . B2 0

Port Chicago 82
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Appendix 19, Temperatures in hatchery truck and receiving waters
in degrees Fahrenheit experienced by tagged salmon,
released at Sacramento, Courtland, Rio Vista and
Port Chicago, used in survival estimates (§ ) based
on ocean tag recoveries, ©

Rec.
Planting Truck Hater Temp.
Year Site _ Temp. Temp. - Diff.
1969 Sacramento - - 65.5* - -
Rio Vista - - 68.6 - -
1970 Sacramento - - 70.5* - -
Rio Vista - - 6£6.8 - -
1871 Sacramento - - 61.3* - -
Rio Vista - - 60.0 - -
1978 Sacramento 57 72.6 15.6
Port Chicago 57 67.8 10.8
1979 Sacramento 54 68 14
Port Chicago - - - -
1980 Sacramento 52 62 10
Port Chicago 57 70 13
1981 Sacramento : 57 76 18
Port Chicago 58 75 20
1582 Sacramento 56 6B 12
Port Chicago 57 67 10
1983 Courtland 52 60 8
Port Chicago 50 67 17
1984 Courtland 57 66 9
Port Chicago 59 72 13

* Temperatures were taken at Freeport.
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Appendix 20
AN EVALUATION OF HISTORIC SPRINGTIME TEMPERATURES IN THE
SACRAMENTO RIVER WITH PARTICULAR EMPHASIS ON EMIGRATING JUVENILE

SALMON

In May and June, water temperatures in the Sacramento
River rise and can reach levels which are too high for late
emigrating juvenile salmon. 1In many areas of the river,
temperatures are almost always above 18°C during juvenile salmon
emigration and they sometimes reach the lethal level of 24°c
(75°F) defined by Brett, Clark, and Shelboﬁrne 1982. water
tempefatures above 1B8°C (64.4°F) are usually considered
undesirable for chinook Juveniles and, unless food is abundant,
temperatures of that or even-lerr levels will_slow growth.
Kelley et al..(1985) estimated that there was sufficient food in
the upper reach of the lower American River to make water
temperatures of 18°C or below acceptable. The fact that juvenile
salmon emigrating down the lower Sacramento feed Primarily on
terrestrial insects that accidentally fall into the river (sSasaki
1966) and that benthic invértebrate pProduction, usually the prime
Source of food, is poor there leads us to Suspect that food may
be scarce. If this is true, survival of juvenile salmon in the
Sacramento River is likely to be reduced when temperatures exceed

18°C.

Reuter and Mitchell (1987) have conducted an analysis
of seasonal and long-term (1965-1985) changes in temperature at a

nuroer of locations throughout the Sacramento River system. |
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Appendix 20 (Cont.)

These included Red Bluff, Butte City, Grimes, Sacramento, and

Freeport.

The most important findings from their analyses are:

Water temperature warms rapidly as spring advances from

April through June.

Water temperature fregquently exceeds desirable levels
for juvenile salmon in May and early June and, at times,

rises above lethal levels.

These suboptimal temperatures do not only occur during
exceptionally low flow Years. Values of >18°C were

found over a wide range of streamflows.

Temperature generally decreases with streamflow in a
logarithmic fashion; however, the variation of
temperature at any given flow can be high (i.e.,

3-6 degrees Celsius).
Since 197§, average May and June water temperatures have
been 1-4 degrees Celsius higher than they were during

the previous decade (1965-1975).

Figures 1-3 show the long-term ratterns of Sacramentoe

River temperature at Grimes, Sacramento (above the confluence of

the American River), and Freeport. The data for Grimes and

Freeport is presented as bi-weekly (14 day} averages for the

\
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Appendix 20 (Cont.)
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Figure 1. Average bi-weekly (14 day) temperature {°C) in the

- Sacramento River near Grimes (RM 118) from 1 May to 15 June.
Values were calculated from daily measurements between
1967-1985 at the US Geological Survey gauging station
(#11390500). Temperatures below 18°C are considered

desirable f

or emigrating juvenile salmon, temperatures

between 18°-24°C are suboptimal, and temperatures greater
than 24°C are lethal. Note the abundance of suboptimal
values in late-spring since 1976, '
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AVERAGE BI-WEEKLY TEMPERATURE
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Figure 2. Average bi-weekly (14 day) temperature (°C) in the
Sacramento River at Sacramento immediately above the
confluence of the American River (RM 60) from 10 May to
10 June. Values are taken from Dettman and Kelley (1986) and
were 'reconstructed' using temperature and flow measurements
made by the City of Sacramento in the American River and the
Sacramento River immediately downstream of the confluence.
Temperature are typically in the suboptimal range by mid-May
and since 1976, values have frequently reached lethal levels
by early June. Differences between pre- and post 1976
temperatures are greatest at this station.
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Figure 3. Average bi-weekly (14 day) temperature (°C) in the
Sacramento River at Freeport (RM 48) from ] May to 15 June.
Values were calculated from daily measurements between 1965~
1986 at the US Geological Survey gauging station (#11447650).
Similar to Sacramento, temperatures at Freeport were
frequently suboptimal in mid-late May and early June. At no
time did the bi-weekly values reach lethal levels.
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1 May-15 June period when most emigrants are passing through, and
was taken from the USGS record of daily maximum and minimum
temperatures at these sites. Average daily temperature taken by
the City of Sacramento in the American River and the Sacramento
River (downstream of the confluence) was used to "reconstruct"
the 10-day average temperature record immediately above the

confluence (Dettman and Kelley 1986}.

In general, water temperature at all three stations
increased as the season progressed from May to mid-June. The
average rise in temperature during this 6-week period was 2.5-
3.0 degrees Celsius with increases of >4 degrees Celsius not
'uncommon. The magnitude of this seasonal increase was not

determined solely by streamflow.

