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In recent yéars, artificial propagation has become increasingly

important in supplementing and maintaining runs of steelhead trout

in Oregon streams. The stability of hatchery stocks relative to

survival and biological characteristics is important to the iong

term success of fishery management programs. This study was under-

taken to test the hypotheses that hatchery-reared steelhead trout

(1) differ from existing wild-type fish and (2) differ from hatchery

and wild fish of the past in seasonal time of return, sex ratios,

size and age at maturity, growth rate, fecundity, and survival. The

seasonal returr of winter steelhead to the Alsea Trout Hatchery is

now earlier while the returns of wild and hatchery summer steelhead

to the North Umpqua River have not changed and are similar. Marine

ages of winter steelhead returning to Alsea Hatchery, have been

stable since 1957, although less variable than those of wild steel-

head of the past. The age at maturity of North Urnpqua summer

steelhead of hatchery origin has increased during the period
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of artificial propagation. A positive correlation exists between

the marine age of the brood stock and the age at maturity of the

resulting progeny of summer steelhead. Hatchery and wild fish of

the same marine age dtd not differ in length at return within both

races. There was no significant difference between average lengths

at ocean entrance for hatchery (mean = 18.6 cm, SD = 0.7) and wild

(mean 17.0 cm, SD = 0.8) winter steelhead smolts. Mean length

after the first and second year in saltwater did not differ between

hatchery and wild winter steelhead. Therefore, hatchery and wild

fish from the Alsea River appeared to be growing at the same annual

rate during their ocean residence. Fecundity of hatchery and wild

fish has not changed since the 1960's for either race. Survival of

hatchery-reared North Umpqua summer steelhead calculated as percen-

tage return over Winchester Dam increased to 7.8°/s through the 1969

brood, but has since dropped and is fluctuating around a k.0

return. The numbers of wild summer steelbead returning past the dam

has remained stable at pre-hatchery levels since 1946. Returns of

winter steelhead to the Alsea Trout Hatchery were stable and averaged

4.2. The abundance of the wild stock is unknown. The apparent

ability to change time of return and age at maturity by hatchery

brood stock selection practices must be used wisely to insure the

long-term stability, of hatchery fish.
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Biological Characteristics of Wild arid Hatchery

Steelhead Trout, Saline qairdneri,

in Two Oregon Rivers

NTRODUCT ION

Artificial propagation has become increasingly important and

efficient in supplementing and maintaining runs of anadromous steel-

head trout in Oregon streams (Wagner 1967). At present some steel-

head fisheries are almost completely dependent upon hatchery fish.

Therefore, the long-term stability, of hatchery fish relative to

survival and biological characteristics is of paramount importance.

Oregon catch statistics reflect the increasing popularity of

steelhead trout to sport fisherman. Both the number of salmon-

steelhead punch card licenses sold to anglers and theannual catch

of steelhead have undergone 2.5-fold increases between 1960 and

1976. The annual release of both summer and winter steelhead smelts

has undergone a 25-fold increase during this same period. In 1975

approximately 2,700,000 steelhead smelts were released into 45

streams in Oregon.

The returns of adult steeihead in some streams stocked with

hatchery smelts, primarily those receiving native stocks, have been

large and consistent. Some of the failures that have been documented

can be traced to the use of a stock that was not adapted to the

recipient stream (Weber and Knispel 1976; Buchanan 1977). Even when

native fish are used as the original hatchery brood stock, the

changes in biological characteristics, which may occur after years
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of propagation, may reduce its survival potential and value to the

sport fishery. A more critical question concerns the effects of

stocking large numbers of yearling, hatchery-reared steelhead on

wild stocks. I would expect the effects to be greater as the bio-

logical differences and opportunities for interbreeding between wild

and hatchery fish increased.

This study was undertaken to test the hypotheses that hatchery-

reared steelhead trout (1) differ from existing wild-type fish and

(2) differ from hatchery and wild fish of the past in seasonal time

of return, sex ratios, size and age at maturity, growth rate,

fecundity, and survival. In this study hatchery fish are defined as

those that are spawned and reared in a hatchery prior to release.

Wild fish are defined as those resulting from natural reproduction

and rearing. Therefore, a wild fish may be only one generation

removed from a hatchery flsh, and conversely a hatchery fish may be

only one generation removed from a wild fish.

Investigations of differences between wild and hatchery fkh

have been hampered by the lack of historical records concerning the

abundance and characteristics of wild fish prior to and after the

introduction of hatchery fish, as well as a lack of records for

hatchery fish through the years of propagation. The Alsea and North

Urnpqua rivers were chosen for this study because the most complete

historical records in the state have been maintained on their

steelhead populations, which have been under intensive hatchery

propagation for many years.
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Any change in the biology of an animal is a function of inheri-

tance, the environment, or both. This study documents some of the

changes that have occurred in two stocks of steelhead trout but does

not attempt to assign either a total genetic or environmental cause.
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DESCRIPTION OF STUDY AREAS

Alsea River

The Alsea River emerges on the west slope of the Coast Range,

flows approximately 65 km through rough and steep forest lands and

enters Alsea Bay, a 16 km long estuary, near Waldport, Oregon (Fig.

1). The principal tributaries are the North and South forks, Five

Rivers, and Fall Creek. Water flow of the river is characterized by

large seasonal fluctuations. The period of high water is generally

from November to April, while the remainder of the year is charac-

terized by low flows. The mean winter flow of the Alsea River is 93

m3Is (10-year average, 1967-76).

Artificial propagation of Alsea winter steelhead began in 1919.

Except for two early releases of steelhead fry from the Coos and

Santiam rivers, the only winter steelhead released into the system

have been Alsea stock. Summer steelhead native to the Sfletz River

were briefly released in the system in the early 1960's (Appendix. 1).

Hatchery releases during the early years of propagation con-

sis'ced mainly of stocking fry and probably produced little return.

During the 1960's, hatchery propagation became intensive and smolts

were released at a size of approximately 1+6 g/fish (lO/lb) or larger,

increasing the marine survival of smolts (Larson and Ward 1954;

Wagner et al. 1963). The number of winter steelhead smolts released

annually into the Alsea River from 1960 through 1977 ranged from

53,000 to 182,000 with an average of 121,000 smolts (Appendix 1).

Recovery of returning adults occurred on the North Fork of the

Alsea River at the Alsea Trout hatchery, where a ladder attracts fish
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into a trap. A dam above the hatchery blocks migration except for

some passage during high flows. Placing surplus fish above the dam

was stopped in 1965 in an effort to reduce the incidence of disease

in fish reared at the hatchery. About 200-700 wild fish returned

each year to the trap prior to blocking upstream migration. Some

wild fish were incorporated into the brood stock for the hatchery

program. Fewer than 20 wild fish now return to the trap annually..

An extensive winter steelhead fishery occurs in the 6 km of

river below the hatchery. The average annual catch for the past H

years has been approximately 5,000 fish.

North Urnpqua River

The North Umpqua River emerges on the west slope of the Cascade

Range, flows directly west approximately 169 km, and joins with the

South Fork to form the mainstem Umpqua River at river km 180 (Fig.

2). Summer water flow is the most important factor limiting fish

production in the Umpqua basin, although the North Umpqua River

maintains the most favorable flows for trout and salmon production

(Lauman et a1. 1972). The mean summer flow of the North Umpqua

River is about 48 m3/s (10-year average, 1967-76). Spawning gravel

is sufficient to provide good natural reproduction but may be

limiting in some areas. Winchester Dam at river km 11.3 on the

North Umpqua provides good fish passage facilities. Counts of

anadromous fish began in 1947, and a counting chamber installed at

the dam in 1964 allows a statistical estimate of each population.

Artificial propagation of North Umpqua summer steelhead was
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initiated in September 1955 when 100 adult fish were trapped at

Winchester Dam and transported to a large holding pond at Rock Creek

Hatchery. The resultant progeny were reared and stocked in the

Umpqua system. An attempt has been made to incorporate up to 50°

wild fish into the brood stock. This effort waned in the early

1970's but a conscious effort is again being made to include wild

fish in the hatchery brood stock.

The number of hatchery summer steeihead smoits released into

the North Umpqua each year from 1959 through 1976 has ranged from

17,000 to 197,000 with an average of 129,000 smolts. North Umpqua

winter steelhead were planted extensively in the system from 1961

through 1969, at which tTme their stocking was discontinued

(Appendix ii).

A summer steelhead fishery exists both above and below Winchester

Dam. Approximately 4O of the annual catch occurs below the dam

based on estimates calculated from punch card returns.



