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Abstract:
During the past fifteen years the Sacramento River has become one of the most popular fishing
streams in California for steelhead rainbow trout, Salmo gairdnerii gairdnerii Richardson. Each fall,
fishermen in ever increasing numbers travel from all parts of California, as well as from neighboring
states, to participate in the harvest of this prized western game fish.

The increase in the numbers of anglers has been brought about by an accumulation of events,
foremost of which has been an explosive growth in California's population and in the numbers of
people seeking outdoor recreation. Construction of Shasta Dam, with its stabilizing and cooling
effect upon the upper Sacramento, has produced an environment better suited for steelhead.
The Sacramento is also a favorite steelhead stream of many anglers because the best fishing is
enjoyed during balmy days in the fall, rather than during the cold periods so typical of most winter-
run steelhead fishing areas.

This expanding popularity made it essential that the Sacramento River steelhead management
program be evaluated to determine whether or not it is adequate to insure continued good fishing
in the face of these mounting demands upon the resource.

Provision of good steelhead fishing despite the inroads by man is a problem which faces
conservation agencies along the Pacific Coast. The State of Washington has attempted to offset
this increase in fishing pressure principally by a long-range management program consisting of
releases of migrant-sized steelhead (yearling fish averaging 6 to 8 inches in length) to supplement
depleted and heavily fished runs, coupled with protective regulations and installation of fishways
and fish screens to protect the runs. The stocking of migrant-sized steelhead during their normal
period of seaward migration has definitely built up the runs of sea-run fish in Washington streams.

In California it had been the policy for many years prior to 1940 to stock coastal streams with
fingerling steelhead in the summer months. The results of this program shed considerable doubt
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on the effectiveness of this type of artificial stocking. An experimental program at California's
Waddell and Scott creeks from 1932 through 1942 revealed that only extremely small returns
of sea-run fish may be expected from releases of fingerling steelhead, but that on the average
approximately 2 to 5 percent may be expected to return as adults when allowed to descend to
sea as yearlings at their normal migration time.

Until the start in 1952 of the study described herein, the management program for Sacramento
River steelhead had consisted primarily of protective regulations and installation of fish protective
devices such as fish screens and fish ways. There had been no artificial stocking of steelhead.
The only previous significant investigation of Sacramento River steelhead was included in a
study of the sport fishery, which was made between 1947 and 1949. Prior to 1952 considerable
knowledge had been gained through the years about steelhead in the smaller coastal streams of
California, but relatively little was known concerning the life history of Sacramento steelhead or
the merits of planting migrant-sized steelhead in the Sacramento River. Therefore, it was decided
to examine this important resource more thoroughly and to find out if artificial stocking of large
numbers of migrant-sized steelhead in the Sacramento was a feasible method of maintaining
or improving fishing for adult steelhead. In 1952 the California Department of Fish and Game's
Bureau of Fish Conservation (now Inland Fisheries Branch) initiated a project to determine the
effectiveness and economics of supplementing natural steelhead production in the Sacramento
River with yearling, hatchery-reared fish. Secondary objectives were to study the fishery and the
life history of Sacramento steelhead. It was originally planned to have the field work continue until
1960 but was found possible to complete it by 1958.

The study was carried out as a cooperative program between the California Department of
Fish and Game and several other organizations which recognized the need for an evaluation of
steelhead stocking in the Sacramento River. Two sportsmen's organizations, California Kamloops,
Inc. and Steelhead Unlimited, volunteered to pay for the food fed to the fish at the hatchery and
awarded one thousand dollars over a five-year period to fishermen who returned tags to the
Department of Fish and Game. Three thousand dollars in merchandise rewards for tag returns
were donated by several sporting goods stores and fishing resorts along the Sacramento River
between Redding and Meridian. The United States Fish and Wildlife Service trapped and spawned
adult steelhead in Battle Creek and reared the resulting young to yearling size at Coleman National
Fish Hatchery on the same stream. The Department of Fish and Game paid a small part of the
food costs for rearing the fish, marked the yearlings, released them, and evaluated the returns.
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Typical catch of Sacramento River steelhead. Photograph by Richard J. Hallock
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FOREWORD
Inadequate basic information about steelhead populations has long hampered their management. Factors such as cur-
rent harvest rates, safe harvest rates, percentage survival of hatchery-reared juveniles, and best planting procedures
have usually been subject to guesswork.

Uncertainties breed controversy. And so, dispute over the relative importance of natural vs. hatchery reproduction
of steelhead led to the birth of this project. Now the study is done, and the facts gained have resolved the dispute and
add considerably to knowledge of Sacramento River steelhead, to the substantial benefit of future management.

Seasons and bag limits may be set with greater assurance, knowing approximately the size of the run and the har-
vest rate of adults. Future hatchery programs may be planned and conducted more objectively, knowing approxim-
ately how many of the planted yearlings will return as adults, how many will be caught, and how much it will cost to
put one in the creel through stocking. The added information about best times, places, and sizes for stocking hatch-
ery fish will also be of considerable practical value, although more information on these subjects would be desirable.

This study has already paid handsome unexpected dividends in California. The scope of steelhead hatchery pro-
grams relating to dams on the Klamath, Trinity, Feather, and Mokelumne rivers was based in large part on survival
rates of marked yearlings released in the Sacramento River. Other comparable benefits are anticipated here and else-
where in the future.

We present this report to all those interested in steelhead, hoping that it will contribute to the conservation and en-
hancement of these noble fish wherever they occur.

ALEX CALHOUN
May, 1961
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1. INTRODUCTION
During the past fifteen years the Sacramento River has become one of the most popular fishing streams in California
for steelhead rainbow trout, Salmo gairdnerii gairdnerii Richardson. Each fall, fishermen in ever increasing numbers
travel from all parts of California, as well as from neighboring states, to participate in the harvest of this prized west-
ern game fish.

The increase in the numbers of anglers has been brought about by an accumulation of events, foremost of which
has been an explosive growth in California's population and in the numbers of people seeking outdoor recreation.
Construction of Shasta Dam, with its stabilizing and cooling effect upon the upper Sacramento, has produced an en-
vironment better suited for steelhead. The Sacramento is also a favorite steelhead stream of many anglers because
the best fishing is enjoyed during balmy days in the fall, rather than during the cold periods so typical of most
winter-run steelhead fishing areas.

This expanding popularity made it essential that the Sacramento River steelhead management program be evalu-
ated to determine whether or not it is adequate to insure continued good fishing in the face of these mounting de-
mands upon the resource.

Provision of good steelhead fishing despite the inroads by man is a problem which faces conservation agencies
along the Pacific Coast. The State of Washington has attempted to offset this increase in fishing pressure principally
by a long-range management program consisting of releases of migrant-sized steelhead (yearling fish averaging 6 to
8 inches in length) to supplement depleted and heavily fished runs, coupled with protective regulations and installa-
tion of fishways and fish screens to protect the runs. The stocking of migrant-sized steelhead during their normal
period of seaward migration has definitely built up the runs of sea-run fish in Washington streams, according to Lar-
son and Ward (1955).

In California it had been the policy for many years prior to 1940 to stock coastal streams with fingerling steelhead
in the summer months. The results of this program shed considerable doubt on the effectiveness
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FIGURE 1. A 13 ½-pound steelhead landed in Battle Creek, a tributary of the upper Sacramento River. This was the
second largest steelhead recorded during the study. Photograph by Richard J. Hallock, September, 1957.

of this type of artificial stocking (Shapovalov and Taft, 1954). An experimental program at California's Waddell and
Scott creeks from 1932 through 1942 revealed that only extremely small returns of sea-run fish may be expected
from releases of fingerling steelhead, but that on the average approximately 2 to 5 percent may be expected to return
as adults when allowed to descend to sea as yearlings at their normal migration time (Shapovalov and Taft, loc. cit.).

Until the start in 1952 of the study described herein, the management program for Sacramento River steelhead
had consisted primarily of protective regulations and installation of fish protective devices such as fish screens and
fish ways. There had been no artificial stocking of steelhead. The only previous significant investigation of Sacra-
mento River steelhead was included in a study of the sport fishery, which was made between 1947 and 1949 (Smith,
1950). Prior to 1952 considerable knowledge had been gained through the years about steelhead in the smaller
coastal streams of California, but relatively little was known concerning the life history of Sacramento steelhead or
the merits of planting
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migrant-sized steelhead in the Sacramento River. Therefore, it was decided to examine this important resource more
thoroughly and to find out if artificial stocking of large numbers of migrant-sized steelhead in the Sacramento was a
feasible method of maintaining or improving fishing for adult steelhead. In 1952 the California Department of Fish
and Game's Bureau of Fish Conservation (now Inland Fisheries Branch) initiated a project to determine the effect-
iveness and economics of supplementing natural steelhead production in the Sacramento River with yearling, hatch-
ery-reared fish. Secondary objectives were to study the fishery and the life history of Sacramento steelhead. It was
originally planned to have the field work continue until 1960 but was found possible to complete it by 1958.

The study was carried out as a cooperative program between the California Department of Fish and Game and
several other organizations which recognized the need for an evaluation of steelhead stocking in the Sacramento
River. Two sportsmen's organizations, California Kamloops, Inc. and Steelhead Unlimited, volunteered to pay for
the food fed to the fish at the hatchery and awarded one thousand dollars over a five-year period to fishermen who
returned tags to the Department of Fish and Game. Three thousand dollars in merchandise rewards for tag returns
were donated by several sporting goods stores and fishing resorts along the Sacramento River between Redding and
Meridian. The United States Fish and Wildlife Service trapped and spawned adult steelhead in Battle Creek and
reared the resulting young to yearling size at Coleman National Fish Hatchery on the same stream. The Department
of Fish and Game paid a small part of the food costs for rearing the fish, marked the yearlings, released them, and
evaluated the returns.

2. SACRAMENTO RIVER SYSTEM
The Central Valley of California is roughly 400 miles long by 45 miles wide. It is bordered by the Sierra Nevada
and the Cascade Range on the east, the Coast Ranges on the west, the Klamath Mountains and the Cascade Range
on the north, and the Tehachapi Mountains on the south. The two principal rivers of the Central Valley are the Sac-
ramento and San Joaquin. These two rivers, along with their many tributaries, form the largest stream system in
California. The Sacramento River drains the northern part of the Valley, and the San Joaquin drains the southern
part. They flow towards each other and merge in the Sacramento-San Joaquin Delta, a maze of levied channels and
sea-level islands. The combined waters then flow into Suisun Bay, San Francisco Bay, and the Pacific Ocean.

The headwaters of the Sacramento River are located on the slopes of Mount Eddy, one of the peaks of the Scott
Mountains. About 12 miles downstream and some 420 river miles from San Francisco the infant river is joined by
Wagon Valley Creek, a spring-fed stream originating near the southwest base of Mount Shasta. From the standpoint
of both water supply and fishery resources, the Sacramento, above its confluence with the Feather River, is the most
important stream in the Central Valley. This is the section with which this report is primarily concerned. The portion
of stream below the mouth of the Feather
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has been designated as the "lower Sacramento" and the portion between the mouth of the Feather and Keswick Dam
as the "upper Sacramento".

Since the completion of Shasta and Keswick dams, the upper Sacramento has been harnessed (Figure 2). Keswick
Dam, located about five miles above Redding, presents a complete block to anadromous fish migrations.

Between Redding and Hamilton City, a stretch which includes the principal steelhead angling area, the Sacra-
mento River drops 350 feet in 96.4 miles, an average of 3.6 feet per mile. In the 47.3-mile stretch between Redding
and Red Bluff, the average gradient is 4.4 feet per mile.

Above Hamilton City the Sacramento is a rather wide, moderately swift stream with alternating long, tree-lined
pools and short gravel riffles. During normal flows it varies in width from 600 feet in some of the pool areas and at a
few riffles down to 200 feet in many narrower sections. It is even less than 100 feet in some channels. The average
width is probably between 350 and 400 feet. There are few places where "white water", similar to that found in the
McKenzie and Rogue rivers of Oregon, may be encountered.

In the 79-mile section between Redding and Vina there are numerous riffle areas of widely varying sizes. Nearly
all are fished for steelhead during the fall months.

The daily mean flow of the Sacramento River at Red Bluff during most of the year, except in periods of heavy
runoff, is usually less than 11,000 cubic feet per second. During the fall months it is usually between 5,000 and
7,000 cubic feet per second. The maximum daily discharge at Red Bluff (1902 to date) occurred on February 28,
1940, when 291,000 cubic feet per second was recorded.