The most striking feature of this long-term data is
that throughout the T“20~year period of record, temperatures are
frequently suboptimal for juvenile salmon survival and that these
less desirable values are found throughout a large segment (~75
miles) of the river. At Grimes (RM 118), temperatures in early
June are almost always greater than 18°C; whereas, in early May,
temperatures rarely exceed this level. 1In late May and early
June, the frequency at which values exceed 18°C was significantly
higher since 1976. At no time did the temperature at Grimes

reach the lethal level of 24°C..
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As water flows downstream, it is warmed significantly
by solar radiation, air température, tributary discharge, and
warm return irrigation water from agricultural activities in the
Valley. Water temperatures at Sacramento have often exceeded
desirable levels for juvenile salmon by mid-May, and since 1976
have occasionally done that by early May. 1In fact, seasonal
warming has increased water temperatures to lethal levels by
early June in some recent years (e.g., 1977, 1978, 1979, 1981).
Of all the Sacramento River stations with long-term data, the
post 1976 warming is most pronounced (2.5-3.0 degree Celsius
increase) at this location. Indeed, since 1977 it is uncommon to
find mid-May through early June temperatures which drop below

l8°cC.

The long-term records at Freeport (RM 48), “12 miles
below the City of Sacramento, indicate that undesirable
temperatures for juvenile salmon are reached by hid—May in nearly
half the years. Temperatures during June are almost always above
18°C, but lethal levels during June are extremely rare. The
increase in water temperatures since 1976 are less evident here
than at upstream stations. In addition to the factors that
regulate temperature upstream, temperatures in this reach are
sometimes influenced by large contributions of cooler American
River water as well as the cool, strong evening and night winds

from the Delta.
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During the spring, water temperature in the Sacramento
River is influenced by the magnitude of streamflow; and, in
general, these two variables are inversely related (i.e., higher
flow leads to lower temperature). For most locations, the
relationship between 5-day average temperature and flow during
May and June is best described by a negative logarithmic
equation. This is to be expected since change in temperature for
a giveq change in flow tends to become smaller at higher flows.
The relationship between flow and temperature is presented in
Figures 4 and 5 for May and June at Grimes and Freeport. A
detailed description of these relationships at all five long-
term data sités is given in Reuter and Mitchell (1987) and we use

these two sites here only as examples.

While a general relation between temperature and flow
is apparent, it is also clear that there is a considerable amount
of variation in temperature at any given flow. At high flows
this variation was largely due to the higher average temperatures
in only a few years (i.e., 1982 and 1983 relative to 1967}).
However, more years of data are represented by low flows; and the
explanation for the variation in temperature, under these reduced
flow conditions, is not clear at this peint. While air
temperature certainly has some effect, there is only a poor
correlation between air and water temperatures (r=0.306). 1In a
multiple correlation énalysis of the effect of flow and air
temperature, the latter could explain iny 12% to 13% of the

variation in water temperature at both Grimes and Red Bluff.

b
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Figures 4 and 5. Flow versus temperature relationships for the
Sacramento River near Grimes and at Freeport in May and June.
Each point represents a 5-day average, and data for the entire
18-20-year period of record is included. 1In all cases, the
relationship was best described by a logarithmic eguation, and
the line of best fit along with the associated correlation
coefficient (r) is given. The dotted vertical line extending
downward from the 18°C level represents the flow which
historically has been needed to ensure river temperatures of
less than 18°C. 1In May, temperatures less than 18°C have been
achieved at lower flows, but because of the large variation in
temperature at these reduced flows, it is difficult to
accurately predict whether or not values will be suboptimal
for juvenile salmon survival solely on the basis of discharge.
During June, the occurrence of 18°C temperatures at low flows
have been considerably less.
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The historical data indicates that at Grimes, flow
should exceed 710,000 cfs in May and 713,000 cfs in June to
ensure that temperature does not exceed 18°C. Downstream, flows
at Freeport would need to exceed 25,000 cfs in May and 733,000
cfs in June. This is not to imply that temperatures of <l1l8°¢
cannot be achieved at lower flows. This is especially true in
May where temperatures are below 18°C approximately 50% of the
time when flows are less than those stated above. In June, the
likelihood of encountering temperatures below 18°C at flows less
than those stated above are reduced at Grimes and almost

negligible at Freeport.

At this point, it appears as though the major mechanism
for reducing temperatures in June to less than 18°C is to
increase flow. In May, however, the data indicates that it is
possible to have desirable temperatures for juvenile salmon at
lower flows. A prefitable approach would be to determine the
cause(s) of the variation in temperature at lower flows. If it
is found that controllable factors such as reservoir operations
and return irrigation water are important, this would provide
some basis for hope that water temperature could be maintained at
more desirable levels without having to depend solely on

augmenting flow.



150

Appendix 21. Equations used to derive the percent diverted on the
Sacramento River at Walnut Grove and the percent
diverted on the San Joaquin River at Mossdale and
estimates of flow at Rio Vista on the Sacramento
River. Equations were obtained from Ci}ifornia
Department of Water Resources DAYFLOH.=

X-Channel + Géorqiana Slough
I Street - (Steamboat + Sutter)

[

Percent Diverted

Steamboat Slough -192 x I Street - 150 cfs
Sutter Slough = ,182 x I Street - B0O cfs
Georgiana Slough + X Channel =

When gates are open: .293 x I Street + 2090 cfs

When gates are closed: .133 x.I Street + 823 cfs
Rio Vista flow = I Street - {Georgiana + X Channél) + Yolo Bypass
Percent diverted off of mainstream San Joaquin into 014 River at
Mossdale: estimates based on DHR exhibit 50, San Joaquin flow at
Vernalis and total exports from DAYFLOW. A

l/ Also see DWR exhibit 50 for source of equations.