METHODOLOGY

Alsea winter steelhead

Trap records from the Alsea Trout Hatchery, an extensive scale

collection, creel survey data from 1960 to 1970, published papers by

Chapman (1958) and Wagner (1967), and prior fecundity measurements

(Bulkley 1967) provided the historical information for Alsea winter

steelhead. The trap records and catch estimates provide a minimum

estimate of return since some fish spawn downstream of the trapping

facility.

Scale samples and fork lengths were taken, and sex and age

determined for every steelhead returning to the North Fork trap

during the 1975-76 winter season. Sex was determined by visual

characteristics, and ages determined by interpretation of scale

samples. Since returns to the North Fork are not representative of

the entire run entering the. Alsea River, additional samples were

obtained from a stratified creel survey program. The program was

described by Wagner (1967). The creel program, volunteer angler

samples, and fish entering the North Fork trap provided wild steel-

head samples for the 1975-76 season.

Comparison between historical and present steelhead lengths

required a standardization of measurements taken with varying equip-

ment. The differences between mean fork length measurings using a

tape, cradle, and calipers were analyzed and conversion factors

developed (3ppendtx (it).
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North Umpqua summer steelhead

Summer steelhead counts over Winchester Dam, brood stock records,

and scale samples from the fishery and brood stock provided the

historical information for North Umpqua summer steelhead. Recycling

of summer steelhead at Winchester Dam has been shown to cause less

than a l0? error in annual stock estimation (Bauer et al. 1976)

Scale samples were obtained and sex and fork length recorded for L++0

adult summer stee.lhead from the 1975 run as they passed the dam.

Scale sampling and analysis

Scales used to study life history patterns and growth were read

and measured on an Eberbach scale projector with a magnification of

80 diameters. Measurements were made from the focus to the point of

entry into saltwater, to all subsequent saltwater annuli, and to the

edge of the scale on a 200 angle from the antero-posterior axis of

each scale. Measurements were made to the outer edge of each annulus

at the point where abrupt new growth was evident. All distances

were recorded to the nearest millimeter. Two scales from each fish

were measured and the values averaged. Scales showing spawning

checks were not measured, eliminating error in back-calculation due

to scale reabsorption at a previous spawning.

Fish of wild and hatchery origin were segregated on the basis

of scale characteristics. The freshwater portion of scales from

hatchery fish were uniform in circuli spacing. Scales from wild

fish were variable in circuli spacing and had two or more winter

annuli in the freshwater growth portion of the scale. All steelhead

with scales exhibiting ocean entrance as yearlings were assumed to

be of hatchery origin.



Ages are designated in this paper in the manner used by Maher

and Larkin (195k). A steeIhead that had spent two winters in fresh-

water and one winter and two summers in saltwater would be designated

as 2/2. A summer run steelhead entering the river in ay after

spending only one summer at sea would be designated a marine age of

/1, whereas a winter steeihead entering the river the following

December would be designated a marine age of /2. Steelhead that have

spawned previously are denoted by placing an after the salt-

water year of spawning, then placing the saltwater year of capture

after the spawning designation. For example, a 2/2S.3 fish spent two

winters in freshwater, entered the ocean, spawned at the end of the

second saltwater year, and was captured near the end of the fifth

year of life.

Back-calculation of lengths of Alsea winter stesihead was done

by the Lee-Fraser formula (Tesch 1971). Use of this formula requires

the assumption that the fish-scale relationship is proportional and

linear. A subsample of Alsea winter steelhead scales from smolts,

jacks, and 2-salt, and 3-salt adults (n 83) was best described by

the line:

fork length = 2.53 (Rn) + 1.69

with an r2 of 0.98 (Appendix lv), where Rn equals the scale radius at

time of capture. There was no significant difference between the

slope of the line described by the above equation and that described

by the Lee-Fraser equation (P = 0.05), therefore the latter equation
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was used since it overcame variation in scale size. The equation is

given by

Ln = Rn/R (L C) C

where Ln = fork length (cm) of fish at time n, L = fork length (cm)

of fish when captured, Rn = scale radius at time n, R = total scale

radius (mm) when captured, and C = length (cm) of fish when scale

radius is equal to zero. The constant C is introduced into the

equation to alleviate much of the discrepancy resultIng in low com-

puted values for the sizes of young fish caused by scale formation

after the growth of the young fish has commenced. The value of the

constant C used in this study is 3.5 cm (Gudjonsson 1946; Snyder

1938).

Growth

Average annual growth of Alsea winter steelhead in saltwater

was determined by back-calculating lengths from scale measurements.

Subsamples of scales from five winter runs on the Alsea River were

measured to determine length at entrance to the ocean and average

annual growth rates of hatchery and wild steelhead in the ocean.

The 5 years chosen span a period from the l9501s through the l97Os,

including samples from a predominantly wild run to a predominantly

hatchery run. Lengths were subjected to an analysis of variance

testing the magnitude of sex, saltwater age, and hatchery or wild

origin at the 5 significance level.
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Fecundity

Eggs from each of 1+7 mature adult female Alsea winter steelhead

between 63 and 69 cm fork length were obtained by killing the fish

and extracting all eggs, both those loose in the abdominal cavity

and those still intact in the ovarian membrane. The eggs were

manually counted using a plexiglass paddle with 100 depressions on

the surface to hold the eggs. Degenerated eggs were not included in

the count.

Hatchery egg-take records of summer steelhead from the North

Umpqua River are confounded by age and length of females spawned and

by variable retention of eggs in the abdominal cavity after live-

Spawning by hatchery personnel. Also, the number of eggs produced

cannot be separated into those from hatchery or wild parents. For

these reasons, fecundity of summer steelhead from the North Umpqua

was not addressed in this study.



RESULTS

Alsea winter steelhead

11+

Time of migration

The seasonal time of return of wild and hatchery winter stecihead

to the Alsea Trout Hatchery has changed (Fig. 3). Records from

1939-1946 indicated the run peaked in March and April, whereas 37

years later the run peaked in January-February. By March 1 only 1k?

of the run had reached the hatchery during the years 1939-46, as

opposed to 1+U during 191+8-54, 73 during 1960-69, and 7O during

1970-76. Creel survey estimates of catch in the sport fishery

indicate that the peak of the hatchery run is earlier than the peak

of the wild run, although some wild fish enter the stream in the

early part of the run. A portion of the wild fish are probably

progeny of hatchery fish which spawned naturally. On the average,

males entered the trap earlier than females, but the sex ratios

equalized by the mid-point of the run in most years. No difference

in the seasonal time of return of specific marine life history

groups was apparent either in the records or during the 1975-76

season.

Life history patterns and sex ratios

The Alsea winter steelhead run of 1975-76 contained nine marine

life history patterns: 1, IS.2, 2, 2S.3, ZS3S.4, 2S.4, 3, 3S.1+, and

3S.4S.5. Ninety-nine percent of the adults returning to the hatchery

originated there. Only one of the 3,690 hatchery fish spent a

second winter in freshwater before migrating to the ocean. Chapman

(1958) observed that 33Q/ of the adults of hatchery origin had
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over-wintered in the stream after liberation. Adult life history

patterns for the steelhead run in 1975-76 consisted of o.8°i jacks,

76.6 2-salt fish, 13.4 3-salt fish, and 9.2°/b repeat spawners. An

insufficient number of scale samples were obtained from wild fish to

estimate the true age composition of the population.

A comparison of life history patterns from specific brood

groups (1957-72) shows no difference in the percentages of 2-salt and

3-salt fish through time (Table 1). The only significant difference

(P <0.05) is the reduced number of jack returns to the hatchery. The

9.2 repeat spawners in the 1975-76 run is close to the 11.l average

recorded for the years 1951-55 (Chapman 1958), although the percen-

tage of repeat spawners in the run is highly variable from year to

year based on returns to the hatchery.

A total of 340 repeat spawners of hatchery origin arrived at the

trap during the 1975-76 season. Scale analysis showed 95.6? to be on

their second spawning migration, and 42 to be on their third

(Table 2). Samples of wild and hatchery steelhead from the 1950's

revealed that 85.6 of the repeat spawners were on their second

spawning migration and 14.4 were on their third. Wild fish provided

more multiple repeat spawners than did hatchery fish (Chapman 1958).
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Table 1. Total age of hatchery-reared steelhead (primary spawners)
returning to the Alsea River, based on scale analysis.

