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SACRAMENTO RIVER SYSTEM

The Sacramento River system is the principal salmon spawning area
in the Central Valley (Figure 1). For the purposes of this report the system
is divided into four major spawning areas; 1) the Sacramento River system
above its confluence with the Feather River and referred to as the upper
Sacramento River system, 2) the Feather River, 3) the Yuba River, and

4) the American River.

Salmon Ruhs

King salmon (Oncorhynchus tshawytscha) are the only salmon of any
. Sounr

importance in the Sacramento River system. The other,@hree North American

Pacific Salmon have been recorded in the Sacramento River system but their

numbers are small, Four different runs or races of king salmon spawn in
the Sacramento River each year, but not in all tributaries. They are
called spring, fall, late fall and winter runs. Spring-run salmon enter
the river system between March and July and spawn from late August through
early October, but primarily in September. Spawning occurs in the
Sacramento River as well as in the upper reaches of several suitable tri-

butaries. Fall-run salmon migrate into the Sacramento from July through
o

1/ Associate Marine Biologist, Salmon and 3teclhead Program, Anadromous
Fisheries Branch.
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Figure 1. Salmon streams of the Central Valley, indicating salmon hatcheries,

impassable dams, and those ladderced dams used for Fish counting or
trapping.



November and spawn from early October through December. Spawning takes
place in the Sacramento River, and in the lower reaches of most tri-
butaries. For convenience, these two runs are termed "fall spawners''

in this report. Late fall-run salmon migrate into the Sacramento from

early November through February and-SPawn from January through March,
primarily in the Sacramento River, but also in small numbers in some
tributaries. Winter-run salmon enter the Sacramento River from early
January tnrough mid-June and spawn primarily in the upper reaches of the
Sacramento between mid-April and mid-July. A few winter-run salmon
occasionally spawn in tributaries. These latter two runs are called "spring

spawners' in this report.

Salmon Spawning Populations
Methods

Most of the sﬁawning stock estimates presented in this report are
attributable to the California Department of Fish and Came; the remainder
to the U. S. Fish and Wildlife Service. The salmon spawning escapement
figures were obtained in most instances throﬁgh "spawning stock surveyé”,
i.e., by counting spawned-out carcasses, estimating the proportion of the
total carcasses counted, and then calculating the probable number of
spawners in the stream. Spawning stock surveys were often supplémented by
aerial redd counts and/or tag and recovery programs.

Since 1966 the numbers of salmon that spawned in the Sacramento River

system upstream from Red Bluff have been counted in Red Bluff Diversion Dam
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fishways. In some instances these counts are incomplete because of lake
drawdowns, floods or murky water. Spawning escapements presented for fall
spawning salmon are minimums since the spring-run salmon figures included
are incomplete.

Since 1953, spawning escapement data have been complete enough to
enable estimates of fall- and spring-run salmon for the entire Sacramento
River system. However, not until 1970 was a breakdown Qf total counts into

the four runs at Red Bluff Diversion Dam possible.

Spawning Escapement Coals

Defining spawning escapement levels to serve as management goals is a
difficult and largely subjective process. In some streams, field surveys
of spawning areas have résulted in estimates of the maximum number of
spawners that could be accommodated under various stream flows. These
estimates, however; are undoubtediy too high; forithey éssume that fhe
spawning run will spread out uniformly over every square yard of gravel, a
condition which, in California, has yet to occur.

Furthermore, a fixed ideal spawning escapement does not exist, for
envirommental conditions which govern each year's spawning success and
survival subsequent to spawning are not fixed. In the San Joaquin system,
significant correlations exist between spring outflow and adult fall-run
escapement 2-1/2 years later; significant correlations do not exist
between size of escapement in 1 year and escapanent size 3 and/or 4 years

later.
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An additional relationship has been demcnstrated between ocean fishery
catch and escapement, Size of the spawning run is positively correlated
with the size of the immediately preceding season's catch; a large catch is
followed by a large escapement, a small catch by a small escapement.

Taken together these relationships suggest that factors limiting long-
term escapement size operate after spawning occurs and prior to the time
that the population is recruited to the ocean fisheries. Because we do not
know the degree to which these factors will operate on any given year class,
we have no basis on which to establish a "maximum” or a "minimum" escapement
goal. We have therefore suggested an "average" escapement goal, which is a

desirable level around which the escapement will fluctuate.

