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FACTORS INFLUENCING THE SEAWARD MIGRATION 0? SMOLT
STELHAD TRUT, SALMO GAIRDNERII GAIRDNRII RICHARDSON,

114 THE ALSEA R1VER,REGON

INTRODUCTION
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the Oregon Cooperative Wildlife Researoh Unit1 at Oregon

State College, Initiated a study of the life history of the

steelhead trout in l94.. At present, the following seg-

ments of study have been investigated: (1) a detenination

of the migration patterns from scale analysis of adults

from various Oregon coastal streams, Bali (3); (2) the age,

growth and migrations of the atseihead trout in the Alsea

River, Chapman (l.j.); and (3) the food habits of migrating

steelhead smolts, both wild and hatchery reared, of the

Alsea River, Nesseramith (17).

Oregon State Game Commission, U. S. Fish and Wildlife
Service, i1d1ifo Management Institute, Oregon State
College, and Agricultural Research Foundation cooper-
ating.
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Chapnian (ti, p.27-.28), after inveatigaUng steelhoad



water before attempting seaward migration, (ibid.). Addi-

tional time spent in fresh water, necessary for some

hatchery steelhead before seaward migration, could be of

a disadvantage to them because of the hazards of the

fresh water environment as shown by studies in British

Columbia (20), and the role of competition with wild

fish, evidenced by experiments in Alberta (19) which

might decrease survival. The importance of rapid seaward

movement is not known, The best way to measure the over-

all effect of rapid movement in the present experiments

will be in the number of adult returns that are expected

in the winter of 1958 and 1959.

Characteristic of migrating juvenile stesihead as

compared to non-migrating is the transformation from the

parr to the silvery, srnolt condition as shown by the

hatchery steelhead in figures la and lb. This change can

be described as a general increase in silvery coloration

through the increased deposits of guanine, an increase in

body length, and tingee of black on the edges of the tins,

partic1arly the caudal fin. The term '1smolt' used in the

present text will refer to steelhoad juveniles that have

undergone this transformation and are migrating seaward.

Substantial evidence has been advanced showing that

the silvery smolt condition in rainbow trout, the non-

anadromous form of a1mo gairdnerii, results frca the



Fig. la, Yearling, hatchery stesihead in parr stage, Alsea Trout Hatchery, 1957
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increased concentration of the thyroid hormone (22,

Y46), Black (2, p.176), in an investigation of the aoe].i

matization of chum s1mon, Oncorhvnchus ket (Walbaum),

and coho salmon, Olcorhvnchui kitsu.tch (Walbaum), to sea

water suggests that the adjustment Is aided by hormone

activity which may be correlated with the growth and

developemont of the individual. The importance of the

physiological condition associated with sIze of the mdi-

vidua3. in the transformation from parr to smolt condition

Is substantiated by Elson (8) in a report on the Atlantic

salmons Sao alar Linnaeus. This thesis does not produce

evidence that size is the controlling factor in smolt

migration of steelhead trout. It is suggested, however,

that size at the time of release may be an Important

factor in relation to the imamedlate downstream movement

of hatchery steelhead.

The significance of size and seasonal time of release

of hatchery steelhead trout was indicated from the results

of marking experiments conducted in the Samish IIver,

Washington, by Larson and Ward (16). Three groups of

stoelhead averaging 9, 12 and 28 to the pound and re-

leased in May and June 19%, gave respective returns of

6., .8, and 0.2 per cent. A release of hatchery steel-

head weighing 12 to the pound and released in December of

the same year, had a return of 1.2 per cent, indicating





"displacement" and swiniming speed with sudden elevations
of the water level, loss of visual contact with the bot-

torn and objects in the stream at night, and with increases
in the water temperature from 7.2° to 11.90 centigrade.

Description of the Study Area

The Alsea River has been described by Chapman (L,
p.2) and Messersmitb (17, p.2) as & typical coastal stream
of Oregon with widely-fluctuating seasonal water flows.
A seasonal period of high water occurs generally in Octo

ber through April and low water volume occurs usually
from Nay through September.

In the present investigation, the Alsea River drainage

is considered to have tour main tributaries. These are

the North Fork, South Pork, Pal]. Greek, and Five Rivers

tributaries. Drift Creek, a major tributary to the lower
portion of the drainage, was not investigated.

There is a tidal influence in the lower extremity up



tidewater is from 0.00 ppt to 0.2 ppt fluctuating between

high and low tide and depending on the seasonal period

(18). Salinity range at the U. S. 101 highway bridge in

l96 from May to September was from 29. ppt to 33.0 ppt.

Salinity readings, collected by Messeramith (ibid.) at

four sampling sites from the head of tidewater to U. S.

101 bridge are given in Appendix A,
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The investigation was concerned with ascertaining the

effects of sizes and the seasonal times of release of

hatcherl steeihoad trout upon their subsequent downstream

movement. In recent years, the release date of Oregon

State Game Commission hatchery-reared steolhead was deter-

mined by attainment of a weight of ten fish to the pound

regardless of seasonal time. Appendix B presents a list

of hatchery steeThead trout liberatlons in the Alsea

River and its tributaries since 19S1.

Field studies were conducted to follow the natural

sequence of the downstream movements of smolts. Down-

stream trapoing of wIld smelts determined the time, pea,

and duration of seaward migration. Coinciding with the

peak of the wild srnolt movement, an experimental release

of narked hatchery fish was made and was followed by a

second release of marked hatchery fish at a time well past

the peak of the natural migration. Results of the down-

stream movement of the two releases were obtained from a

large downstream trap, approximately 33 miles below the

release point and by two electro-fishing samplings In late

sunialer ,

An attempt to trace migrant steelhead smolts from
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tributaries into areas influonoed by tIdewater was made

by trappings Structures utilized for th.is purpose in-

cluded an inclined-screen type, a box type with diver-

sionary wings, and a large wire-f yke trap. Tributary

trapping sites were located usually in fallIng water so

that the inclined type of trap could be utilized effec-

tively. Where a suitable site for an inclined-screen

trap could not be found, as on Five Rivers, a box type of

trap with diversionary wIngs was constructed. The wire-

fyke trap was used for recovery or migrant fish in the

lower river.

Downstream traps were successfully operated o the

orth Fork, South Fork, and Fall Creek tributaries, and

in the lower river. Trapping locations are designated by

the tributaries and f or the lower river In the diagram-

matic outline of the Alsea River watershed, figure 2.

Inclined screen traps are structures designed to

screen fish from flowing water so as to divert them into

a holding box. for future inspection.. The usual design

employs an inclined screen of suitable mesh size which

allows the water to flow through while the fish tuntble

down Into a live box or a tube loading to a live box.

One variation of the inclined-screen trap was in-

stalled on the North Fork tributary as illustrated in

figure 3. The trap utilized falling water from a log-



Fig, 2, Alsea River drainage, with 1957niolt trapping locati.ons



Fig. 3. Inclined screen trap at a log darn, North Fork, Alsea River
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type, stream improvement dam. Water falling through wire

mesh of four squares to the inch, strained out the fish

which were diverted into the floating live box through a

four-inch rubber irrigation hose. This device was

moderately successful in taking steolhead smolts. Con-

stant attention was needed to prevent spawned-out steel-

head from entering the livebox. Iron bars, 1/2-inch in

diameter and two feet long, were driven into the log

overflow lip at two-inch intervals and were successful in

directing spent adult s teelheada away from the trap.

The florth Fork Alsea. Hatchery diversionary water in-

take darn provided an excellent location for the trapping

of smolts. Seaward stasihead migrants were taken in

appreciable numbers on the South Fork at an existing

diversion darn by means of an inclined-screen trap in a

fish ladder, figure . Fall Creek tributary was trapped

in the maimer described by Chapman (ti, p.1°) by an in

dined screen and livebox installed in the overflow of

the salmon trap in the Fall Creek Fish Commission salmon

hatchery.

Smolts were not taken in the Five Rivers tributary.