Brood Age 2 (1-salt) Age 3 (2-salt) Age '4 U-salt)
year Percent (Number) Percent (Number) Percent (Number)

1957 7.5 112 81.4 1,214 11.1 165
1958 13.9 95 81.6 559 4.5 31
1959 3.0 93 85.2 2,656 11.8 368
1960 9.3 337 87.6 3,175 3.1 113
1961 2.4 67 90.7 2,551 6.9 193
1962 1.0 26 92.5 2,268 6.5 159
1963 6.4 317 83.8 4,178 9.8 490
1964 1.5 39 89.9 2,391 S.6 229
1965 6.3 167 88.6 2,368 5.1 138
1966 3.4 55 86.3 1,392 10.3 166
1967 1.2 28 90.7 2,201 8.1 198
1968 1.8 67 94.9 3,426 3.3 118
1969 0.9 20 92.4 2,120 6.7 153
1970 9 - 2,721 - -
1972 - 95.4 2,410 4.6 117
1973 0.1 2 94.8 2,848 5.1 154

Table 2. Marine life history patterns of repeat spawners returning
to the fish trap on the North Fork of the Alsea River in 1975-76.

Percentage Percentage
Marine Number of Number of of repeat of catch
age males females pawners at trap

IS.2 6 0 1.76 0.16
2S.3 28 270 87.65 8.06
2S.4 0 4 1.18 0.11
2S.3S.'4 0 14 4.12 0.38
3S.4 0 17 5.00 0.46
3S.4S.5 0

1 0.29 0.03

Total 31+ 306 100.00 9.20

A comparison of male to female returns of wild and hatchery

winter steelhead from the Alsea River from 1966 through 1976 showed

an average of 1.15 males to 1.0 females for primary spawners (Table

3). The number of males to females returning as 2-salt fish was 1.2

to 1.0 while the number of males to females returning as 3-salt fish



was high to females (1.0:2.2). The number of males to females of

340 repeat spawners returning in 1975-76 was 1:9 (34 males to 306

females).

Table 3. Sex ratios of hatchery and wild winter steelhead returning
to the Alsea River as primary spawners.

Brood Age 3 (2-salts) Age 4 (3-salts) Total
iear Males Females Males Females Males Females

1965 No. 1,255 1,136 64 108 1,319 1,244
? (52.5) (47.5) (37.2) (62.8) (51.5) (48.5)

1965 No. 1,117 1,251 57 81 1,174 1,332
? (47.2) (52.8) (41.3) (58.7) (46.9) (53.1)

1968 No. 1,898 1,528 29 63 1,927 1,591
(55.4) (44.6) (31.5) (68.5) (54.8) (45.2)

1969 No. 1,268 852 65 88 1,333 940
(59.8) (40.2) (42.5) (57.5) (58.6) (41.4)

1970 No. 1,537 1,184 22 72 1,559 1,256
° (56.5) (43.5) (23.14) (76.6) (55.4) (44.6)

1972 No. 1,333 1,077 23 94 1,356 1,171
? (55.3) (44.7) (19.7) (80.3) (5.7) (46.3)

1973 No. 1,551 1,297 35 119 1,586 1,416
3 (54.5) (45.5) (22.7) (77.3) (52.8) (47.2)

Mean 54.5 45.5 31.2 68.8 53.4 46.6
SD 3.9 3.9 9.4 9.14 3.6 3.6

Size of returning adults

No change has occurred in the average length of adult steelhead

of hatchery or wild origin in the Alsea River since 1955 (Fig. Li,)

Analyses of variance between hatchery and wild 2-salt males and

females and between 3-salt males and females showed no significant

difference (P > 0.05) between fork lengths of adult hatchery and wild
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fish of any group (Appendix v). The technique of "unweighted analysis

of cell means" described by Snedecor and Cochran (1967) was used to

overcome the problem of unequal sample sizes. in all cases signifi-

cant year to year variation in length was present.

On the average, the fork lengths of adult male winter steelhead

were consistently longer than females of the same life history

pattern, but this difference was not significant. Ho change in the

average size of fish entering the trap was evident as the season

progressed for all years examined.

Growth

The average length of smolts at saltwater entrance that survived

to return as 2-salt and 3-salt adults of hatchery origin was not

significantly different than the respective lengths of smolts of wild

2-salt and 3-salt steelhead. The back-calculated length at entrance

of smolts of hatchery and wild 2-salt fish was not statistically

different than the length of smolts at entrance of 3-salt fish

(calculated separately by sex and sexes combined). Males averaged

longer than females at entrance to saltwater for both hatchery and

wild smolts, but the difference was not significant.

Mean length after the first and second winter in saltwater did

not differ between hatchery and wild fish (Table k). Therefore,

hatchery and wild fish appeared to be growing at the same annual rate

during their ocean residence.



Table 1+. Back-calculated lengths of winter stecihead returning to the Alsea River on their first spawning migration.

1atchery Wild
Average Average Average AverageAverage length at length at Average length at length atYear length at 1st ocean 2nd ocean length at 1st ocean 2nd oceanof Ocean entrance' annulus annulus entrance annulus annulusreturn age (cm) (So) (cm) (so) (cm)(SD) n (cm) (so) (cm) (so) (cm) (so) n

1957-58 /2 186 (1 6)' 51 0 (3g) 60[1531c 166 (1 5) 51 9 (36) 1481958-59 /2 18.6 (1.7) 49.1 (I+.8) 191 191 17.3 (1.9) L+8.5 (3.3)1963-61+ /2 .5 (1.6) 52.3 (14.9) 501 561 17.5 (2.0) S'i.7 (3.3) 301974-75 /2 18.9 (1.9) 52.2 (3.9) 149E262] - - -1975-76 /2 ls.j (2.3) 51.7 (14.5) 70114801 18.4 (2.14) 52.8 (5.5) 23

Mean 19.1 51.3 17.5 51.2SD 0.5 1.3 0.7 1.9

1957-58 /3 17.8 (13.3) 48,5 (11.5) 70.0 (8,) 31 31 16.1 (1.4) 45.9 (2.5) 68.5 (2.8) 221958-59 /3 17.5 (1.7) 46.6 (3.8) 67.6 (5.1) 271 271 16.0 (0.7) 1+7.1 (15.0) 67.3 (14.1) 61963-61+ /3 18.2 (1.5) 50.2 (3.6) 71.2 (4.4) 291 441 16.9 (2.0) 1+9.7 (3.2) 71.5 (3.6) 81974-75 /3 18.9 (2.1) 48.9 (4.1) 73.7 (14.0) 1+511381 - - - -1975-76 /3 18.8 (1.9) 46.14 (4.j) 70.) (4.5) 51+12471 - - - -

Mean 18.2 48.1 70.5 16.3 47.6 69.1SO 0.6 1.6 2.2 0.5 1.9 2,2

aLe,2qths weighted to correspond with total sample.
bStandard deviations shown In parentheses.
Cvalues for n expanded to total sample size in brackets.
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fecund i ty

A straight line described the relationship between body length

and egg numbers of ).7 hatchery steelhead sampled in 1976 at the Alsea

Trout Hatchery (Fig. 5). The relationship is expressed by the formula:

egg number = -381+9 + 117.89 L

where L fork length in cm. Therefore, fecundity increased by

approximately 118 eggs for each 1 cm increase in body length within

the range of 63-69 cm. Bulkley (1967) also found a linear relationship

between fecundity and body length of hatchery and wild steelhead from

the Alsea River.

The correlation of fecundity on body length indicated that

approximately l8 of the variation in egg production was associated

with body length for the 1975-76 sample, and 27°i of the variation was

explained by length in Bulk1eys 1964-66 sample over the same size

range. The small range in lengths used for fecundity determination

probably reduced the r2 value in 1975-76. Bulkley1s sample for

lengths ranging from 55-77 cm had an r2 of 0.59. In this study only

2-salt females were used for fecundity determination, therefore the

small range in lengths.

Comparison of the two years regression lines of fecundity on

body length by analysis of covarlance indicated the slopes were not

different (F = 1.21+; tabular F = 3.98; P = o.0). The line described

in this study has a higher elevation than the previously described

line (Appendix V). Fecundity of Alsea steelhead appears to be

stable through time; however, annual variation in salmonid fecundity
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has been found to be highly correlated with environmental effects

(Rounsfell 1957; Scott 1961).

Survival

The relationship of catch to escapement and the degree of

straying must either be known or assumed to compare survival through

time for adult steelhead returning to the Alsea Trout Hatchery. The

annual estimated catch of adult steelhead caught below the hatchery

and the numbers returning to the trap at the hatchery are approxi-

mately equal (Garrison and Peterson 1977; Wagner 1967). There is no

reason to believe that the amount of straying for hatchery fish has

changed through time such that it would adversely affect survival

estimates. Survival rates are minimal estimates of return.