The principal tributaries in the upper river system, insofar as steelhead fishing is concerned, all enter the valley
from the east; they are Mill, Deer, and Battle creeks. Many smaller tributaries are also used by steelhead for spawn-
ing, and limited fishing takes place in most of them.

3. SACRAMENTO RIVER STEELHEAD
3.1. Adult Migrations
During the course of the study, a series of large wire fyke traps was operated in the Sacramento River just above the
mouth of the Feather River, near Fremont Weir. These traps were operated to examine sea-run steelhead for fin
marks and to tag fish for population and sport catch estimates. Construction and operation of the traps has been de-
scribed by Hallock, Fry, and La Faunce (1957).

The time pattern of the migration of sea-run steelhead into the upper Sacramento River was determined as a by-
product of the operation of the traps, which were fished continuously, except for brief periods of high water, from
July, 1953, through March, 1955. By then the pattern of migration had been established, and the traps were operated
each year thereafter only from July until the onset of high water, sometime in December.
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FIGURE 2. Map of the Sacramento River system, showing the area where the steelhead stocking evaluation study
was made
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It was found that steelhead migrate into the upper Sacramento River during most months of the year in one con-
tinuous run (Figure 3). Each season the first of the migration passes the mouth of the Feather River in July. The run
in 1954 and 1955 was continuous until the middle of the following March. In 1954 very few, if any, adult steelhead
moved from the Delta into the upper Sacramento between the middle of March and the middle of June. The bulk of
the run passes the Feather River between early August and late November, and the peak of the migration usually oc-
curs near the end of September.

Above the mouth of the Feather River, most of the early migrant steelhead remain in the main stem of the Sacra-
mento until about the middle of November or until flows increase sufficiently in tributary streams to encourage in-
gress. During October and November they concentrate on riffles occupied by spawning king salmon, Oncorhynchus
tshawytscha (Walbaum), and near the mouths of the larger tributary streams, principally between Hamilton City and
Redding. Usually by the middle of November rain has swollen the entire river system, permitting the steelhead and
the salmon which have not already spawned to fan out into spawning areas of the numerous tributaries.

Immediately after spawning, most steelhead start the long journey back to sea. During March and April, spawned-
out steelhead are particularly noticeable in catches along the upper Sacramento River. In May they are also in evid-
ence in good quantities in the Sacramento-San Joaquin Delta. As late as 1957 commercial gill netting for American
shad, Alosa sapidissima (Wilson), was permitted in the Delta during April and May. With the mesh sizes employed
it was almost impossible to fish nets for shad without catching steelhead as well. The catch of steelhead in commer-
cial nets was particularly noticeable in the spring of 1955, when shad fishermen sent in 36 tags. All tags were from
steelhead that had been tagged during their spawning migration the previous fall.

3.2. Juvenile Migrations
An attempt to determine the time pattern of the juvenile steelhead migration past the mouth of the Feather River was
made by trapping. This method proved unsuccessful, because insufficient numbers of fish were captured. However,
in the upper river all evidence indicates a heavy seaward migration of yearlings in the spring and a much smaller one
in the fall. Creel census work also showed an increase in numbers of juvenile steelhead in the upper Sacramento in
the late winter and early spring. It is thought that this periodic influx of small fish represents the annual hordes of ju-
veniles moving out of the tributaries towards the sea. This conclusion is verified to some extent by the results ob-
tained from the operation of a downstream trap for juvenile steelhead at Clough Dam on Mill Creek. It was found
that young fish migrated downstream during most months of the year, but the peak periods for yearling and two-
year-old fish were reached during the first heavy runoff of fall and again in early spring. A similar situation was
found to prevail in California's coastal streams (Shapovalov and Taft, loc. cit.). However, the migration in the Sacra-
mento River appears to be a little earlier than in Waddell Creek, where the coastal study was made. Sacramento fish
are known to be moving seaward in good quantities as early as February, a month earlier than most Waddell Creek
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FIGURE 3. Time pattern of Sacramento River adult steelhead migrations. Migration times were determined by trap-
ping upstream migrants in the Sacramento River one-half mile above its confluence with the Feather River, near

Fremont Weir
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fish. When released in the spring, hatchery-reared steelhead of a size larger than 10 to the pound usually move
downstream rapidly. This was first observed in 1955, when fish averaging seven to the pound were released at Prin-
ceton Ferry in January and several were landed by striped bass fishermen three weeks later at Sacramento, 112 miles
downstream. In 1959, fish averaging seven to the pound were released in Mill Creek, about one mile above its con-
fluence with the Sacramento, and within an hour were spilling over a shallow bar into the Sacramento River.

3.3. Age
Ages of Sacramento River steelhead were sampled by reading scales from 100 fish. Scales used in the age study, and
later for calculation of growth in length, were selected to include all size groups from the scales of 400 steelhead
trapped in the Sacramento River near the mouth of the Feather River during the fall of 1954. They do not include
hatchery fish.

Examination of the scales revealed that 70 of the 100 fish had spent two years in fresh water before entering the
ocean, 29 had spent one year, and one had spent three years. Included in the 100 scale samples were scales from 17
two-year-old fish, 41 three-year-olds, 33 four-year-olds, six five-year-olds, two six-year-olds, and one seven-
year-old. The two-year-old steelhead had spent one year in fresh water and one year in salt water. Thirty (73 per-
cent) of the three-year-old fish had spent two years in fresh water and one in salt water, and 10 (24 percent) had
stayed one year in the river and two in the ocean. Twenty-six (79 percent) of the four-year-olds had lived two years
in fresh water and two years in salt water.

The age distribution of Sacramento River steelhead populations is somewhat similar to that in California's coastal
streams, but the percentages of older fish are much smaller in the Sacramento than in Washington streams. For ex-
ample, Pautzke and Meigs (1940) found that of 100 mature steelhead caught by anglers in Green River, Washington,
13 were three-year-olds, 60 four-year-olds, 23 five-year-olds, and four six-year-olds.

3.4. Spawning
Steelhead spawning extends over a period of several months and may take place any time from the latter part of
December through April. February is usually the peak month for taking steelhead eggs at Coleman Hatchery. They
spawn in practically every tributary of the upper Sacramento River and appear to do so in numbers more or less pro-
portionate to the amount of runoff. Large streams such as Mill, Deer, and Battle creeks have the largest runs; smaller
streams are used by fewer fish. Actual numbers of steelhead spawning in the main stem of the Sacramento River and
in most tributaries are unknown.

Examination of the steelhead scale samples collected during the fall of 1954 revealed that 83 of the 100 fish were
spawning for the first time, 14 for the second time, and two for the third time. One fish, a 27.8-inch male, was
spawning for the fifth time. These findings are similar to those of Shapovalov and Taft (loc. cit.), who found that of
3,888 adult steelhead trapped in Waddell Creek, California, 15 percent were spawning for the second time and 2 per-
cent for the third time. However,
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Meigs and Pautzke (1941) found that in Green River, Washington, only 5 percent of the mature steelhead caught by
anglers in 1940 and 6.9 percent in 1941 were spawning for the second time.

3.5. Size
Sacramento River steelhead are generally smaller than those found in other California streams, except the Klamath
River. During the six years that the traps were operated near the mouth of the Feather River, over 19,000 steelhead
were captured. Fork length measurements were made of 18,671 of these fish. The measurements showed that during
most years there was a bimodal length distribution; one mode was 15.5 inches and the other 20.5 inches (Figure 4).
The smaller fish consist principally of age classes which have spent two years in fresh water and one year at sea.
The larger steelhead are primarily fish which have spent two years in fresh water followed by two years in the
ocean. Including lengths of all fish measured, the average size of a Sacramento River steelhead was found to be 18.1
inches in fork length, with a rather large standard deviation of 3.4 inches. Omitting fish under 14 inches in length, a
good portion of which are apparently seaward bound instead of ascending the river, the average length becomes 18.7
inches.

Sacramento steelhead average about three pounds in weight. Fish up to eight pounds are common, while those
over 13 pounds are rare. The largest steelhead recorded during the study weighed 15½ pounds.

3.6. Growth in Length
Data presented on growth in length of wild or naturally-produced steelhead were obtained from the examination of
scale samples and include calculated lengths based on scale measurements, as well as lengths secured at the time of
capture. All scales were taken from fish trapped in the Sacramento River near the mouth of the Feather River. The
scale samples were removed from steelhead ranging from 11.0 to 27.8 inches in fork length. Scales were removed
from an area between the lateral line and dorsal fin on the left side of each fish. A few scales in each sample were in-
spected with the aid of a binocular microscope, and those without regenerated centers were washed and mounted on
glass slides in clear Karo syrup. The mounted scales were examined with a micro-projector at a magnification of
40X. The center of the focus, each annulus, the margin of the scale, and the point at which the fish entered salt water
were marked along the edges of white cards. The distances between these points were measured to the nearest milli-
meter and recorded on the cards. All measurements were made in the anterior field of each scale, along a radial line
which was perpendicular to the anterior edge of the unsculptured posterior field.

of the 100 scale samples originally selected, only the 83 from steelhead on their first spawning migration were
used to determine the relationship between fork length and anterior radius of the scales, or body-scale relationship
(Figure 5). The fitting of a least squares line to the means of fork lengths, grouped by one-inch intervals, and means
of the corresponding scale radii, yielded the following equation:
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EQUATION

FIGURE 4. Length composition of Sacramento River steelhead populations. Measurements were made of upstream
migrants trapped in the Sacramento River one-half mile above its confluence with the Feather River, near Fremont

Weir
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The following formula then was used for a more accurate calculation of fish lengths (Lagler, 1952):

FORMULA
Calculated fish lengths were obtained by substituting average scale measurements in place of measurements of in-

dividual fish in the preceding formula (Table 1). This procedure eliminated the necessity of calculating the growth
of individual fish (Van Oosten, 1953). In wild steelhead the greatest annual length increment occurs during the first
year of life in the ocean. Most of the steelhead scales showed some "intermediate growth"—growth formed during
the season of migration

FIGURE 5. Relationship between fork length of fish and magnified anterior scale radius (40X) of steelhead from the
Sacramento River. The dots are the means of fork lengths, grouped by 1-inch intervals, and the corresponding

means of scale radii; the slope of the line is the mean body-scale ratio
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TABLE 1
Calculated Average Fork Lengths and Length Increments (in inches) of Wild (Naturally-Produced) Sacramento

River Steelhead Returning From the Ocean to Spawn for the First Time. All Fish Were Captured by Trapping in the
Sacramento River One-Half Mile Above its Confluence with the Feather River
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to the sea, prior to entry into salt water. Fish which had spent two years in fresh water showed smaller amounts of
intermediate growth and entered salt water at a greater length than fish that had spent only one year in fresh water.
This indicates that the two-year stream fish, having attained a larger size, migrated to salt water at a faster rate than
fish which entered the ocean after only one year in fresh water. Young steelhead which had spent one or two years
in fresh water generally entered salt water at a fork length of seven to nine inches. The considerable amount of inter-
mediate growth shown by most downstream migrants was probably acquired during their journey of about 240 miles
to brackish water plus an additional 80 miles through brackish and salt water before entering the ocean.

Sacramento River steelhead grow faster in fresh water and slower in salt water than steelhead from Green River,
Washington. Growth studies by Meigs and Pautzke (loc. cit.) showed that Green River steelhead reached mean total
lengths of 3.48 inches by the end of their first year in fresh water and 6.50 inches by the end of their second year.
Green River downstream migrants entered salt water at a mean total length of 8.43 inches. In Washington, mature
steelhead attained mean total lengths of 18.54 inches after one summer in the ocean and 25.68 inches after two sum-
mers in the ocean.

3.7. Length-Weight Relationship
During the period from August 1 to November 20, 1956, fork length measurements and weights were taken of 484
steelhead trapped in the Sacramento River near the mouth of the Feather River. These fish ranged from 12.8 to 27.2
inches in length and from 14 to 172 ounces in weight. The length-weight relationship curve was fitted to the average
weights and lengths of these fish, grouped by half-inch intervals of length. Each length group was represented by
five or more fish. The relationship between weight in ounces and fork length in inches for steelhead from the Sacra-
mento River is expressed by the equation: Log W = -2.205 + 3.063 log L Where: W = Weight in ounces L = Fork
length in inches.

The length-weight relationship curve is shown in Figure 6. In general, there is good agreement between averages
of actual and calculated weights. The data were not separated according to sex, maturity, or life history of the fish.