High water runoff and an inadequate trap designwere

probably the causes for failure. High water precluded

the use of an inclined screen trap such as Chapman had

installed in l96(op. cit. p.62). A box type trap, with

diversionary wings of two-inch mesh chicken fenoiri, was



Fig, 5. South Fork inclined screen trap
H
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operated for three weeks with no success, figure 6. It

was believed that the fish avoided the entrance and were

A complex situation was encountered in trapping sea

ward migrants in the lower Alsea River. The physical

characteristics of the area coupled with the high water

flow prevalent at that time of year, resulted in many

obstacles. The selected trapping site was approximately

tour miles above the head of tidewater at a point where

the water is channeled through a narrow rock formation or

"chute", Immediately below the narrows, the stream

spreads out over a deep, rocky channel, Stream width

varies from 100 to 200 feet depending upon the seasonal

flow.

The cost of an adequate weir was considered prohibi-

tive. At hih water flow the use of an inclined-screen

trap was not feasible for efficient operation or safety

to the worker. An adequate device was made b a modifica

tion of a hooç, wireufyke trap of the type used by the

California Departhient of iish and Game for estimating

adult salmon and steelhead runs in the Sacraiento River

(10). The trap utilized was one provided through the

courtesy of the Oregon Fish Commission.

The fyke-net was all metal in construction, 10 feet in

diameter, 18 feet long, with two tunnels, Two-inch wire
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mesh covered the outer frame and the two inside tunnels.

In the modification employed for juvenile downstream

trapping, the rear portion was re-covered with thre-

eighths mesh screen and the second funnel was re-covered

with one-fourth inch ieøh screen. The original io-inch

mesh was left in place for added strength. Following this

re-construction, the anchor connections were reversed from

their former position on the enclosed end to the open end,

so that the open entrance faced directly upstream so as to
auit the downstream miranta, figure 7.

One-quarter inch wire cable was used to anchor and to
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Marking

Wild saiolts. A portable tattooing device (&) was used

to mark all of the captured wild steelhead smolts by

placing a row of dots on the ventral side of the fish. By

using various combinations of dots fish were identified as

to tributary origins and dates of capture, Marking of

wild snolts prevented duplication IN Scale sampling at the

lower river trap and indicated the rate of downstream

movement of wild smelts.

Hatchery smelts. Hatchery fish used in the experiment

were marked by fin and maxillary clippings. It is a

practice of the Oregon State Gane Conrnilssion to mark

liberated juvenile steelhead by removing the adipose fin

and both ventral fins (BVA), This marking practice

necessitated the use of extra marks for the l97 experi-

mental releases in addition to the basic adipose and

ventral fins removed. i!xperimerital fish ire marked by

the removal of the posterior portion of the nia.xillary bone

and the trailing half of the dorsal fin. The four differ-

ent weight groups with associated times of release and

identifying marks are listed in Table 1.

Marking operations were performed at the North Fork

Alsea Hatchery by experienced personnel in early January

of l97. There were no mortalities resulting from the



Table 1

Identifying Marks of Four Groups of
Hatchery Released Steelhead (19S7)

Release Date Size Group Identifying Mark No. of Fish

April 30 12/ pound Left maxillary 10,000

April 30 16/ pound Both maxillaries 10,000

May 27 8.1/ pound Right maxillary 10,000

May 27 9.8/ pound lialf dorsal 10,000

marking in the three to four month holding period before

releases. An assumption is made for the purposes of the

experiment that marking had a negligible effect on down

stream movement. If there was an effect on movement, it

was assumed the same for all groups. The marks of all

fish recovered during the five months that the oxperiment

was in progress could be readily identified and no re

generations were noted.

Time and Size at Release of Hatchery Steelhead Trout

Manipulation of food quantities and intensive size

grading by hatchery personnel produced four different

weight groups of 10,000 fish each. Weights of the four

groups at time of release wore 12/ pound, 16/ pound, 8.1/

pound, and 9.8/ pound. Average fork lengths of the four

groups were 1L.3 centimeters, 11.l centimeters, 6.8



centimeters, and l!.7 centimeters respectively. Differ'

ences between weights and. lengths of the four groups were

not so great as had been desired because of difficulties

encountered in maintaining weight differences by feeding.

for the release of two different weight and length groups,

totalling 20,000, at the estimated peak time of the wild

fish migration and the remaining 20,000 in two equal

groups to be released at a time well past the known peak

of the wild fish migration. Results of daily trapping in

the tributaries frcm April 8 to June 30 and in the lower

river determined the peak of the wild steelhead smelt

migration.

The first release of hatchery steelhead was .uade on

April 30, i957, Table 1, to coincide with the peak time of

the wild fish migration, which occurred from April 27 to

May 7, Table 2. Release was made by opening the overflow

gates of the rearing ponds and flushing the fish directly

frui the ponds through the water outlet pipe into the

North Fork tributary. A second release of two groups to

tailing 20,000 fish was made on May 27, 20 days after the

peak of wild fish movement, Table 2. Their weights were

8.1/ pound and 9.9/ pound, Table 1.

Recovery design. The lower river trapping site was

approximately 33 miles downstream from the release point.



Hatchery released steeihead recovered in the lower river

were weiied and measured to establish the mean weight
and length of the thdividuals that migrated downstream.
ion-migrating fish were recovered at two later dates by
electro-sarnpling, and were similarly weighed and measured
to establish the mean weight and length of these fish for

comparison. Rates of travel of hatchery released fish
wore also noted.

Scale Analysis

Scale samples were obtained from all of the wild smo

Analysis of each sample began with the careful selec
tion of four scales, which were mounted on glass slides
with the aid of a binocular microscope. Scales with re-
generated foci were rejected. The mounted scales were
then examined by mioroprojeotion apparatus of the Van
OosteneDeasonMosher type (15, p.118) at the Oregon State
Game Connission's Region I office.

In the process of age detexuination, scales with in
distinct annuli were put aside for a second reading, On

repeat examination, if the scales with indistinct annuli
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were still doubtful, they were discarded,

Legth and Weight Determinations

The length of each wild amoit and recoVered hatchery

steslhsad was measured to the nearest half centimeter

length) and was weighed to the nearest tenth of a gram. A

total of 1377 fish were measured and weighed.

In weighing and measuring, the live flab were removed

from the traps arid placed in a ooncerxt'ation of O,O per

cent chioretone (1). When the fish were anesthetized

(usually in one minute), scales were removed and the f iah

wore measured and weighed. Figure 10 illustrates field

technique of weighing smolts in a container of fresh water

on an Ohaus triple beam balance.

Recording of ata

Information from each examined fish was recorded on

International Business Machine (IBM) sheets. Information

eolloet3d for each fish was nunierically recorded so as to

identify it with the scale sample, date of capture, date

of recapture, source (wild or hatchery), the location

where captured or recaptured, and the weight and length.

A column was made to record the combination of tattoo

marks of recovered marked wild amolts. Thus the essential

data regarding each fish were recorded in a numerical



Fig. 10. Weighing steelhead smolts in the field



manner. The mean weights and lengthe ror each. trapping

location were determined by an IBM oontputing machine.

An additional advantage of Il4 recording is that other

data can be added at a later tIme.
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RESULTS A1'D DISCUSSION

Characteristics of Smelt Seaward Migration

Seasonal tirne duration, and peek of migration. The

downstream movement of wild smolts was determined from the

results of downstream trapping. Traps wore visited daily

from April 3, 1957 to June 30, 1957 and periodic inpec-

tiona wore made thereafter until all traps were removed on

September 2, 1957.

Downstream movement of wild smelts was recorded from

bearing the BVA mark were also taken in the North and South.

Fork tributaries and in the lower river. Scale analysis

verified the as3umption that all were from the 1956

hatchery release.