The percentage return to the hatchery of specific groups of

yearling steelhead released into the North Fork of the Alsea River

since 1964 has remained stable (Fig. 6) with a mean of 1+.2 (so =

0.75). Use of the same fin mark in consecutive years made compar-

ative survival estimates for some years impossible where scale

collections were not available to determine brood year. No signifi-

cant correlation existed between size at release and percentage

return for winter steelhead released at a size of 46 g/fish or

greater (Appendix VU).

North Umpqua summer steelhead

Time of migration

The seasonal time of return of summer steelhead to the North

Umpqua River, as measured by passage over Winchester Dam, has not
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shifted during 19 years of stocking hatchery fish (Fig. 7). The 12-

year average of the historical wild run peaked at the same time the

combined hatchery and wild run reaches its peak of return. The 1975

summer steelhead run was comprised of approximately 50 hatchery and

50 wild fish (Appendix vt).

Within the run, males returned earlier than females in 1975. No

differential time of return of specific marine age groups was observed

during the season.

Life history patterns and sex ratios

The summer steelhead run of 1975 contained six marine life

history patterns: early-returning males or jacks (designated 1+), 1,

IS.2, IS..ZS.3, 2, and Similar life history patterns were

present in the wild population in 1955 that were used to initiate the

summer steelhead hatchery program. Age composition of adult fish in

a 5-year sample was 50.8 for I-salt fish and +4.3? for 2-salt fish.

The remaining 4.9 were primarily jacks and an occasional 3-salt

fish.

The marine age composition of primary spawriers in a sample of 50

wild steelhead in 1975 was 57.5? for 1-salt and 142.5? for 2-salt

fish. Repeat spawners accounted for of the observed wild steel-

head in 1975. Seventy-three percent of the wild fish migrated to the

ocean after 2 years in freshwater and 27? migrated after 3 years.

Summer steelhead of hatchery origin passing Winchester Dam in 1975

had a marine age composition of 23.92 1-salt fish, 714.0? 2-salt fish,

and 2.I° 3-salt Hsh. Repeat spawners accounted for l0.2 of the

observed hatchery run.
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The average marine age at maturity of hatchery summer steelhead

on the North Umpqua River has shifted from approximately equal

numbers of 1-salt and 2-salt fish to a greater proportion of 2-salt

fish (Table 5). The wild summer steelhead run does not show this

trend (Table 6).

Table 6. Marine age of wild summer steelhead returning to the North
Umpqua River on their first spawning migration.

Run Jacks 1-salts 2-salts 3-salts
year No. No. °i No. 2 No.

1955 4,3 (4) 1+8.9 (1+6) 44.7 (1+2) 2.1 (2)
1956 4.5 (2) 47.7 (21) 1+7.7 (21)
1957 4.8 (7) 44.2 (80) 40.0 (s8)
1958 6.1+ (7) 41.3 (45) 51.4 (56) 0.9 (1)
1961+ 1.8 (1) 60.7 (34) 37.5 (21) - -
1975 - 57.5 (23) 1+2.5 (17)

The proportion of males to females of 1+1+0 hatchery and wild

summer steelhead from the 1975 run was 1:1.65 (166 males to 27+

females). The average of samples obtained from 1955 through 1972 was

1 male to i.4 females (SD 0.16). Similar sex ratios are charac-

teristic of the Deschutes River (Oregon) summer steelhead stock

(personal communication from James Fessler, Oregon Department of Fish

and Wildlife, Corvallis, Oregon).

Size of returning adults

There has been an apparent increase in average size at return of

North Umpqua summer steelhead. This increase is due to a shift in

marine age at maturity. There has been no significant change in fork

lengths of hatchery fish of the same marine age since 1959 (Figs. 8

I and 9). There has been no significant change in the average size at
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Table 5. Total age of hatchery-reared summer steelhead adults returning to the North Umpqua River.

Brood
rear

Age 1+
Percent

(Jacks)

(NumberT
Age 2+

Percent
(I-salt)

Number)

Age
(2-salt,

Percent

3+
IS.2)

(NumbeF)

Age
(3-salt,
Percent

4+

IS.2S.3, 2S.3)
(Number)

1956 78.8 ( 212) 21.2 ( 57)
1957 68.9 ( 812) 29.0 ( 342) 2.0 ( 24)1963 0.8 ( 2) 29.6 ( 73) 69.6 ( 172)
1964 54.7 ( 320) 45.3 ( 265)
1965 0.4 ( 20) 50.8 (2,433) 48.3 (2,313) 0.5 ( 22)1966 23.5 (1,814) 72.7 (5,620) 3.9 (301)1967 0.5 ( 50) 59.8 (6,037) 37.9 (3,832) 1.8 (I8)1968 3.7 (496) 55.0 (8,926) 40.4 (6,553) 0.9 (142)1969 52.2 (8,056) 44.8 (6,914) 3.0 (464)1970 46.7 (4,342) 50.0 (4,648) 3.2 (300)1971 36.3 (1,195) 60.1 (1,982) 3.6 (119)1972 0.2 ( 14) 36.5 (2,494) 60.5 (4,135) 2.8 (192)I97 0.6 ( 24) 30.2 (1,332) 66.0 (2,9n) 3.2 (141)
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at return of wild summer steelhead, nor is there a difference between

the fork lengths of hatchery and wild fish of the same marine age

(Appendix IX). Adult male summer steelhead were consistently longer

in fork length than females of the same life history pattern but the

difference was not significant.

Survival

The percentage return of hatchery-reared summer steelhead

groups past Winchester Dam increased through the 1969 brood, then

dropped to a lower level for the 1970-73 broods (Fig. 10). Returns

have varied from about 0.2 to 9.62g. No significant correlation

exists between size at release and percentage return for summer

steelhead released at a size of 6 g/fish or larger (Appendix x).

The total run past the dam minus the hatchery return yields an

estimate of the wild population level in the North Umpqua River.

According to this estimate, the wild population has remained stable

at pre-hatchery levels since 19+6 (Fig. 11).

The annual North Umpqua summer steelhead catch as estimated from

punch card returns is stable at about I0 of the fish counted past

Winchester Dam. Also the mainstem Umpqua catch is approximately

stable at kO of the total system summer steelhead catch. Therefore,

catch should not adversely affect the comparison of brood year

survival estimates.
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DISCUSSION

Time of Migration

The time of arrival of winter steelhead at the Alsea Trout

Hatchery is now earlier while the return of summer steelhead to the

North Umpqua River has not changed. Assuming that disturbances in

the flow pattern of the Alsea River have not affected the time of

return, the shift was probably caused by selection at the hatchery

for early time of return. The steelhead run in the North Fork of the

Alsea River did not rapidly shift forward in the mid-1930's, 1940's

and rnid-1950's because of (1) poor returns which resulted in almost

all fish being used as brood stock and (2) the fish returning to the

hatchery were for the most part the result of natural production.

The time of return shifted rapidly in the late 1950's and early

1960's when greater survival provided more returning adults (Fig.

12). Since return rates were still unpredictable most of the first

fish arriving at the hatchery were taken for brood stock.

Selection of winter steelhead brood stock over the entire run

should produce a run which will return throughout the season and

provide for an extended fishery. Such a run will maintain genetic

variability in time of return, and help, insure the maintenance of

long term management options.

The relationship between time of return and spawning time is

different for winter and summer steelhead. Winter steelhead enter

the river very close to the time of maturation, whereas summer

steelhead spend about nine months in freshwater prior to spawning.
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Selection for early time of return in winter steelhead, therefore, is

related to a certain degree to selection for early time of maturation.

With summer steelhead, the time of arrival at Winchester Dam was not

related to spawning time. The evidence for this is that the time of

brood fish capture did not alter the range of spawning times (Table

7). Everest (1973), however, found indications that early run adult

Rogue River summer steelhead produced a preponderance of early run

adults, and late run adults produced similar run times. On the

Deschutes River the spawning time of the native summer steelhead is

positively correlated with time of entry to a trapping facility at

river kilometer 161. Lower Deschutes River tagging studies verify

that temporal segregation is establshed before the fish arrive at the

mouth of the river (personal communication from James Fessler, Oregon

Department of Fish and Wildlife, Corvallis, Oregon). The time of

capture of summer steelhead brood fish on the North Urnpqua River,

however, has not altered the time distribution of their progeny

Passing Winchester Dam. Perhaps water temperature and flow have more

influence on the timing of the summer steelhead run on the North

Umpqua River than does the genetic component.