4. METHOD OF EVALUATING STEELHEAD STOCKING
The plan for evaluating steelhead stocking was to release large numbers of marked yearling or migrant-sized steel-
head in the Sacramento River and then determine the numbers of sea-run adults produced, their cost, and their con-
tribution to the natural runs and to the fishery. No attempt was to be made to evaluate any contribution to runs of
adults which may have been derived from natural reproduction of hatchery fish.
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FIGURE 6. Length-weight relationship of Sacramento River steelhead. Lengths and weights were obtained from up-
stream migrants trapped in the Sacramento River one-half mile above its confluence with the Feather River, near
Fremont Weir. The curve is the graph of the length-weight equation; the dots represent averages of actual weights

and lengths grouped by half-inch intervals in length
Adult steelhead were trapped on their spawning migration in Battle Creek and spawned artificially. The resulting

young were reared to approximately one year of age, marked by clipping off various combinations of fins, and re-
leased in the upper Sacramento River system, ordinarily during their normal seaward migration period. In this re-
port, the words "marking" and "fin-clipping" are used interchangeably. When these fish returned to spawn as adults
from the sea, as
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many as possible were trapped in the lower Sacramento River and examined for marks. All fish in good condition
were tagged and allowed to proceed upstream. The site selected for adult steelhead trapping was such that popula-
tion estimates and other data for the most part apply only to the Sacramento River system above its confluence with
the Feather River, and in particular exclude the American and Feather rivers. Examination of large numbers of fish
showed the percentage of the run which consisted of hatchery fish, but did not reveal their total number. Since it was
impossible to trap all of the steelhead, in order to find out how many hatchery fish were actually in the run each sea-
son it was also necessary to determine the total size of the run. This was done by a tag and recovery method. The
key to this evaluation, then, is the annual adult steelhead population estimate, and each year's determination of the
total numbers of sea-run hatchery fish in the run is only as accurate as the computed total population. The sport
catch of both wild and hatchery fish is estimated from the numbers of tags returned by sportsmen. Costs involved in
rearing and stocking the fish, as well as fishermen expenditures, were applied to present a picture of the economics
involved.

The original plan called for three annual releases, commencing in 1953, of approximately 200,000 marked
yearlings or a total of 600,000 fish. The five years following the last release were to be used for evaluating the re-
turns of adults. Field work for the study would then terminate in 1960. However, this plan was altered when it be-
came apparent that the observation period following an annual release of marked fish could be shortened somewhat
without materially affecting an evaluation of the results. Therefore, the plan was changed to consist of four annual
plants of marked fish and an evaluation period to extend only two years beyond the last release. Thus, the project
field work was terminated in the winter of 1958, instead of the original target date of 1960.

5. POPULATION ESTIMATES
As previously stated, a tag and recovery procedure was used to determine the size of the steelhead population in
each year. This method of population estimation requires that a known number of fish be tagged at one point along
their migration route, and allowed to proceed upstream. From the ratio of tagged to untagged fish observed in the
river system above it is possible to compute the size of the spawning run, provided that this ratio is representative of
the entire population.

5.1. Trapping of Adults
The previously mentioned large wire fyke traps were operated in the Sacramento River just above the mouth of the
Feather River, near Fremont Weir, to sample adult steelhead populations migrating into the upper Sacramento, so
that large numbers could be obtained for tagging and could be examined for fin-clipped hatchery fish (Figure 7).
This trapping site was not ideally located for a tag and recovery type population estimate because of its great dis-
tance from the tag recovery area. However, the seven traps used were very effective in capturing large numbers of
adult steelhead. The percentage of the total run trapped each season varied from 10 to 20 and averaged about 16.
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FIGURE 7. Removing captured steelhead from a wire fyke trap. Seven traps were operated each season in the Sac-
ramento River one-half mile above its confluence with the Feather River, near Fremont Weir. Photograph by

Richard J. Hallock, October, 1952
Captured fish were in excellent condition, even when left in the traps as long as three days. During the six years
from 1953 through 1958, a total of 19,404 steelhead was trapped, including 17,085 fish 14 inches and over in fork
length and 2,319 under 14 inches.

The traps were only slightly selective with regard to sizes of steelhead captured. When the run consisted of a large
number of comparatively small individuals, a greater percentage of the total run was captured. A good cross section
of the steelhead populations was trapped each season. This was indicated by comparative ratios of tagged fish ob-
served each season in several areas above the trapping site.

5.2. Tags Used
Since this is not a report on various types of fish tags, let it suffice to present a short description of the two tags used
with equal success, and to say that some study was also given to other types of tags and
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to the determination of the best location for attaching tags to a steelhead's body (Figure 8).
A majority of the steelhead were tagged with Petersen disk tags (Calhoun et al., 1951). The individual disks were

made of laminated cellulose nitrate, one-half inch in diameter and 0.040 inch thick. Although the printed legend var-
ied somewhat from year to year, the disk for one side of each fish was inscribed with a number and a request that the
tag be sent to a designated office of the Department of Fish and Game, while the disk on the opposite side of the fish
was plain. A small number of tags were attached to fish with tantalum wire, but the great majority of disks were
fastened with stainless steel wire. Variously colored disks were used, including red, yellow, and white, all with black
lettering and numbering. After considerable experimentation, it was found that the best results were obtained by run-
ning the wire through the fish's body just under the anterior portion of the dorsal fin.

The second type of tag used was the tubing or so-called "spaghetti tag" (Collyer, 1954). The outside diameter was
generally about 0.085 inch. The tubing was made of a vinyl plastic. This plastic is now known to be carcinogenic to
rats (Oppenheimer et al., 1955). However, though probably not made of a desirable material, the tubing tags did
serve the purposes of the study, and no ill effects were noted insofar as tag

FIGURE 8. Tagging steelhead. A, plastic tubing tag in place on a fish. B, attaching Petersen disks with a double
strand of monofilament nylon; C, attaching a plastic tubing tag. Photographs A and C by Richard J. Hallock; and B,

by John E. Riggs
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returns were concerned. When first used, a number and return address were inscribed on the tubing itself, but after
the first season a Petersen disk, with an inscribed legend, was crimped around the tubing. Tubing tags were attached
through the body of the fish just under the posterior section of the dorsal fin.

The effectiveness of the two types of tags was about equal and no significant difference in returns by anglers was
observed.

5.3. Effective Numbers of Fish Tagged
Population estimates were made during each of the six seasons, 1953 through 1958. During this period 16,192 steel-
head, an average of 2,699 a year, were tagged. All tagged fish did not migrate upstream immediately following re-
lease. Many were landed by anglers below the tagging site, particularly at the mouths of the American and Feather
rivers. Others were caught farther downstream and in the Delta by both commercial and sport fishermen. Some
tagged steelhead entered the American and Feather rivers and were recovered at varying distances from the Sacra-
mento. In all, 478 tags, an average of 80 a year, were recovered below the tagging area. of these 478 tags, 79 were
taken from fish smaller than 14 inches in length and 399 were taken from fish 14 inches and over in length. of the
tags attached, only seven were recovered in the ocean, all off the California coast.

In order to arrive at the "effective" number of tagged fish released each season, those recovered below the trap-
ping area during the season in which they were tagged were subtracted from the total tagged that year. A close ex-
amination of the tagging and recovery data also revealed that, although a considerable number of steelhead under 14
inches in length were tagged, and although fish as small as 12 inches migrated from the Delta into the upper Sacra-
mento, relatively few of these small tagged steelhead were observed above the trapping area. Anglers landed a much
higher proportion of these fish which were tagged when under 14 inches in length. In addition, almost half of the
small tagged fish caught during the season of tagging were landed below the tagging area. This indicates that many
of the smaller fish were actually migrating seaward and were unavailable to the upper river steelhead fishery until
the season after tagging. Therefore, all tags attached to fish under 14 inches in length were also subtracted from the
total tags attached each season in order to arrive at the "effective" number of fish tagged. Population estimates are
thus for fish 14 inches and over in length. Therefore, the population estimates are minimal, since unknown numbers
of small fish have been eliminated. The computed returns of sea-run hatchery fish also become minimal, since some
marked fish were less than 14 inches long.

5.4. Examination of Steelhead Above the Tagging Site
In order to find out what percentage of the run had been tagged, and to determine the ratio of marked to unmarked
fish, as many steelhead as possible were examined in the upper Sacramento River system each fall and winter during
and following the tagging period. Steelhead were examined in Mill Creek at a counting station on Clough Dam
(Figure 9) in the Coleman hatchery holding ponds on Battle Creek, in the Keswick Dam fish trap on the upper Sac-
ramento, and in the
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FIGURE 9. Mill Creek Counting Station. A, aerial view of Clough Dam, showing the fishway and house trailer
which is used as a residence by the fish counter; B, elevator type bottom used in trap, so that captured fish could be
raised for better viewing; C, trap in use, showing how steelhead were raised to examine them for marks and tags; D,

the trap in fishing position in the fishway. Photographs by John E. Riggs
course of creel census work along the Sacramento and its tributaries between Meridian and Redding. During the six
years in which population estimates were made, 15,579 steelhead 14 inches and over in length were examined above
the tagging site. of this number, 1,888 had been tagged during the season in which they were recovered. Including
both fish trapped and fish observed above the trapping site, one out of every four adult steelhead in the population
was handled each season by those making the study.

5.5. Method of Computing Populations
Two methods of computing the steelhead populations were considered: The Schaefer method for stratified or chan-
ging populations and
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the Petersen method (Ricker, 1958). Since both are standard techniques, they are described herein only briefly.
The use of tagging data to provide statistics on populations of fish generally implies that (1) either the tagging or

sampling after tagging (or both) is done at random, (2) tagged fish suffer the same mortality as untagged ones, (3)
tagged fish do not lose their tags and, (4) tagged fish are as vulnerable to the fishery as untagged ones. However,
Schaefer (1951) takes into account the possibility that steelhead (or any other species of fish) may not necessarily be
a single, homogeneous, completely mixed population, and the "mixing" of these fish between the time and place of
tagging and that of subsequent sampling may not be complete. To reduce errors which might be introduced into pop-
ulation estimates, due to the probability that all parts of the population may not have the same tag ratio or to the
probability that the inclusion of a given fish in a sample is a function of the time of sampling and therefore a func-
tion of the time of tagging, the tagging and recovery data are divided by Schaefer into convenient periods of time
during the season. This provides an estimate of the population present in successive time intervals, both at the tag-
ging site and in the recovery area, as well as the total population, or the sum of the interval estimates. However,
when either the tagging or the sampling is "uniform", and the probability of a fish being tagged or recovered is con-
stant, the more cumbersome formula proposed by Schaefer for computing fish populations (purposely omitted since,
as will be explained later, it was not used) reverts to the simple Petersen formula:

FORMULA
In general, the Petersen formula for calculating fish populations tends to approach the correct size of the popula-

tions more closely as the sample size is increased. If either the tagging sample or the recovery sample is random, an
unbiased estimate of the total population can be obtained. If both tagging and sampling are selective, the estimate
may be biased. In effect, when all parts of the population have the same tag ratio, it makes no difference whether or
not subsequent samples represent various parts of the population equally. In addition, if the population is randomly
sampled after tagging, so that the probability of a given fish being sampled is not a function of time of sampling or
time of tagging, any uneven distribution of tags due to the time of migration will have no effect.

Chi-square tests were applied to the tagging and tag recovery data to compare the size distribution of all fish
which were tagged with the size distribution of the samples of tagged fish recovered in traps at Clough Dam,
Keswick Dam, and Coleman hatchery, and in creel censuses on the Sacramento River. Combination of the recovery
data obtained at all four localities revealed significant discrepancies between the observed and expected numbers of
tagged fish in some size categories.
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Analysis of tag recoveries from each location revealed that only the creel census data exhibited the expected distri-
bution of tags by size groups. Chi-square tests were also made to determine whether or not fish examined at the four
localities showed a consistent ratio of tagged to untagged individuals. This was done by testing the recovery samples
against the border totals. Statistically significant differences were found in the tag ratios at the four localities during
five of the six years analyzed. Clough Dam and Coleman hatchery showed the least uniform tag ratios; usually more
tags were observed than expected at Clough Dam and fewer at Coleman hatchery. These tag ratios were statistically
inconsistent, even though annual differences between percentages of tags in all recovery areas varied from only 3
percent in 1957 to 8 percent in 1956, and averaged 5.7 percent. However, sampling over a large area, as was done in
the Sacramento River system, as well as examination of fish throughout the entire season, would tend to compensate
for discrepancies in tag ratios between areas when computing population estimates.