Numbers of Salmon
In the presentation of numbers of salmon in the spawning populations a
history of the estimated runs is included first, followed by an estimate of

the average escapement goal (Table 1).

History of Runs

The 24 years of data on fall spawning salmon escapements in the entire
Sacramento Rivér system indicate a peak of 528,000 fish in 1953, and a low
of 104,000 in 1957 (Table 2). During the 8 years from 1953 through 1960
these runs averaged 340,000, and five times during this period the combined
populations totaled approximately 400,000 or more. However, during the
following 16 years (1961-76) there has been an overall gradual but steady
decline in the fall spawning populations. During the l0-year period, 1967-76

the fall spawning populations averaged 213,400 f{ish.



Sacramento River System

TABLE 1

Average Spawning Populations, 1967-76,
and Average Spawning Population Goals (in Thousands)

Upper -
Sacramento Fegther Yuba American Totals
River System River River River
Run Average Average Average Average Average
Present | Goal |Present | Goal | Present | Goal Present |Goal |Present | Goal
Fall 98 - 150 4o Lo 12 25 L 30 203 2Ls5
Spring 10 29 L 1 10.4 30
1/
Late
Fall 19 25 19 25
1
Winter“/ 31 40 31 4o
Av. Pres. | 158 Lg. 4 12 Lk 263.4
Av. Goal okl b1 : 25 30 3Lo

1/ Six year average only (1971-76).



Estimates of spring-spawning salmon have fluctuated considerably
since 1970 when the first counts became available, from a low of 25,000
in 1974 to a high of 70,000 in 1971, and averaged about 50,000. During
most years, however, these are minimum population estimates based on
incomplete counts at Red Bluff Diversion Dam. At times (as in 1970) the
water was too turbid for counting for several consecutive weeks, but the
fishways were open.
A "least-squares line" was computed for the 24 years of fall-spawning
salmon data to mathematically represent the overall population trend.
These data indicate a 60% decline. However, the overall decline is due
entirely to avdecreasing population in the upper Sacramento River (Sacramento
River above the Feather River), whereas the American, Feather and Yuba Rivers
spawning populations ha?e remained fairly constant or increased (Figure 2).
’A leaét-squares line fitted to the 7 yéars of sprihgmspawning salmon

population data indicates a 33% decline.

Sacramento River System Above the Feather River
The upper Sacramento River system is the principal spawning area in the
Sacramento Valley, as well as in the entire Central Valley. Keswick Dam,
located on the main stem of the Sacramento a few miles upstream from Redding
is a complete block to migrating salmon. A fish trap at the dam is used
to secure salmon for Coleman National Fish Hatchery on Battle Creek. King
salmon migrate year-round into this section of the river system and they

include all four of the recognized runs.



"WA1SAS JIBATY

ojuswexoes taddn ur ‘suna SutuT(oep 03 ATOATIUS JSOWTE 8np ST puaxy STYJ Moy BuTlRISOTTL pue puaxy

pIBMUMOD TTRIDAO 343 Sutmoys “9.-gg6T ‘suotjeyndod uourres Bury Butumeds [TeF (IDATY ukDLIBDUWY pur

I8ATY BQNL ‘I3ATY I03Ba] ‘I9ATY Xoyjea] 9} 9A0QER WR3SAS JIBATY OJUSWRIDRSG) WO3SAS IoaTY OJUWRIOES 7 aaudt g

316l GI6l  vlel €161 2160 1161 061 6961 896! L1961 9961 598!  p96i €96 2961 1960 0961 6G6I  BG6l LG6I 9561 GG6l  GEl €G!
| | i i A . e lllllilil. 0
- ......:.v./v\ ............... o ../ 400
\ ..-...,. \/ .‘.. vevennn .... /..... . .
/ 4 \ 4002
—00¢
- WILSAS ¥IAIY-OLNIWYYOYS TYLOL IHL 404 INIT ONIYL , , T
SIUVNDS - 15V31 \ / \ 3
, \ \ N % Joob
i \ Nk
i T ,/ %
YIAN YENA ——— \ ]
- YIAIY NVOIYIRY ——————- vJdooc
TR E LT E— \|
i 4INIY YIH1YIS JA08Y WILSAS YIAIY OLNFWYHIVS eeeeerccencece .
WILSAS YIAIY OLNIWYYHIYS VIOl ——-—
009

(SONYSNOHL NI') NOWTYS



-6 -

Estimates of salmon spawning populations from 1953 through 1976 are
presented for fall- and spring-run fish, and from 1970 through 1976 for

late fall- and winter-run fish (Table 2).