151

o9

ol9

obL
089
olil
o¥L

of9
o¥9
059
099

oSt
0l?
ol?
099

of9
ol9

d, @vvatay
3¢ duag

213m Gasva
Y3 Inoybnoayy

og

6L

8L
LL
L4
18

¥B
5S¢
L
8L

EL
Le
6¢
Li

9L

S¢
18

Tiw)jsswaiag

v #z1g

88"
58°

£z
9z
gL
g9’

w
EL"
BZ®
L

91*
9g°
1s°
S0°T

£E”
[ G
EE"T

¥IoTpul

vitaq

193 wyrag 10taajuy oy

Pasvatax ysrjy (IM)) peb

*1

141

| 4
A
1
LA

LA
LA
14
LA !

11
1
01
01

01

01
ot

patdueg
auy]
jquadaag

LY

9

144
LA
(43
v

0z
Sz
0€
Be

6

£E
bz
LE

£e

EL
S6

FEREIGEET
asquny

“LB6T-£861 20} “puersy sdd

DR} 2178 Papod aaAly aayy

B00°15
EOT° 1S

698786

596°201
6%6°101
0zE*T0T

00Z°16
98E°00T
BEZ'T0T
29t Lot

968° 9
TLE 1Y
808°65
UAC: A

005768

SE¥F‘ES
£E69°26

Pasestay

2aquny

YD 3w IMFA3 J3jempim Y3 Ul pasanodai pue witaqg
¥33 107 (g} eywp TeaTaIng pue £

{pauado gajwh)

T/s apiy
(PISOI> majwh)
6Z2/% Ip4Ay
1€/5 I9ATY P10
0€/S Buuntaxon J4g
62/S QumniaxoN 4N
BZ/S apdy
8/s JIATY P10
L/S sumntayon g
6/5 auuntayow 4N
1t/s apdy
ST/9 33ATY PO
I1/9 auwntayoy Jg
Y1/9  ausniayoy 4N
£1/9 apdy
LS I13ATY PO
FUENTINOW
61/5 Janmo1
0Z/5 uojays]
a7eq EEN §3
Unluﬂum Umﬂuﬂum

59-29-9

56-29-9

6¢¥-79-9
9%-29-9
L¥-29-9
ar-29-9

ir-29-9
Ye-29-9
2E-29-9
SE-29-9

tE-29-9
8z-79-9
TE-Z9-9
6Z~29-9

9Z-29-9

S¢-29-9
€T-29-9

Lgel

9861

SB61

res1t

£861

apo) ey Tesx

‘€861 @a0jyaq apem

A3A0231 ‘agwaray

*ZT Xxypuaddy



152

Appendix 23. Annual number of salmon salvagedl?t CVP/SWP Fish
Facilities (April through June).i

Year cvp SWP Total

1870 378,420 29,815 408,235
1971 (highest) 404,972 15,432 420,404
1972 267,156 76,447 343,603
1873 169,392 32,785 202,177
1974 242,060 125,335 367,395
13975 101,920 21,333 123,253
1976 100,632 18,330 118,962
1977 (lowest) 9,168 5,202 14,370
1978 | 9,576 14,741 24,317
1979 103,731 98,314 202,045
1980 151,202 68,549 219,751
1981 63,337 74,523 137,860
1982 163,414 173,422 336,836
1983 192,412 38,581 230,993
1984 170,325 113,471 283,796
1985 108,114 133,309 241,423
1986 302,848 400,567 703,415

1/ See CDFG exhibit 17 entitled

"Entrainment Losses",
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Appendix 24a. Expanded recoveries of spray-dyed fish released in Upper 01d
River and San Joaquin River and recovered at the State (SWP)
and Federal (CVP) Fish Facilities in 1985.

State Federa]l
San San
Upper Joagquin Upper Joaquin
0ld at 014 - at
River Dos Reis River Dos Reis
Day (Red) (Yellow) Ummarked (Red) (Yellow) Unmarked
Apr 29 0 0 194 60 0 284
Apr 30 1 0 563 14684 0 3676
May 1 1206 0 1494 6016 52 2576
May 2 2836 0 2860 2140 4 2624
May 3 1864 0 1048 724 14 1088
May 4 2188 40 4524 362 10 978
May 5 1140 45 2593 284 0 844
May 6 658 12 1788 218 92 802
May 7 496 260 2444 136 156 _ 872
May 8 304 420 1904 129 141 847
May 9 219 502 1827 40 136 2788
May 10 BO 308 3968 216 . 276 5472
May 11 256 220 4592 258 306 5502
May 12 152 520 5288 le8 88 2076
May 13 116 152 2452 112 80 2068
May 12 148 454 5420 48 32 1506
May 15 6 108 2100 34 _22 730

Total 11670 3041 45059 25629 1409 34833
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Appendix 24b. EXPANDED DAILY RECOVERIES OF CODED-WIRE TAGGED SALMON
RELEASED IN THE STANISLAUS, OLD AND SAN JOAQUIN RIVERS, IN 1986 AT THE
FEDERAL FISH FACILITY (CVP).