During the period of wild smelt movement, seaward mi

grations of coho salmon molts and cutthroat trout, Salmo

clarkii clarkit Richardson, were also observed. in addi

tion, coho smelts were taken in small numbers through the



The DaIly Trapping Counts of 605 Wild Steelhead Smolts and
12 Hatchery Roared Fish of the 1956 Re]easo, Alsea River and Tributaries, 1957

North Fork South Fork Fall Creek Lower River Total
Date Wild BVA Wild Bilk Wild Wild BVA Wild Bilk

14/18 1 0 1 0 0 0 0 2 0

14/19 2 0 0 0 0 0 0 2 0

14/20 2 0 0 0 0 0 0 2 0

14/21 0 0 0 0 0 0 0 0 0

14/22 3 1 0 0 0 0 0 3
14/23 3 0 3 0 2 0 0 8 0

11.1214. 14 0 0 0 1 0 0 5
5 0 0 0 2 0 0 7 0

14/26 0 0 3 0 0 2 0 5 0
14/27 18 0 3 0 27 2 0 50 0
I./28 111. 0 3 0 9 14 0 30 0
14/29 15 0 2 0 19 6 0 142 0
/30 20 0 15 0 114 13. 1 53 1

5/i 14 1 0 6 27 0 142 1
5/2 5 0 1 0 5 8 1 19 1
5/3 5 0 9 0 6 8 2 28 2
5/14 9 0 17 1 34 'S 1 146 2
5/5 3 0 17 0 6 12 0 38 0
5/6 2 1. 6 0 6 14. 0 18 1



Table 2 (Continued)

North Fork South Fork Fall Cree1 Lower River Total
Date Wild BVA Wild BVA Wild Wild MA Wild bVA

5/8 5 0 6 0 1 0 16 0
5/9 0 10 0 3 2 0 19 0
5/10 10 0 8 0 9 5 0 32 0
S/li 1 0 1 0 2 8 0 12 0
/12 2 0 L. 0 6 0 0 12 .0

5/13 3 1 3 0 6 0 0 12 1
S/iL'. 3 0 2 0 3 1 0 9 0

5/15 1 0 1 0 1 1 0 0
/i6 1 0 1 0 14 3 0 19 0
5/17 0 0 0 0 9 0 0 9 0
5/18 L. 1 * * * * * 1
S/19 0 0 * 0 0 0 0 0
/20 2 0 0 0 0 * *
5/21 0 0 0 0 0 0 0 0 0

5/22 0 0 0 0 0 0 0 0 0
S/23 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 1 0
Sf25 0 0 0 0 0 0 0 0 0
/26 1 0 1 0 0 0 0 2 0

5/27 0 0 0 0 0 0 0 0 0
5/28 o 0 0 0 0 0 0 0 0

5/29 0 0 0 0 3 1 0 Li. 0
5/30 0 0 0 0 0 1 0 1 0

Total 161 5 133 1 192 119 6 605 12 -
* r)
Trap washed out by high water



33

months of June and July. The daily numbers of coho smolts

trapped are listed in Appendix C. Cutthroat trout were

not recorded.

It was observed that migrating smolta exhibit a nega-

tive rhetropie response in their downstream movement.

They were seen to swim downstream directly into the traps

and, on release from the traps, they exhibited the sante

action.

Downstream movement of hatchery smolts. Different

patterns of downstream movement were demonstrated by the

two releases of experimental hatchery fish, Table 3. The

first hatchery fish of the April 30 release reached the

lower rIver trap in three days, May 3, and gradually in-

creased In number to a maximal level in 10 to 11 days

following release, May 10-11. Duration of downstream

movement through the trap was 27 days. Hatchery fishes of

the May 27 release first reached the trap in two days,

May 29, and quickly reached a maximal movement at this

time. Duration of downstream movement through the trap

was six days. Movement of hatchery released fish through

the lower river trap Is graphically presented In figure 11.

In the two size groups of each hatchery release,

there was no significant difference In times and peaks of

arrival at the downstream trap, fIgure 11. Fishes of the

May 27 release reached the lower river In two days
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Table 3

Movement Pattern of Four Size Groups of Ratcher Sinolts

through the Lower River Trap, Alsea River, 1957

Release size
D a y C a p t U r e d

Date Group May 3 Li. 5 6 7 8 9 10 11 12 13 1L. 15 16 17 18 26 Td'tal

April30 12/lb. Iumber 0 I. 3 6 5 L. 5 1813 t. 1 0 0 0 1 0 0 61

April30 16/lb. 4umber 1011232182221021001 57

May.June/29 30 31 1

Nay 2? 8.1/ lb. Number 8 1 1 0 10

May 27 9.8/ lb. Iiuntber 13.
6 0 13.

113.

Total 115



following release as compared to those of the April 30 re-

base which made the same journey in three days. An ex-

planation for the more rapid movement of the second relea

group might have resulted from an increase in size as they
were larger at the time of liberation, Table 1.

One fish of the first release traveled the approxi-

mate 33 miles downstream in thras days. Twelve fish of

the second release traveled the same distance in two days,
During the peak movement downstream of the April 30 re

leased fish, the average rate of travel had been three to
three and one-half miles per day,

Rapid movement of some hatchery smolts could be in-

torpreted as an inability to maintain position in the
stream instead of being seaward migration. However, it is
believed that fish which had traveled downstream at least
33 miles were definitely migrating to salt water. A com-

parison of the condition of migrating and non-migrating

hatchery fish indicated the latter to be smaller and in
relatively poor condition. "Condition" of hatchery fish
remaining in fresh water is discussed in a later section.

Stream temperatures. A continuous recording of

stream temperatures throughout the period of trappIng was

made with a Taylor twenty-four-hour thermo-recordograph.
The instrument was installed in a. semi-enclosed shelter at
the water inflow of a rearing pond at the 1ortb Fork Alsea
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patterns, figure 12, a correlation is indicated between

temperature flucuations and the daily movement of smelts,

smolt movement being more pronounced at higher tempera-

tures than at lower temperatures. Relatively cold water,

L5° to about L3° F., preceded the beginning of the migra-

tion and through the greater part of April when migration

started. As indicated in the graph, figure 12, wild smelt

movement occurred with the greatest intensity at those

times having a higher temperature, O0 to %O F. The ave-

rage water temperature during the normal migratory period

was slightly over O degrees Fahrenheit. When the daily

stream temperatures are averaged by weekly periods, the

pattern and peak of downstream movement is brought into

focus in relation to temperatures, Table i. The greatest

number of smolts recorded was froni May 1-7, with & weekly

mean temperature of Sl.9 degrees Fahrenheit. In this

period, about L.O per cent of the total fish were checked

through the traps for an accumulated total at 73.9 per

cent.

Fluctuation in the number of wild smelts, when com-

pared to changes in water temperature, is supported in
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part by tho studies of Shapovalov arid Taft (23, p.176-179)

on steelhead smolts in Waddell Creek, California. Their

investigation has shown temperature to be an influencing

factor in downstream movement of steelhead smolts by

causing an abrupt cessation of movement at a time of cold

rain and resuming movement with warmer temperatures.

A Conparison of Weekly Mean Temperatures and the Per Cent
of Steelhead Smolts Trapped at All Sites (1957)

Total
Degrees Number Per cent accumulated

Period Fahrenheit of fish total per cent

April 10-16 L.6.6 0 0 0

17-23 146.2 18 2.9 2.9

2t.-3O t9.5 193 31.2 314.1

May 1-7 51.9 246 39.8 73.9

8-14 51.3 113 18,3 92.2

15-21 50,7 39 6.5 98.7

22-28 51.3 3 .5 99.2

May 29-June !. 56.1 5 .8 100.0

fotal 6T7

Stream flow. Migration of wild smolts was associated

inversely with the mean, daily stream flow. Daily counts

of wild smolts increased with declining water volume,







single steelhead, Steelhead smelts evidently make a

rapid adjustment to salt water in the tidal area and pass

on to the ocean very quickly.

Da and night movement of wild smolts. Stee].head

emolts were observed entering the downstream traps in day-

light hours and wore known to enter during the night. An

experiment was performed to determine the times of great-

est movement. The North Fork trap was inspected regularly

at 6:00 a.m., 6:00 p.m., and at 12:00 midnight, dividing

the day into three periods of one 12-hour period and. two

6-hour periods. Table illustrates the fact that most

movement takes place during the hours of darkness. Per-

sonal inspection revealed that the most movements occur

imriodiato1y after sundown and again just before sunrise.

Wild smolts, Downstream traps were aueeessful in

taking 6OS wild smolts and 12 smolta of the 196 hatchery

release. The total number of wild amolts captured for

each of the areas was 161 on the North Fork, 133 on the

South Fork, 192 on Fall Creek, and 119 in the lower river.