Fall and Spring Runs

Spawning Population Estimates

The combined total annual spawning populations of fall- and spring-
run salmon in the upper Sacramento River system averaged 257,000 fish during
the 8 years from 1953 through 1960. Five times during this period the com-
bined populations totaled 270,000 or more. However during the following 16
years (1961-76) there has been a gradual but steady decline in the total,
to 121,000 fish (Figure 3). The total fall spawning populations (spring
and fall runs) have fluctuated between a high of 466,000 in 1953 to a low
of 66,400 in 1962. Average for the 24 years is 171,500 fall-run and

9,000 spring-run fish.

Average Spawning Escapement Goal

The average escapement goal under present environmental conditions is
179,000 fall spawners. This would include the main stem of the Saéramento,
Battle Creek (including those spawned at Coleman Hatchery) and the remaining
tributaries. The total would include 150,000 fall-run and 29,000 spring-

run salmon.

Late Fall and Winter Runs

Spawning Population Estimates

The Red Bluff Diversion Dam counts, which have only become available since

1970, indicate considerable fluctuation in the annual numbers of spring-spawn-



SACRAMENTO RIVER SYSTEM KING SALMON SPAWNING STOCKS,
(In Thousands of Fish)

TABLE 2

1953 1976

Fall-and Spring-Run
(Spawn August - December)

Late Fall-and Winter-Run!.

(Spawvn January - July)

Sacramento System Above Feather River

Yubé

Sacramento| Battle Other Feather American Total Sacto. Total Sacto. River
River Creek Tribs. Total River |River | River River System (sacto. R. System)
LO8F+ 83 | 16F+25 |27 F+5 S |L451 F+15 S=466 28F+0 S 6F 28F 513 F+15 S=528
276F+ 95 | 12F+2S |22 F+4 S | 310 F+15 S=325 68F+3 S 5F 29F 12 F+18 8=430
231F+17S | 26F+2S | 7  F+6.4s | 264 F+25.45=2089.4 B86F+1 S oF 17F 369 F+26.48=395
QLF+ 75 | 21F+2S |10 F+8 S {125 F+17 S=1k2 18r+2 S S5F EF 154 F+19 S=173
68F+ -3 SF+-S | 9.4F+3.1S | 82.4F+ 3.1S8= 85.5 10F+0.5S 1F 8r 101.4F+ 3.65=105
128F+ -5 | 29F+-S | 11.3F+4 S |168.3F+ 4 S=172.3 31F+3 S Er 27F 234 .4F+ 7 s=241
267F+ -5 | 30F+~S | 6.3F+2.35 | 303.3F+ 2.35=305.4 T76F+4k S| 10F 31F L20.3F+ 6.35=427 .
233F+ -5 | 2kF+-5 | 4 F+9 S |261 F+ 9 8=270 8oF+4 S| 20F SLF 415 PF+13 s=428
150F+ -S | 20F+-S | L.2F+4 S |17h.2F+ L $=178.4 ULF+0 S 9F 25F 252.2F+ L 8=256 -
139F+ -8 | 13F+-S {10.3F+4.2S [ 171.3F+ L.25=175.9 19F+0 S| 3L4F | 27F 251.3F+ 4.25=256 - -
1LEF+ -8 | 17F+-S | 17.3F+6.55 | 180 F+ 6.55=186.9 3LF+0.65! 37F hir 292.3F+ 7.15=299
148F+ -5 | 16F+-S | 7.7F45.35 |171.7F+ 5.35=177 38F+3 S| 35F 5GF 303.7F+ 8.35=312
103F+ -5 GF+-S | 5 F+1.1S |117 F+ 1.18=118.1 25F+0.7S| 10F 0F 189 P4 1.8s=191
115F+ -5 3F+-S | 13.4F+0.25 | 131.4F+ 0.25=131.§4 21F+0.3S &r TR 187.4F+ 0.55=188
92F+ -S S5F+-S | 2.1F+0.4S | 99.1F+ 0:4S= 99.54 12F+0.1S| 24F 23F 158.1F+ 0.58=159
110F+ -S E6F+-S | 18.4F+0.55 | 134.4F+ 0.55=13k.9 18F+0.2S T 31F 190.4F+ 0.75=191
133F+20S 6F+-S | 16.6F+1 S |155.6F+21 S=176.64 61F+0.38 5F e 268.6F+21.35=290
TAF+ LS TF+-S | 6.6F+3.85 | 8L.6F+ 7.8s8= 92.4 62F+0.25| 1kS 37 197.6F+ 8 S=206 -L+46W
BoFr+ 65 5F+-S | 2.1F+3 S| 89.1F+ 9 8= 98.)] UL7F+0.5S 6F 52F 19L.1F+ 9,55=204 17L+53W
51F+ 7S SF+-S| 2.3F+1.18 | 58.3F+ 8,18= 66.4 L7F+0.3S 9F 25F 139.3F+ 8.48=148 32L+36W
E1F+ 7S gF+-5|{ 6 F+ -S| 75 F+ 7 S= 82 TUF+0.25 | 2LF osE 268 F+ 7.25=275 20L+22W
77E+ 45 LF+-s| 8 F+ -S| 82 F+ b 8=93 6OF+0.2F | 16F =3 235 F+ L4.28=239 EL+10W
Q2F+4108 SF+-S| 2 F+12 S| 99 F+22 S=121 L3F+l F 6F Lor 188 F+23 S=211 19L+23W
QOF+253 SF+-S|{ 1 F+ =-S5 | 96 F+25 g$=121 6oF+1 F L7 28F 190 Fi26 §=216 16L+33W
Fall-run fish