It is not anticipated that any present hatchery practices would

change the timing of the summer steelhead run on the North Umpqua

River. However, to maintain maximum variability in arrival and

spawning times, it is suggested that brood stock be selected from the

entire run.



Table 7. The collection and spawning of summer steelhead from the North Umpqua River.

Summer of No. of brood Percent brood fish captured by month at Winchester Dam No. of females Periodcapture fish captured June July August September October November spawned (percent) spawned
1965 Male 146 93.2 6.8

Female 271 90.4 9.6 98 (36) 2/21-1+122/66

1966 Male 108 98.1 1.9
Female 144 77.8 4.2 18.0 97 (67) 2/17-4/13/67

1967 Male 1i4 92.1 7.9
Female 207 72.0 28.0

95 (1+6) 2/8-1+/11/68
1968 Male 107 12.9 1.8 85.3

Female 135 17.8 5.2 77.0 109 (81) 2/1-4/21/69
1969 Male 11+7 17.7 59.8 21.1 1.1+

Female 228 14.9 62.7 13.6 8.8 78 (34) 1/29-3/13/70
1970 Male 70 11.1+ 55.] 32.9

Female 170 17.1 39.4 1+3.5 81 (48) 2/9-3/22/71
1971 Male fl5 45.2 22.1 28.7

Female 165 55.2 14.5 30.3 80 (48) 2/3-3/8/72
1972 Male 101+ 58.7 10.6 22.1 8.6

Female 167 54.5 9.6 21.5 14.3 75 (45) 1/24-3/19/73
1973 Male 53 22.7 9.4 24.5 28.3 15.1

Female 125 33.6 14.4 16.8 24.8 10.4 71 (57) 1/294/$/71+
1974 Male 72 30.6 13.9 6.9 19.4 29.2

Female 122 23.8 16.4 5.7 17.2 36.8 77 (63) 2/4-4/15/75
1975 Male 111 38.8 22.5 12.6 9.0 17.1

Female 271 37.6 19.2 20.3 5.5 17.3 75 (28) l/223/22/76
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1..ife history patterns

The marine life history patterns of Alsea winter steelhead are

relatively stable through time. Natural variability in age structure

of the spawning population has been reduced over the past 42 years,

as compared with historical records of hatchery and wild fish. Jack

(1-salt) winter steelhead returns increased initially when size at

release approached 46 glfish. The returning jacks were not utilized

as brood stock and appear thereafter to have been bred out of the

hatchery population. Subjective selection of larger adults for brood

stock probably served to maintain the 3-salt fish component of the

hatchery return. Chapman (1958) found that 2.1°/a of the hatchery and

2.63 of the wild adult steelhead from the Alsea River had spent 4

years in saltwater. No k-salt fish were observed by Wagner (1967) or

in this study, therefore, this segment of the run has either dis-

appeared, or Chapman was referring to multiple repeat spawners with

a 4 year total marine age. Fewer multiple repeat spawners were

observed in the present hatchery run than in the 1950's. This could

be a result of the intense fishery which has developed.

There is a great amount of year to year variation in the per-

centage of repeat spawners. Chapman (1953) observed values of l72,

12, and 3 for the 3 years that he sampled Alsea winter steelhead.

A similar degree of variability was evident in the present and

historical samples of Alsea and North Umpqua steelhead used in this

study. Therefore, it is impossible to make any statements about com-

parisons between the percentage of repeat spawners through time or

between summer and winter races.
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The shift to a greater proportion of 2-salt returns of hatchery

summer stee]head on the North Umpqua River is an important population

change. Scale samples from the summer steelhead brood stock showed

an increasing proportion of 2-salt fish through the years. Age at

return was determined for progeny of brood stock containing known

levels of 1-salt and 2-salt fish. A significant positive correlation

(r2 = 0.62) exists between the percentage of 2-salt fish returning

per brood year and the percentage of 2-salt fish in the brood stock

producing those progeny (Fig. 13). Similar correlations were found

by Mime (1955) and Godfrey (1958) for sockeye salmon. These results

indicate that variation in duration of ocean life must be at least

partly under genetic control.

The implications of such control over the age at maturity of

steelhead provide important options for managing the hatchery stocks.

Some apparent options are: (1) attempt to mimic the age composition

of the wild run, (2) select for older fish and thus greater size at

return, (3) select for younger fish and thus increase the percentage

return to the river, or (4) select for a combination of options 2 and

3 which would tend to approach option 1.

Sex ratios

Alsea winter steelhead sex ratios have remained stable throughout

hatchery pr.opagation of the stock. Comparison of size at migration

by sex does not help to there are a greater proportion of males in

the return of 2-salt fish and females in the return of 3-salt fish.

Since no significant difference was found between size at ocean

entrance of males and females, the different sex ratios are probably
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related to females requiring a longer maturation period. The high

proportion of females in the repeat spawners is probably due to the

early river entry of males and their extended spawning vigil as

suggested by Shapovalov and Taft (1954) and Withler (1966).

The tendency for there to be more females than males in North

Umpqua summer steelhead may be a reflection of the tendency for

juvenile males to residualize in freshwater. Four hundred juvenile

summer steelhead were recaptured in the Deschutes River 3 months

after release from the hatchery indicating that these fish were not

going to migrate out of the system. Eighty percent of the fish were

males (personal communication from James Fessler, Oregon Department

Fish and Wildlife, Corvallis, Oregon). No quantifiable check for

residual summer steelhead has been made in the Umpqua system, but the

resulting sex ratios of returning adults suggest the incidence may be

substantial.

Size and growth

Chapman (1958) found the following groups of adult steelhead

from the Alsea Rtver significantly longer than their complementary

groups at the 5°I significance level: males were longer than females,

wild fish longer than hatchery fish, and primary spawners longer than

repeats. Primary spawners observed in this study also were longer

than repeat spawners of the same total marine age. Repeat spawners

divert energy to gonadal development and additionally deplete their

energy reserves during their upstream migration and spawning. Primary

spawners, meanwhile, have spent that same time at sea diverting more

energy to growth.
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Male winter steelhead in the Alsea River were not significantly

longer than females, and there was no significant difference between

the lengths of hatchery and wild fish of the same marine age. As

regards the characters of smolt size at ocean entrance, marine

growth rate, and size at return, the hatchery and wild Alsea winter

steelhead appear as one mixed stock.

The hatchery smolts released in the 1960's and 1970's were

longer than the fish produced in the 1950's and probably of better

"quality" because of improved fish cultural practices, all of which

probably contributes to the lack of any difference in the size of

hatchery and wild fish as adult primary spawners. The increased size

of hatchery juveniles, as related to the occurrence of parr-smolt

transformation, and alteration of time of release also contributed to

the virtual elimination of over-wintering in the stream by hatchery

fish.

No change has occurred in the average length of adult steelhead

of hatchery or wild origin in the Alsea and North Umpqua rivers

through the years examined. Summer steelhead were smaller than

winter steelhead of the same brood year because of less time spent at

sea prior to returning to freshwater. Analysis of the sizes of adult

fish yielded significant year to year variation in lengths for both

stocks. An important consideration, then, is that samples will be

needed from a number of years in order to detect any future trends in

the size of returning primary spawners.

SurvIval

Survival to maturity of hatchery-reared smolts is usually con-
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sidered to be less than that obtained for wild smolts. The important

consideration, then, is that survival of the hatchery smolt at sea

must be improved or remain stable through time, indicating that

hatchery practices are increasing survival at sea or are at least not

having a deleterious effect on their marine survival.

Poor and inconsistent survival characterized the early releases

of both Alsea and North Umpqua steelhead smolts, but continued

improvements in hatchery practices have increased the return. Size

at release was increased, time of release was set to more closely

coincide with the outmigration of wild smolts, diets improved, etc.,

all of which helped to increase the survival as well as growth of

hatchery steelhead.

Percentage returns of Alsea winter steelhead have been very

stable since the 1963 brood (Fig. 6). For North Umpqua summer steel-

head, percentage returns on groups of smolts increased dramatically,

culminating with the 1967-69 broods (Fig. 10). The percentage

survival of the 1970-73 broods has been stable, but at a lower level.

The reduction in survival may be related to the increase of 2-salt

fish. Fish maturing at an older age incur one extra year of ocean

mortality prior to their return to freshwater. A higher proportion

of 2-salt fish would reduce the overall survival of a given brood

year.