During the early part of the trapping period, an unknown

number of steelhead smelts probably moved downstream past

the traps at a time of high water flow over the dams where

the traps were located. Water flow through the traps was
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Table S

Nwnbez' of Steelhead Smolts Counted Through the
Iorth Fork Trap by Periods of Time, 1957

Hourly periods
6:00 a.m, to 6:bO p.m. to 12:00 p.m. to

Date 6:00 p.m. 12:00 p.m. 6:00 a.m.

May? 1 a a

8 1 3 0

9 i. 2

10 0 1 2

11 1 3 0

12 0 0 L.

13 0 1 2

0 1 2

15 0 1 3.

16 1 0 1..

Total 8 16 19

overflow lip of the dams to divert more water into the

traps.

wo marked, wild smolte from the upper tributaries

were recaptured in the lower river on Ma S. It was de

termined from the tattoo markings that these fish were

from the Fall Creek tributary and had been marked and

released the previous day, May Li.. An estimated 13.5



miles was traveled in a 214.-hour period by these two fish.

Of the 14.86 wild sinolts trapped and marked in the upper

tributaries, there were only two marked wild fish re-

covered at the lower river trap.

Hatchery smolts. Of LO,O0O hatchery steelhead trout

released, a total of 14 was recovered in the lower river.

Total ni.nbor recovered from the April 30 release was 121

fish or 83. per cent, as compared to 214. fish or 16.5 per

cent of the May 27 release. The iwmber of fah recovered

from each size group was as follows: 65 of 12/ pound

group, 56 of 16/ pound group, 10 of 8.1/ pound group and

11. of 9.8/ pound group.

Weights and Lengths of Smolts

Wild smolts. Mean weight and length for 555 wild

smolts were computed. Table 6 presents the comparison of

mean weights and lengths for each age group and location.

The relationship between age and size is clearly evident

from the data, in that the succeeding older fish from each

area had a greater mean weight and length at migration

than the preceding younger fish. For the entire sample

(555 smolts), a mean weight of 142.6 grams, and a mean

length of 16.3 centieters were computed. Confidence

intervals, with a confidence coefficient of 95 per cent,

were calculated for the means and are asfol].ows: weight



A Comparison of ?4ean Weights and Lengths of 555 Wild
Ste31htad Smtolta b Age and Origin, Alsea River, 1957

2 143.2 17.0 96

3 56.7 18,3 144

South pork 1 141.6 16.1 6

2 Li$.2 16.7 95

3 17.6 17

Fall Creek 1 23.6 13.1 18

2 35.3 15.5 135

3 4.1.0 164 31

Lower River 1 35.7 15.3 6

2 39.6 16.1 67

3 4.3.2 16.7 28

*1:4. 38,5 16.5 1

Mean 4.2.8 16.3 ota1 555
*Insuffio ient evidence



(L.l,6 to L13.69 grams), and. length (16.16 to 16.L4 oenti-

meters). Values for confidence interval calculations are

given in Appendix F.

iatcher smoits. All marked, hatchery stasihoad that

entered the lower river trap were eiged and measured.

Calculated mean weights and lengths are shown in Table 7

for the 11$ fish sample. These mean weights and lengths

are representative of the hatchery steelhead that are pre-

sumed to have migrated to salt water. Mean weight and

length for all hatchery smolts oapturod in the lower river

were respectively 39.8 çrsnis and 16.14. centimeters. These

results are meaningful when a comparison is made between

the mean weights and lengths of wild smolts (1957), hatch-

ery smolts (1956 release), and hatchery smelts (1957 re-

lease), Table 8. The comparisons made in Table S are seen
to be close, differing only 0.2 grain and 0.1 centimeter in

two years. Speculation from these comparisons gives sup-

port to the theory that an optimal size is desirable for

hatchery stesihead to attain before being released.

Ae Analysis of Wild Smolts

Wild steelhead smolta of the Alsea River form a

heterogeneous group of age classes. Seals analysis estab-

lished four age groups as being present in the drainage.

The percentage of wild smelts in the four fresh water age
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A Group Comparison of the Mean Weights and Lonths of
1145 Hatchery Smolts, Recovered at the Lower rap,

33 Miles Below the Liberation Point,
Alsea River, 1957.

Date of Sample Moan weight Mean lengthrelease Size group size (grants) (cm.)

14.130/57 12/ lb. 65 Q.l 16.14.

14.130/57 16/ lb. 56 33.3 15.9

Total 121

5/27/57 8.1/ lb. 10 SIt..ii. 17.8

5/27/57 9.8/ lb. 114. 14.64 17.0

Total 2I

A Comparison of Moan Weights and Lengths of 712
Steolhaad Zrriolts, 1957 Migration, Alsaa River.

Mean length Mean weightOrigin Sample size (centimeters) (gz'ams)

Hatchery 1956 12 16.3 39.6

Hatchery 197 hiS 16.14. 39.8

Wild 555 1.3 142.6

Total 712



classes are presented in Table 9. The dominant age group

is comprised of age II fish which represent 70.8 per cent

of the sample. Slightly above 92 per cent of the fish

sampled had spent two or more years in fresh water. Only

one fish having four scale annuli wa observed in the

sample. Results of the scale analysis of the 19S7 wild

smolt migration compare closely with the age character-

istics of the l96 smelt migration as reported. by Chap-

man (14., p.La4.)

The Percentages of S5 Wild Sinolt in Four Fresh dater
Age Classes as Determined by Scale Analysts,

Alsea River, l97

Age Class (per cent)
Trapping site Sample size I II III IV

North Fork 1S1 7.3 63.3 29.1 0

South Fork 118 .l 1L..11. 0

Fall Creek 1814. 9,8 73.L 16.8 0

Lower River 102 .9 6.7 27.14. (one fish)

Total

The data shown in Table 10 of the age patterns of

wild smolts as compared to the time of downstream migra-

tion is illustrated in the graph shown in figure 13,



L.9

indicating age II and III fish recorded for the first nine

days of the migration, April 18 to April 27. Age I fish

were then taken for three days followed by a tour-day

period in which no age I fish were noted. Fluctuations in

daily count are similar for all age classes with the age I

fish having a more extended period of movement over the

other ago classes.

Opinions of some fishery workers in Oregon are

varied over the question that steelhead smelts ar a

heterogeneous age group. Discussion is further heightened

over the question as to why some steelhead in the Alsea

River migrate after only one year of fresh water life and

others, the great majority, spend two or more years in

fresh water before attempting the seaward migration.

TheDe is some evidence to suggest optimal ranges of

weight and length necessary for successful migration to

the sea. It can be seen from Table 10 that wild smolts

ranged in weight from 17.9 to 76.9 grams, and in length

from 11.7 to 20.5 centimeters, with a probable optimal

range of weight from 33.9 to 59.9 grams and of length

from lL.5 to 18.2 centimeters, as suggested by the age II

fish. Extensive overlapping between the three groups in

weight and length is indicative that age I fish exhibit

rapid growth and age III fish develop more & owly while

age II fish may be considered normal in respect to growth.
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Table 10. Pattern of Wild &tolt Movement by Age, Through
All Traps, 1957

Age Class Total
Date 1 2 3 L. Total o.c.

Lj../18 1 1 2 2

L,/l9 2 2

14/20 2 2 6

14/21 0 6

14/22 3 3 9

14/23 14 14 8 17

14/213. 3 2 5 22

2 5 7 29

14/26 1 3 13. 33

14/27 5 27 1 147 80

14/28 2 20 6 28 loB

14/29 1 29 11 141 1149

14/30 140 10 SO 199

S/i 23 16 39 238

5/2 9 9 1 19 257

5/3 14 20 14 28 285

5/13. 1 313. 6 141 326

5/5 2 31 33 359

5/6 1 15 2 18 377

5/7 2 141 2 14.5 14.22

5/8 2 9 1 12 14314

5/9 1 1

5/10 1. 26
13. 31 1466
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Table 10 (ContInued)

TotalAge Class
Date 1 2 3 Total eec.

S/li 1 9 1 :ii Li.??