=

S
Late fall-run fish
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ing salmon using the upper Sacramento River system. During the 6 years from
1971 through 1976 the figures indicate a spawning escapement that fluctuated
between 25,000 and 70,000 with an average of 50,000 fish., These figures are
in most instances only partial counts since there were often periods, some-
times extended for 3-1/2 months or more during normal migration times, when
no counts or only partial counts were made due to high water, murky water or

to the dam being temporarily removed.

Average Spawning Escapement Goal

The average escapement goal is 65,000 spring spawners. This lesser
number than for fall spawners, which includes 25,000 late fall- and 40,000
winter—-run fish, is a result of the more limited redd area used by the
spring spawners, i.e., primarily the main stem of the Sacramento above

Red Bluff.

Feather River

The Feather River is the largest Sacramento River tributary available
to salmon. With the completion of Oroville Dam on the Feather River in
1967, which is a total block to anadromous fish, part of thé area available
to spawning salmon in the main stem was eliminated as well as all of the
habitat in the North Fork, Middle Fork, South Fork and West Branch. Feather
River Salmon and Steelhead Hatchery and the associated salmon spawning
channel since, converted to rearing ponds, was constructed to mitigate for
damage to salmon and steelhead runs caused by construction of Oroville Dam
Dam. Oroville Dam has especially limited the available spawning area

for spring-run salmon. The remaining spring-run has been maintained



almost entirely by Feather River Fish llatchery. A large fall-

run and a small spring run now spawn in the Feather River below Oroville.
Very few late fall salmon spawn there and although some probably enter
the Feather River there are no estimates of their numbers, except for the
100 or so that have entered Feather River Fish Hatchery from January

through March in recent years.

Spawning Populations Estimates

Practically all fall-spawning salmon in the Feather River are fall-run
fish, as the spring run since 1967 has averaged only 400 fish at Feather
River Hatchery. Feather River fall runs, from 1953 through 1976, have
ranged from a high of 86,000 in 1955 to a low of 10,000 in 1957 (Figure 4).

The average fall run during the past 10 years (1967-76) has totaled 49,000.

Average Spawning EScapement Goal

The average escapement goal for fall-spawning salmon in the Feather

River is 41,000, including 40,000 fall-run and 1,000 spring-run fish.

Yuba River

Spawning Population Estimates

Salmon populations in the Yuba River fluctuated widely during the 24
years’between 1953 and 1976, between a low of 1;000 in 1957 and a high of
37,000 in 1953 (Figure 5). Salmon spawning in the Yuba River are essentially
all fall-run fish., The Yuba is historically known to have had a spring run

but theyv have virtually disappeared.
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The fall run averaged 13,000 during the 24 years from 1953-76, and

12,000 during the past 10 years (1967-76).

Average Spawning Escapement Goal

The average escapement goal in the Yuba River is 25,000. A combination
of hatchery production and improvements to spawning and nursery habitat is
planned as a part of water development on the Yuba. With such improvements,

a goal of 25,000 is reasonable.