The survival of the wild population of North Umpqua summer

steelhead appears stable through time and compatable with the hatchery

program. Hatchery-reared smolts are released at a large size in the

spring and are not currently stocked in tributaries. Limited releases
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of hatchery smolts in tributaries produced adults which returned to

spawn in those tributaries. When this practice was discontinued

hatchery adults were not observed in the tributaries indicating

reproductive isolation between hatchery and wild summer steelhead

(personal communication from Jerry Bauer, Oregon Department of Fish

and Wildlife, Roseburg, Oregon).
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CONCLUSIONS

Certain biological characteristics are basic to population

stability and evaluation of the health of a hatchery stock. Six

characteristics were researched and discussed in this study: seasonal

time of return, sex ratios, size and age at return, fecundity, and

survival.

1. The seasonal time of return of adult hatchery-reared Alsea

winter steelhead is earlier than that of their wild ancestors. This

appears to be primarily a function of genetics as a result of brood

stock selection. The time of retUrn of North Umpqua hatchery and

wild summer steelhead has not changed. Perhaps environmental factors

override the genetic component in this case.

2. Life history patterns have been altered. Less variation was

seen in the life histories of hatchery-reared Alsea winter steelhead

than in wild steelhead of the past. The true age composition of the

present wild winter steelhead population is unknown. The age at

maturity of hatchery-reared North Umpqua summer steelhead has in-

creased. This appears to be primarily a function of genetics as a

result of brood stock selection. The age composition of the wild

summer steelhead population appears stable.

3. Sex ratios remain stable at approximately one male per female

for the Alsea winter steelhead, and one male per 1.6 females for

North Umpqua summer steelhead.

14 In size, hatchery fish do not differ significantly from wild

fsh of the same marine age for both races. Hatchery smolts are the
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same size as wild smolts From the Alsea River, and thus appear to be

growing at the same rate in the ocean.

5. Fecundity of hatchery and wild steelhead appears stable for

Alsea winter steelhead.

6. The marine survival of hatchery steelhead from the Alsea

River is stable with about k.2 of the smolts released returning as

adults. The marine survival of hatchery summer steelhead from the

North Umpqua River is variable and may be influenced by changes in

the age at maturity of returning adult fish of.hatchery origin.

Perhaps the best explanation for the apparent health and stab-

ility of the hatchery stocks of steelhead in the two rivers can be

attributed to the fact that (1) the hatchery programs were begun with

the wild stocks endemic to the streams, and that (2) large numbers of

spawners are utilized as brood stock each year minimizing inbreeding.

n addition, the summer steelhead brood stock obtained from the North

Umpqua River is infused with wild fish for the hatchery program each

year, minimizing the differences between the wild and hatchery fish.

The survival and characteristics of the wild population of Umpqua

summer steelhead appear stable and unaffected by the releases of

hatchery smolts in the mainstern. In contrast, few wild fish have

been available for brood stock in the hatchery program on the Alsea

River since the mid 1960's because of the location of the trap and

the elimination of most natural spawning above thehatchery. The

lack of wild fish in the brood stock has had no apparent affect on

survival of the hatchery stock (Appendix Xi). The abundance and age



composton of naturally spawned winter steeihead in the Alsea River

is unknown.
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Appendix I. Steelhead stocking record for the Alsea River.

ñme of Stock Number Brood
release River Race released Size year Hatchery(s) Agency

1919 Alsea StW 1,753,100
1920 "

3,707,300
1921 " 913,700
1922 Il

2,397,869
1923 4,306,500
1924 2,153,600
1925 3,250,200
1926 U

5,724,300
5/27 " 2,737,266
5/28 '

1,61.5,100
U

2,603,800
9/30 U

314,300
7/31

' 281,800
9/32 S.Santiam StW 110,600
6/37 Coos StW 198,560
8/37 Alsea StW 238,100
5-12/38 U

233,126
8/39 II

1940 1

179,636
5/4) 24,900
11-12/41 185,809
6/42 I'

135,900
9/42 "

173,616
6/43 I'

456,000
8/44

189,410
8-9/44 U

66,900
6/45 U

373,300
6/1+6 U

245,700
3/1+8 '

298,900
1948 307,729
1949 U

139,316

1919 Alsea Salmon'
1920 'I

1921 I'

1922 U

1923 U

1924 U

1925 U

1926 U

1927
2.5 1928
2.5 1929
3.0 1930
2.2 1931 U

2.0 1932 U
2.0 1937 U FCOd
2.0 1937 Alsea Trout OSGC
3-8 1937-38 U U

1939 U U

4.0 1940
2.2 1941 Alsea Salmon FCO
4.0 1941 Alsea Trout OSGC
1.5 1942 Alsea Salmon FCO
3.0 1942 Alsea Trout OSGC
2.0 1943 Alsea Salmon FCO
2.0 1941+ Alsea Trout OSGC
2.5 1944 Alsea Salmon FCO
2.0 1945 U

1.5 1946 II U
14b

1947 "
4.5-41 1947-48 Alsea Trout OSGC

10 1948 ii U

U,



Time of
release River

Stock

Race
Number

released Size
Brood
year Hatchery(s) Agency

1950 Alsea StW 10,292 38 1949 Alsea Trout OSGC1951 "
42,914 20 1950 "

3/52 u
6,972 43 19512-3/53

35,875 23 1952 H II

3/54 "
9,460 45 1953 II II

2-8/55 1

21,780 76 1954 ii ii
5/56 Alsea StW 39,131 45 1955 Alsea Trout OSGC3..5/57 H

40,015 32 1956 Alsea Trout OSC11/57 352,800 15 1957 Alsea Salmond FCO4/58 I' 34,279 44 1957 Alsea Trout 05CC2-3/59 '

33,000 13 1958 Alsea Salmon FCO4/59 " 43,861 38 1958 Alsea Trout OSGC4/60 " 53,225 48 1959 Alsea Trout OSGC1-5/60
167,600 9-30 1959 Alsea Salmon FCO2-4/61 'I

1014,257 51 1960 Alsea Trout,CCe OSGC2-3/62
157,821 53 1961 A13/62 Siletz StS 23,677 60 1961 OS (I4-5/63 Alsea StW l49,60 57 1962 Al II

4/63 Siletz StS 17,499 57 1962 OS II4/64 Alsea StW 152,108 65 1963 Al 11

4/614 Siletz StS 12,943 69 1963 OS 44
3/65 Alsea StW 92,993 60 1964 Al4/66

102,828 59 1965 Al H3/67 1

100,043 65 1966 II4/68 I'

100,686 91 1967 " 'I14-5/69 'I

127,222 70 19684/70
100,319 71 1969 H II

7/70 H
273,330 1970 " "14/71 "
107,964 64 1970 H II7-10/71
cl,294 19 1970 H H4-5/72 H

136,494 74 1971 II



Time of Stock Number Brood
release River Race released Size year Hatchery(s) Agency

6/72 Alsea StW 21,300 2 1972 Al OSGC1/73 75,115 10 1972 ' 0wc145/73 I'

132,157 55 1972
3/73 Skamania,Wn. StS 100 64 1972 Le

Alsea StW 123,66k 63 1973 Al
4/75 II

161,590 1974 ii

7/75 325,900 2 1975
4/76 ')

161,599 73 1975 H
ODFW

aThQ Alsea River Salmon Hatchery was established in 1915 near tidewater and operated until 1952.
is given as length in inches through 1946; size is given as grams per fish from 1947 to thepresent.

In 1929 an egg-taking station was established at Five Rivers and operated through 1957.dFco = Fish Commission of Oregon; OSGC = Oregon State Game Commission; OWC Oregon Wildlife Commission;
ODFW = Oregon Department of Fish and Wildlife.
eThe present hatchery at Fall Creek was established in 1952 to replace the one at Tidewater.
A1 = Alsea Trout Hatchery, CC Cedar Creek Hatchery; OS Oak Springs Hatchery; Le = Leaburg Hatchery.

Ui



Appendix H. Steelhead stocking record for the North limpqua River.