ADIPOSE LOWER UPPER LOWER SAN JOAQUIN
DATE CLIPPED UNMARKED STANISLAUS OLD RIVER OLD RIVER RIVER

15-Apr 0 202 0 ¢} 0 4]
16-Apr 26 284 0 0 0 0
17-Apr 70 522 0 W] ¢ 0
18-Apr 128 600 0 0 0 0
19-Apr 116 - 1,018 0 0 0 0
20-Apr 94 772 Q 0 0 0
21-Apr 60 1,024 0 0 0] 0
22-Apr 492 5,420 0 0 0 0
23-Apr €48 7,968 0 0 0 0
24-Apr 548 8,262 0 0 0 0
25-Apr 404 - 5,534 3] 0] 0 0
26-Apr 292 3,180 0 0 Q 0
27-~Apr 188 3,599 0 0 0 0
26-Apr 412 4,958 Q 0 0 0
29-Apr 476 5,448 0 0 0 0
30-Apr 1,044 7,908 428 0 0 0
0l1-May 3,088 7,600 2,328 0 0 0
02-May 1,580 8,896 552 0 - 0 0
03-May g3z - 3,994 186 0 0 0
04-May 524 4,094 158 0 0 0
05-May 368 5,440 100 0 0 0
06-May 262 3,122 80O 0 0 0
07-May 188 2,740 24 0 0 ¢
0B-May 12 3,236 28 0 0 0
09-May 164 3,182 358 0 0 0
10-May 236 5,304 . 148 0 0 0
11-May 188 3,964 60 0 0 0
12-May 98 2,365 18 0 0 0
13-May 42 2,724 6 0 0 0
14-May 128 - 3,820 18 0 0 0
15-May 62 2,438 18 0 0 0
16-May 52 1,438 0 0 0 0
17-May 16 1,520 4 0] 0] 0
18-May B8 1,800 8 0 0 0
19-May 72 3,284 0 0 0 t]
20-May 68 3,464 0 0 0 0
21-May 28 1,878 4 0 0 o}
22-May 28 1,612 0 0 0 0
23-May 77 2,503 0 0 0 0
24-May 60 1,856 0 0 0 0
25-May (] - 2,284 0 0 0 0
26~-May 48 1,586 20 0 0 0
27-May 72 4,732 0 0 0 0
28-May 142 3,548 0 0 0 0
29-May 16 3,458 -0 0 0 0
30-May 12,120 4,008 0 10,2860 0 z
31-May 44,940 7,520 0 40,596 0 v 200
01-Jun 16,7768 5,628 0 14,772 80 72
02-Jun 2,456 1,260 t] 472 1,512 96
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Appendix 24b. EXPANDED DAILY RECOVERIES OF CODED-WIRE TAGGED SALMON
RELEASED IN THE STANISLAUS, OLD AND SAN JOAQUIN RIVERS, IN 1986 AT THE
FEDERAL FISH FACILITY (CVP). (CONTINUED)

ADIPOSE LOWER UPPER LOWER SAN JOAQUIN
DATE CLIPPED UNMARKED STANISLAUS OLD RIVER OLD RIVER RIVER
03-Jun 1,056 6,782 0 156 624 0
04-Jun 1,140 8,718 Q 128 740 60
05-Jun 236 1,480 0 48 156 24
06~Jun BO 992 4] 0 56 Q
07-Jun 56 318 0 12 16 0
08-Jun 16 202 0 0 B 0
08-Jun 16 278 0 0 4 0
10-Jun 20 168 0 12 4 0
11-Jun 8 252 0 0 0 0
12-Jun 24 ' 2486 0 0 0 0
13-Jun 0 120 0 0 0 0
i4-Jun 20 364 0 0 12 0
15-Jun 0 56 0 0 0 0
16-Jun o 656 0 0 0 0
17-Jun 0 120 0 0 0 0
18-Jun 0 144 0 0 -0 0

TOTALS 82,735 193,996 4,230 66,456 | 3,182 464
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Appendix 24c.  EXpANDED DAILY RECOVERIES OF CODED-WIRE TAGGED SALMON
RELEASED IN THE STANISLAUS, OLD AND SAN JOAQUIN RIVERS, IN 1986 AT THE
STATE FISH FACILITY (SWP).

ADIPOSE LOWER UPPER LOWER SAN JOAQUIN
DATE CLIPPED UNMARKED STANISLAUS OLD RIVER OLD RIVER RIVER

16-Apr 0 1,044 0 0 0 t]
17-Apr 24 568 0 0 0 0
18-Apr 124 1,392 O #) 0 0
19-Apr 418 2,320 0] 0 0 0
20-Apr B8E 5,166 0 0 0 0
21-Apr 364 3,892 0 0 0 0
22-Apr 224 3,004 0 0 o #]
23-Apr 732 10,584 0 0 0 0
24-Apr 576 6,132 0 t] 0 0
25-Apr 894 15, 246 0 0 0 0
26-Apr 868 12,842 t] 0 0 0
27-Apr 1,712 21,818 0 0 0 0
2B-Apr 384 8,780 0 ¢ 0 0
29-Apr 664 8,316 8 0 0 0
30-Apr 936 11,332 0 0 0 t]
0i1-May 3,142 7,648 2,118 0 0 0
- 02-May 3,688 7,168 2,880 t] 0 0
03-May 2,184 8,408 852 0 G 0
04-May 2,322 11,232 792 0 0 0
05-May 984 €,792 384 0 0 0]
06-May 612 5,388 300 0 0 0
07-May 612 3,360 276 4] 0 0
0B8-May 364 3,360 132 0 0 0
09-May 472 4, 288 72 0 0 0
10-May 156 4,864 60 0 0 0
11-May 323 3,413 14 0 0 0
12-May 212 2,508 76 0 0 0
13-May 178 5,548 178 0 Q 0
14-May 160 5,428 80 o] 0 ¢}
15-May 280 4,272 180 0 0 0
16-May 276 3,308 1186 0 0 0
17-May 460 4,808 88 0 0 0
l18-May 336 10,836 124 0 0 0
19-May 78 6,934 36 0 0 0
20-May 220 3,608 198 0 o 0
21~May 144 2,002 0 0 0 0
22-May 128 2,988 0 0] 0 0
23-May 27 3,230 0 0 0 0
24-May 64 6,202 0 0 0 0
25~May 116 3,944 0 0 0 0
26-May 132 - 3,526 0 0 0 0
27-May O 1,036 0 o 0 0
28-May 40 956 0 0 0 0
29-May 0 1,328 0 0 0 0
30-May 12 3,582 0 0 0 0
31-May 0 0 0 0 0 0
01-Jun 2,584 8,880 0 1,540 0 ' 240
02-Jun 2,120 3,860 0 1,580 80 180
03-Jun 2,820 8,100 0 1,200 660 €00
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Appendix 24e. (Cont.) gypavpEp paILY RECOVERIES OF CODED-WIRE TAGGED
SALMON RELEASED IN THE STANISLAUS, OLD AND SAN JOAQUIN RIVERS, IN 1986
AT THE STATE FISH FACILITY (SWE).