A similar problem of inconsistency between tag ratios and the distribution of tags in the recovery samples was
noted in the computation of sockeye salmon (Oncorhynchus nerka) populations (Howard, 1948). Chi-square analysis
of the sockeye sampling data demonstrated significant differences in the tag ratios with respect to time, area, and sex
of fish. However, the over-all tag ratio gave an accurate measure of the population. In the case of the sockeye sal-
mon, where the tag recovery was from dead fish after spawning, the numerous causes of variations in numbers of
tags recovered compensated one another, provided that the sampling was complete with regard to both time and
area.

The 1956–57 steelhead tagging and tag recovery data were submitted to both the Schaefer and Petersen methods.
The resulting population estimates were nearly the same. This was not surprising since, as was revealed in tabulation
by the Schaefer method, the probability of a fish being tagged as well as being recovered remained fairly constant
throughout most of the season and, as previously stated, under either of these conditions the Schaefer formula re-
verts to the Petersen formula. Because the two procedures produced similar estimates, it was decided to abandon the
more time-consuming Schaefer method, particularly since the population sizes entering the upper river were not be-
ing sought on a time basis. Instead, a slight modification of the method proposed by Petersen was adopted. With or-
dinary or direct sampling, when the size of the sample or samples is fixed in advance or is controlled by fishing suc-
cess, etc., the Petersen formula tends to over-estimate the true population (Ricker, loc. cit.). Therefore, the following
modified Petersen formula proposed by Bailey (1951), which according to Ricker gives an almost unbiased estimate,
was used to compute the steelhead populations in this report:

FORMULA
During the six seasons 1953–54 through 1958–59 the adult steelhead population in the upper Sacramento River

averaged 20,540 fish (Table 2). In the two peak seasons of 1954–55 and 1955–56 it was about 28,000.
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Since then the population has declined and in 1958–59 it was down to about half that of the peak years. These fig-
ures include hatchery as well as naturally-produced steelhead.

To find out how far the computed steelhead populations might be expected to differ from the actual populations,
95 percent confidence limits, as advocated by Chapman (1948, equation no. 55), were determined for each com-
puted population (Table 2).

TABLE 2
Sacramento River Steelhead Population Estimates. The Calculations are for Fish 14 Inches and Over in Fork

Length, Migrating Upstream Past the Mouth of the Feather River

6. RELEASES OF MARKED FISH
The releases of marked yearling steelhead were designed primarily to give returns of sea-run adults which would
permit an over-all evaluation of the total fish stocked from each brood year and also to determine the size of
yearlings released that results in the best returns of adults. Information on the best time and locality to stock fish,
though recognized as highly desirable, was necessarily sought only as a secondary objective, principally because of
the nature of the program and limited study period.

Sportsmen with limited funds paid steelhead food costs at Coleman hatchery. A fixed amount was available each
year for this purpose. Whereas it was practical to make early releases, it was not always feasible to hold fish for ex-
tended periods before stocking, due to the extra food cost. In addition, the hatchery production was devoted primar-
ily to king salmon. Large numbers of this species were held through the summer. Because of the limited number of
outside ponds, holding large numbers of steelhead for extended periods would have interfered with the salmon pro-
gram.

6.1. Egg Sources
At first, all eggs were taken from wild steelhead trapped in Battle Creek. However, later in the study they were also
obtained in Battle Creek from returning sea-run, hatchery-reared steelhead. A small percentage of the eggs was also
obtained from steelhead captured during the regular fall-run king salmon trapping operations on the Sacramento
River at Keswick Dam. All steelhead were spawned artificially at Coleman hatchery (Figure 10).
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FIGURE 10. Steelhead spawning operations at Coleman National Fish Hatchery. A, taking eggs from an anesthet-
ized female; B, fertilizing eggs (note tagged fish); C, dipping a spawned-out fish in a fungicide solution (malachite
green) before releasing it in Battle Creek. Photographs A and C by John E. Riggs; and B, by Richard J. Hallock.
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Shortly after the study began there was some doubt as to whether or not the smaller fish being captured in Battle
Creek for spawning purposes had been to sea. To be certain of this point, scales were taken and examined for ocean
growth before any fish were used for spawning. Only those known to be sea-run fish were spawned. This was done
for the 1954 and 1955 brood years. Adults from subsequent runs were spawned on the basis of size, since scales
from virtually all fish over 21 inches in length showed ocean growth.

6.2. Marking
The 1952 brood year steelhead were marked in the fall of 1952, several months before they were released. This ne-
cessitated a re-count at the time of planting. Fish from most succeeding brood years were marked in the spring, just
prior to release (Figure 11). All fish were

FIGURE 11. Marking a yearling steelhead at Coleman National Fish Hatchery. The right ventral fin is being
clipped. One other fin also will be excised to complete the mark. Photograph by Lloyd A. Maxson, January, 1957.

32



anesthetized before being marked. Anesthetics used included urethane (ethyl carbonate), chloretone (chlorobutanol),
and M. S. 222 (tricaine methanesulfonate). Most fish were marked with the aid of M. S. 222. Chloretone was used
only sparingly during one season. The use of urethane was abandoned early in the study because of its carcinogenic
properties (Wood, 1956). Each of the anesthetics worked satisfactorily, but M. S. 222 appeared to cause less mark-
ing loss if the fish were properly exposed to the anesthetizing solution. Usually about 15 women were hired each
year to do the fin clipping. During the marking period, fish were sampled daily for correctness of marks. The marks
were not repeated oftener than every other year.

6.3. Grading
Juvenile steelhead were segregated by size at the hatchery to promote maximum growth and to prevent cannibalism.
A standard Morton fish grader, capable of separating fish into five size categories simultaneously, was used. Grad-
ing was done three times during the period that each brood year's fish remained at the hatchery. They were first di-
vided, about six weeks after hatching, into two groups: one group two inches and under in length and the other over
two inches in length. In mid-summer and usually again in the fall they were graded into four size groups: under 2½
inches, 2½ to 3½ inches, 3½ to 4½ inches, and over 4½ inches. If the fish were fairly uniform in size in the fall, they
were separated at that time into only three size groups instead of four. The fish were not graded again at the time of
marking, except for the 1952 brood year fish, which were marked in the fall. The fish to be given separate marks
were selected from the previously-graded groups, often by combining two or more of the groups containing the most
nearly equal-sized individuals. The fish were hand counted and the total weight of each marked lot was obtained at
the time of release. At the time of stocking, length measurements were also taken of representative samples from
each lot marked (Figure 12).

6.4. Numbers Released
During the period 1953 through 1958, a total of 1,041,754 steelhead was marked and released (Table 3). Only the
663,240 fish fin-clipped during the first four years were marked as part of the evaluation program. The remaining
378,514 yearlings were released as part of a new program initiated in 1957 by California Kamloops, Inc. and Steel-
head Unlimited in cooperation with the Fish and Wildlife Service and the Department of Fish and Game. There was
to be no evaluation of these releases. They were marked in 1957 and 1958 to avoid confusion between hatchery and
naturally-produced fish during the last two years of the evaluation study. It was also hoped that some substantiating
data might be gained from the continued marking, even though the evaluation of returns would be limited by time.

6.5. Area of Stocking
In 1953, the first year that steelhead were released, there was only one size group and all fish were given the same
mark. They were split into four lots and planted in Battle and Mill creeks and in the Sacramento
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FIGURE 12. Handling marked yearling steelhead at Coleman National Fish Hatchery. A, hand counting fish; B,
measuring fish; C, weighing fish prior to release; D, releasing fish into the channel which connects the hatchery

holding ponds with Battle Creek. Photographs by John E. Riggs.
River at Ord Ferry and Princeton (Figure 13). This rather widespread stocking was carried out to get some idea of
what returns of adults might be expected from releases of yearlings subjected in part to the summer "trout" fishery,
or at least stocked in the trout fishing area. Creel censuses on the opening day of the 1953 trout season at Battle and
Mill creeks showed that all of the stocked steelhead had not migrated to the sea. Many limits and near limits of
marked fish were taken. Therefore, since the principal evaluation was to be made on the basis of adults produced
from releases of known numbers of yearlings, all steelhead planted between 1954 and 1956 were stocked in the Sac-
ramento River at Princeton, some 110 miles downstream from the mouth of Battle Creek. This is below the general
trout fishing area. Very few yearlings were caught prior to entry into the ocean when liberated in this portion of the
river. During the spring of 1957, when the second cooperative sportsmen's steelhead stocking program was started,
marked fish were released in the Sacramento River at Princeton and
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TABLE 3
Hatchery-Reared Steelhead Released in the Sacramento River System

Redding and also in Mill and Battle creeks. As in 1953, catches of marked juvenile fish were so great in the upper
river system that all fish released in 1958 again were stocked at Princeton.

7. RETURNS OF SEA-RUN HATCHERY STEELHEAD
Since sport fishing for steelhead was permitted below as well as above the trapping area, returns of sea-run hatchery
fish to the upper Sacramento were lowered by an unknown quantity landed by fishermen in the lower river and
Delta. No successful effort was made to determine either the numbers of hatchery steelhead in the run, or the land-
ings by fishermen below the trapping site. Only a minor steelhead sport fishery exists below the city of Sacramento,
and most of the fish caught are landed by striped bass anglers. However, between Sacramento and the trapping area
large numbers of steelhead are landed by sport fishermen, particularly at the mouths of the American and Feather
Rivers. The former commercial gill net fishery for salmon in the Delta also took considerable
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FIGURE 13. Releasing marked steelhead. A, liberating fish in the Sacramento River at the Princeton Ferry slip; B,
stocking fish in Mill Creek, Tehama County. Photographs A, by Don A. La Faunce, March, 1953; and B, by John E.

Riggs, March, 1959.
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numbers of steelhead in the fall, as indicated by tag returns and observations. This fishery was abolished at the end
of the 1957 season by the State Legislature.

Since returning fish bearing the same fin mark were at least two years apart in age, a method of separating identic-
ally marked sea-run hatchery fish into their proper brood years was devised. This could have been accomplished by
taking scales from the marked fish trapped and determining their ages; however, this procedure would have been
rather time consuming. Instead, identically fin-clipped fish were established in correct brood years by length meas-
urements, a procedure which almost eliminated the necessity of scale reading (Table 4). Most of the finclipped steel-
head trapped in the lower Sacramento were measured. In 1955 identically marked fish from two brood years (1952
and 1954) returned together from the sea for the first time. Fork length measurements of these fish revealed two dis-
tinct size groups. Through the following years, continued measurements showed that there was practically no over-
lap in lengths of identically fin-clipped hatchery steelhead, so long as the mark was not repeated oftener than every
other brood year. Among the three- and four-year-old marked fish, however, there were a few whose lengths were
such that scales were read to be certain of the brood year.

The examination of steelhead trapped in the lower Sacramento River provided only the percentage of the entire
run consisting of hatchery fish; the total numbers of hatchery fish in the run were calculated by multiplying the total
population by the percentage of marked fish observed in the traps.

7.1. Methods of Presenting Returns
Data on survival of yearling steelhead to time of return as sea-run adults may be presented in several ways. Three
methods are used in this report:

The most common method is to compare the numbers of yearlings released in a river with the numbers of sea-run
adults returning in subsequent years to that river. Returns of adults resulting from releases of variously-sized fish
provide data on the best size of fish to stock. Returns from fish planted at different seasons of the year reveal in-
formation on the best times to stock. In some instances release of fish at different locations in a river system may
provide additional information on stocking localities which result in the best returns. There are, of course, several
combinations of fish size, and time and place of release, which makes it difficult to separate the dominant factor
governing a particular return.

A second method is to compare the numbers of adult steelhead used for artificial spawning with the numbers of
sea-run adults produced. The returns permit a simple comparison between the efficiency of artificial and natural re-
production, if the natural reproduction rate is known.

A third method is to compare the numbers of steelhead used for artificial spawning and/or numbers of yearlings
released with the resulting numbers of sea-run hatchery fish taken by anglers. The first two methods show the num-
bers of sea-run steelhead put in the population by artificial propagation (providing it is not just a replacement), while
the third gives the numbers actually put in the creel.
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TABLE 4
Lengths of Sea-Run Hatchery Steelhead Returning to the Upper Sacramento River. The Length Measurements

Were Made of Marked Fish Captured by Trapping in the Sacramento River, One-Half Mile Above its Confluence
With the Feather River Near Fremont Weir, and Illustrate the Reliability of Separating Steelhead From Different

Brood Years on the Basis of Length Alone
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TABLE 4—Cont'd.
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TABLE 4—Cont'd.
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The first two methods are presented in this section of the report, and the third is discussed in the section on "Steel-
head Sport Catch".