American River

Salmon populations in the American River are fall-run fish. In the
late 1940's a small number of spring-run salmon still passed through the
fishways at a dam near Folsom.m After 1955 when Nimbus Hatchery went into
operation the few remaining spring-run fiéh which entered the hatchery
became so mixed wi@h,those of the much more numerous fall run that it was
imposéible to separate the tw§ (Fry ‘1961). Aside from strays, no late fall-
or winter-run salmon occur in the American River.

Since the early 1950's, American River_falmon have been totally blocked
by Nimbus Dam. This dam cut off spawning grounds which in the 1940's were

used by over two-thirds of the fall-run fish.

Spawning Population Estimates

American River fall-run salmon spawning populations averaged 36,000
during the 24-year period (1953-76) and 44,000 during the last 10 years
(1967-76). During the entire period they fluctuated from a low of 6,000

in 1956 to a high of 95,000 in 1973 (Figure 6).



“9L6T~£S6T ‘@uil puaxy saxenbs-jseal Surmoys ‘suoryerndod uouwres Sury Surumeds TTeJ I9ATY URDTIBWY 9 VANSTJ

9161 G161l .61 €161 2161 1J6l  O/6l 6961 8961 1961 9961 GGl 961 €961 2961 1961 0961 6561 B8SEI  1G61 9G6I S bG8l €561
I ! 1 | l | i i | 1 R | l i I ] I i I i 1 0

Cl

0¢

Op

06

09

0l

08

06

00l

(SONVSNOHL NI') NOWTYS



- 10 -

Average Spawning'Escapement Goal

The average escapement goal in the American River is 30,000.
SACRAMENTO RIVER SYSTEM
KING SAILMON POPULATION MODELS

To get a better understanding of the factors which are presently influencing
Sacramentc River system salmon populations, relevant information was
analyzed and a conceptual diagram or model of the population was constructed.
The model represents the entire Sacramento River system's four salmon popu-
létions stabilized at an average for the 5 years from 1971 through 1975
(Figure 7).

The model is anchored by good estimates of the spawning populations,
ocean commercial and sport catches, river sport catches and accurate
records of adults handled and fish produced at Coleman, Feather River and
- Nimbus Fish Hatchexies as well as the Tehama-Colusa Fish Facility.

To estimate the average ﬁcean catch of Sacramento River system salmon
it is assumed that 95% are landed in California and that the California
catch north of Point Arena consists of 40% Sacramento fish and the catch
south of Point Arena 90%. That 5% are landed north of California is
indicated by recent marking studies.

Percentages of males, females and grilse in the spawning populations
are assumed to be 36, 44 and 20%, respectively. These figures are based
upon Sacramento River system hatcheiy data and sampling of runs at Red Bluff

Diversion Dam,
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Figure 7. Sacramento River system king salmon; 1971-75 avernge (in thousands).
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THNLALD
The ocean andAfishery contribution rates for salmon released when

weighing 90/1b (.55% for releases at the hatchery and .96% for downstream
releases), when released as yearlings (5.58% for releases at the hatchery)
and when released as fingerlings (.29% when released at hatcheries) are
based upon Sacramento River system marking studies (Calif. Dep. Fish and
Game unpublished data--Table 3).

Data on contribution to the fisheries of naturally-produced fry and
fingerling is less reliable. The rate of contribution was arrived at by
a process of elimination of known spawning escapement, catch, and marked
hatchery contribution,

The model presented in Figure 7 is also based on counts of marked
hatchery-produced adults returning to hatcheries and estimates of hatchery-
produced adults which spawn naturally. The model indicates that the catch
‘per spawner of hatchexy-produced’fish is around five times greater than
the catch per spawner of naturally-produced fish.

There is no rational explanation for this anomaly. It seems more
likely that our estimates of hatchery-produced natural spawners is in
error and that hatchery- and naturally-produced adults are approximately
equally vulnerable to ocean fisheries.

Another model was constructed (Figure 8) which forces the relative
abundance of hatchery and wild fish in the spawning escapement to equal the
relative abundance observed in ocean fishery landings.

Obviously, the second model demonstrates a much greater hatchery con-
tribution to the naturally reproducing portion of the Sacramento River popu-
lation. The real situation probably lies between the two models, closer to

the second than the first.