ADIPOSE LOWER UPPER LOWER SAN JOAQUIN
DATE CLIPPED UNMARKED STANISLAUS OLD RIVER OLD RIVER RIVER
04-Jun 1,140 7,320 G 0 660 360
05-Jun 1,200 8,300 0 0 540 600
0€-Jun 1,020 3,840 0 60 300 240
07-Jun 60 2,340 0 60 0 ¢
08-Jun 1,080 7,160 0 0 720 300
08-Jun 0 2,460 0 0 0 0
10-Jun 180 3,348 0 180 o 0
11-Jun 186 4,400 0 12 20 0
12-Jun 18 545 0 0 8 0
13-Jun 240 744 0 0 0 0
14-Jun 300 720 0 0 o] 0
16~Jun 240 840 0 0 0 0

TOTALS 39,712 318,152 B,960 4,642 2,998 2,520
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APPENDIX 24d. EXPANDED DAILY RECOVERIES OF CODED-WIRE TAGGED SALMON
RELEASED IN THE TUOLUMNE, OLD AND SAN JOAQUIN RIVERS, IN 1987 AT THE
FEDERAL FISH FACILITY (cvp),. '

ADIPOSE. LOWER UPPER SAN JOAQUIN
DATE CLIPPED UNMARKED TUOLUMNE OLD RIVER RIVER

04/17/87 0 98 0 0 0
0i/18/87 336 576 264 0 0
04/19/87 1,284 528 1,064 ] 0
04/20/87 588 540 372 0 0
04/21/87 1,164 624 180 0 0
01/22/87 636 609 86 0 0
04/23/87 108 432 12 0 0
04/24/87 288 1,896 84 0 0
04/25/87 48 774 36 0 0
04/26/87 24 384 12 .0 0
04/27/87 48 156 0 0 0
04/28/87 16,584 3,012 168 13,704 0
04/29/87 2,856 : 1,728 84 2,136 48
04/30/87 1,020 1,956 24 714 38
05/01/87 432 2,172 45 305 0
05/02/87 252 1,536 36 144 24
05/03/87 300 2,388 0 120 144
05/04/87 321 2,212 0 132 108
05/05/87 468 3,170 32 70 277
05/06/87 4986 5,304 44 101 258
05/07/87 508 4,024 18 128 254
05/08/87 226 3,042 8 20 138
05/09/87 : 180 4,152 0 24 156
05/10/87 24 1,176 0 0 24
05/11/87 72 726 0 0 18
05/12/87 0 132 0 0 0
05/13/87 12 264 0 0 12
05/14/87 0 108 0 0. 0
05/15/87 0 T2 0 0 0
05/16/87 it 156 0 0 0
05/17/87 0 324 0 0 0
05/18/87 0 168 0 0 0
05/19/87 0 313 0 0 0
05/20/87 0 387 0 0 0
05/21/87 0 282 0 0 0
05/22/87 0 276 0 0 0
TOTAL 28,273 45,999 2,569 17,598 1,529
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APPENDIX 2le. EXPANDED DAILY RECOVERIES OF CODED-WIRE TAGGED SALMON
RELEASED IN THE TUOLUMNE, OLD AND SAN JOAQUIN RIVERS, IN 1987 AT THE
STATE FISH FACILITY (SWP). :

ADIPOSE LOWER UPPER SAN JOAQUIN
DATE CLIPPED UNMARKED TUOLUMNE OLD RIVER RIVER

01/17/87 8 204 0 0 0
04/18/87 12 748 0 C 0
01/19/87 102 717 342 0 0
0i1/20/87 3,374 1,142 2,584 ¥ 0
01721787 1,064 730 802 0 0
04/22/87 603 611 430 0 0
01/23/87 520 1,032 282 0 0
04/23/87 521 1,886 331 0 0
0i/25/87 274 1,158 160 0 0
04/26/87 104 683 32 0 0
04/27/87 138 1,416 90 24 0
04/28/87 912 2,328 116 580 4
01/29/87 2,148 1,931 82 1,731 0
04/30/87 1,413 1,771 112 1,001 T
05/01/87 972 3,582 138 714 18
05/02/87 780 2,634 12 570 78
053/03/87 472 1,716 8 232 96
05/04/87 588 2,142 12 312 108
05/05/87 810 1,542 81 138 _ 306
05/06/87 _ 1,341 3,494 48 4235 475
05/07/87 2,604 1,668 0 737 1,283
05/08/87 812 4,228 0 72 576
05/09/87 186 2,778 0 108 270
05/10/87 - 318 1,656 0 12 _ 31z
05/11/87 621 3,408 0 168 300
05/12/87 1,536 19,644 0 60 1,026
05/13/87 244 3,276 0 0 184
05/14/87 450 8,990 2 0 " 270
05/15/87 368 11,374 0 0 368
05/16/87 180 1,692 c 0 0
05/717/87 0 8,760 0 0 0
05/18/87 180 2,880 0 0 0
05/19/87 0 2,940 0 0 0
05/20/87 . 0 180 0 0 0
05/21/87 0 ‘ 210 0 0 0
05/22/87 0 840 0 0 0