7.2. Returns of First Time Spawners and Repeat Spawners
Examination of the scales of 175 marked hatchery steelhead showed that in the Sacramento system the proportion of
fish which spawn more than once is much lower among hatchery-reared individuals than among wild fish. It appears
that over 96 percent of the adult hatchery-reared fish taken in the river are on their first spawning migration and that
most, if not all, of the remainder are on their second. None were encountered which were returning for a third or
later spawning, but the sample was not large. By way of comparison a sample of 100 wild adults showed 17 repeat
spawners (see page 16.)

In this paper, each time a steelhead returned it was treated as a separate individual on the basis that a fish which
makes two spawning runs is exposed to the fishery twice and, if it survives, spawns twice, etc. If each fish were
treated as a single individual, regardless of its number of spawning migrations, the result would be to lower the total
number of adult "returns" by a little less than 4 percent, and to increase the cost of putting adult steelhead in the run
by a similar amount. There would be no change in the cost per steelhead in the creel because obviously a fish can die
only once. The cost of rearing steelhead will be discussed later.

7.3. Comparison Between Yearlings Released and Sea-run Adult Returns
During the first four years of the study, 663,240 marked yearling steelhead were liberated. From these releases, in-
cluding all sizes of fish planted, there were 13,055 sea-run steelhead returns to the upper river. The percentage return
of adults from an average brood year was thus about 2 percent of the yearlings stocked (Table 5). Stating this in an-
other way, it took about 50 average-sized hatchery yearlings to produce one adult steelhead return. Therefore, if nat-
urally-spawned steelhead had the same survival rate as hatchery fish, an average of a little over 1,000,000 juvenile
steelhead a year migrated out of the upper Sacramento River during the study to maintain the average run of 20,542
adults.

It is obvious even after a quick glance at Table 5 that considerable variation exists in returns of adults from re-
leases of fish of different sizes. By re-arranging these figures and grouping the fish released into two main size cat-
egories, a somewhat different picture is presented (Table 6). Fish weighing eight to the pound and larger resulted in
an average return of 4 percent as adults; i.e., one adult steelhead return for each 25 yearlings released. On the other
hand, fish weighing between 10 and 26 to the pound when stocked produced average returns of slightly over 1 per-
cent. From the standpoint of numbers of returning fish, it is thus much more desirable to stock fish of a size larger
than 10 to the pound.

There is some variation in the returns of adults from the stocking of equal-sized yearlings under apparently similar
conditions. Because 1952 brood year fish were released in the upper Sacramento River and in two tributaries prior to
the opening of the trout season, and because of the large catches of these marked fish in Mill and Battle creeks be-
fore
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TABLE 5
Returns of Sea-Run, Hatchery Steelhead to the Upper Sacramento River System, Showing Numbers of Yearling
Hatchery Fish Released, Arranged in Chronological Order, and Calculated Percentages and Total Numbers of

Adults Produced

42



TABLE 6
Returns of Sea-Run Hatchery Steelhead to the Upper Sacramento River System, Showing Numbers of Yearling
Hatchery Fish Released, Grouped into Two General Size Categories, and Calculated Percentages of Adults Pro-

duced
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their seaward migration, returns of adults were not expected to approach those from equal-sized fish planted during
the three following seasons below the trout fishing area at Princeton.

Additional unaccountable differences also exist in returns of adults from some groups of fish released at Prin-
ceton. Returns from the 1955 brood year fish, for example, were considerably lower than from the previous three
brood years. Part of the 1955 brood year fish were stocked just prior to floods in the Sacramento River. The relation-
ship between fish release times and floods in the Sacramento River was studied. A clear-cut correlation between
times when steelhead were stocked, flooding in the river and in the several bypasses, and later returns of adults was
not evident. However, the fish released in December, 1955, were stocked immediately prior to a period of extreme
flooding and did return fewer adults than were expected. Although not conclusive, the evidence at hand suggests that
considerable losses may occur when yearlings are liberated during periods of high water. In any event, the evidence
is sufficient to withhold stocking of fish at such times, at least until facts are gained to the contrary.

Comparisons between returns from several of the releases of marked fish are not feasible, since two variables ex-
ist: planting time and size of fish. The two best returns were from fish planted in January, and one of these groups
consisted of the largest fish planted. Plants from December through March appear to give satisfactory returns but
more tests are needed to be certain of the best month in which to release steelhead.

7.4. Comparison Between Adults Spawned and Returning Sea-run Adults
During the first four years, 458 females were used for artificial spawning purposes. As previously stated, 13,055 sea-
run adult returns were subsequently produced, or 28 sea-run adults in the runs for each female used for artificial
spawning (Table 7). Since the number of males used at the hatchery for artificial spawning was only slightly less
than the number of females, there were 15 steelhead returns for each fish spawned at the hatchery.

The natural populations of steelhead in the Sacramento River fluctuated considerably during the study (Table 2).
However, since the runs are barely holding their own, it is obvious that natural reproduction is on the order of 1 to 1.
That is, for each adult another adult will be produced. Thus, hatchery production of sea-run steelhead, based on all
sizes of yearlings released from an average brood year, is roughly 15 times greater than natural production. This, of
course, applies only to the limited number of steelhead handled at Coleman hatchery during the study. A greatly in-
creased steelhead population could be expected to result in lower survival rates of both hatchery and wild fish. At
the existing population levels it does not seem likely that any serious depressing of the survival rate of wild fish
throughout the upper Sacramento River system could have been caused by the planting of hatchery fish in the num-
bers used in this project.

The average female steelhead spawned at Coleman hatchery yielded 2,808 eggs during the first four years of the
study. This is not an indication of average fecundity, since many smaller fish were not used.
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TABLE 7
Comparison Between Numbers of Steelhead Used for Artificial Spawning and Calculated Numbers of Sea-Run

Hatchery Steelhead Produced

45



Although an average over-all 2 percent survival from yearling to sea-run adult was obtained, the survival from egg
to returning adult was only 1 percent.

7.5. Distribution of Sea-run Hatchery Steelhead
It is of interest to note the spawning distribution of returning hatchery-reared steelhead released in the Sacramento
River at Princeton. These fish were mainly of Battle Creek stock, all reared at Coleman hatchery on Battle Creek,
but released 110 miles downstream from the mouth of Battle Creek. Adults attributable to the Princeton plants re-
turned for spawning purposes in significant numbers to Battle Creek, the parent stream, but at the same time dis-
persed considerably throughout the upper Sacramento River system.

During the 1955–56 season, 18 percent of all steelhead migrating into the Sacramento River were hatchery fish
stocked at Princeton. However, after these same fish had distributed themselves among the tributaries, 27 percent of
the steelhead in Battle Creek and only 2 percent of those in Mill Creek were hatchery fish. In the 1956–57 season,
when the total run included 17 percent hatchery fish, a similar pattern was followed. The steelhead in Battle Creek
consisted of 37 percent hatchery fish, while the Mill Creek run again included only 2 percent hatchery fish. There-
fore, by stocking yearling steelhead at Princeton (below the general trout fishing area) during the normal migration
period of wild fish, sufficient returns were obtained at the hatchery on Battle Creek to continue a moderate artificial
stocking program; at the same time, there was some natural dispersion of adults throughout the upper Sacramento
River system.

8. GROWTH IN LENGTH OF HATCHERY STEELHEAD
The wide range of lengths found in hatchery fish prior to their release, and again when they were recaptured during
subsequent seasons as sea-run adults, indicates that growth rate was quite variable (Table 8). The data presented on
growth in length of marked steelhead include only lengths obtained at the time of release (at about one year of age)
and when trapped in the Sacramento River near the mouth of the Feather River during the fall of succeeding years.
Calculated lengths, based on scale measurements at the end of the several years of life, are not included. Thus, the
determined length increments show only approximate annual growth. A comparison of lengths of tagged fish at the
time of tagging and at time of recapture in January at Mill Creek Counting Station shows that they continued to
grow during the spawning migration. On the average, steelhead tagged in the fall increased three-fourths of an inch
by the end of January, which approximates the end of a year of life, at least insofar as the growing season is con-
cerned.

The greatest length increment generally took place in the second year of life, during the first summer after release.
A comparison between sizes of fish when released and after the second summer's growth shows that in only one in-
stance did a group of fish fail to more than double in length during the second year. The length increment of fish
both larger and smaller than 10 to the pound when stocked was approximately the same during their second year, av-
eraging about nine inches.
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TABLE 8
Average Fork Lengths and Approximate Annual Length Increments of Hatchery-Reared Steelhead, in Two General

Size Categories, Released in the Upper Sacramento River System and Captured by Trapping in the Sacramento
River One-Half Mile Above Its Confluence With the Feather River
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TABLE 8
Average Fork Lengths and Approximate Annual Length Increments of Hatchery-Reared Steelhead, in Two General

Size Categories, Released in the Upper Sacramento River System and Captured by Trapping in the Sacramento
River One-Half Mile Above Its Confluence With the Feather River
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Growth was not as rapid during the third year of life, and there was a tendency at this age for the fish which were
small when stocked to grow more than those released at the larger sizes. The growth rate decreased during the fourth
year of life. The small number of hatchery fish captured during their fifth year of life precluded a reliable estimate of
growth at that age, although the length increment appears to be small.

9. RESIDENT TROUT
A comparison was made each season between the ratios of marked to unmarked steelhead migrating upstream past
the mouth of the Feather River and fish caught in the upper Sacramento. It was anticipated that if a resident popula-
tion over 14 inches in length existed in the upper river, or if there were many steelhead in this size category which
had not yet migrated to sea, the dilution caused by these fish would be sufficient to effect a noticeable decrease in
the marked fish ratio in the upper river. During the five seasons, 1954 through 1959, creel censuses showed that the
over-all ratio of marked fish, including only steelhead 14 inches and over in length, was higher at the trapping site
than in the upper river. The percentage difference between the two areas varied from 2 percent in 1954 to 7 percent
in 1956, indicating that a sizable population of trout exists in the upper river during some years, in addition to those
which come in from the sea. When the ratios of individual fin marks were compared between the two areas, again
including only fish 14 inches and over in length, it was found that significant differences generally occurred only
among groups in which the steelhead were smaller than 20 inches, indicating that the trout which did not migrate to
sea during a particular season and any resident fish were principally between 14 and 20 inches in length. Their num-
bers were generally in inverse proportion to their lengths. There are, in addition, considerable but unknown numbers
of trout under 14 inches in length in the upper river at all times.

10. COSTS OF SEA-RUN HATCHERY STEELHEAD IN THE RIVER
The returns of sea-run adults from hatchery production have been presented in preceding sections without regard to
hatchery production costs. To properly evaluate artificial stocking of migrant-sized steelhead it is desirable to know
not only returns in terms of numbers of adult fish but also costs of producing yearlings and returning sea-run adults.

The average cost of producing a yearling steelhead, including expenditures associated with taking eggs, rearing,
and stocking, varied from 3 cents to 18 cents, with an over-all average of 6 cents during the four-year study (Table
9). These figures include all rearing costs except capital investment and capital improvements at the hatchery, and
administrative overhead. They do not include costs of marking or of evaluating returns. Generally speaking, the lar-
ger the yearlings are when released, the more it costs, per fish, to produce them. Costs of rearing yearling steelhead
at Coleman hatchery compare favorably with costs of rearing catchable-sized rainbow trout to the same size at Cali-
fornia Department of Fish and Game hatcheries. During the fiscal year 1955–56 for example, the average cost to
rear and stock catchable-sized rainbow trout weighing six to the pound was 13.6 cents each (Macklin
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TABLE 9
Costs of Producing Yearling and Sea-Run Hatchery Steelhead, Arranged by Brood Years

and Cordone, 1956). It is to be expected that Coleman hatchery costs would be slightly less than the State average
for rearing comparablesized fish, because of the large operation at Coleman and short hauls associated with stocking
from there.

The cost of producing a group of yearling steelhead at a hatchery and stocking them is a fixed figure which will
not change after the fish have been released. The cost of producing adult steelhead, however, will be greater, be-
cause it is influenced by the survival of fish from the time of stocking to the time of return from the sea. The cost per
fish increases as the number planted decreases. For example, since only a 2 percent return is realized from the aver-
age brood year releases in the Sacramento drainage, the cost of producing each adult return is 50 times more than the
cost of producing each yearling. It costs about $3.00 to put a sea-run steelhead in the run (Table 9). Since the im-
portant factor is the number of sea-run steelhead produced, the cost of each adult might be prohibitive if losses are
too great between the time of planting and the time of return from the sea.