5/12 1 10 1 12 i.89

5/13 11 1 12 501

S/i1. 3 7 508

5/15 1 3 512

5/16 2 13 1. 19 531

5/17 3 2 9

5/18 2 3 5

5/19 0

5/20 2 2 SLi.7

5/21 0

5/22 0

5/23 0

1 1

S/25 0

5/26 2 2 550

0

5/28 0

5/29 2 2 5514.

S/30 1 1

Totals L1 393 120 1
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It appears that in one year of fresh water lire, those

steelhead with the rapid growth rate are able to attain

the physiological state enabling thorn to move into salt

water, whereas other fish of the same brood year require

a longer time.

Table 11

Weight and Length Ranges of 5% Wild Smelts,
Alsea River, 1957.

Weight Range Length Range
Age Class Sa"iplo Size (grams) (centimeters)

I i']. 17.9-46.8 li.7l6.5

II 393 33.9..59.9

III 120 L6,6-76.-9 16.5-20.5

Evidence to support the contention that this is a

natural occurrence is indicated from an examination of the

distribution of the length of the radii from the focus to

the first scale annulus. The length of a scale radius in

salmon and trout is well accepted as proportional of

growth of tthe fish. A frequency distribution of the

lengths in millimeters of the radius of the first scale

annulue is presented in Table 12 for 182 wild smelts.

Radii lengths are shown with the sample mean weight and

length. A definite trend is presented by the data in the



Table 12

Percentage Distribution of Radii Lengthof theFirst Scale Annulus of 182 i1d Smolts, Alsea River, 197

Sample Mean Mean
Size Weight LengthPercentage of Smolts

(grams) (cn.)
Scale Radii

Length Ranges 10.1 to 20.1 to 30.1 to Li.0.1 to
(centimeters) 20.0 30.0 Ij0.0 0.0

Age Class I .0 2.O 0.0 10.3. 10 30.0 34.1
II 37.8 9.8 2.14 0 82 141.14. 1.1

III 75.0 25,0 0 0 60 14.9.6 17.3

* Scales magnitied 112 diameters.
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length range of the first scale annulus radius. The

range of lengths of scale radii from the focus to the

first scale axinulus was from 12.0 millimeters to L.6.0

tii1limeters. Four length ranges were used in the table

to produce the distribution as follows: 10,1 to 20.0

millimeters, 20.3. to 30.0 millimeters, 30.1 to L0.0 mi1

limeters, and I0.1 to 0.O millimeters. Analysis of the

scales placed 75 per cent of the age 111 smolte in the

smallest radius length range as compared to 5 per cent

for age I smolts and 37.8 for age II smolta. At the

opposite extreme end of the distribution, the results are

quite different. The proportions in the largest radius

length range, ).i.0.1 to 50.0 millimeters, are 10 per cent

for the age I fish as compared to 0 per cent for the age

II and III fish. The distribtion shows quite clearly

that fish age I were larger than fish age II, and fish

age II were larger than fish age III at the formation of

the first annulus.

It is possible to surmise that age II and III fish

po3sibly did not migrate when they were younger because

they had not attained a sufficient size to do so. If

this is true, then, from the viewpoint of economical

hatchery reari?ig of steelhead, it would be desirable to

produce fish capable of seaward migration in one year.



As the return of adults is the most important factor to

consider, it is interesting to conjecture the effect of

steelhead going to the ocean at age I, if it will result

adversely on their return or size on return, when the

known majority of returning adults spend two years in

fresh water as juveniles U, p.23). Since there has been

no previous correlation of size and time of release of

Alsea River steelhead, the returning adults of the ex

)erimental releasos of 19S7 will be hihly significant

in this respect.

The Effects of Size and Seasonal Time of Release on the

Downstream Movement of Hatchery Smolts

Neasurements of recovered specimens (p. 47) estab

lished the mean weight and length of each size group of

hatchery fish that migrated. To establish similar

weights and lengths of hatchery fish rexnainïng in fresh

water, as well as to determine which size and time of

release groups demonstrated the greatest tendency to re-

main in fresh water, an attempt was made to recover as

many hatchery fish as possible by electric fishing.

Hatchery steelhead that remained in fresh water were

recovered by electro-fishing apparatus using current sup-

plied by a 110 volt AC portable generator. The migration



route from the release point at the outlet pipe on the

North Fork tr!butary to the lower river trap (33 miles)

was sampled in stretches of 200 feet at approximately

three-mile intervals. sampling operations were performed

on July 18 and 19 and again on September 11 and 12, l97.

Water conditions prior to July 18 did not permit effec

tive use of the shocker.

Two tributaries, Spencer Creek and the South £ork, in

addition to the main stem, were sampled. The confluence

of Spencer Creek is about one-half mile downstr3axa from

the release point on the North Fork, and the South Fork

joins the North Fork about three miles farther downstream.

The area of the north Fork upstream from the release point

to the hatchery water diversion dam, approximately one-

half tulle, was also sampled.

Hatchery steelhead were recovered within the one-mile

section of the North Pork from the hatchery dam to the

stream's confluence with Spencer Creek. No juvenile

atceihead of wild or hatchery origin were recovered below

Spencer or in the entire length of the main stem sampled.

Two hatchery fish of the l97 release were taken about

200 yards upstream on Spencer Creek but none were taken

on the South Fork. Relocation from point of release of

hatchery smolts was evidently limited. Electra-fishing

in the main river did produce many coastal cutthroat



year were abundant in the lower portion of the Alsea

River on both July and September samplings.

A recheck of the main river to the lower river trap

with Scuba skinudiving equipment, on August 17, corrobo

rated the results of the July electro-fishing. Juvenile

steelbead were not present as far as the observers could

determine, Trained observers have little difficulty in

identifying fish species when skin diving in clear water.

Fish could be approached to within a few inches thus

affording opportunities for identification. Present in-

dications are that juvenile steelhead, wild and of

hatchery origin, utilize the main portions of the river

during the summer months very little or not at all.

Sampling in Spencer Creek and South Fork tribu

Of considerable interest was the fact that a Largo

number of hatchery steelhead traveled upstream to the

hatchery dam where they were stopped, instead of down

stream. Why the released fish demonstrated this upstream



swimming behavior is not 1iown. An assumption is that

they were not in a physio1oica1 state to migrate down

stream. A section of the stream extending from the

hatchery dam. to a point downstream about ISO yards in

length was saip1ed by electra-fishing on July 12 to do

terinine the movements of non-migrating hatchery steel-

head. In the section sampled, a total of 306 hatchery

fish were removed, Table 13. Fish of the May 27th re-

lease exhibited a greater tendency to move upstream than.

fish of the April 30th release.

Table 13

Electra-fishing Results in a 150 Yard Section of the
North Fork, Upstream from the Hatchery Release Point,

Alsea River, July 12, 1957

Release date Size group Number of fish Per cent

April 30 16/ pound 55 17.9

April 30 12/ pound 26 8.5

May 27 9.8/ pound 131 2.8

May 27 8.1/ pound 9L. 30.7
Total 306

iumber recovered. Electrotiahing resulted in. the

recovery of 1,510 hatchery steelhead from a total re-

lease of LO,0O0, Each recovered fish was examined for

marks which identified the size group and time of re1eaa.



The total number recovered for each group and for both

electro-samplings are shown in Table lL.. Of the total

number recovered, 1,119 (7L.i per cent) were or the

second release group of May 27, indicating the greater

tendency to remain in fresh water in this group than was

the ease of the April 30 released group.

The recovery figures resulting from the oleetro-

sampling were subjected to a statistical analysis to test

the following hypotheses: (1) hatchery steelhead released

after the peak of the natural migration have the same

tendency to remain in fresh water as fish released at the

peak of the natural niigration; (2) there is no signifioait

difference in the tendency of steelhoad to remain in

fresh water between the two size groups in each release;

and (3) there is no significant difference in the ten-

dency to remain in fresh water between the smaller group

in the first release as compared to the smaller group in

the second release.

Values of chi-square were computed using a single

degree of freedom with a significance level of 5 per

cent. Computed chi-square statistics are respectively

£ or the above hypotheses: 3614..98, l8L.79, and 16.55, re

sulting in the rejection of all hypotheses. Computations

for the chi-square statistics are given in Appendix G.