TOTAL 24,320 108,051 . 5, 7,204 3,701

- N
oo
[4]]
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Appendix 25. Annual estimates of adult chinook Spawning
€scapement in the San Joaquin Rivis and in the
Central Valley from 1957 to 1986.=

Year - San_ Joaquin Central Valley
1957 8.5 88.4
1958 39.6 234.7
1559 28.3 369.4
1960 53.12 416.6
1961 - 2.0 229.4
1962 1.7 189.2
1963 1.3 262.3
1964 7.8 -266.9
1965 6.7 le9.8
1966 6.4 1B4.4
1967 20.9 131.2
1968 7.0 173.4
1969 50.7 - 311.8
1970 30 177.0
1971 40 177.9
1972 12 91.0
1973 6.5 205.5
1974 3.7 191.7
1975 5.8 145.8
1976 3.5 157.8
1977 .6 134.6
1978 2.3 125.3
1979 4.0 152.0
1980 5.0 130.0
1981 14.0 156.0
1982 14.0 141.0
1983 11.6 161.7
1984 41.1 ' ~1e3.1
1885 60.9 273.0
1986 16.1 214.2

1/ Source for adult €scapement estimates between 1957 to 1969 was
from Dave Dettman per. comm., Don Kelley and Associates,
estimates between 1970 to 1984 were from PFMC, 1986, estimates
of 1984 and 1985 from Bob Reavis, CDFG per. comm.
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Appendix 26
FRY REARING - GENERAL METHODOLOGY

Since 1978, the abundance and distribution of fall-run
chinook fry (defined as 30 to 70 mm fish) has been measured
throughout the Estuary (Figure 26-1) with weekly (Delta), and
biweekly or mbnthly (Bay) seine surveys from January to April. A
50 x 4 foot, 1/4 inch mesh beach seine with 4 x 4 foot bag were
used. Our index of salmon fry abundance is the number of salmon
Per seine haul. One seine haul was made at each site per sampling
day. Sites were diverse (boat launch ramps, sand beaches, etc.)
but were sampled in a consistent manner and covered about 50 to
100 feet of shoreline. Schaffter (1980) found that salmon fry are
most abundant along the shore during their rearing phase. The
number of sampling sites by region varied: north Delta (14
stations), central Delta (10 stations), San Francisco Bay (8
stations since 1986) and the Sacramento River above the Delta (7
stations) to Célusa, California.

Since 1980, the survival and movements of chinocok fry
produced at Coleman National Fish Hatchery were assessed by
marking them with coded wire half tags (CW1/2T) removing the
adipose fin for external identification, and releasing them in the

Estuary and upper Sacramento River below Red Bluff Diversion Dam
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(Figure 2_2). Recoveries of CH1/2T fry were made by seine

collections, midwater trawl surveys, the salvage process at the

CVP/SWP fish facilities, and subsequently through the ocean sport

and commercial fishery (as adults).
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Appendix 27. Mean monthly fry abundance indices {(fish/haul) based
n beach seine catches in the Lower Sacramento ]
River, North and Central Delta and San Francisco Bay

from 1978 to 1986.

— Index
Location Year Month X # Fish/Haul

Lower 1881 -
Sacramento 36.5
15.86
2.8B6
1982 24.7
10.2
12.0
43,7
1983 40.29
18.83
46.83
15.86

Lo VIR N ) o LN LoJEPUN S

1584 27.89
9.22
4.50

1.14

LoV N

1385 1.00

2.86
3.00
1.79

P WY

1986 19.54
47.80
30.30

19.00

Lo VLN N
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Location

North Delta

Year

1978

1979

1980

1981

1982

1983

1984

1985

1986

165

Month

LTl N e L WS ¥

W e Lo P N Bl ) LT S o we -

LT S

— Index
X # Fish/Haul

15.25
19.95
22.38

7.49

23.54
50.78
45.58
12.78

13.65
19.75
24.5
10.8

5.4
20.5
9.5
12.0

9.17
19.3
37.0
l6.6

39.57
34.9
48.2
32.0

13.60
15.08
11.96

2.98

1.95
16.53
18.71

2.29

30.47
35.04
34.62
16.18
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Location

Central
Delta

1580

1981

1982

1983

1984

1985

1986

166

Month

S WwN

Lo NN S

Lo S LR R S

W= B WwN = LR N S EE LR S N

_ Index
X # Fish/Haul

5.67
7.26
2.68

2.59
3.59
2.30

.86

.2

6.74
16.54
13.21

3.18
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Location

San Francisco
Bay

Year

13980

1981

1982

1983

1984

1985

1986

167

Month

L RPN S LR VR S N Lo TL N e L A N S Lo TUN S Lo PV N

W

— Index
X # Fish/Haul

13.0
3.1
1.5

.2

—
wWwow

[N N Ll
W
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OO OWw
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Appendix 28. Recoveries of CW1/2T fry during the Bay and Delta
beach seining survey (January through April) 1980 to

1987,

Release Site

15980

Red Bluff (1)

Clarksburg (23)

Berkeley (4)

1981

Red Bluff (3)

Tehema Colusa
Fish Facility (2)

Isleton (24)

Lower
Mokelumne (9}

Recovery Site

Sacramento Sites; American River (1)