It was pointed out in the section on "Returns of Sea-Run Hatchery Steelhead" that adult returns from releases of
yearlings averaging eight fish to the pound and larger were much greater than from those averaging 10 to the pound
and smaller. Generally speaking, even though
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the cost of producing larger yearlings is greater, the increased returns of adults when stocking larger fish overshad-
ows the higher initial rearing cost, so that more value is actually received for the expenditure involved by rearing
yearlings to the larger size (Table 10).

TABLE 10
Costs of Producing Yearling and Sea-Run Hatchery Steelhead, Arranged by Two General Sizes of Fish Released

11. STEELHEAD SPORT FISHERY
Steelhead fishing in the Sacramento River is purely for sport. The fishing regulations for steelhead changed very
little during the study period. Prior to 1956, no fishing was permitted in March and April. Since then, the main stem
of the Sacramento has been open to year-round fishing. During the entire study period fishing closures were in effect
in the tributary streams; these were set at times of the year which would protect both spawning adults and young.
Different bag limits were in effect for the winter, or "adult" steelhead season, and the summer, or "trout" season.
This report is concerned primarily with the winter fishery for sea-run fish; juvenile trout are caught incidentally to
adult steelhead in the winter but many are released, since the daily bag and possession limit is small at that time of
the year.
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11.1. Types of Fishing
Steelhead are caught in the upper Sacramento by a variety of fishing techniques, which vary with the season and
other factors.

During October, November, and December, when fall-run king salmon are spawning, steelhead congregate with
the salmon on riffles, both in the main Sacramento and its tributaries. Examination of steelhead stomachs taken at
riffles on which salmon are actively spawning usually reveals a good quantity of eggs, and if fishermen are present
often both fresh and cured eggs. At other times, the stomach contents consist of salmon eggs in various stages of de-
velopment, which were probably dug up by one salmon excavating a nest on top of another. There is no evidence to
indicate that steelhead dig up a salmon nest for food. In addition, the steelhead themselves do not prepare nests on
top of salmon nests in the fall, since they do not spawn at that time. It is not known whether or not the steelhead ac-
tually rob a salmon nest by darting in and grabbing unattended eggs, but it is thought that most eggs are picked up
after they drift out of the nest, since most steelhead are hooked behind spawning salmon.

Although Shapovalov and Taft (1954) report that adult steelhead do not commonly feed during their spawning
migration in coastal streams, those in the Sacramento River definitely do. There is evidence that they continue to eat
until the time of spawning in the Sacramento, since at Coleman hachery adult steelhead trapped in Battle Creek and
placed in holding ponds continue to feed on salmon roe up to the time they are spawned artificially and released.

When salmon are actively spawning, steelhead in the vicinity strike voraciously at almost any small object, espe-
cially one resembling a salmon egg, which drifts through the nests. Under these conditions most fish are hooked by
drifting single salmon eggs and salmon roe clusters through the riffles (Figure 14) Several artificial lures which re-
semble salmon eggs have also been developed and are increasing in

FIGURE 14. Spin fishing for steelhead on Ohm Riffle in the Sacramento River, near Red Bluff. Creel checks showed
that over 100 steelhead were landed on this riffle in three days during October, 1955. Photograph by Richard J.

Hallock.
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popularity among Sacramento River anglers. One type utilizes a ball of red fluorescent yarn tied to the hook (glow
bug), and another is made by attaching a small, spherical piece of red sponge rubber to the hook.

Many steelhead and salmon also congregate near the mouths of tributary streams, awaiting suitable flow condi-
tions before ascending the creeks. Steelhead are caught by several methods of fishing in these places. At the mouth
of Deer Creek, for example, drifting with single eggs is the predominant method, while at the mouth of Mill Creek
still fishing with salmon roe clusters and casting with metallic artificial lures are the most popular methods.

When the fall-run salmon have completed their spawning, steelhead become scarce on riffles in the Sacramento.
However, many steelhead then seek their own spawning areas in tributary streams. By January of each year, most
steelhead fishing has shifted to the tributary streams. Most of the steelhead landed during this latter part of the fish-
ing season in the tributaries are caught by drifting single eggs and casting artificial metallic lures.

11.2. Fishing Gear
Spinning equipment is the fishing gear most commonly employed. A rod 6 to 7 ½feet long is preferred by most fish-
ermen. The line is generally monofilament nylon of 6- to 8-pound test, with 8-pound line being the most common.
Most types of spinning reels on the market today have been observed at one time or another on the Sacramento;
however, those with a full bail line pickup predominate. Fly rods and reels are rarely used.

Many fishermen tie the hook or lure directly to the line, while others attach a leader of lower breaking strength
than the line, to insure minimum loss of line should the hook or lure become snagged. At times when the water is es-
pecially clear, a thin leader is used. Sinkers are sometimes attached directly to the line or leader, especially when
split shot is used. Many anglers prefer a pencil sinker and attach it to the line through the use of a small swivel or a
drop loop in the line itself. Occasionally, anglers attach a weight to the line in such a way that it is free to slide along
the line to a desired distance from the hook. This "sliding sinker" arrangement is more commonly used by those who
"still fish" than by those who drift their bait through the water. In any event, in drift fishing the weight is small
enough so that it will keep bouncing along the bottom until the line has straightened out, downstream from the
angler. In this way the fisherman can drift his bait down the entire length of the riffle, only a few inches off the bot-
tom.

11.3. Fishing Access
Most land bordering the upper Sacramento River is privately owned. However, many land owners permit anglers to
cross their property to reach the steelhead fishing riffles. In these instances the fishing areas are usually but a short
walk from the end of a road. Other riffles may be reached only by boat or by walking a considerable distance. Dur-
ing the study period, there was a tremendous increase in the numbers of boats used by steelhead anglers. One of the
big problems of a boat owner is that of finding a suitable launching site in the area where he wants to fish. To assist
these anglers, the Department of Fish and
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Game, through the Wildlife Conservation Board, has installed several concrete boat launching ramps and auto-
mobile parking areas at key points along the upper Sacramento. These ramps are maintained by the county in which
they are located. Those installed to date (June, 1960) are located at Redding, Balls Ferry, Bend, Red Bluff, and Vina.

Practically all land bordering the tributary streams is also privately owned and, as on the Sacramento, fishing ac-
cess is permitted by many land owners. In the tributaries anglers do almost no boating but sometimes walk consider-
able distances along the creeks.

12. STEELHEAD SPORT CATCH
The steelhead sport catch each season was determined by dividing the number of tags sent in by the fraction of the
total run known to have been tagged. This quotient would obviously be a minimum figure for total landings, unless
some correction were made for the number of tags taken from steelhead but not returned to the Department of Fish
and Game. An estimate of nonreturn of tags thus becomes an essential element in computing total catch, when using
the method described herein. However, since a measure of nonreturn is purely an estimate based on human behavior,
it is believed desirable to first present the minimum catch statistics derived from actual tag returns, and then show
the same data corrected by percentages of nonreturn. The numbers of hatchery fish in the catch and their costs, based
on different percentages of nonreturn of tags, are shown in the section on "Nonreturn of Tags, and Adjusted Catch
and Cost Figures".

12.1. Numbers of Steelhead Landed, Based Upon Uncorrected Tag Returns
On the basis of actual tag returns between 1953 and 1959, anglers landed an average of about 6,100 steelhead each
season in the upper Sacramento River system, or close to 30 percent of the entire run. The catch has varied from
20.1 percent of the run in 1953–54 to 36.5 percent in 1958–59 (Table 11). About 70 percent of the steelhead landed
from each annual run are caught in October and November. Thus, the best steelhead fishing has usually passed each
season in the Sacramento before it commences in many of California's coastal streams.

12.2. Numbers of Sea-run Hatchery Steelhead Landed and Their Cost in the
Creel, Based Upon Uncorrected Tag Returns
The numbers of hatchery-reared steelhead appearing in anglers' creels each season were determined by multiplying
the computed numbers of sea-run hatchery fish in the total population by the fraction of the run caught. It is assumed
that hatchery fish are caught as readily as wild fish and that they are taken in approximately the same proportions in
which they appear in the population. Chi-square analysis of the tagging and creel census data shows that these as-
sumptions are valid.

It is also obvious that since the percentage of the run caught is based upon tag returns, a measurement of nonre-
turn of tags also plays an important role in determining total numbers of sea-run hatchery fish in the catch and their
costs. Whereas the total catch would be a bare
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TABLE 11
Upper Sacramento River Steelhead Sport Catch. Annual Landings Are Based on Actual Angler Tag Returns. All

Fish Are 14 Inches and Over in Fork Length
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minimum figure without correction for nonreturn of tags, costs of putting sea-run hatchery steelhead in the run and
in the creel would be maximum figures, since they increase as the numbers of fish decrease.

of 663,240 yearlings released during the study, 3,882 eventually ended up in anglers' creels as sea-run steelhead
(Table 12). Thus, with a 2 percent return to the upper Sacramento of the yearlings released, on an average about 0.6
percent found their way into an angler's creel. Dividing the total cost of producing the yearlings released by the total
adults put in creels as a result of these released fish, on the average it cost $10 to put a hatchery steelhead in the creel
Table 12.

As previously stated, returns of sea-run hatchery fish to the upper Sacramento from the 1955 brood year fish were
much lower than for those from the three previous years. If returns to the creel from only the 1952, 1953, and 1954
brood years are used, the average cost of putting a sea-run steelhead in the creel was $7.48, instead of $10.

12.3. Nonreturn of Tags, and Adjusted Catch and Cost Figures
The importance of measuring nonreturn of steelhead tags has already been pointed out. However, in this study the
main effort was concentrated on getting all tags back, by offering a chance to win a valuable prize for each tag re-
turned, rather than on measuring the degree of nonreturn. Nevertheless, it is believed that sufficient information is
on hand to make a fairly reliable estimate of nonreturn of tags.

In 1954 an indirect effort to get some idea regarding numbers of tags taken from steelhead by sportsmen but not
sent in was made by offering $500 in prizes for the return of tags. No awards had been made during the 1953 season.
The prizes were awarded at a drawing for all tag numbers returned, and theoretically the more tags sent in by an
angler, the greater would be his chances of winning. Although there was a significant increase in tag returns during
1954, it was impossible to differentiate that portion representing an actual increase in fishing pressure and in the
catch from that indicating nonreturn. Also, other factors were involved, including a better understanding of the pro-
gram by sportsmen in 1954, which no doubt led to greater returns.

During 1955, a more direct attempt to determine nonreturn was made at the time anglers were being interviewed
during creel censuses. However, the data gathered were not considered entirely reliable because of the reluctance of
many sportsmen to admit readily that they had previously failed to send in tags.

In the striped bass fishery of the Sacramento-San Joaquin Delta, a measurement of nonreturn of tags was determ-
ined by using comparable quantities of $5.00 reward and nonreward tags during the same season (Chadwick, 1960).
It was found that about 45 percent of the nonreward tags taken by sportsmen from striped bass were not sent in. This
method of evaluation assumes that the $5.00 reward is incentive enough to assure the return of all reward tags taken,
or at least enough to reduce to insignificance any error in resulting calculations. However, it is believed by the
writers that this method tends to overestimate nonreturn, especially after anglers understand that there are two types
of tags out, by actually discouraging the return of tags for which no
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TABLE 12
Upper Sacramento River Sport Catch of Sea-Run Hatchery Steelhead, and the Average Cost of Putting One in the

Creel. Annual Landings Are Based on Actual Tag Returns. All Fish Are 14 Inches and Over in Fork Length
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money is received. This would abnormally widen the gap between returns of $5.00 reward tags and those of no cash
value.

During the steelhead study, including the 1954 season and each year thereafter until its conclusion, an annual tag
drawing was held for nearly $500 in cash and merchandise prizes offered by sportsmen's organizations, fishing re-
sorts, and sporting goods stores for tags returned to the Department of Fish and Game (Figure 15). Under this plan it
was, of course, advantageous to return all tags, in order to have each tag number registered for the drawing. Consid-
erable publicity was given the prize drawing and study program each season through local

FIGURE 15. Fifth annual steelhead tag drawing. The tag drawings were sponsored jointly by California Kamloops,
Inc. and Steelhead Unlimited. Each year at Redding over $500 was awarded to sportsmen for returning steelhead

tags to the California Department of Fish and Game. Photograph by Dick Black Studio, April 8, 1959.
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television and radio appearances, state-wide press releases, local newspapers, illustrated talks at sportsmen's and ser-
vice clubs and Departmental meetings, use of tag return posters located at key riffles and resorts, and interviews
with anglers during creel census work. From the beginning of the study, all tags sent in were returned to the angler,
along with a commendation card and a letter explaining the purpose of the tagging and (beginning in 1954) pointing
out that his tag number had been entered in a drawing for valuable prizes. To further aid the return of tags, postage-
free, self-addressed envelopes were supplied to fishing resorts and sporting goods stores along the Sacramento
River.