Thtal Number of flatohery Released Steelhead Recovered
by Electra-fishing, North Pork, Alsea River, l97.

anpIiri dates
Date of Ju Sept. Per
Release Size 18, 19 Ii, 12 Total Cent
April 30 12/pound S8 73 131 8.7

1/pound 109 11 260 17,2
May 27 8.1/pound 183 182 36 2L.2

9.8/pound 35 399 7. L9.9
Totals 7O 80S IS1O 100,0

and 1enths of luverille steelhead remain

1n In fresh water after the normal mgration

period. Foflowing recovery b o1ectrofihtng on

July 18 and 19, the weiRlit and length of each fish were

recorded. Sempling included both the hatchery and wild

steelhead that did not migrate to the ocean, The re1a

tionship of the size of the fish to the migration phen-

omenon is illi.istrated by the comparison of the mean

weight and length of hatchery and wild entolts that mi

grated to the mean w6ight and length of those that did

not.

Grading of the experimental hatchery fish at re

lease time was not adequate to the point that all of the

fish of a size group were the same weight and length.

Early captures at the lower river trap indicated that the



largest hatchery fish moved first and most rapidly. This

is shown to be the situation b a comparison of the mean

weights and length8 between the fish that migrated,

Table 7, and those that remained in fresh water, Table 15.

There was an average difference in length of 2.6 centi-

rietors and in weight of 15.3 grams between the hatchery

groups that migrated and those that remained in fresh

water, the non-migrating fish being smaller.

A marking experiment was performed on the fish taken

in the North Fork on July 18 and 19 to find out what

changes would ocour in the condition of these fish remain-

ing in fresh water. Marking and measuring of the re-

covered fish was expedited by the close proximity of the

Alsa Trout Hatchery facilities. Recovered fish were

transported from the stream to concrete rearing troughs

at the hatchery for orocossing.

Although the sampling was thorough, many fish es-

caped capture by electro-sampling. To provide an adequate

number of fish for the second sanipling on September 11 and

12, the entire group of 6B5 fish s.rviving the electro-

fishing were marked by injecting a sma-1 amount of

colored, liquid latex just beneath the skin of the

ventral surface.

The stream area sampled extended one mile from the

hatchery water diversion dam to the confluence of Spencer
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A Couparison of the Mean Weights and Lengths of 685
jvenh1e Steelhead Recovered by Electro-fi8hiflg,

Alsea River

Mean Mean
Date weight length

recovered Group Sample size (grams) (cm.)

7/18-19/57 12/ lb. t0 21.6 13.1

16/ lb. 83 21.2 13,2
I'

3.1/ lb. 170 39.5 15.9
0

9.8/ lb. 308 30,8 lL..7

Wild 77 27.2 13.2

Hatchery (1956) 7 L.8.8 16.9

Total 685

Creek, The area below the darn site for a distance of 150

yards was one section, the area from that point to the

hatchery outlet pipe was another section, and all of the

remaining area below the outlet pipe constituted the

third section, The fish from each section received a

different color of latex so that fish removed from a

particular section and returned there could be later

identified, so that subsequent movements could be assessed.

Recoveries of the latex iiarked fish were made on

September 11 and 12, 1957, by electro-fisbing. Results

of the second electro-fishing are shown in Thble 16.



Table 16

A Conparison of the Mean Weights and Lengths of 75Juvenile Steelhsad (marked), Recovered by
1eotro-fishing, Alsea River

Mean MeanDate weight lengthrecovered Group Sample size (grams) (cm.)

9/12/57 12/ lb. 2 22.9 13.5
U 16/ lb. 2 20,6 13.3

8.1/ lb. 31 Io.7 16.6

9.8/ lb. 37 31.7 15.L.

Wild 3 20.3 12.3
Total 75*

*The 7 fish in the sample represent the total number offish recovered from the first e1octrofishixzg samplethat were marked with injections of liquid latex.

From a total of 805 fish recovered, 75 bore the latex
markings of the July 18 and 19 sampling, What became of
the remainder of the sample of 685 latex ntarked fish is

not imown. Prssumably, the fish moved downstream or

perished. If they did move downstream, none were taken

in the lower river trap or otherwise observed in the main

stert. It is also possible that some fish could have

moved up into tributaries after progressing downstram to

their confluence. It is thought that a high rate of

mortality may occur to hatchery steelhoad remaining in
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fresh water as evidenced from the comparatively poor

con::ition of the recovered latex marked fish, Table 16.

The sample size of latex marked fish is not adequate for

proper inference but a comparison of the mean weights and

lenths between July 18 and 19, and September 11 and 12

samplins show the following differences for hatchery

steelhead: the mean weight of the July group was 31.31

grams, mean length was l+73 centimeters, and in the

September sample the mean weight was 3'+.'O grams and the

mean lenth was 15.67 centimeters. The majority of

hatchery fish recovered in Septemberwere in obviously

poor physical condition in comparison with wild steelhead,

gaining an average difference of grams in weight and

9' centimeters in length from the July sampling everage

wihts and lengths, A very few hatchery steelhead were

in better condition than other fish of the same size and

release group. Wild steelhead juveniles, although shorter

in length, were deeper-bodied and "ôhunkier' in cross

section in proportion to the hatchery fish of the April

30th release which were recaptured 133-l3+ days later on

September 11 and 12, figure l+. Loss of condition of

the hatchery fish might be explained for some by the

fin Jings of Messersmith (17, p.30-32) in a food habit

study of smelt steelhead in the Alsea River. In a com.

parison of food habits of the wild and hatchery steelhead
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smolts of the 1957 migration, it was tound. that hatchery

steelhead would have to consume 6.69 times as many

organisms as the wild smolts in order to consume the same

weight or food. This was because batchory smolts ate the

smaller organisms, mostly Diptera larvae.

Electro-Zishing also revealed large numbers of

hatchery stesihead holding in the deep pools in front of

the log dams which are present in the North Fork adjacent

to the Alsea Trout H9tchery. In sampling with the

electric shocker in these pools, a number of large, resi

dent cutthroat trout also were taken. Examination of the

stomach contnts of one lS.inch specimen disclosed a

partly digested hatchery steelhead.



SUMMARY

1 An investigation of the seaward migratory movement of

wild and hatchery smolt atseihead trout and some of

the several factors influencing migration was made on

Alea River in 1957.

2. t'lild smolts were collected from three tributaries and

the lower main river with downstream traps from

April 18 to Nay 30, 1957. A seasonal period of m5.-

gration was recorded inApril and May with an esti-

mated peak of wild smolt movement courring during

the fIrst week of May.

3. Ira addition to 605 wild smolts captured, 12 fIsh were

of the 1956 hatchery releases of juvenile steelhead

from the Alsea Trout hatchery. The mean weight and

length of the 1956 hatchery fish were 39.6 grams and

1t.3 centimeters.

1.. The conputed mean weight and length of 555 wild

smelts used for scale analysis were Li2.6 grwua and

16.3 centimeters respectively.

S. Age analysis of 555 wild smelts revealed the follow-

ing percentages in four fresh water classes: age I

was 7.3 per cent, age 11 was 70.8 per cent, age III

was 21.8 per cent, and ago IV (one fish) was 0.002

per cent.

6. Daily movements of smolts were associated with daily



mean water temperatures. An increase in water

temperature was noted with a corresponding increase

in the daily number of smolts moving through the

downstrean traps. Maximal migration took place when

the water te!lperature Was slightly above I degrees

Fahrenheit.

7. Ni:ration of wild smelts was inversely related to

the daily mean water flow. The number of amolts

was seen to increase as water flow declined.

8. In a comparison of age patterns of 555 wild smelts,

the older and thus larger smelts in length and

weight, began downstream movement before the younger

and smaller siiolts, Age I smelts exhibited a more

extended seasonal period of seaward movement com-

pared to all other ago groups.

9. Two experimental releases of hatchery stoelhead

totalling L0,000 fish were made. The first release

of hatchery ateelhead (20,000) was made on April 30,

1957, at the estimated peak of the natural wild-

smolt migration. The second release of hatchery

steelhead (20,000) was made on May 27, 1957, 27 days

after the estimated peak of the wIld smelt migration.

As indicated by the results of the downstream

trapping, different patterns of downstream movement



were exhibited by the two releases. Duration of

IloveMent for the first releae was 27 days as comm

pared to six daya for the second release.