Table 3

Estimated Average Returns
from Sacramento River System 1/
Hatchery-reared Salmon Marking Experiments =

Percent Recovered

Size ‘ Where Ocean and In- Natural Spawners Based
Released Released land Fisheries Hatcheries on Recovered Marks
Fingerling 2/| Hatchery 0.29 0.037 0.027
90/1b 3/ Hatchery 0.55 0.052 0.009

Delta 0.96 0.068 0.015
Yearling &/ | Hatchery 5.58 0.45 0.80

Delta 4.15 0.16 1.20

Y California Department of Fish and Game, Unpublished data.
2/ 17 coleman Hatchery Marked fall-run salmon, released 1959-62.
3/ 4M Coleman and Nimbus Hatchery Marked fall-run salmon, released 1969-71.

5/ .267ﬁFeatherRiver Hatchery Marked fall-run salimon, released 1969-72.
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Significance of Models

Regardless of which model is examined, there are several immediately
apparent steps which can be taken to increase both fishery yield and
escapement, Raising hatchery fish to larger release size and transporting
juveniles to downstream release points dramatically increases survival.

The Department of Fish and Game is contemplating an annual increase in
yearling production of two million fish, which has the potential to
increase fishery landings by 100,000 fish, and spawning escapement by at
least 20,000.

The fact that upper Sacramento River escapements are apparently declining
independently of other major segments of the Sacramento River system run has
prompted ongoing investigations of potential mortality sources there, some
" of which are related to water development that has coincided with more
~ recent declines in .escapement.

The most significant inferencés about the salmon populations that can
be made from the models are; 1) hatcheries which now utilize 7% of the adult
Sacramento River system salmon each year are producing 37% of the catch
attributable to the Sacramento River system, 2) within the hatchery system
there is a 52% loss between eggs taken and fish released, 3) a 41% loss
occurs among 90/1b hatchery salmon during the downstream migration period;
and is also assumed to occur among the young of naturally-produced fish as
well, and 4) a 41% greater catch resulting from young salmon which were
not exposed to downstream migration hazards (as compared with those that
were) indicates that a positive relationship exists between the number of

outmigrants reaching the sea and the catch.
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Changes in the Hatchery Cycle and
Their Anticipated Effects
(Based on the Model in Figure 7)

The losses estimated to occur between stages in cach of the natural-
and hatchery-life cycles of the model are based upon percentage losses to
the numbers appearing in the model under present envirommental conditions.

In the strictest sense, the percentage losses apply only to the actual
numbers in the model. It is probable that if an extremely large increase
were to be made in a life cycle stage, some of the percentage ioéses
affecting the increased stage and the stages thereafter would change.

Some losses such as those due to predation could be affected by popu-
lation density, while others such as losses in diversions are probably not.
This means, for example, that if the entire loss between two of the early
life cycle stages could be eliminated (which is highly improbable), resulting
in a very large increase ih the second of these two stages, if would be
difficult‘to calculate directly from the model the effect of this change
on the remaining stages and the fishery. lowever, it is assumed that a
gnall or even a moderate increase in any one;cycle stage would not signifi-
cantly change the overall percentage losses affecting the increased stage
or the stages thereafter, and that the effect upon the fisheries and
spawning stocks resulting from a change of this type can be approximated
from the model.

Changes which could have a great impact upon hatchery production without
a great expansion of present facilities are, 1) elimination of SRCD and other
diseases, 2) release of all fish at 90/1b and larger and 3) elimination of
downstream migration losses by trucking more fish to the Delta, especially

those smaller than yearlings.



- 14 -
Changes in the Natural Cycle and
Their Anticipated Effects

There are many factors which control or limit natural salmon popu-
lations. The most significant known ones are those occurring 1) in fresh
water between the time eggs are deposited and the young enter the ocean
and 2) the numbers removed from the ocean either as catch or hooking
mortality.

The ocean phase of Sacramento River system salmon is not covered in
this report, but in passing, it should be noted that ocean hook scars
among spawning salmon in the Sacramento River have increased from 10% in
the 1950's to almost 40% in the 1970's. Although the ocean catch is
apparently holding its own, it appears that in order to catch the same
quantity of salmon it now takes about four times the effort.

Reversing the downward trend in the natural spawning populations by
making changes in fresh water is much more difficult tHan in the hatchery
cycle since the specific effects of the various hazards are unknown. For
example, a 41% loss occurs among fingerlings during the downstream migra-
tion. This loss is attributed to predation:-unscreened diversions, pollution,
adverse stream flow, etc., but the effect of eliminating any one of these
causes is not known. The effect of eliminating them all, by bypassing

downstream migration, is known.
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