The 1954 and 1955 studies indicated that the percentage of nonreturn of steelhead tags was considerably lower
than that shown for striped bass. Nonreturn of steelhead tags appeared to be about 20 percent, and this figure was se-
lected as an estimate of nonreturn for steelhead tags. The sport catch and cost figures were re-evaluated accordingly.

By re-arranging the catch figures and presenting them on the basis of different percentages of nonreturn of tags, a
somewhat different picture of numbers caught and of costs to put a sea-run steelhead in the creel is seen (Table 13
and Table 14). For example, on the basis of a uniform 20 percent nonreturn of tags during the study, an average 36.9
percent, instead of 29.5 percent, of the population was harvested each season, and anglers harvested about 45.6 per-
cent of the run in 1958 instead of the 36.5 percent obtained without correction for nonreturn. Also, if allowance for a
20 percent nonreturn of tags is made, the average cost of putting an adult steelhead in the creel was $8 instead of
$10. If a 20 percent nonreturn and returns of adults from only the first three brood years of yearling steelhead re-
leased are used, the cost of putting a sea-run steelhead in the creel drops from $7.48 to $5.98.

13. CREEL CENSUS
Steelhead creel censuses were designed to provide the average catch per angler hour, length of the average angler
day, and county of residence of the fishermen, and to see as many steelhead as possible in order to help establish
tagged to untagged and marked to unmarked fish ratios in the upper Sacramento River system. As previously men-
tioned, no attempt was made to determine total catch by means of creel census, since this was done on the basis of
tagging and tag return data. When total catch, catch per hour, and number of hours in the average angler day had
been determined, total fishing efforts and fishermen days were computed.

During most months of the year, creel census work was carried out with only a moderately controlled sampling
scheme. However, during the fall months, when the bulk of the steelhead are caught and when most of the fishing
effort for sea-run fish is expended, an intensive method of securing data on angling was used (Figure 16). The creel
census procedure was directed toward obtaining a satisfactory sample of the total fishing effort and also securing as
large a sample as possible in interviewing anglers. It was definitely not a complete census, due to the many access
points and to the limited manpower available. Although the censuses were not strictly random it is believed that the
data gathered present a reasonably representative picture of angling effort, success, and distribution of anglers by
county of residence.
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TABLE 13
Upper Sacramento River Steelhead Sport Catch. Annual Landings Are Computed With Different Percentages of

Nonreturn of Tags. All Fish Are 14 Inches and Over in Fork Length
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TABLE 14
Upper Sacramento River Sport Catch of Sea-Run Hatchery Steelhead, and the Average Cost of Putting One in the

Creel. Annual Landings and Costs Are Computed With Different Percentages of Nonreturn of Tags. All Fish are 14
Inches and Over in Fork Length
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FIGURE 16. Creel checking a steelhead angler on the Sacramento River near Jellys Ferry. Photograph by Richard
J. Hallock, October, 1956.

The steelhead fishing area was divided into three general sections, the centers of which are Hamilton City, Los
Molinos, and Balls Ferry (Figure 2). Seasonal employees were used to do a good portion of the creel census work
and usually traveled by automobile, stopping at the fishing resorts and riffles. Between Vina and Red Bluff, the Sac-
ramento River was covered by the project skiff, as well as by automobile. The creel census work was also cooperat-
ive. Department of Fish and Game salmon survey crews, drifting designated sections of the Sacramento daily
between Redding and Vina each fall and winter, also creel checked steelhead fishermen along the way. At key
points, people living in the vicinity of resorts were also hired as seasonal employees to check creels.
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14. FISHING EFFORT
Starting in 1954, the creel census data were sufficient to determine the average catch per hour and number of hours
in the average angler day for each month and each season throughout the remainder of the study. It was then only
necessary to know the numbers of steelhead caught, including both adults and juveniles, to compute total angler
hours and total angler days expended each month and each season. The catch of sea-run fish, as described previ-
ously, was derived from tag returns by anglers, while landings of juveniles computed in this section are weighted
figures based on ratios of fish under 14 inches in length to larger individuals observed during creel censuses.

Most fishing for sea-run steelhead in the upper Sacramento takes place from September through the following
February. Fishing effort is particularly intense in October and November. Adult fish landed from March through Au-
gust are usually caught only incidentally by those seeking other species of fishes, or while angling for juvenile steel-
head and resident trout. Since this report is concerned primarily with the fishery for sea-run fish, creel census data
presented herein include only those collected during months when the main fishing effort was for sea-run fish, i.e.,
September through February. Between 1954 and 1958, over 10,000 steelhead anglers were interviewed and their
catches inspected during these months. Whenever a fisherman planned to continue fishing after being creel checked,
he was given a self-addressed, stamped post card on which there was but one request: the total hours he fished that
day. About 30 percent of these cards were not returned, although all fishermen had consented to send them in. In all,
close to 6,000 completed fishing efforts were obtained and indicated that the average steelhead angler fishes 4.1
hours during an average day (Table 15). Lengths of the average angler day remained fairly constant throughout the
study period and even throughout various months of any particular year. However, in the fall, when most

TABLE 15
Upper Sacramento River Steelhead Sport Catch and Angling Effort. Numbers of Fish 14 Inches and Over in Length
(Adults) Were Computed With a 20 Percent Nonreturn of Tags. Juvenile Steelhead Caught Are Based on the Ratio

of Juveniles to Adults Observed While Creel Censusing
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sea-run fish are caught, lengths of the average angler day were greatest. During October and November, for ex-
ample, when steelhead are the most vulnerable, fishermen spend more time angling for them. This vulnerability is
indicated by observations and by the average catch per angler hour, which was typically higher in October and
November than during other months of the season. This pattern was constant from year to year. Smith (loc. cit.) also
noted during the 1948–49 season that Sacramento River steelhead landings depended upon availability of fish. This
was revealed by the catch per hour, which increased or decreased with the total catch in all but three of the 13
months studied.

The number of steelhead angler days spent annually on the upper Sacramento averaged 21,597 from 1954–55
through 1958–59 (Table 15). Although observations and creel checks indicate an increase in numbers of individuals
fishing for steelhead each season, the angler days, or total fishing effort spent by these fishermen in pursuit of steel-
head, show a decrease through the years which is proportionate to the decline in populations of fish. The total annual
fishing effort each season is particularly influenced by the availability of fish in October and November, since these
are the months when most fish are caught and when the greatest effort is expended. If the run is large and fish are
available during these months, the annual fishing effort is substantial. In addition, the fishing emphasis shifts to-
wards the smaller trout when sea-run fish are scarce. This was particularly noticeable in 1957 and 1958 when
anglers, realizing that the larger fish were not present in sufficient quantities, kept many small trout, which normally
they would have released (Table 15).

The number of hatchery fish in the catch of juveniles during the months of September through February has var-
ied during the course of the study. It has depended mainly on the location of the plants of hatchery fish. In 1957 and
1958, years in which upstream plants of hatchery fish had been made, the hatchery fish formed a little over 6 percent
of the catch of juveniles, while in other years, in which only downstream plants of hatchery fish had been made, they
comprised less than 1 percent of the catch of juveniles.

15. RESIDENCE OF ANGLERS
Steelhead anglers travel from all parts of California to fish the upper Sacramento each fall. In the five-year period,
1954 through 1958, over 7,000 anglers were interviewed in the months of October and November alone. It was
found that, on the average, those fishing the upper Sacramento each fall are residents from 40 of California's 58
counties. By grouping these counties it is seen that 96 percent of the fishermen travel from three principal areas in
California: (1) Sacramento Valley, (2) San Francisco Bay and Sacramento-San Joaquin Delta, and (3) southern Cali-
fornia (Figure 17). Although the steelhead season extends over a longer period, most anglers fishing during months
other than October and November are residents of the Sacramento Valley, indicating that fishermen will travel great
distances only when fishing is at its peak.
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FIGURE 17. The three principal areas in California in which Sacramento River steelhead anglers reside, showing
the percentage of total anglers from each area

The importance of steelhead and salmon fishing is also reflected in the growth of commercial boat landings and
fishing resorts along the Sacramento River betwen Hamilton City and Redding. In 1945 there were no commercial
boat landings in the upper river area. The first organized sportsman's landing and boat rental was established in 1946
(Smith, loc. cit.). Only three such establishments were operating in 1947. However, at the close of the 1948 season
eight boat landings were in operation, and three additional ones opened for business early in 1949. At present there
are 18 establishments along the upper river offering such facilities as cabins, house trailer space, boat launching,
boat dockage, and boat rental. In some establishments complete lines of fishing tackle, as well as boats and motors,
are for sale.

65



16. VALUE OF THE FISHERY
A sport fishery is worth at least the amount of money that anglers spend in pursuit of it. An economic survey by the
Department of Fish and Game in 1953 indicated that the average daily expenditure by a California steelhead angler
was $18.11 (Pelgen, 1955). Steelhead fishing expenses included transportation, food and lodging, services and sup-
plies, equipment, and licenses. To bring the $18.11 estimated average daily amount spent by California steelhead
anglers in 1953 up to values for the succeeding years of this study, the 1953 figure was multiplied by appropriate an-
nual factors derived from consumer price indexes for San Francisco, published by the United States Department of
Labor. The corrected daily expenditures were then in turn multiplied by total annual angler days expended, to arrive
at a total minimum annual value for the fishery (Table 16). Thus, the minimum average annual value for the upper
Sacramento River steelhead fishery was a little under $390,000 from 1954 through 1958.

As previously noted, the average steelhead fisherman spends 4.1 hours a day while angling for steelhead. Taking
all sizes of fish caught into consideration, on the average he fishes two angler days for each steelhead he lands.
Therefore, the average fisherman spends almost $40 for each fish landed. Whereas it costs $8 on the average to pro-
duce each sea-run hatchery steelhead ending up in a creel, an angler is willing to spend almost five times that
amount to catch one.

TABLE 16
Minimum Annual Expenditures of Sacramento River Steelhead Fishermen

17. CONDITION OF THE RUNS
During the six seasons, 1953–54 through 1958–59, the steelhead populations of the upper Sacramento River aver-
aged 20,542 fish. The annual runs of naturally-spawned or wild fish alone averaged about 18,000 fish (Table 17).
An examination of the wild populations also reveals a jump from 14,000 in 1953–54 to 26,000 in 1954–55, followed
by a decline to 13,000 in 1958–59. The total population (including hatchery fish) shows a similar rise and decline.
The trend since 1955–56 is definitely downward in either case. Whether or not this is part of a natural cycle in
abundance is not known, since the period of study was not long enough to determine this. Close observation of the
populations should be made during the next few seasons to determine whether they are passing through a natural
fluctuation, or whether there is a genuine decline in the runs.
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TABLE 17
Breakdown of Annual Upper Sacramento River Steelhead Populations, Showing Numbers of Hatchery and Wild

(Naturally-Produced) Fish. All Fish Are 14 Inches and Over in Fork Length
In the Columbia River, where both winter and summer runs of steelhead occur, the summer-run populations have

gone through a series of fluctuations in recent years which suggest six-year cycles (Oregon Fish Commission, 1957).
Peaks in the populations were reached in 1940, 1946, and 1952, with low points being registered in 1943 and 1949.
The summer run averaged 227,000 fish from 1938 through 1956, and the spawning escapement averaged about 53
percent of the total population from 1949 through 1956. Both commercial and sports fisheries for steelhead exist in
the Columbia River. The size and spawning escapement of the winter run are unknown.

The spawning escapement of adult steelhead entering the upper Sacramento River and tributaries has averaged
about 63 percent during the past six years. It is not known what percentage of the total run destined for the upper
Sacramento is taken by sports fishermen in the lower river (below the mouth of the Feather River). It is thought to
be no greater than 10 percent, in which event the average spawning escapement would be at least 53 percent, a fig-
ure which is the same as that which is considered adequate for maintenance of the Columbia River runs.

The fairly concentrated summer sports fishery in the Sacramento for the juvenile steelhead or resident trout may
necessitate a larger spawning escapement of adults to perpetuate the runs that would normally be required were
year-round fishing not permitted.