10. Of th total L0,0O0 hatchery steeik'ead released,

1 were recovored at the lower river trap. Of

these, 121 or per cent, were of the April 30

release, while 2 or 16.6 per cent were of the Nay

27 release.

11. Electro-fish±ng on July 18 and 19, and again on

September 11 and 12, l957, resulted in the capture

of l,S1O hatchery steelhead which had remained in

fresh water approximately three and five nonths

fo11ow1x release. Of this total, 75J4. or L9.9 per

cent were from the smaller sized group of the

Nay 27 release weighing 9.8 to a pound, 36 or 214.2

per cent were from the larger sized group of the

May 27 release weighing 8.1 to a pound, 260 or 17.2

per cent wore of the snal1er sized group of the

April 30 release weighing 16 to a pound, and. 131 or

Fi.7 per cent wore from the larger sized group of the

April 30 release weighing 12 to a pound. In both

seasonal tiLne releases the larger group demonstrated

the greater tendency to migrate downstream as com

pared with their respective smaller sized group of

the sane release.
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12. There was found to be a consiierable difference in

the mean weignts and lengths between the hatchery

staeliiaad that nirated and those that remained in

fresh water, he nean weight and length of 601

tiatenery fish obtained July 18 and 19 that remained

in fresh water were respectively 31.31 grams and

iL.73 centimeters. The mean weight and length of 114..5

hatchery fish that were presumed to have migrated to

the ocean were respectively 39.8 grams and 16.14.

centimeters.

13. Some hatchery stoelhoad were found to move upstream

instead of downstream following release. A tendency

to move upstream was more evident in the smaller

weight groups in each release, and in fish of the

second seasonal time release.

114.. After the seasonal period of seaward migration,

April 18 to May 30, no wild or hatchery stecihead

smelts were found below the confluence of spencer

Creek with the orth Fork either by electro-sampling

or by skin diving. Hatchery stecihead. (non-smolts)

were recovored only within a one-mile section of the

release point in the Iorth Fork tributary,

1. Wild smolts were observed to move downstream during

the day and night, with the most rapid movement

occurring just after sunset and just before sunrise.
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16. Seinin efforts in tidewater failed to locate any

smolt steelhead. It Is thourtht that smolt steolhead

pass rapidly trirougü tii tidewater area.

17. Measurement of the sa1e radius to the first annulus

of l2 wild smolts revealed that age I smolts are

more rapid growers as compared to all other age

srriolts. Frequency distribution of radii lengths

showed that age I smolts were larger than age II

s:iolts, ago II smolts wore larger than age III

sriolta at the time of the formation of the first

anruzius.

C
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CONCLUSIONS

The natural seasonal migration of smolt steelhead

in the Alsoa River in 1958 occurred from about April 18

to Nay 30. Maximal seaward movement was reached durin

the period from April 27 to May 7.

Seaward migration was related with water temperature

and stream flow. The daily count of smolts at all traps

notably increased with a rise in water temperature and

decreased with a lowering in temperatures. Normal migra

tion occurred with declining water flows and maximal

counts were recorded with an average water temperature of

about 51 degrees Fahrenhoite

Scale analysis of 555 wild srnolts revealed a hetero-

geneous population of four age groups present in the

Alsea River. Approximately 92 per cent of the wild

smolts had spent two or' more winter's in fresh water pre-

vious to downstream migration.

A comparison of scale radius to the first annulus

lengths from 182 wild smolts, revealed age I smelts to be

proportionately larger than age II and III amolts at the

times of the formation of the first scale annulus.

from all tributaries and in the lower main river in 1957

were respectively: 12.6 grams and 16.3 centimeters. The
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confidence intervals of those means having a confidence

coefficient of 9 per cent showed the mean weight to be

between )4.S6 to 143.6)4. grams and the mean length to be

between 16.16 to 16.1i4 contiiieters,

The migration activities of two size groups of

hatchery steelhead trout released during the natural peak

of wild sialt escapement, April 27 to May 7, indIcated a

great.r tendency of downstream movement as cornared to

the two size groups of hatchery fish released after the

normal period of movement. Hatchery fish in smolt condi-

tion of both seasonal time releases, April 30 and May 27,

showed a similar pattern of downstream movement in that

the largest weight group of each release demonstrated a

greater tendency to nigrate as coiparod to the smaller

group reardless of time of release. riowover, fish in

both sze groups of the later release, May 27, had the

greater tendency to remain in fresh water following

liberation The greatest tendency to remain In fresh

water of the four different size groups was exhibited by

the smaller weight group of the late release. This

particular group was composed of fish larger in size than

the fish of the earlier seasonal release. The mean

weight arid length of those fish in both hatchery releases

that migrated downstream were greater than non-migrating

fish recovered by electric fishing, on July 18 and 19, by



3.8 grams and i.8 centimeters.

The fact that some hatchery fish have extended

stream residence may result from a delay in physiologi

cal condition necessary for adjusting to saline situa-

tions due to small size or physical conditions of the

stream.environment, It may also r9sult from delaying

fish until the smolt condition has passed, as indicated

by the recovery t some large size non-migrating juve-

niles of the late release, after the seasonal migration

period. Hatchery fish observed in the lower Alsea River

were all in a stuolt condition, whereas non-migrating

fish did not have the smolt appearance.

A possible explanation relating smolt appearance and

seaward migration may be the theory extended by Hoar and

Bell (11, p.126) in the case of some Pacific salmon where

seaward migration was observed to be related to increased

metabolic action which acoompanies the osmotic adjustment

of the fish for marine life. Hoar and Bell (op. cit.

p.l3L) further expressed the opinion that the transition

of juvenile Pacific saLnon was accompanied by an increase

in thyroid activity due to an increase in the production

of a thyroid hormone. These internal changes are pre-

sumed to produce a stimulus which results in the fish

moving toward and into waters of increased salinity

(12, p.142).



Since approximately 92 per cent of the migrating

wild smolts taken in 19S7 wore of age II and age III and

only about 7 per cent were of age group I, it is mdi-

eated that hatchery fish released in the Alsea River

should also be reared to the physiological size sug

gsted by age II and age III wild smolts, and released

at the seasonal time of the natural migration. The siolt

condition prior to release should also be considered as

a factor in release.
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APPENDIX A

The salinity of the tidal influence of the Alsea

River ostuary as recorded by James Messersnitt, l9i6.

Readings are in parts per thousands

High Tide Low Tide
Saniple location Month Mouth

May Sept. Nay Sept.

U. 3. 101 Bridge 32. 33.0 29.S 31.2

Drift Cree 13,3 31,0 15.2 21.2

Oregon 3 Bridge 0.L. 19.0 2,8 8J.

Head of Tidewater 0.0 0.25 0.0 0.0



The liberation of hatchery reared steelhead trout
troni the North Fork, Alsea Trout Hatbery, into

the Alsea River

Size
Date Location Number (inches) No,/lb.

2/15/51 N. F. Alsea 13,612 6.0 1i.tj.

Alsea River 19,33L. I.O 14.0

9/31/51 Alsea River 9,969 3.5 56.0

Total L2,91)4 (1951)

3/3/52 N F. Alsea 1,003 6.0 10.5

3/3/52 Aisos River 5,96 6.0 10.5

Total 6,972 (l52)

2/17/53 Alsea River 10,690 6.5 10.5

3/16/53 N, F. Alsea 9,613 6,0 12.8

5/5/53 N. F, Alsea 11,69t. 1.0 1300.0

3/18/53 S. F, Alsea ,879 3.0 80,0

Total 35,876 (1953)

2/19/St1. N. F, Alsea 9,!i60 6.0 10.0

2/19/51. Five Rivers 25O0 6.0 10.0

Total 11,980 (195t1.*

2/21j./55 Alsea River 6,879 7,0 8.0

3/9/55 Alsea River 5,002 6.5 8.9

3/9/55 N. F. Alsea 1,565 7.0 8.9

6/7/55 r. F. Alsea 94.5 8.0

6/3/55 Alsea River 1,673 8,0

6/8/55 5. F. & N. F. 3,359 8,0

6/10/55 8. F. Alsea 276 8.0 L.8



APPENDIX B (Continued)
Size

Date Location Nunber (inches) No./lb.