Time of Stock Number Size Brood
release River Race released g/fish year Hatchery(s)' Agencyb

)91i8 - 366,744 <1 1947 BF OSGC3-3/58 N. Umpqua StS 65,725 41 1957 Ba, RC
3/59 II H 34,882 55 1958 Ba U
3/60 " H

16,932 56 1959
3/61 H 83,689 39 1960 II H
3/61 I' SW 10,789 31 19603-5/62 H

116,634 37 1961 ii

3-5/62 StW 35,139 37 1961 II

3/63 H ss 58,712 33 1962 H II

3/63 stw 65,448 30 1962 II

3/64 a' ss 103,663 43 1963 II

3/64 " StW 21,744 28 1963 H II

3/65 1

StS 73,854 45 1964 Ba, RC3-4/65 " StW 44,879 34 1964 Ba, RC 'I2-4/66 StS 116,821 56 1965 Ba2-4/66 " StW 52,142 44 1965 ' II

3-4/67 " StS 131,288 6o 1966 41 H
3/68 " '

140,821 81 1967 Ba, RC1-3/69 " " 197,768 70 1968 Ba, RC7/69 II H
16,138 20 1968 Hm1-3/69 1 sw 37,654 64 1968 RC3/70 U

197,011 89 1969 Ba, RC1-3/71 "
148,565 8 1970 Ba 14

1-3/72 '

193,401 56 1971 II

11/72 " 29,885 21 1972 H H
2-3/73 H

164,372 77 1972 " OWC3/74 II II

145,461 79 19731-3/75 u
117,725 67 1974 Il H

3/76 "
129,700 79 1975 "

ODFW

'i-IaEF = Butte Falls Hatchery; Ba = Baridon Hatchery; RC = Rock Creek Hatchery; Hm Hemlock MeadowsReservoir.
bosGc = Oregon State Game Commission; OWC = Oregon Wildlife Commission; ODFW = Oregon Department ofFish and Wildlife.
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Appendix IN. Analysis of Length Measurement Methods and Sex Length

Differences

Comparisons between historical and present steelhead lengths

requires a standardization of measurements. Conversion factors for

standard, fork, and total length are known and used frequently, how-

ever in the past, measurements were made with varying equipment also.

It is therefore necessary to analyze the differences between mean

fork length measurements made using a tape, cradle, and calipers.

These same comparisons are made between males and females to determine

if elongation of the lower jaw in the male steelhead results in a

significant length difference.

Ninety-eight males and forty-five females of hatchery origin

from the 1965-66 Alsea winter steelhead run had been measured by four

methods: (1) mean fork length (tape), (2) mean fork length (cradle),

(3) mean fork length (calipers), and (14) mean eye to fork length

(calipers).

Means and variances of each type of measurement were determined

for both males and females. Mean fork length, as measured by tape

was significantly different (p <.005) from mean fork length as

measured on a cradle or with calipers. There was no difference

between cradle and caliper fork length measurements.

At t-test was conducted on mean lengths of nales and females by

time period during the season. This test was used to determine if a

bias results from measuring adults from the tip of the snout to the

fork of the tail due to elongation of the lower jaw in males as the

spawning season progresses. Males were significantly larger than

females (p <.001), however, the difference between male and female
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lengths did not increase as the season progressed. A t-test of mean

snout lengths for males and females as derived by fork length (cali-

pers) minus eye to fork length (calipers), showed no significant

differences in snout length with progression of the season.

The conversion factors for length measurement methods are as follows:

Fork length (tape) to fork length (cradle or calipers) equals

fork length (tape) 1.02.
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Table 1. Means and standard deviations of lengths as determined by
different methods.

Males Fema'es
Mean Mean
length (mm) SD n length (mm) SD

Fork length (tape) 670.68 29.54 98 645.56 20.88 i5

Fork length (cradle) 656.26 29.28 98 632.11 20.44 45

Fork length (calipers) 658.87 28.94 98 634.56 21.84 45

Eye to fork (calipers) 608.14 25.40. 98 597.93 18.93 45
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Appendix IV. Body length-scale radius relationship for Alsea
winter steelbead.



4ppendlx V. Pweraye length at return of hatchery and wild Alsea winter steelhead.

Males Females Males
J

FemalesRun Hatchery Length Length Length Lengthrear or wild (cm) SD No. (cm) SD No. (cm) SD No. (cm) SD No.
1953-54 H 70.5 5.5 ( 4) - 76.8 0 ( I) 79.1 0.5

( 2)W 70.3 2.9 ( 22) 66.6 4.7 ( 13) 85.2 4.0 (10) 78.6 3.4 ( 20)
1954-55 H 68.6 2.9 ( 21) 64.6 2.7 ( 9) 83.2 0 ( i) 78.7 0 ( 1)W 69.3 3.1 ( 32) 66.3 2.7 ( 54) 86.2 1.8 ( 6) 78.6 1.5 ( 9)
1957-58 H 65.5 3.5 ( 62) 62.3 2.9 ( 70) 83.3 3.1 ( 3) 75.0 3.0 ( 3)w 65.7 3.3 ( 45) 63.5 2.8 ( 69) 82.4 3.5 (II) 15.7 3.5 ( 25)
1958-59 H 63.8 3.9 ( 8) 63.2 6.4 (12) 84.9 3.9 (6) 76.8 4.5 (18)W 65.7 3.9 ( 21) 63.5 4.1 C 23) 82.4 3.8 (3) 76.1 5.3 ( 5)
1959-60 H 64.8 3.8 (48) 62.7 2.3 (56) 72.4 2.5 ( 8)

1960-61 H 68.2 5.9 ( 3) 64.1 3.4 ( 3) 79.7 2.8 ( 6) 75.5 2.3 ( 22)W 69.3 3.9 ( 27) 65.4 3.7 ( 21) 80.0 9.2 ( 6) 76.6 2.8 ( 10)
1961-62 H 70.4 3.0 ( 98) 67.7 2.7 (138) 88.1 7.9 ( 4) 11.1 2.6 ( 9)w 68.6 3.2 ( 66) 66.6 26 ( 67)

1962-63 H 69.8 3.8 ( 33) 66.1 3.2 ( 25) 82.0 4.7 (22) 78.8 4.2 ( 25)w 67.1 3.9 ( ) 65.5 4.1 ( 22) 83.8 0 ( I) -

1963-64 H 70.0 3.2 (25) 66.9 2.3 (28) 83.9 3.8 (ii) 78.5 2.5 (29)W 70.0 4.7 (19) 65.4 2.8 (34) 83.2 2.3 (6) 80.2 3.3 ( 5)
1964-65 H 68.6 4.2 ( 26) 66.1 2.3 ( 20) 82.6 4.8 ( 5) 81.2 1.9 ( 6)w 68.4 3.6 (20) 68.2 2.5 (12) 83.0 0 ( I)

1965-66 Fl 65.5 3.8 (471) 63.5 2.5 (284) 81.4 1.9 (37) 76.0 2.0 (105)W 66.5 4.4 (353) 64.6 3.8 (108)
-

1966-67 H 68.3 3.2 (521) 65.6 3.3 (207) 83.8 4.3 (35) 77.3 2.5 ( 63)W 68.8 4.2 (180 65.6 2.8 (125)

1973-74 H 69.4 2.5 (32) 67.3 4.0 (66) 85.2 5.7 (22) 79.0 4.4 (72)
1974-75 H 70.7 3.6 (132) 66.9 2.8 (68) 83.2 6.7 (32) 78.5 3.3 (159)
1975-76 H 70.5 3.1 (1.551) 67.3 2.5 (1,297) 85.7 4.6 ( 99) 78.8 3.0 (430) '-SiW 70.4 3.7 ( 5) 68.5 3.2 ( II) 0'



Appendix VI. Comparison of fecundity lines developed for Alsea winter steelhead.

Reg. Deviations from regression
d.f. Ex2 Exy Ey2 coef. d.f. SS MS

Within
1975-76 46 147 17,367 11,557,311 117.89 45 9,509,777 2)1,328

1965-66 28 93 17,868 12,695,009 193.13 27 9,245,026 342,048

72 18,754,803 260,483

Pooled, W 74 240 35,236 24,252,320 146.82 73 19,079,088 261,357

Difference between slopes
1 324,285 324,285

Between, B 1 13 6,345 3,362

W + B 75 253 41,581 27,614,175 164.59 74 20,770,334

Between adjusted means
1 1,691,246 1,691,246

Comparison of slopes: F 324,285/260,483 1.24 (d.f. 1, 72) N.S.
Comparison Of origins: F = 1,691,2461261,357 6.47 (d.f. = 1, 73 S.(5?).

\.11



Appendix Table VII. Escapement of adult winter steelhead to the Alsea Trout Hatchery from hatchery-rearedgroups liberated in the North Fork of the Alsea River.