18. CONCLUSIONS
It may be concluded from this study that stocking hatchery-reared yearling steelhead is a valid method of supple-
menting natural steelhead production in the Sacramento River. Natural reproduction by steelhead during the study
period was on the order of 1 to 1 (i.e., for each adult one other was produced), while artificial propagation produced
about 15 fish for each one spawned. This, of course, holds true only for the limited numbers of steelhead spawned at
Coleman hatchery. Presumably, a great increase in artificially-spawned adults would depress the survival rates of
both hatchery and wild fish, but there is no evidence to indicate at what level this might become serious. The addi-
tion of fish to the populations was particularly noticeable in Battle Creek, where
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at the beginning of the study insufficient adults were available to take the required number of eggs, while at the con-
clusion excess fish were being turned away to spawn naturally.

To obtain the greatest returns of sea-run hatchery steelhead in the upper Sacramento, the yearlings should be
stocked during the normal seaward migration period of wild steelhead in the late winter and early spring at a size
larger than 10 to the pound. Under such conditions the steelhead released from Coleman hatchery produced an aver-
age of one sea-run adult return for each 25 yearlings stocked. However, if the entire hatchery production from an av-
erage of the brood years involved is considered, only one sea-run adult return was produced for each 50 yearlings re-
leased. Stocking of yearlings at Princeton, downstream from the general trout fishing area, produced greater returns
of adults than stocking of yearlings in the upper river system.

Although the initial cost of rearing and stocking a yearling steelhead was only six cents, the average cost of each
sea-run hatchery steelhead return to the upper Sacramento was 50 times greater, or $3.00. At first glance this cost
appears exorbitant. However, the average adult steelhead weighs three pounds, so in effect the cost of each adult fish
may be figured by including the initial production cost of yearlings stocked, minus the value attributed to losses of
fish between stocking time and return to the upper Sacramento, plus the value of any river and ocean growth gained
by the survivors. From this viewpoint, the average adult hatchery steelhead was put in the run for $1 a pound, a fig-
ure not far above the cost of producing and planting "catchable" rainbow trout in California.

Whereas the cost of each yearling steelhead stocked was only six cents, the average cost of each sea-run hatchery
steelhead landed by anglers was nearly 140 times greater. However, the value of each steelhead to a fisherman is al-
most five times greater than the cost of putting one in his creel by hatchery methods. This value of a steelhead is re-
flected by sportsmen's expenditures, which indicate that anglers are willing to spend $40 for each steelhead landed
on the upper Sacramento River. Since an average of only 36.9 percent of the adult steelhead are harvested each sea-
son (assuming a 20 percent nonreturn of tags), and it costs about $3 on the average to put a sea-run hatchery steel-
head in the run, it costs about $8 to put one in the angler's creel.

The upper Sacramento River steelhead sport fishery is of considerable magnitude and provides tremendous eco-
nomic and recreational assets to the people living in many areas of California. Because of this importance, the fish-
ery as well as the populations of fish should be studied periodically so that the management plan may be altered, if
necessary, to insure the best possible fishing.

19. SUMMARY
In 1952 the California Department of Fish and Game initiated a study on the Sacramento River to determine the ef-
fectiveness of supplementing natural steelhead production with yearling, hatchery-reared fish. Secondary objectives
were to study the steelhead sport fishery and life history of Sacramento steelhead. This was a cooperative study.
Others participating included the sportsmen of California through
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two of their organizations, California Kamloops, Inc. and Steelhead Unlimited, and the United States Fish and Wild-
life Service through its facilities at Coleman National Fish Hatchery on Battle Creek.

The Sacramento River upstream from its confluence with the Feather River, the area with which the study was
primarily concerned, is the most important of all streams in the Central Valley of California from the standpoint of
both water supply and fishery resources. The daily mean flow near Red Bluff is usually less than 11,000 cubic feet
per second and is generally between 5,000 and 7,000 cubic feet per second in the fall, when most steelhead are
caught. The principal steelhead fishing tributaries are Mill, Deer, and Battle creeks.

Adult steelhead migrate into the upper Sacramento principally from July through the middle of the following
March. There is but one annual run, the bulk of which passes the mouth of the Feather River near the end of Septem-
ber.

The time pattern of juvenile steelhead moving seaward out of the Sacramento was not definitely established, al-
though all evidence indicates that peaks occur in the spring and late fall.

Ages of Sacramento River steelhead were sampled by reading 100 scale samples. It was found that there were 17
two-year-old fish, 41 three-year-olds, 33 four-year-olds, six five-year-olds, two six-year-olds, and one seven-
year-old.

Steelhead spawn in the upper Sacramento River and in most tributaries from the latter part of December through
April. Scale samples collected in 1954 indicated that 83 percent of the fish were spawning for the first time, 14 per-
cent for the second time, and 2 percent for the third time.

Although a bimodal distribution appeared in length measurements of the annual adult population during most
years of the study, the average size of a Sacramento steelhead was determined to be 18.1 inches in fork length. The
average fish weighed about 3 pounds.

The body-scale relationship of wild or naturally-produced steelhead was determined, and lengths and length incre-
ments of steelhead at various ages, as well as lengths at which they enter salt water, were calculated. Steelhead
which spend one or two years in fresh water generally migrate into the ocean after attaining a fork length of 7 to 9
inches.

The length-weight relationship of Sacramento steelhead was calculated from a sample of 484 fish trapped during
the fall of 1956 in the Sacramento River, one-half mile above its confluence with the Feather River. In general, there
was good agreement between averages of actual and calculated weights.

The plan for evaluating the steelhead stocking was to release large numbers of marked (fin-clipped) yearling,
hatchery-reared steelhead and then determine the numbers of sea-run adults produced, their cost, and their contribu-
tion to the natural runs and to the fishery. Evaluation of returns was accomplished by trapping in the lower Sacra-
mento to determine the percentage of hatchery fish in the populations, and then by tagging and tag recovery
(including angler returns) to determine total numbers and angler take. Hatchery production cost figures were applied
to the returns to present a picture of the economics involved.
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During the six years 1953 through 1958, a total of 19,404 steelhead was trapped in the Sacramento River just
above the mouth of the Feather River and examined for hatchery fish. Fish in good condition were tagged and re-
leased. Two types of tags were used on the adult steelhead trapped, Petersen disk and tubing or "spaghetti" tags.
During the study, 15,714 steelhead 14 inches and over in fork length were "effectively" tagged. In all, 15,579 steel-
head 14 inches and over in fork length were examined above the trapping site for tags and marks.

Two methods of computing the steelhead populations were studied, (1) the Schaefer method for stratified or chan-
ging populations and (2) the Petersen method. Although both methods produced similar results, the Petersen method
was used because it was less cumbersome. During the years 1953 through 1958 the adult steelhead populations aver-
aged 20,542 fish. Confidence limits were computed for the population estimates each season and indicate that the
population estimates were reasonably accurate.

Releases of marked yearling steelhead were designed to provide returns of sea-run adults which would permit an
over-all evaluation of the total fish produced from each brood year stocked, and also to determine the size of
yearlings released that would result in the best returns of adults.

Practically all eggs for the study were taken from wild fish trapped in Battle Creek. A few eggs were taken from
wild fish trapped at Keswick Dam and from returning hatchery steelhead.

Most of the yearling steelhead were marked by clipping off two fins in various combinations. The fish were anes-
thetized before marking. In all, 1,041,754 steelhead were fin-clipped and released during the six-year study;
however, only the returns from the 663,240 released during the first four years were evaluated. Identical marks were
not repeated oftener than every other year. Fish from the 1952 brood year were released in the upper Sacramento
River system in several localities. Fish from the three remaining brood years evaluated were stocked at Princeton,
below the general trout fishing area. Returning sea-run hatchery fish, identically marked, were established in correct
brood years by length measurements.

An examination of scales from 175 of the hatchery-reared sea-run adults indicated that slightly over 96 percent
were on their first spawning migration. Most, if not all, of the remainder were returning for the second time.

The 663,240 yearlings released during the first four years produced 13,055 sea-run hatchery fish returns to the up-
per Sacramento, an average return of 2 percent. Fish weighing eight to the pound and larger when released produced
an average 4 percent return, while those weighing between 10 and 26 to the pound resulted in an average return of
slightly over 1 percent.

In all, 859 steelhead were spawned at the hatchery and produced 13,055 sea-run adult returns, a return of 15
adults for each fish spawned at the hatchery. In natural reproduction, generally only one is produced for each steel-
head in the run.

Stocking of yearling steelhead in the Sacramento River at Princeton resulted in sufficient sea-run adult returns to
the hatchery on Battle Creek to continue a moderate artificial stocking program and at the
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same time to produce some natural dispersion of hatchery steelhead throughout the upper Sacramento River system.
The growth rate of yearling hatchery steelhead is variable. Greatest growth occurs during the first summer after

release; the fish more than double their length during the second year of life, adding about nine inches. The fish
which are smaller when stocked grow more rapidly during the third year than those stocked at the larger sizes. The
average-sized steelhead is generally about 20 inches long at the end of its third year of life. The growth rate de-
creases rapidly after the third year.

Differences in ratios of marked fish between the trapping site and the Sacramento River above the trapping site
indicate that a sizable trout population occurs in the upper river during some years, in addition to sea-run fish.

The costs of producing yearling steelhead varied from three cents to eighteen cents each and averaged six cents.
Since a return of only 2 percent as adults was realized from the average group of yearlings released, the cost of pro-
ducing each sea-run steelhead return to the upper Sacramento was about $3.00.

Steelhead fishing in the Sacramento River is purely for sport. Most steelhead are caught in the fall on riffles occu-
pied by spawning king salmon. The most popular method of angling consists of drifting single eggs and lures which
resemble eggs. Steelhead also collect near the mouths of tributaries in the fall and many are caught in these localit-
ies, as well as in the tributaries. The principal fishing gear is spinning equipment. Fly fishing equipment is seldom
used. Seventy percent of the steelhead caught each season are landed in October and November.

The sport catch was based primarily on angler tag returns. Without correcting for tags which were not sent in, the
figure showed that an average of about 30 percent of the run was harvested each season, and also that there was an
increase in the catch from 20.1 percent in 1953 to 36.5 percent in 1958. It was estimated that about 20 percent of the
tags taken by anglers were not returned. Correcting for a 20 percent nonreturn of tags, the anglers harvested 45.6
percent in 1958 instead of 36.5 percent.

On the basis of uncorrected tag returns, the release of 663,240 yearlings eventually produced 3,882 sea-run hatch-
ery steelhead in anglers' creels. Thus, whereas 2 percent of the average yearlings released returned to the upper Sac-
ramento as adults, only 0.6 percent ended in anglers' creels. On the average, it cost $10 to put a sea-run hatchery
steelhead in the creel. By correcting this figure for a 20 percent nonreturn of tags, the average cost of putting an
adult steelhead in the creel was $8.00.

Creel censuses were conducted to determine average catch per angler hour, length of the average angler day, and
county of residence of anglers, and to see as many steelhead as possible in order to help establish the tagged and
marked fish ratios in the upper Sacramento. From 1954 through 1958, over 10,000 steelhead anglers were inter-
viewed. The average angler day was determined to be about 4.1 hours. The average annual number of steelhead
angler days spent on the upper Sacramento from 1954 through 1958 was 21,597. On the average, fishermen from 40
of California's 58 counties fish for steelhead in the upper
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Sacramento River annually. Ninety-six percent come from three general areas in California: (1) Sacramento Valley,
(2) San Francisco Bay and Sacramento-San Joaquin Delta, and (3) southern California.

A sport fishery is worth at least the amount of money that anglers spend in pursuit of it. The minimum average
annual expenditure by Sacramento River steelhead fishermen was a little under $390,000 from 1954 through 1958.
The average steelhead fisherman spends almost $40 for each steelhead landed.

The populations of wild or naturally-produced steelhead in the Sacramento River showed a 50 percent decrease
during the last four years of the study. It is not known whether this represents a natural fluctuation in abundance or a
real decline in the runs.

Five general conclusions regarding Sacramento steelhead are made: (1) stocking hatchery-reared yearling steel-
head is a valid method of supplementing natural steelhead production, (2) greatest returns of sea-run hatchery steel-
head are obtained by stocking yearlings larger than 10 to the pound below the general trout fishing area, (3) on a
poundage basis the cost of putting a sea-run hatchery steelhead in the run is not far above the cost of producing and
planting "catchable" rainbow trout, (4) the value of each steelhead to a fisherman is almost five times greater than
the cost of putting one in his creel by hatchery methods, (5) the Sacramento River steelhead sport fishery is of con-
siderable importance, and the management plan for the fishery should be evaluated periodically to insure the best
possible fishing.
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