~ San Joaguin and Interior Delta sites; None

recovered

Sacramento Sites; Clarksburg (10), Isleton (4},
Brannon Is. (3), Stump Beach (1)

San Joaquin and Interior Delta Sites;
Cross channel (1), Terminous (1), Edos (1),
West Is. (1)

San Francisco Bay sites; Treasure Island {4)

Sacramento Sites; Steamboat Slough (1), Isleton
(1)

San Joaquin and Interior Delta Sites; Antioch
(1) '

Sacramento Sites; Discovery Park (1), American
River (1)

San Joaquin and Interior Delta Sites; None
recovered '

Sacramento Sites; Isleton (18), Koket (1),
Brannon Island (3), Stunip Beach (1), Sherman
Island (1) :

San Joaquin and Interior Delta Sites; None
recovered

Sacramento Sites; Brannon Island (3)
San Joaquin and Interior Delta Sites; Woodward

Island (2), Venice Island (2), Terminous (1)
Kings Island (1)
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Release Site

1982
Red Bluff (6)

Isleton (74)

Lower
Mokelumne (3)

Berkeley (2)

1983

Courtland (33)

Isleton (81)

0ld River (2)

Lower
Mokelumne (1)

169

Recovery Site

Sacramento Sites; Discovery Park (5) Ryde (1)

San Joaquin and Interior Delta Sites; None
Recovered

Sacramento Sites; Isleton (49), Rio Vista (81,
Stamp Beach (5} '

San Joaquin and Interior Delta sites; Antioch
(1}

Sacramento Sites; Brannon Island (1), Sherman
Island (2)

San Joaquin and Interior Delta Sites; None
Recovered

San Francisco Bay; Hunters Pt. (1), Coyote Pt.
(1) .

Sacramento Sites; Ryde (14), Brannon Island
(6), Stump Beach (1), Sherman Island (1)

San Joaquin and Interior Delta; Georgiana S1
(9), B&W (1)

Sacramento Sites; Isleton (74), Stump Beach (5)
Brannon Island (2)

San Joaquin and Interior Delta; None recovered
Sacramento Sites; Brannon Is. (2)
San Joaquin and Interior Delta; None recovered
Sacramento Sites; None recovered.

San Joaquin and Interior Delta; Edo’'s (1)
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Release Sjite

1984
Courtland (35)

Ryde (65)

NF Mokelumne (8)

SF Mokelumne (25)

1985

Courtland (22)

Ryde (30)

NF Mokelumne (3%)

SF Mokelumne (44)

170

Recovery Site

Sacramento Sites; Ryde (12), Isleton (3), Stump
Beach (3), Brannon 1Is. (2)

San Joaquin and Interior Delta; Georgiana S1.
(10), Terminous (3), SF Mokelumne (1), Antioch
(1) :

Sacramento Sites; Ryde {34) Stump Beach (18),
Isleton (6),

Rio Vista (3), Brannon Is. (3), Sherman Is (1)
San Joaquin and Interior Delta; None Recovered
Sacramento Sites; Sherman Is. (1)

San Joaquin and Interior Delta; Terminous (4),
B&W (3)

Sacramento Sites; Brannon Is. {l)

San Joaquin and Interior Delta; Terminous (18},
SF Mokelunne (6)

Sacramento Sites; Isleton (7), Ryde (3),
Clarksburg (2), Stump Beach (1)

San Joaquin and Interior Delta; Edo's (4),
Georgiana Slough (3), B&W (2)

Sacramento Sites; Ryde (12), Isleton (10), Rio
Vista (4), Stump Beach (4) '

San Joaquin and Interior Delta; None recovered,
Sacramento Sites; None recovered

San Joaquin and Interior Delta; SF Mokelumne
(31), X-Channel (4)

Sacramento Sites; None recovered

San Joaquin and Interior Delta; SF Mokelumne
(42), X-Channel (1), B&W (1)
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Appendix 28 (Cont.)

Release Site Recovery Site
1986
- Courtland (6) Sacramento Sites; Isleton (2), Stump Beach (1),

Brannon Island (1)
San Joaquin and Interior Delta: B&W (2)

Ryde (9) Sacramento Sites: Brannon Is. (6), Isleton (2),
Stump Beach (1)

San Joaquin and Interior Delta; None recovered.

1987

Courtland (0) None recovered,
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Appendix 29. Unexpanded numbér of CW1/2T salmon fry recovered at
the CVP and SHWP Fish Facilities and an estimation of
sampling effort for these fish from 1980 to 1987,

Number Release Number Estimated

Year Recovered Site Released _Effort
1980 0 Red Bluff 91,800 Routine
0 Clarksburg 90,480 Monitoring
(2 samples/day)
1981 3 Lower Mokelumne 90,989 "
4 Isleton 86,865 "
Red Bluff 82,924
1982 0 Lower Mokelumne 85,319 "
0 Isleton B3,756
0 Red Bluff 85,426 "
1983 0 Lower Mokelumne 93,327 "
0 Isleton 93,323
0 01d River 96,257
1984 8 Ryde 92,232 4/25 to 5/5
3 SF Mokelumne 45,036 sampling every
5 NF Mokelumne 42,165 2 hours at
1 Red Bluff 91,738 the State Fac.
0 Courtland 96,617
1985 9 Courtland 103,186 4/29 to 5715
11 Ryde 99,733 sampling every
6 NF Mokelumne 51,145 2 hours at
5 SF Mokelumne 50,002 both facilities
g Red Bluff 101,468 5/16 to 6/13
7 days conducted
handling and
trucking sampling
at SHP
1986 0 Courtland : 104,792 4715 to 6715
0 Ryde : : 105,383 samples every
0 Red Bluff 51,426 2 hours both
facilities
1987 7 Courtland (B1)1/ 51,789  4/17 to 5/22
1 Red Bluff (12)1/ 54,280 samples every
1 Battle Creek (B8)1/ 54,393 2 hours both
- facilities

l/ Numbers expanded by time sampled.
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Appendix 31. 0 estimates of weight of total salmo
fishery by area, and estimated number of Central vall
fishery off California for the period 1916 to 1851,
estimates. Number of Central Valley chinook salmon e
Period and fractions described below (Dettman et