6/10/s N, F. Alsea 276 3,0 L.8

6/13/$ S. F. Alsea 1,680 3.0

6/13/55 N. F, Alsea 1,759 3.0

Alsea River 90 S.0

7/18/55 Alsea River 1,L99 8,0

7/18/% N. F. Alsea 1,L97 3.0

7/20/% S. F. Alsea 1,276 3.0

7/27/55 Five Hivers 3,319 8.0

715/55 Alsea River 2,L95 9.0 3.5

N. Fm Alsea 8.0

Total 37,0713. (19%)

5/114j56 S. F. Alsea 5,000 6.5 10.0

5/15/56 Maca River 14,2LI.1 7.0 8,3

5/16/56 N. F. Alsea 15,t.50 6,8 10.0

5/22/56 N, F. & S. F, 7,900 7.0 11.6

5/214j56 N, F. Alsea 3,551 6.0 10,6

7/31/56 N. F. Alsea 24989 6.5 10.2

Total 39,131 (1956)



APVEIWIX C

Coho Srriolt Ccunt, Alsea River - 1957

Fall Lower
Date S. F. N. F. Creek River Total

2/day 2/day 20

14j19-25 3-4i./day 3-14./day 20

Lj./26 9 15 23

L/27 3 300 308

L/28 8 300 308

L/29 9 200 213

L1j30 15 10 250 275

5/1 11 814. 10 200 301

5/2 18 1 160 179

5/3 14.
L.7 10 193 2514.

5/14. 122 93 215

5/5 97 6 2 125 230

5/6 186 59 135 380

5/7 230 20 1 55 306

5/8 163 39 1 59 262

5/9 110 33 96 239

5/10 lLi..l 20 2 1914. 357

5/11 127 1 6 117 251

5/12 111 12 6 183

5/13 51 30 81

5/114. 53 15 2 14.6 116

5/15 81 2 59 1142



APPENDIX C (Continued)
Fall Lower

Pate S. F, N, F, Creek River Total

5/16 113 1 160

5/17 1L.0 18 8 20 136
washed

5/18 washed out 5 washed out out

/19 ft
5 2 231 283

5/20 1 3 washed out L.

5/21 3. 1

5/22 5 3 2 10

5/23

5/2L. 2]. 21

5/25 27 31 58

5/26 12 L. 1!i.

5/27

5/28

5/29 5 35 8 35 83

5/30

5/31

6/1 6 6

6/2

6/3

6/L. 9 9

6/5 6 6



Alsea River water flov in seeond-feet-days,
as measured by a U.S. Geological Survey
Gauging StatIon near Tidewater, Oregon

Date April May JUnO

I
2

4
S
6

7
8 1590
9 1L6O

10 l34.0
11 1256
12 1298
13 1298

1880
15 3153
16 2i.72
17 2071
18 1792
19 1S97
20 3472
21 1328
22 1226
23 11504 1111
25 1012
26 952
27 895
28 855
29 810
30 815
31

790
925 1.4.38

880 L.20
770 L10
712 396
676
6!.9

662
680
680
61.4.0

6014.

601.
581
5511.

520
550

13214.

10814.

935
815
775
730
600
61.4.0

599
568
536
508

4S
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AP!ENDIX E

Daily recorded water terlperature8 at the
i'orth Fork Hatchery, A1sa River, 1957

Date High Low Mean

4/9 50 4.6.5 4.3.3
4/10 4.7.5 4.6.0
4/11 4.9.0 14.6.0

4/12 4.7,5 4.5.5 4.6.5
4.113 4.9.0 4.6.0 47.5
4/iL'. -
Lj./15 45.5 4.4.0 4.4.8
4/16 4.7.5 4.3.5 4.5.5
4/17 4.6.5 4.5.0 4.6.5
4/18 4.8.5 14.5.5 4.7.0
4/19 4.7.0 144.5 4.6.0
4/20 4.7.0 4.3.0 4.5.0
4/21 4.8.0 46.3
4/22 4.7.5 4.14.5 4.6.0
4.123 4.9.0 4.4.5 4.6.7
14.724. 4.9.0 145.5 11.7.3
4/25 48.0 4.4.0 4.6.0
4/26 4.3.0 4.6.0 4.7.0
4/27 50.5 LI.S.5 4.7.8
4/28 52.5 4.8.5 50.5
4/29 55.0 50.5 52.8
4/30 57.0 52.5 54.8

5/1 54.5 50.0 52.3
5/2 51.0 4.9.0 50.0
5/3 51.0 47.0 4.9.0
5/4. 53.0 4.8.5 50.8
5/5 55.0 So.o 52.5
5/6 56.5 51.0 53.7
5/7 S7.5 52.5 55.0
5/8 52.0 50,5 51.2
5/9 514..0 50.0 52.0
5/10 55.0 51.5 53.7
S/ll 52.0 50.0 51.0
5/12 51.5 50.5 51.0
5/13 52.0 4.9.5 50.3
5/14 52.5 4.9.0 50.3
5/15 S3.o 4.3.0 50.5
5/16 54.0 49.0 51.5
5/17 55.0 50.5 52.8
5/18 51.5 50.0 50,8



A?PENrIx E (Cont1nud)

ato High Low Mean

5/19
5/20

51.5
51.5

!9.o
L8.S

L.9.8
50.05/21

5/22
50.5
50.0

L9.0
L7,0

L.9.3

14.8.55/23 50.0
50,0

4.8,0
4.9.0

14.9.0

4.9.55/25
5/26

52.5
55.0

4.9,5 51.0

5/27
5/23

55,5
4.9.0

54..o
52.0
5L4.8

5/29
56.5
58,0

51.5
51.5

54..o

5/30
5/31

59.0
58.5

53.5
53.0

5 .3
55.8

6/1
6/2

59.0
60.o

54..0
54..o

56,5
57.o6/3

6/4.
59.0
58.0

53.5
53.5

56.3
55.86/5

o/6
61.0
55.o

55.5
52.5

58.3
53.76/7

6/3
55.5
53,5

52,5
51.5

S4..o
52.5



APP}NDIX F

Confidence Interval Computations
A. Weight

/t.025 V t.025 \/T
(l)ss =2
(2) s2

n-1
SS = l,O97,277.5L.wt.

33wt. = 1,O97,277.L. - l,0lO,17.314.
86,760.20

!760.2O = l.8o

\j \/9 = \/2789 = .28i
L.2.8 - (1.96Q)(.5281)(( <I2.B + (l.960)(.2Bl)

- 1.0Lj.(- <112.6 + 1.011.

Li.l.S6K (1l3.64.



APPENDIX F (Continued)

13. Length

2 )49,S51.5O (29 -

.348029.QO
1,52.0

= 2.80

'- \/0 = .071vu 5

t.02
+ .02

16.3 (1.96)(.071) (- K16.3 + (1.96) (.071)

16.3 - .14 (4 (\16.3 +

(,

Notations used are taken from "Introduction to Sta-
tistical Inference", Jerome C. R. Li, Edward brothers,
Inc., Ann Arbor, Michigan, 1%7,



APPDIX G

Clii 3quare Calculations

Observation 16/lb. 12/lb. 98/1b. 8.1/lb. Total

Recovered 260 131 7'L. 365 1,510 G

ot recovered 9,7I0 9,569 9,216 9,625 38,L.90

jj

Item

Mean .0260 .0131 .075L. ,036 .0377 y

67,600 17,161 568,16 133,125 2,cioo a

6.760 1.716 56.851 13.312 57.002 G2/

Source of X2 test
variation 85 DF K2 X2.05

Among sample 21.637

Lst R. vs
2nd R. 13.2L9

Largest vs.
smaller 6.708

3 596.06 7.8)473

1 3E4.98 3.8LJ4

1 18L..79 3.814.1t.

Interaction 1.690 1 16,55

(1-p) .0363

= Among Sample 88

= n Among sample 38

(1-) (i-p)
Notations used are taken rrom "IntToduction to Statistical
Inference", Jerome C. R, Li, Edward Brothers, Inc., Arm
Arbor, Michigan, 1957.