Brood Number Size Percentage as Percentage returnyear released (fish/Ib) 1-salt 2-salt 3-salt to Alsea Hatchery

1957 16,000 13.0 1.45 81.16 17.39 0.4315,500 7.7 7.16 74.40 18.44 5.951958 24,000 9.0 6.85 87.00 6,16 0.618,800 5.5 19.71 77.74 2.55 3.111959 53,200 9.4 3.81 87.64 8.56 3.60

1960 50,700 10.0 13.69 80.74 5.56 1.3851,000 7.8 9.47 84.34 6.19 2.751961 56,800 8.4 3.18 90.98 5.84 1.7251,600 8.9 1.22 90.08 8.70 1.4349,500 9.1 2.39 88.65 8.95 2.281962 70,000 12.8-5.7 0.85 88.42 10.72 1.8470,000 8.4 1.15 86.52 12.33 1.871963 40,000 10.4-5.6 7.46 80.17 12.36 4.3950,000 7.7 6.56 78.59 12.85 4.481964 27,300 8.1 2.40 88.36 9.25 3.2140,000 7.5 0.96 84.39 14.65 3.911965 30,000 7.6 5.21 86.01 8.78 4.2920,000 7.3 8.76 82.38 8.86 5.081966 50,Q00 6.9 3.55 85.20 11.25 2.651967 25,000 5.4 0.91 90.82 8.27 3.9625,000 4.0 1.64 90.26 8.10 4.641968 25,000 5.7 2.02 94.02 3.96 5.1525,050 5.7 2.20 94.20 3.61 4.51k1969 25,520 6.4 1.51 79.28 19.22 5.20

1971 30,000 6.0 92.36 7.64 3.4021,160 6.3 92.59 7.41 3.961974 84,093 6.1 0.68 95.07 4.25 4.22
Co
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Appendix VIII. Summer steelhead counts (expanded) at Winchester Dam,
North Umpqua River.

_Wild fish Hatchery fish
Year No. No. Total

1946 3,361 3,361
1947 5,113 5,113
1948 2,762 2,762
1949 1,672 1,672
1950 2,835 2,835
1951 3,361 3,361
1952 4,443 4,443
1953 2,844 2,844
1954 3,117 3,117
1955 3,430 3,430
1956 2,927 2,927
1957 2,228 2,228
1958 2,041 2,041
1959 2,049 2,049
190 2,416 316 2,732
1961 2,387 (76.0) 754 (24.0) 3,141
1962 1,616 (52.6) 1,456 (47.4) 3,072
1963 2,911 (60.3) 1,916 (39.7) 4,827
1964 2,306 (79.5) 594 (20.5) 2,900
1965 3,452 (63.6) 1,976 (36.4) 5,428
1966 3,142 (50.8) 3,043 (49.2) 6,185
1967 2,158 (44.8) 2,660 (55.2) 4,818
1968 1,429 (27.6) 3,749 (72.4) 5,178
1969 4,091 (27.4) 10,840 (72.6) 14,931
1970 2,727 (17.5) 12,854 (82.5) 15,580
1971 2,509 (15.5) 13,676 (84.5) 16,185
1972 3,158 (23.0) 10,574 (77.0) 13,732
1973 2,931 (32.2) 6,173 (67.8) 9,104
19714 3,874 (46.0) 4,548 (54.0) 8,422
1975 3,732 (40.8) 5,414 (59.2) 9,146
1976 3,071 (45.8) 3,634 (54.2) 6,705
1977 5,156 (52.9) 4,585 (47.1) 9,741



Table IX. Average length at return of hatchery and wild North Urnpqua summer steelhead.

Run Hatchery
or wild

Length
(cm)

Males

so

1-Salts

No,
Length
(cm)

Females

SO No.

Length
(cm)

Males

SO

2-Salts

No.
Length
(cm)

Females

SO No.

1955 W 59.9 2.7 (29) 58.4 2.2 (22) 69.4 4,5 (19) 69.1 3.8 (17)

1956 W 59.5 3.2 (12) 58.7 3.5 (15) 71.6 5.1 ( 7) 69.3 3.6 (29)

1957 W 59.5 2.9 (17) 58.7 2.8 (14) 70.3 3.3 (21) 68.1 3.6 (35)
1958 W 57.6 3.0 (29) 58.4 3.1 (20) 70.8 3.2 (30) 69.5 3.5 (28)

1959 H 57.9 2.9 (26) 58.0 3.5 (31)
W 60.9 2.0 (24) 59.2 2.3 (24) 69.2 L+.9 (13) 69.3 4.1 (29)

1960 H 59.6 2.9 (12) 58.4 2.6 (29) 69.1 Ii.8 (16) 68.5 3.7 (12)W 58.7 3.2
( s) 59.4 2.6 ( 7) 71.0 3.8 (16) 69.1 2.6 (15)

1964 H 61.0 2.5 ( 3) 60.4 8.1 ( 6) 68.7 7.1 (21) 67.3 3.9 (45)

1965 H 57.8 3.7 (31) 56.1 3.3 (38) - - -

1966 H 59,4 2.5 ( 8) 58.4 0.0 ( I) 68.4 8.5 (33) 65.3 6.1 (6))

1967 H 59.1 2.6 (54) 57.5 3.7 (77) 73.2 2.6 ( 3) 66.4 4.9 (11)
1968 H 57.6 3.7 (27) 56.9 2.7 (31) 69.4 6.8 (23) 66.2 4.6 (54)

1969 H 60.5 3.5 (18) 58.2 3.3 (14) 69.8 4.8 (18) 68.0 3.3 (39)
1970 H 63.5 3.1 (18) 57.8 3.7 (24) 72.3 3.4 (11) 65.2 7.2 (35)

1971 H 61.0 1.7 (13) 60.5 .s ( 3) 74.0 4,i (18) 69.2 3.2 (29)

1975 H 59.7 2.7 (31) 57.7 3.6 (17) 72.6 3.2 (60) 69.7 3.0 (155)58.8 1.8 (26) 58.5 2.2 (22) 72.4 5.2 (18) 69.6 2.8 (19)



Appendix X. Escapement of adu1t summer steelhead past Winchester Dam from hatchery-reared
groups liberated in the North Umpqua River.

Brood Number Size Percent as Percent returnyear released (fish/ib) Jacks 1-salt 2-salt 3-salt past Winchester

1956 19,100 9.2 78.81 21.19 1.41
1957 49,000 10.0 68.93 29.03 2.04 2.130
1963 11,600 20.0 0.81 29.55 69.6L 2.13
1964 3,500 8.0 57.55 42.45 9.08

29,500 9.8 52.89 47.11 0.82
14,400 15.0 36.00 64.00 0.17

1965 92,200 7.0 0.31 50.90 48.31 0.48 4.94
7,900 7.9 2.54 49.15 48.31 2.99

1966 116,500 7.6 24.57 72.75 2.68 5.93
13,300 8.8 6.84 77.89 15.26 5.711967 72,200 5.4 0.54 61.21 35.61 2.14 8.21
68,600 5.3 0.39 55.68 41.93 1.04 4.89

1968 89,000 5.8 4.87 53.92 40.36 0.46 9.48
70,000 6.1 3.94 52.13 43.20 0.40 6.21
20,000 5.7 2.07 56.67 39.67 1.49 9.391969 100,000 5.1 51.94 45.82 1.89 9.61
79,000 5.1 51.43 41.82 5.43 6.03
20,000 5.1 52.94 44.65 1.99 5,791970 75,400 5.1 49.39 46.39 13.22 4.42
78,400 6.1 43.21 53.74 2.05 5.52

1971 150,500 7.2 35.97 59.66 3.58 4.421972 155,200 5.9 0.20 36.49 60.50 2.81 4.40
1973 142,500 5.7 0.54 30.22 66.04 3.20 3.09
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Appendix XI. Escapement of adult winter steelhead to the North Forktrap on the Alsea River (1953-77).

Migratory Wild fish Hatchery fish Totalseason No. () No. () steelhead

361 (39.3) 7 (60.7) 9181962-63 92 (
L+.4) 2,021 (95.6) 2,1131963-64 175 ( 6.0) 2,718 (94.0) 2,8931964-65 1+08 (12.1) 2,960 (87.9) 3,3681965-66 461+ ( 9.0) 4,665 (91.0) 5,1291966-67 758 (17.4) 3,610 (82.6) 14,368

1967-68 5614 (16.3) 2,896 (83.7) 3,14601968-69 31+0 (15.1+) 1,861 (84.6) 2,2011969-70 105 ( 3.7) 2,739 (96.3) 2,814141970-71 199 ( 4.6) 4,099 (9.1+) 4,2981971-72
2,6851972-73 b 3,0281973-74
6,0201974-75
4,5951975-76 15 ( 0.4) 3,675 (99.6) 3,6901976-77 12 ( 0.2) 5,639 (99.8) 5,651

'Nine-year average.
b&o estimate can be made of wild escapement for 1971-72 through 1974-75
due to the release of unmarked hatchery fish and incomplete scale
sampling.