California Ocean Troll Catch by Areal
(pounds) '

Year Eureka San Fran Monterey Cther T
1916 98,353 262,889 5,230,839 135 5,592
1917 924,192 1,280,312 3,879,487 2,006 6,085
1918 1,110,611 1,928,794 2,892,876 1,065 5,933
1919 2,949,642 1,442,708 2,816,022 10 7,208
1920 3,115,381 1,459,932 1,490,877, 0 6,066
1921 2,300,259 938,886 1,243,960 0 4,483
1922 2,496,841 961,317 880,129 30 4,338
1923 1,693,711 1,314,877 728,336 03,736
1924 1,880,342 3,617,045 877,186 06,374
1925 3,111,885 1,270,936 1,098,715 0 5,481
1926 2,843,509 962,413 -51,755 0 3,863
1927 2,715,806 1,488,746 717,027 21 4,921
1928 2,293,832 815,815 334,654 5 3,444
1929 2,320,846 658,718 1,054,096 0 4,033
1930 2,797,993 1,008,242 279,409 6 4,085
1931 3,254,846 428,298 91,471 0 3,774
1932 2,656,788 124,010 80,884 16 2,861
1933 2,943,962 158,806 569,859 48 3,672
1934 2,824,743 818,852 286,230 0 3,929
1335 3,790,733 337,751 219,700 15 4,348
1936 3,655,76§ 266,440 144,924 1,020 4,068
1937 3,895,867 1,108,402 891,083 931 5,89
1938 1,868,706 94,975 199,474 183 2,163
1339 1,821,931 285,194 125,498 0 2,232
1940 3,369,492 1,177,653 613,224 34 5,160
1541 2,413,368 375,766 153,662 3,198 2,945
1942 2,255,862 1,642,051 164,931 462 4,063
1943 2,162,368 2,021,208 1,101,934 17 8,285
1844 3,792,103 2,646,714 575,579 7,452 7,021
1945 4,627,714 2,431,954 816,303 35,783 7,912
1846 4,545,299 2,017,703 569,350 2,120 7,134
1947 5,868,577 1,485,657 738,469 0 8,092
1948 4,033,992 1,544,479 250,906 0 5,829
1949 2,601,390 2,455,543 473,741 5,530
1850 2,217,558 4,072,973 769,705 4,715 7,064
1951 1,895,267 4,508,571 €79,128 2,637 7,085
1 Scurces: Years 1816-1950, Fry and Hughes {1951); 195

2 Annual contributions of Central Valley chinook estime
landings times the fraction of the 1952-1965 landings
landings; 2) divid ng the wei

of fish landed tim., the overall r
Central Valley dur, ng the 1977-

raction af figh in
1986 pericd.

n landings in the California ocean commercial

ey (CV) chinook caught in the commercial ocean
HWeights of total landings based on CF&G
stimated by applying mean weights from 1952-1965

al.,, 1987)
California Ocean Troll Catch
of Central Valley Chinook by Number 2

otal Eureka SanFran Monterey Other Total
216 2,871 16,268 407,073 7 426,218
L9977 26,94 79,227 301,908 98 408,207
346 32,414 119,355 225,129 52 376,950
.382 86,089 89,276 219,148 0 394,513
190 90,926 90,342 116,023 0 297,290
105 67,136 58,099 96,807 0 222,042
.317 72,873 59,487 68,493 1 200,855
/924 49,433 81,366 56,680 0 187,479
,573 54,880 223,825 68,7264 0 346,969
/936 90,824 78,646 85,504 0 254,974
877  B3,166 59,555 4,028 0 146,749
600 79,264 92,125 55,800 1 227,190
306 66,948 50,483 26,043 0 143,475
L6600 6?,737 40,762 82,032 0 190,530
650 81,663 62,391 21,744 0 165,798
(615 94,95 26,503 7,118 0 128,618
698 77,541 7,674 6,295 1 91,511
675 85,923 9,827 44,347 2 140,100
825  B2,443 50,671 22,275 0 155,389
(199 110,637 20,900 17,097 1 148,635
(152 106,698 16,488 11,278 50 134,514
»283 113,705 68,589 69,346 46 251,685
»338 54,540 5,877 15,523 9 75,950
623 53,175 17,648 9,766 0 80,590
403 98,343 72,8714 47,722 2 218,940
994 70,437 23,253 11,958 157 105,805
,306 €5,840 101,611 12,835 23 180,309
/927 63,111 125,074 B5,754 1 273,940
848 110,677 163,781 44,793 365 319,615
,154 135,065 150,491 63,526 ‘1,803 350,885
A72 132,660 124,857 44,308 104 301,928
.703 171,281 91,934 57,469 0 320,684
377 117,737 95,573 19,52% 0 232,836
674 75,925 151,951 36,867 0 264,743
951 64,722 252,039 59,900 231 376,891
603 55,316 278,994 52,851 129 387,289
1, CF&G Fish Bulletin No. 89.

ted by:
that we

Z) multiplying the weight of total salmon
re chinouk *o estimate weight of chinook
&ht during
and 3) multiplying the number
were estimated to be from the

Californis;
the fishery that
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